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EVOP AND ADAPTIVE QUALITY CONTROL: STA- 
TISTICS FOR CHEMICAL PROCESS EVALUA- 

statistics in the quality control functions of most 
of the companies in the pharmaceutical industry 
ovcr thc past 10 years. This is not too well 
cvidenrcd when examining the literature ol the 
pharmaceutical sciences, but  is readily apparent 
if one exaniiiies the technical statistical literature 

The past few years have shown that  the 
analytical controls, and those after-the-[act 
subjective or inspection-type controls employed 
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under which and by which the product is manu- 
factured. INTRODUCTION 

P WIIAT Significance Statistics” was the title “0 of an editorial by Edward G. Feldmann in 
thc November 1963 issue of the Jownd  of 
PharmaceuticaZ Sciences (1). Feldmann rec- 
ognized the increased use of statistics and com- 
mented on the merit of the uses to  which statistics 
were then being applied. This paper, which is 
limited to the application of statistical methods to  
pharmaceutical quality control, is intended to  
amplify that  editorial. 

There has been a steady increase in the use of 

Statistical methods applied to  outgoing 
material, and control charts on analytical assays 
are after the fact, that  is, after the material or 
product has bcrn manufactured. Statistical 
methods applied to filling operations or on-line 
inspection oi products are of much more value 
since they are controlling the material at the 
time of manufacture. The 1912 drug amend- 
ments to  the Food and Drug Act of 1938 acknowl- 
edge that  i t  is the in-process controls applied to a 
product which in effect make a quality product. 

Five years ago statistical sampling plans with 
a sensitivity in the range of 1 to  5yo defective Received from the Quality Control Division, Parke, Davis 

and Co., Detroit, Mich. 
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k’ouden (3) describes a simple method of 
analyzing analytical data by plotting the arnount 
found against the amount taken for analysis. 
The plot should be a straight line. Figure 1 
indicates the types of problems encountered with 
assays. A constant per cent bias of the slope is 
an inability to obtain in the amount found the 
same per cent increase that was in the amount 
taken. A constant intercept bias is the inability 
to recover the amount found in proportion to the 
amount taken. 

were considered adequate for inspection of 
packaging supplies. Now engineers would like 
0.1% sensitivity for certain types of defects 
which interrupt high-speed packaging lines. 
When problems such as these arise, statistical 
methods must be modified for a different ap- 
proach to the problem because the cost of sam- 
pling 3000 to 5000 units would be prohibitive, let 
alone the cost to manufacture certain materials 
with a valuc of defectiveness so low. 

Mainland (2) poses 2 interesting questions 
that could be applied to our desire for increased 
knowledge and perfection : “If the verdict of a test 
is ‘significant’ a t  our predetermined level, what 
will we do in consequence thereof?” And the 
second question: “If the verdict of a test is ‘not 
significant’ at our predetermined level, what will 
wc do in consequence thereof?” These two 
questions applied to a series of alternative quality 
control situations will soon show that the way to 
produce a product is to design it right and do it 
right the first time, It is obvious that sampling 
plans which examine 10 out of a million tablets 
do not adequately control a product. A sampling 
plan which weighs 1 out of each 100 tablets as 
they are produced is controlling the product. 

The statistical methods which are discussed in 
this paper are not discussed from an “after-the- 
fact” or “during-processing” concept, but it is 
obvious that thc value of statistical methods will 
be the greatest if directed a t  the during-processing 
concept. Statisticians working in the quality 
control field all find quite a change from dealing 
with the research aspects of pharmaceuticals. 
The scientist who is inherently an optimist may 
accept odds of 5 to 1, the statistician being 
analytically a pessimist prefers odds of 20 to I ,  but 
the quality control man wants zero defects, un- 
realistic as this may be. 

STATISTICS OF ANALYTICAL PROCEDURES 

The accuracy of an analytical procedure can be 
established by applying it to a product or material 
containing known amounts of the material to be 
assayed cir by using unknowns and running both 
the new procedure and another whose accuracy 
has been established. 

Accuracy refers to the closeness of the result 
to the true chemical content. Precision refers 
to the agreement of repetitive results with each 
other (3). The accuracy of an analytical test 
would be the mean of any repeated results as 
compared to the amount of material prcdicted to 
be in the product. The standard deviation may 
be estimated from the repetitive assays performed 
on the product and is a measure of the precision. 

AMT. TAKEN 

Fig. l.-Diagrrttn to show tile effect of random 
errors, coristatit per cent errors, and constant error 
of analytical results. [Figure 1 of I’ouden (3).]  

Youden describes the many types of problems 
encountered with the evaluation of new analytical 
methods including comments on Round Robins. 
He suggests a half-dozen different materials 
might be sent to a minimum of 5 different labora- 
tories with requests for only single analytical 
determinations. He asserts that it is not neces- 
sary to ascertain the laboratory’s precision be- 
cause of the large number of results necessary to 
estimate the precision, the usual faithfulness of 
deviations from a procedure, and the possibility 
of censoring the duplicated data. 

In a series of papers (4-8), Garrett et a2 discuss 
the selection, evaluation, and control of the 
assay of several pharmaceutical products. Gar- 
rett makes use of many statistical techniques in 
these papers, including control charts, analysis 
of variance, design of experiments, and degrada- 
tion rate statistics in addition to the usual 
statistical tests of significance. Statistical treat- 
ment of the data permitted Garrett to determine 
optimum solvent quantities for separation of the 
active ingredient, the number of dosage units to 
assay within a desired confidence limit, the 
reproducibility of fill weights, the homogeneity of 
the fill mix, and other relationships between assay 
economy and product variability. This series of 
articles provides a good summary of the statistical 
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methods available to an analytical laboratory in 
evaluating assay and dosage form variation. 

Davies (9) outlines an economical testing pro- 
gram whereby the costs of routine analytical tests 
are compared to the costs of accepting material 
which is cithcr abovc or below stated specifica- 
tions. His cost for the rejection of acceptable 
batches (the a-error) is on the basis of repro- 
cessing cost ; the cost for accepting unacccptablc 
batches (the /?-error) is not quite as easy to 
quantify. 

In the pharmaceutical industry-, the probability 
of wrongly classifying good material is rather low 
because of the tendency to attempt to test quality 
into the product. It would be expected that any 
material to be rejected would be tested sufficiently 
to prove that point; and so the cost wotild only 
be for additional testing. These points are ex- 
plored further in the paper. 

Calder (10) suggests a revised method of 
calibrating instrumentation relating to spectro- 
chemical analysis where the calibration pro- 
cedure involves plotting the instrumental response 
for an element against the concentration of that 
element. By calculating regression lines using the 
method of least squares for the response versus 
concentration, only 24 instead of 84 spcclra and 
only 18 hr. instead of 60 hr. were required as 
compared to the original method. 

Wernimont (11) used a computer to compare 
16 Beckman spectrophotometers as to (u) the 
variation of the absorbance curve of each spectro- 
photometer about its own absorbance curve, (b)  
a comparison of the variation of a selected group 
of spectrophotoineters about their average 
absorbance curve, and (c) a comparison of the 
remaining unselected group of spectropho- 
tometers to the standards and tolerances of the 
selected group. Spectral analysis was used to 
analyze the data. The data were explained by 
the computation of 2 characteristic vectors. 
The first vector related to the vertical displacc- 
iiient of the absorbance curves and the second 
vector to the horizontal shift of the curves. 
Werniinont described a tentative absorbance 
standard of 60 ing. potassium chromate per liter, 
together with a procedure to chcck the Bcckman 
spectrophotometcrs and a high-speed computer 
program which will make the necessary trans- 
formation to scale multiples of the 2 vectors. 

The current growth in the us(: of statistics as  
applied to analytical chemistry ran bc attributed 
to an increased awareness of the colleges to 
mathematics in general. The use of automated 
analyses and computers will ultimately require 
extensive use of statistical methodology in the 
modern analytical laboratories. 

3 

SAMPLING PLANS 

Description of Sampling Plans. --9ccep tance 
sampling, which received its start  during 
World War 11, when i t  was used to pass on the 
quality ol armaments, has been accepted for a 
large number of uses by the pharmaceutical 
industry. 

An acceptance sampling plan may be described 
as follows. A company produces a lot of com- 
prcsscd tablcts. I t  obtains a representative 
sample of tablets from the lot, examines the 
sample and, based on inforination obtained from 
the sample, either accepts the lot as conforming 
to standards or rejects it. The sampling plan is 
defined by (u) the size of the sample taken and 
( b )  the number of defectives or degree of de- 
fectiveness allowed in the tablets. Graphically, 
a sampling plan can l x  cxplained by an opcrating 
characteristic curve. 

Four points are defined on the operating char- 
acteristic curve selected for an example by 
Breunig and King (Fig. 2, A). First, a lot  of tab- 
lets is said, for the sake of illustration, to he satis- 
factory if it  contains only 10% defective tablets 
(the acceptable quality level. -4QL). Second, 
a lot of tablets is said to be unacceptable if it  
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Fig. 2.-Kcy: A ,  opcrating characteristic (OC) 
curve for tablet cxamplc from Reference 15, p. 11, 
illustrating AQI, = lo%, UQL = 40@/;, R, = 
10%; R, = goo, ~t = 10 [figure 5 of Breunig and 
King ( 12)1; B,  typical operating Characteristic 
curve from Reference 15, p. 27, illustrating AQL = 

[figure 4 of Breunig and King (12)] ; C, ideal opcrat- 
ing characteristic curve illustrating perfect dis- 
crimination but unrealistic stringency [figure 3 
of Breunig and King (12)j. 

70’30, UQL = 20%, R p  = 570, Rc 1070, TZ = 85 
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cepted. Triple and multiple sampling are merely 
extensions of the above premise. 

Sequential analysis of sequential sampling is 
an extension of multiple sampling developed by 
Wald during World War I1 (13). Successive 
samples are taken based on a varying set of 
criteria until either a decision to accept or reject 
is made. There is, of course, the possibility 
that  no decision could ever be made and the 
samples would stay in the indifference zone 
indefinitely. The problem is easily resolved, 
however, by deciding to stop a t  a given sample 
size. 

For practical purposes the nced to design a 
sampling plan has been eliminated by a series of 
government-sponsored sampling plans, 2 of 
which are MIL-STD-105D for attribute single, 
double, and multiple sampling plans (14) ; 
and MIL-STD-414 €or variables sampling plans 
(1 5 ) .  These books have gained acceptance 
throughout most of United States industry in a 
manner much like the U.S.P. and N.F. Govern- 
ment contracts for the purchase of pharmaceuti- 
cals usually refer to one or both of these books. 
The obvious advantage of selecting plans from 
either of these books is communicability and 
acceptance throughout industry. Hence, there 
is little or no advantage to spccially designed 
sampling plans 

Application of Sampling Plans: -Pharnix- 
ccutical products which are solutions are sampled 
ordinarily with a sample size of 1. This is based 
on the premise that a solution is a homogeneous 
mixture in which every milliliter is like every 
other milliliter. Suspensions are frequently 
sampled the same way, but this is predicated on 
a thorough or continuous mixing. It is fre- 
quently necessary to take more than 1 sample 
from a suspension to verify that it is truly homo- 
geneous. If a lack of homogeneity is known to  
be present, then a suspension could be thought 
of statistically as resembling a lot of compressed 
tablets with an infinite population size. 

If a drum of a powdered chemical is known to 
be homogeneous, then for statistical purposes it 
can be thought of as a solution. Single or 
duplicate samples then are considered suf3cient 
to obtain a reliable response by an analytical 
test. If a drum of chemical is known to come 
from a process where the entire lot of chemical 
is not blended prior to being filled into drums, 
there can he no assumption of homogeneity for 
certain properties of the chcmical. For practical 
purposes an infinite population size could be 
assumed such as for a lot of tablets. The re- 
liability of 1 or 2 samples from such a drum would 
be of serious doubt no matter how good the 

contains more than 40% defective tablets (the 
unacceptable quality level, UQL). Third, there 
is a certain probability that a lot which in reality 
is 107, or less defective is observed on test to be 
more than that with the result that  the lot is 
wrongly rejected. This is the producer’s risk or 
CY error. Fourth, there is the probability that a 
lot which is truly 40% defective is observed on 
test to be less than that with the result that the 
lot is accepted. This is the consumer’s risk or fl 
error, Once the above four values are selected 
the sample size is automatically determined. 

Figure 2, B ,  shows an operating characteristic 
curve where the IJQL has been decreased to 2076 
with a sample sizc of 85 tablets, and Fig. 2, C, 
shows a curve where the AQL and UQL arc 
identical. To obtain the curve shown in Fig. 2,  C, 
the entire lot of tablets would have to be 
examined. 

The ability of a sampling plan to discriminate is 
dependent upon the sizeof the sample. Sampling 
plans requiring 10 to 30 samples have relatively 
low powers of discrimination. 

There are two types of sampling plans: at- 
tribute and variables. Attribute sampling re- 
fers to a zero-one situation where a tablet is 
either good or bad; variables sampling is based on 
a continiious distribution of degrees of defective- 
ness and rovcrs the gray zone between good arid 
bad situations. 

Attribute sampling plans require only the 
counting of the number of defectives found in the 
sample, or a mean or percenvage of defectiveness 
[I00 X (number of defects/sample size)]. The 
acceptance or rejectance of the lot depends on 
whether this value is smaller or larger than the 
one stated by the sampling plan. 

Variablcs sampling plans require the calcula- 
tion of a mean and standard deviation or range. 
For example, a sample of 10 tablets is taken which 
should have a theoretical mean weight of 100 mg. 
The mean weight of the sample is 94 mg./tablet, 
with a calculated standard deviation of 2 mg. 
Using the formula (100 mg. - 94 mg.)/2 mg. = 
3.0, and entering a set of tables similar to the 
normal tables, it  is found that the value of 3.0 
indicates the material is l,2yo defective, which is 
acceptable or unacceptable depending on the 
values of acceptance. 

Doublc sampling refers to the following 
example situation. A sample of 50 tablets is 
taken. If i t  contains 2 or less defectives, the lot is 
accepted. If it contains more than 4 defectives, 
it  is rejected. If it  contains more than 2 de- 
fectives but less than 4 defectives, a second 
sample of size 50 is taken. If in the 2 samples, 
there are less than 4 defectives, the lot is ac- 
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answers appeared. i\ccording to MIL-STD 
105D, sample sizes in the range of 2,500 may be 
necessary for attributes, and for MIL-STD-41-1, 
sample sizes of 200 may be necessary to obtain 
adequate representation of an entire production 
lot. It is obvious that if sample sizes of this 
size were used, they would be economically 
impossible to test. The military plans, however, 
allow the dividing of the production lot under 
certain conditions into inspection lots (subsets of 
the production lot) which substantially reduce 
the astronomic sample sizes mentioned above. 

A situation analogous to the sampling of phar- 
maceuticals in the powder state was studied 
cxtcnsively by Duncan (16-18) under the auspices 
of the Kational Plant Food Institute. Pour 
different fertilizers, 3 different sampling instrii- 
ments, and 3 different laboratories were used in 
the experiments. It was noted that under 
certain conditions, 1 of the instruments showed 
a tendency to take in a higher percentage of largtr 
particles and a lower percentage of smaller 
particles, which in turn gave a higher assay value. 
Little or no evidence was round to indicate that 
instrument sampling differed more on the average 
than saniples obtained by riffling. Relative 
differences between laboratories were noted 
along with differences between days from the 
same laboratory. 'The official method of the 
Association of Official Agricultural Chemists for 
sampling bulk material requires a sample from 10 
bags for lot sizes greater than 10 bags. One 
tube core is removed from each bag. For lot 
sizes less than 10 bags, a t  least 10 cores are to be 
taken, but a t  least 1 core froin each bag. From 
a blended sample of the 10 cores, a sufficient 
quantity is taken for analysis. Duncan assumes 
the running of 2 tests on the samples, no more, no 
less, in his mathematical model of the sampling 
and assay procedure. 

The work done by Duncan in the fertilizer 
experiment would lend itself to the formation o f  
an official method of sampling bulk pharma- 
ceutical powders where the mcan of the replicate 
assays is thc standard for acceptance. 

Duncan (19) devised the operating characteris- 
tic curves for fertilizer inspection plans which 
utilized sample sizes of 20 and 10. Ten samples 
were suggested for use because of the lower cost 
of sampling which is coniparable to the phar- 
maceutical problem. 

All of the above discussion is useful as long as it 
can be assumed that the characteristics being 
sampled are randomly distributed between bags 
or packages. However, the writer has investi- 
gated the problem of powder in barrels irom a lot 
containing varying particle size distributions, 

although the material was accepted on the basis 
of its chemical purity. In this case, particle size 
distribution in certain ranges caused undesirable 
physical properties in the final product. 

For adcquate sampling in a situation such as 
this, reversion to knowledge of how the powder 
was manufactured is a necessity if homogeneity 
of a property is known to be a problem. Statisti- 
cal sampling of the product is no substitute for 
manufacturing thc product by a process known 
to produce satisfactory characteristics. All that 
should be necessary is to run an identity test of 
the material. 

Literature on appearance of pharmaceutical 
dosage forms is rathcr conspicuous by its absence 
in the case of sterile types of products. As a 
result, most manufacturers inspect 100% of all 
sterile products for appearance-type defects such 
as particulate matter within the vial. It ap- 
parently is not desirable to say that a given lot of 
ampuls contains particulate matter in 1% of the 
vials. Still, at the present state of the art, 
particle-free stcrile products are virtually im- 
possible to manufacture and also exceedingly 
difficult to inspect on an economic basis. Each 
company, however, must have a set of standards 
and a method for verifying that the standards are 
being followed. This represents its level of 
excellence. Attribute sampling techniques can 
do this verifying with easc. 

Tablets and capsules are frequently 100% in- 
spected. Tablets, however, frequently are pro- 
duced with a very high degree of excellence and 
also do not carry with them the problem of 
sterility and injectable elegance. Sampling plans 
thereforc, work well with tablets, except for the 
large lot sizes which, depending 011 how the lot is 
sampled or divided, may require that large sample 
sizes be taken. 

If tablets are inspected as they come off the 
cornprcssor and little or no capping is noticed, it 
is not uncomnon to find an unacceptable level of 
capping a few days later when they are packaged. 
This, in reality, is saying that a measurement for 
the potential to cap has not been employed in the 
inspection process; but in addition it says that 
the tablets were not manufactured correctly the 
first time. 

What is the proper way to handle a tablet con- 
taining a metal chip traced to the feed frame of 
the compressor? Is the whole lot to be 1 0 0 ~ o  
inspected, a portion of the lot 100yo inspected, 
or more samples taken? This is not really a 
problem in statistics, but in quality control. 

The statistics of weight variation have bccn 
undergoing a gradual but continuous refinement 
in the pharmaceutical industry. The following 
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acceptance or rejectance using sequential analysis 
for half-defective tablets was presented. The 
advantage of using sequential analysis was in the 
fewer wcighings (about half the number requested 
by the B.P.) rcquired for a decision on ac- 
ceptability. Disadvantages cited were the very 
small sample size which is to represent the lot 
and thc case of giving exactly 20 tablets to an 
analyst for weighing. 

Green and Knudsen (23) discuss three types 
of sampling which were applied to samples of 20 
dry-filled ampuls. These could be stated as (a)  
the average of the sample shall not be greater 
than or less than -, and no individual ampul 
from the sample shall be greater than or less 
than -; (0) the average of the samplc shall not 
be grcatcr than or less than -, ( c )  and no in- 
dividual ampul from the sample shall be greater 
than or less than -._. A comparison of the 
operating characteristic curves for the 3 plans 
indicates that the average plan, and thc com- 
bined average and individuals plan are comparable 
and that both of these are better than the plan 
dealing with individuals. By analyzing collected 
data, it was asserted that a plan then suggested 
by the manufacturers in 1950 and a Canadian 
tolerance were too tight in the lower weight 
ranges and too loose in the upper weight rangcs. 

Breunig and King (12) described the ad- 
vantages of variables sampling plans as having 
a greater ability to detect excessive tablet weight 
variation than the plan employed by the U.S.P. 
When Breunig and King compared their variables 
plan to a 2-step attribute sampling plan such as is 
now in the U.S.P. XVII and N.F. XI1 for assay 
variation, they found the variables plan superior 
for (u) cases of excessive variation and ( b )  for ex- 
cessive variation combined with a shift in the mean 
and about equal for cases of mean shift alone. 
Two nonstatistical points were stated by Breunig 
and King which illustrate how inadequate the use 
of a statistical sampling plan is without simul- 
taneous human thought. (a )  A lot is accepted 
or rejected on the basis of an exceedingly small 
number of units (10 or 30 out of 1,000,000). 
As a result, it is not practical to  expect a sampling 
plan to guarantee that all accepted lots will be 
of acceptable quality, although such a plan may 
be quite effective in detecting an occasional bad 
lot when all others are of good quality. (b)  If 
many highly defective lots are submitted to such 
a plan, it is possible that half of them will end up 
being used by the consumer. 

The solution to the above is an adequate 
quality control system throughout all the various 
stages of the processing of the product, which 
assures that the product is made right the first 

discussion outlines the various approaches that 
havc been investigated over the past two decades 
along with thc problems associated with the 
various plans. 

The U.S.P. XIV and N.F. I X  had the following 
weight variation test for compressed tablets (20) : 

“Weigh 20 whole and uncoated tablcts and calculate 
the average weight. When weighed singly, not 
more than two of the tablets deviate from the avcr- 
age weight by a greater percentage than that shown 
in the following table, and no tablet deviates by 
more than double that percentage.” 

Percent- 
age of 
Tkvia- 

Average Weight tion 
13 mg. or less. . . . . . . . . . . . . . . . . . . . . . . . .  
More than 13 mg. and including 130 mg. 
More than 130 mg. and including 324 mg. 
More than 324 m g . .  . . . . . . . . . . . . . . . . . . .  

15 
10 
7 . 5  
5 

(The above table has been modified in U.S.P. 
XVII by eliminating the first weight class.) 

Dunnctt and Crisafio (21) derived the operat- 
ing characteristic curves for the above official 
tablet weight variation method using sample sizes 
of 10, 20, 50, and 100. It was found that by 
simulating a batch containing 5% defective 
tablets (too heavy or too light) the lot would be 
accepted 93,95,98, or 99%, dependingon whether 
a samplc size of 10, 20, 50, or 100 was used. A 
batch containing 20% defective would be ac- 
cepted, 40, 23, 4, or 0% using the samc sample 
sizes, It was concluded that a sample size of 10 
tablets had only meager ability o€ protection 
against inferior products. Thc use of a standard 
deviation test for 10 and 20 tablets was discussed 
and also a 2-sample attribute plan requiring a 
total of 50 tablets. If the first sample of 20 was 
satisfactory, the remaining were not examined. 
The operating curve for this was better than the 
operating characteristic curve for the 10- and 20- 
tahlet standard deviation plans. 

Non-normality of tablet weight variation was 
studied. The higher proportion of non-normal 
lots found, than was expected, was attributed to 
(a)  the incapability of machines to turn out uni- 
form tablets, (b) the differences between punches, 
(c) the sampling a t  various times from the 
machine. Dunnett concluded that no reasons 
could be found for the substitution of another 
mathematical distribution in place of the normal 
distribution. 

Smith (22) suggested as an alternative to the 
B.P. and U.S.P. methods of weight variation the 
usc of sequential analysis using formulas given by 
Wald (13). The use of half-defective (tablets 
deviating by half the specified amount) and 
double-defcctive (tablets deviating by double the 
specified amount) were discussed, and a table for 
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time. The U.S.P. and N.F. sampling plans then 
become merely guide rules as to what level of 
quality is expected of the manulacturer of a phar- 
maceutical. From an enforcement viewpoint, 
however, the sampling plan’s quality standards 
must be enforced on a lot-to-lot basis. 

Haynes (24) demonstrated by the use of actual 
data from sterile solid weight variation and by 
computer simulation that certain suggested 
attribute plans were more robust than equivalent 
variables plans. Robustness refers to the prob- 
lem which causcs variables plans to be morc 
susceptible to the effects of non-normal distribu- 
tions commonly found in small samples (10 to 30 
items). Figure 3,  A ,  shows a normal distribution 
of weights as generated by simulation on an IHM 
7070 with approximately 5yo of the values out- 
side the vertical dotted lines; Fig. 3 ,  B ,  shows a 
platykurtotic distribution of weights; and Fig. 3, 
C, shows a leptokurtotic distribution of weights. 
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Fig. 3.- Key: A ,  normal weight distribution, 
quality irides 94.5!& ; B ,  platykurtotic weight dis- 
tribution, quality indcs 9A.1yo; C, leptokurtotic 
weight distribution, quality index 95.0:);. [Figures 
3, 4, and 5 of Haynes (24).1 

Both platykurtosis and leptokurtosis are types 
of non-normality found in pharmaceutical dosage 
form weight and assay variation. Paul ( 2 5 ) ,  by 
using data accumulated for individually assayed 
compressed tablets, reinforced the work nf 
Haynes that pharmaceuticals were indeed manu- 
factured in non-normal distributions as evidenccd 
by samples of 10, 20, and 30. 

In response to a request from the Food and 
Drug Administration, the Pharmaceutical Manu- 
facturers Association, Quality Control Section, 
in 1961 set about to collect data for dosage form 
variation for sterile solids without diluents and 
€or compressed tablets. 

Ry October 1962, two differing plans were 
advanced by industry statisticians. These were 
the variables type sampling plan advanced by 
Rreunig and King for compresscd tablets and the 
attribute plan advanced by Haynes. 

Although one type of plan was advanced for 
tablets and another for sterile solids, this was the 
result of two different committees working on 
the problem separately. Both tablets and sterile 
solids were, however, later considered using a 
single type of sampling plan. 

Based on the work of Haynes and other 
industry statisticians, the P.M.A. Quality Con- 
trol Section through its subcommittees recom- 
mended to the U.S.P. that an attribute type of 
plan be adopted in the U.S.P. for a selected 
group of tablets as a test for composition varia- 
tion. 

As a result, the U.S.P. XVJI and N.F. XI1 
have adopted the following statement regarding 
“contcnt uniformity” for certain compressed 
tablet monographs: “Select a sample of 30 tab- 
lets. Assay ten of these individually as directed. 
The requirements of the test are met if all ten re- 
sults fall within the limits of 8<5% and 115% of the 
average or the tolerances specified in the mono- 
graph. T i  one result falls outside these limits, as- 
say the remaining 20 tablets individually. The re- 
quirements are met if not more than one of the 30 
results is outside of the limits of 85% and 115y,.” 

An interesting question arises when one asks, 
“What type of distribution of doses does the con- 
sumer have a right to expect when in fact he can- 
not be given on a repetitive basis exactly 5 gr. of 
aspirin?” Clearly, a leptokurtotic distribution 
gives the consumer on the average some of what 
he expects ; likewise, a platykurtotic distribution 
of values shows a lack of control in a manufactur- 
ing process. If a nornial distribution or lepto- 
kurtotic distribution is suitable for a customer, 
thcn is i t  not consistent to set the bias of the 
sampling plan against the platykurtotic distri- 
bution generated by a poorly controlled process? 

Moskalyk et al. (26) expressed the observation 
that dosage variation was greatest in the lightest 
weight tablets within a batch. Then the ques- 
tion arose concerning whether this could be 
proved true €or all tablets; if it was, a sample of 
lightweight tablets could be adopted as a control 
over uniformity of drug dosage. 

Haynes (27) also was interested in control of 
weight variation as a means of controlling drug 
dosage. 

It is clear that what is needed is a non- 
analytical test which statistically predicts the 
degree of potency variation between dosage 
forms. With the advent of the Mettler and Cahn 
automatic weighing balances, it is not impossible 
to weigh thousands of tablets, either as they are 
heing processed or as a sample obtained from the 
finished lot. From the distribution of values 
obtained from them, a statistical test of normality 
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could be madc. Il a statistical technique can 
then be derived that would allow us to draw 
conclusions from 3 singly assayed tablets, the 3 
lightest, or the heaviest, middle, and lightweight 
from a random sample of specified size, is it 
then not possible to predict with an accept.dble 
degree of reliahility that the lot conforms to 
U.S.P. or N.F. standards? Here is an area for 
some statistical research with great economic rc- 
wards . 

Although attribute sampling plans are the 
simplest to use and simplest to enforce legally, 
variables sampling plans arc still the most useful 
for the internal operations of a pharmaceutical 
manufacturcr. Especially will this be true with 
the automation of the quality control function of 
pharmaceutical product manufacture. 

The sampling of product container fills 1))- a 
regulatory agency is properly a sampling tech- 
nique, although it is routinely controlled by con- 
trol charts and might logically be discussed under 
Contyol Charts. 

The Department ol Agriculture, State of 
California (28), has now put into cffect Article 5 
which will attempt to control from a legal view- 
point the concept of filling variation. The size of 
the sample of consumer size packages required 
for sampling follows closely the approach used 
by the Association of Official Agricultural 
Chemists for sampling bulk material in lot sizes 
of 10 containers or less. For lot sizes greater 
than 10 packages, the sample size approximates 
the square root of the number of packages in the 
lot. The plan, although not similar to eithcr an 
attribute sampling plan or a variables plan, con- 
tains features of both type plans. The basic 
feature of Article 5 is that tables arc presented for 
all possible situations which the investigator 
might meet. Article 5 does not say, however, 
for example, that a 5-lb. package must contain a t  
least 95(% of label claim. I t  merely says that for 
a given sample of package weights or fills, the 
average range and the average error are to be 
determined. Based on these values, unreason- 
able weight errors are to be determined, the values 
of which will determine whether the lot is ac- 
ceptable or unacceptable. 

True statistical sampling has very limited if 
any application a t  all in detecting a single foreign 
label or carton in a lot of labels or cartons. 
Only 100% nonhuman inspection of the entire 
lot will give any degree of reliability in detecting 
a foreign label or carton. Human inspection is 
second in preference to machine inspection. 
At the present time, it is better to consider 
machine inspection as a means of determining 
the presence of foreign labels, but not as a means 
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of removing them from a lot of labels. I t  would 
be preferable to have the inspection machine 
stop rather than try to remove the offending 
label. Statistical sampling does, however. work 
very well in controlling the quality of printed 
material for poor printing, coloring, centering, 
ctc. 

Sampling and inspection of bottles, containers, 
and cartons has had wide applicatiorl in the 
pharmaceutical industry. MIL-STD-105D 
works very well on this type of application since 
the vendor should understand the use of this plan. 

I t  is not the statistical aspects of sampling 
plans which are of major concern in thc above 
applications, but rather the definition of what is a 

e t o  have 20 or more types of 

same weight as to being called a defect? At 
what point is a defect called a minor defect, and 
when does it become a major or critical defect? 
If the inspection process is human, there is an 
ever-present tendency to tighter standards. 
Likewisc, if a lot does not quite meet sampling 
plan standards, there is a tendency to go outside 
the sampling plan for information as to whether 
to accept or reject. If this item is needed for 
production due to low inventories or if the de- 
fects all run to 1 type which is not too scrious 
there is a desire to accept the lot. Hence, the 
most important aspcct of designing a sampling 
plan is a definition of what a defect is or what is 
to be sampled for. The most important aspect 
of using a sampling plan is drawing a truly ran- 
dom sample and following and maintaining the 
definition of a defect. 

CONTROL CHARTS 

Description of Control Charts.-Control 
charts are a method of graphing or plotting data 
in such a manner that a time series of events is 
summarized. Figure 4 shows a control chart 
described by Breunig. 

Control charts are characterized by a vertical 
axis which has a scale of a varying measurement 
such as a mean, range, standard deviation, or 
iraction defective, and a horizontal axis which is 
time-oriented. There are frequently 3 horizontal 
lines on a control chart. The center line is the 
target value or the historical process average. 
The upper line is the upper control limit (UCL) 
which is normally 3 standard deviations above 
the centcr linc. Likewise, the lower line is the 
lower control limit (LCL), again 3 standard 
deviations below the center line. The G standard 
deviation spread between the upper and lower 
control limits will encompass 99.97% of the 
values in a distribution with its mean a t  thc 
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Fig. 4.- A typical 
analytical laboratory 
control chart. (Breu- 
nig.) 

center line or process average. Control charts 
which are used for plotting sample averages are 
frequently used in conjunction with a range or 
standard deviation chart. One chart is used to  
plot the process average and the other the pro- 
cess variability. If a given value falls outside of 
the upper or lower control limit, the process is 
usually adjusted to bring i t  close t o  the center 
line. 

It is lrecpently desirable in pharmaceutical pro- 
cesses to  add another set of limits which could 
be called tolerance limits. If a given value falls 
outside the tolerance limits, the operation must 
be halted. If a tablet comprrssor normally 
operates under control limits well within the 
U.S.P. and X.F. specifications, the tolerance limit 
iiiight well be the equivalent of the U.S.P. and 
N.F. specifications. This ensures the manufac- 
turer that  few, if any, products are manufactured 
outside of acceptable limits. 

There have been many modifications to the 
structure of control charts, notably the cumula- 
tive sum type. However, the use of control 
limits for decision making is common to all types 
of them. 

Application of Control Charts.-Control 
charts are primarily used for plotting routine 
(a) analytical or biological assay results or pa- 
rameters, ( b )  fills of fluid or injectable products, 
(c) weights of tablets or capsules, and (d )  the 
percentagc or number of defects in a sample of 
packages emanating from a packaging operation. 
They are also useful for plotting data  gathered at 
the beginning of a research problem. 

Yehle (30) in a n  investigation of laboratory 
precision and specification limits used a type of 

control chart to plot the results of laboratory 
analyses. 

Noel (31) discussed the use of control charts as 
applied to  collecting data  about particulate 
matter in ampuls in order to check the difference 
between machines and of fill weights. Noel's 
discussion on control charts was the second of a 
5 part series of articles dealing with the use of 
statistics in the pharinaceutical industry (32-35) .  

Recently, Breunig (29) discussed the applica- 
tion of statistical control charts to analyses which 
were run in duplicate on vitamin X palmitatc 
where the problem was cis-trans isomerization. 
Product and analytical control was obtained by 
purchasing an equilibrium mixture of cis-trans 
vitamin A palmitate. He also discussed the use 
of control charts for studying tablet weight varia- 
tion and assay variation prior to introducing 
single tablet assays. 

Brochmann-Hanssen and Medina (36) dc- 
scribed the uses of control charts for deterniining 
weight variation and composition variation for 
phenobarbital tablcts. Their inspection of  the 
charts indicated that some disruption of uni- 
formity occurred during the compression of the 
tablets. 

One of the problems with control charts for 
routine applications is the objection of the analyst 
or operator to  writing the results of a test on a 
control chart since the result is usually first 
written on another document. Wherever a 
control chart is a secondary document, resistance 
to its use is ap t  t o  appear. If the control chart 
can be the primary document, acceptance is 
made easier. 

Rreunig suggests as a solution to  this problcm 
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direction they should be adjusted to maximize 
the response (yield, impurities, or cost of the 
process). 

There have been other statistical models, such 
as adaptive quality control (42), developed for 
maximizing yield, but these are beyond the scope 
of this paper. 

The point to be made about respnnse surface 
statistics, as applied to making fine pharmaceuti- 
cal chemicals or other material, is not with the 
statistical aspects of the technique, but with the 
control aspects. 

EVOP and similar response surface technirjucs 
are difficult for the quality control function of a 
company to evaluate because they are opposed 
to the basic control precept of making the product 
by the same method under the same conditions 
for every batch. In conclusion, EVOP and 
related techniques are very useful and powerful 
statistical tools which definitely should be used 
on applicable production processes. Non- 
statistical problems, however, may play a pre- 
dominant or controlling part in the extent of thc 
usefulness of these statistical production process 
optimizing techniques in the pharmaceutical 
industry. 

BIOLOGICAL ASSAYS 

Description of Biological Assay.-There are 
two types of indirect bioassay: one is based on 
quantitative responses, the other on quantal re- 
sponses. 

An example of a quantitative assay is thc 
guinea pig skin test in which the activity of 
tuberculin P.P.D. is estimated from the varying 
sizc of wheals resulting from the injection of 
tuberculin-sensitized pigs with graded doses of 
the antigen. 

An example of a quanta1 response bioassay is a 
mouse potency test in which antigenicity of a 
vaccine is measured from the proportion of mice 
still living after first being injected with the 
vaccine under test and then being challenged 
with the live organism against which the vaccine 
is to protect. 

Biological assays can be further divided into 
two types: analytical dilution assays and com- 
parative assays. In an analytical dilution assay 
(either quantitative or quantal), both a standard 
(or reference) and test preparation arc considered 
to consist of an “effective constituent” suspended 
in an inert diluent (43). Relative potency in 
such an assay is defined as the ratio of the con- 
centration in an effective dose in a unit amount 
of the test preparation to that of the standard. 
It then follows that the postulated relative 
potency characterizes the two preparations and 

an instruction manual, a training course, con- 
sultation, and management support. Breunig 
also suggested that the reason analytical labora- 
tories have not adopted statistical quality control 
programs is because the U.S.P. and N.F. have 
their sampling and control procedures “couched” 
in terms which can be considered obsolete in the 
light of the knowledge available today (29). 

The above statement was in reference to the 
U.S.P. and N.F. attribute sampling plans for 
tablet and capsule weight and assay variation, 
the single assays performed on composite samples, 
and the associated unrealistic limits specified by 
the monograph. 

EVOP AND ADAPTIVE QUALITY CONTROL: 

PROCESS EVALUATION 
STATISTICS FOR CHEMICAL 

Quality control whose main forte is controlling 
new and existing operations, must at times be 
concerned with improving existing manufacturing 
operations. After publishing extensively (37-40) 
in the field of response surface statistics, Box (41) 
published a paper dealing with a very simple 
technique called “EVOP” (evolutionary opera- 
tion) which was useful in finding the optimum 
opcrating conditions for a chemical batch process 
or similar process. IIis first paper dealt with 2 
variables (e.g., conccntration and temperature) 
and 3 variables (e.g., concentration, temperature, 
and pH) models. Without developing thc thcory 
of EVOP, a %variable EVOP cycle would con- 
sist of 5 experiments performed under the condi- 
tions shown in Fig. 5 .  By some very simple 
calculations (42), it can be established whether 
the process is a t  its optimum or whcthcr the in- 
crease of one or both variables in a given direc- 
tion tends to give a significant increase in re- 
sponse. Usually 0 cycles or 15 experimental 
units are required to show which variables are 
significantly influencing the process and in which 

CONCN.. Y, 

Fig. 5.- An example of 2-variable (temperature 
and concentratiun) EVOP cycle. [Figure 4 of 
Box (41).] 
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not the biological systems which arc used to assay 
them (44). 

Assays in which the postulated relative potency 
is not a constant are often referred to as “con- 
parative” (43). A variable potency may occur 
in the comparison of a test and standard prepara- 
tion which are qualitatively different. There are 
cases where the requirements of an analytical 
dilution assay are considered to be met and yet 
the outcome of the assay is far from being analytic 
because of the unknown extraneous factors which 
have caused qualitative differences in either prep- 
aration. (Analytical dilution assays are usually 
characterized by the reference and unknown 
having different slopes.) 

In most biological assays, priimary concern is 
directed a t  estimating the (a) effective dose of a 
test material in terms of the known effect of its 
constituents and (b) precision of that estimate. 

Quanta1 Response Assay.-Finney (45) has 
pointed out that the EDjo (effective dose required 
to produce a SOYo response) may have 1 standard 
error between determinations by 1 worker, ail- 
other standard error between different workers 
using the same apparatus and thc same stock of 
animals in a given laboratory, and still anothrr 
between determinations in different laboratories. 
However extensive the experimentation on one 
population, no statistical analysis can denion- 
stratc the applicability of the conclusion to a 
different population. 

Finney further states that from the basic 
concept of plot technique, it can be deduced that 
the magnitude of an assay error is inversely pro- 
portional to the degree of correlation among the 
test subjects. An estimated internal assay error 
is necessarily an indication of what would be 
found in repeated tests of the same stock of sub- 
jects under the same conditions of testing. This 
limited interpretation must always be attached to 
statements about the EDb0 of unknown material. 

Nevertheless, much ol the present difficulty 
scems to be reiiioved by an adoption of compara- 
tive experiments (46). The numerous bioassay 
data which have been available to the writer 
appear to confirm Finney’s statement that  a 
theoretical reason exists for believing a numerical 
result to be applicable more widely than in the 
circumstances of the particular experiment that 
produced it. 

The considerations that influence the inter- 
pretation of assay validity are of two types: 
statistical and other. Under statistical consider- 
ations, criteria such as linearity and parallelism of 
the dose-response relationships are included. 
The nonstatistical considerations include such 
matters as environniental factors which may have 
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affected the quality of the effectivc constituent of 
either preparation. Obviously, both considera- 
tions are necessarily integral and cvcntually lead 
to a determination of whether the irregular 
occurrcncc is merely due to chance. 

Such an extraneous factor as a physical dis- 
turbance apparently has an eirect on the anti- 
genicity of a certain type ol vaccine to the extent 
that the effective constituent in the test rriatcrial 
is no longer comparable to the standard. How- 
ever, this type of deviation from parallelism does 
not necessarily imply that the assay is invalid 

From the realistic point of view, an assay may 
be considered to be invalid if and only if statis- 
tically significant notiliricari ty and nonparallelisrn 
are accompanied with such factors as inconsistent 
testing conditions and heterogeneous test subjects 
which are not randomly allocated to each prepara- 
tion. 

In numerous cases of quanta1 response assays 
(6 points with approxiniately 16 suljjects a t  each 
point), the test of lincarity and parallelism often 
turns out to he so inscnsitive that the slope of thc 
dose-rcsponsc curve for 1 preparation must be a t  
least 2.5 times steeper than that for the other 
preparation in order for the dcparture from paral- 
lelism to be statistically significant. 

In such cases, neither the choice of thc form 
of the transformation of the biological responses 
nor the arbitrary increase in the number of test 
subjects would overcome this difficulty. This 
type of insensitivity evidently stems from the in- 
efficient allocation of dose levels which would be 
reflected by the insensitive rcqwnses. 

I t  has bccn wcll-established that tlie relativc 
potency, slope of the dose-response curve, and 
assay error represent characteristics of the test 
material (47, 48). In order for the subjects to be 
able to produce the true characteristics of the t cs t  
material, it  is a prerequisite for the experimenter 
to  allocate an optimal amount of effective con- 
stituent in such a way that thc minimuin effective 
dose can be detected with a minimum of error. 

Craiiier (49) compared methods of fitting the 
dose-response curve for small samples (Y-dose 
test with 10 subjccts a t  each dose and :,-dose test 
with 4 subjects a t  cach dose) and found that the 
probit analysis is superior to the minimuin norniit 
x 2  method with respect to the assay error. This 
superiority is found to be substantial if tlie dose 
levels are poorly placed with respect to the true 
assay parameters. 

The relative merits of the various methods for 
fitting the dose-response curve would be more 
meaningful if the existing antigenicity tests 
(mouse potency tests for influenza vaccine and 

(44). 
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required to process a set of standard and unknown 
dilutions may be regarded as a block 

There is still another type of quantitative assay 
in which the potency is measured from time. 
The activity of prothrombin samples, for example, 
is estimated from the clotting times for the 
standard and unknown samples. 

Loomis (50) developed an assay method for 
fibrinolysin which uses a simple formula for 
estimating activity. His method is based on the 
assumption that the concentration-time relation 
for the unknown samples and standard is not only 
linear but also parallel to each other within the 
dilution range. 

Stone and Bruce (51) reported (based on 230 
huinans injected intradermally with tuberculin) 
that there exists a linear relation between the 
induration-area and the log-dose in constant 
volume. However, they pointed out that the 
following questions deserve further clarification. 
(a) Can the form of the dose-response relation of 
intraderma1 tcsts (tuberculin) be extended to 
other diseases such as diphtheria toxin? ( b )  Is 
the form of the dose-response relation of intra- 
dermal test dependent on experimental technique? 

They also presented a method by which the 
antibody level may be estimated from a knorvl- 
edge of the dose and concentration of tuberculin 
used and the resultant area of induration. 

The discussion under B&dogicul Assays was 
included in this paper merely to show that it is a 
part of quality control. ‘The subject alone is so 
large that a journal, Bionzelrics, is published to 
keep up with the changes in this one spccializetf 
field of statistics. 

U.S.P. XVII (54) now recognizes the subject 
of biologics and biological assay and gives them 
prominent attention, as can be traced historically 
from 1950 to 1965. 

U.S.P. XIV (20) had a single paragraph dealing 
with the significance of the standard error in a 
biological assay. There was no mention of the 
method of assay for antibiotics; antibiotic prod- 
ucts mere said to comply with the requirements of 
the Food and Drug Administration. 

C.S.P. XV (52) included a section on the 
“Design and Analysis of Biological Assays,” by 
C. I. Bliss. In addition, a section was added 
detailing the methodology for performing assays 
on the antibiotics included in the U.S.P. 

U.S.P. XVI (53) expanded the section on anti- 
biotic assays to show the formula necessary to 
calculate the slopc and potency of the matcrial 
being assayed. The section on the “Design and 
Analysis of Biological Assays” was continued. 

U.S.P. XVII (54) again expanded the section 
on antibiotic assays to include some of the tech- 

pertussis vaccine) are biologically unbiased. For 
instance, the following question may be asked: 
Is the antibody level a t  the time of challenge 
directly proportional (by an approximately con- 
stant factor) to the amount of a vaccine injected 
at the time of immunization? 

It should be pointed out that many statistical 
analyses of quantal response bioassay are being 
utilized under the assumption that the reply to 
the above question is positive. This type of 
question further complicates the situations in 
which the valid evaluation of potencies of poly- 
valent vaccines are required. 

Quantitative Bioassay.-The fundamental 
concepts involved in quantitative bioassay are 
essentially the same as those discussed under 
Qiiantd Kespoltse Assm y. The quantitative assay 
in general, however, is sullject to grcatcr control 
and in turn requires more elaborate assay plans 
than the quantal response case. 

Some of the antibiotic assays and vitamin 
assays consist of a number of plates, each plate 
being regarded as block. The different positions 
within a plate may have different effects on the 
response which should be solely attributed to a 
given concentration of the test material. Each 
sample should be rotated or allocated a t  random 
within a plate, depending on whether the position- 
to-position difference is systematic across the 
plates or unique to the individual plates. Both 
the test and the standard preparations should be 
represented in each plate, even in the cases where 
the position difference can be neglected. 

It is well known that, when the dose and 
responsc are suitably transformed, the mode of 
the action of organisms can be represented by the 
monotonic dose-response relationship (either ap- 
proximately sigmoidal or straight). Whenever a 
prior knowledge suggests that the dose-response 
relation for a given test material is approximately 
sigmoidal or linear, it is advisable to select two 
reference (standard) concentrations which cover 
the linear portion of the dose-response curve. 
The difference in response which is due to the 
difference in concentration is best detected along 
the linear portion of the dose-response curve. 

The only remaining problem then is to choose 
target dilutions for thc unknown prcpwation in 
such a way that a t  least 1 dilution for the un- 
known produces the response which stays within 
the responses produced by thc 2 reference concen- 
trations (50). 

Another type of quantitative bioassay is that 
in which the response is measured by an instru- 
ment with a response in units of per cent trans- 
mission. Because of the possible instruniental 
drift which map be linear or nonlinear, the time 
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niqucs of designing antibiotic-type assays. Some 
revision was made to  the section on “Design and 
Analysis of Biological -hays , ’ ’  including a glos- 
sary of symbols used within the section. 

In a period of 15 years, the U.S.P. has gone 
from a book which included no statistical meth- 
odology dealing with biological products, to a 
book which from a legal point of view is an au- 
thority on how statistics are to  be applied. In- 
cluded in the section on “Design and Analysis of 
Biological Assays” is an official method for rejec- 
tion or outlying or aberrant observations and the 
replacement of missing values. Likewise, the 
sections on the combination of independent assays 
and joint assay of several preparations are of great 
value to the industry. For the first time, a 
glossary of statistical symbols with official status 
is printed for all to use. Thc writer has a per- 
sonal preference for a differcnt set of symbols, 
but the benefits to be gained within the industry 
from a uniform set of symbols and formulas more 
than offset any personal feeling. 

Beginning in U.S.P. XVI (53), a small section 
was added called “Biologics,” which simply stated 
that for vaccines, antitoxins, etc., the National 
Institutes of Health, Division of Biological Stand- 
ards, controlled the tcsting requirements and that 
the actual assay procedure was beyond the scope 
of the book. 

Many methods are commouly used for comput- 
!rig the potency of biological products, some of 
which are defined adequatcly by the National 
Institutes of Health. However, there is a definite 
need for a specification of the statistical method 
of choice. regardless of the length of calculation, 
and very dcfiriite rules for the determination of 
assay validity, combination of independent as- 
says, and joint assay of several preparations. 

Bliss’ section on the combination of indepen- 
dent assays states that: “additional animals can 
be added to an insufficiently precisc assay until 
the combined results reduce the confidence inter- 
val within the lines specified in the monograph.” 

Since many biologics are assayed on the basis 
that the unknown is equal to or greater than the 
reference standard in potency, it is logical for a 
manufacturer to make the potency of the vaccine 
just potent enough to exceed the reference a 
certain percentage of the time. If the manufac- 
turer performs 4 assays on the unknown and coni- 
bincs their results, which in reality doubles the 
precision of the assay, this then allows thc manu- 
facturer to produce a product whose potency tests 
greater than the reference about the same per- 
centage of the time, but on a comparison basis 
does not have to be so excessively potent as 
matcrial which is only controlled by a single assay. 
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If the Division of Biological Standards per- 
forms a single assay on material which has had 
multiple assays performed on it by a manufac- 
turer, there is a high probability that the material 
will fail; hence, thc lot is not suitable for distribu- 
tion. If the Division of Biological Standards 
reference standard is to be a standard of potcncy 
to which a vaccine is to be equated, then the 
manufacturer should be allowed to use all avail- 
able statistical methodology to warrant that the 
product is equal to or greater than the standard. 

SUMMARY 
Mathematical statistical methods have been 

found to be useful through all areas of quality 
control. Statistical sampling plans applied to 
dosage form variation, by their very controversial 
nature, have exposed large segments of the phar- 
maceutical industry to statistics. Analysis of 
variance, design of experiments, and hypothesis 
testing have not in themselves found extensive 
usage in quality control functions because of their 
research orientedness. Applications using thcse 
methods apply and are very effective when deal- 
ing with materials which are not routinely meet- 
ing their specifications or where specifications arc 
in the process of being developcd. Biological 
assays are now having increased attention paid 
to their problems, as witnessed by the U.S.P. 
sections dealing with biologicals. 

Most statistical techniques arc based on a 
measure of accuracy (the mean of a set of data) 
and a measure of variation (the standard devia- 
tion). With the advent of the food and drug 
law amendments 01 1902, the increased em- 
phasis on good manufacturing practice, the intro- 
duction of high-speed pacliaging lines, dosage 
form variation, glass bottle defects, missing bottle 
labels, and granulation characteristic variation, 
etc., the concept of statistical variation is no 
longer welcome to the quality control function. 
Statistical rncthodology says there will always be 
defects. Quality control says there must be zcro 
defccts. 

The next 15  years will be interesting to see how 
well the statisticians can adapt themselves to 
problems implying sample sizes in the 500 to 
10,000 range rather than 1 to 1,500. 

The statistician and the quality control man 
must bear in mind the truism, “To attain quality, 
one must first measure it,  and to measure quality, 
one must establish a standard of rejection.” As 
Youden has pointed out, statistics are the laws of 
mcasurcment. The new era for quality control 
statistics may well be in product design, control 
system design, or quality control sixnulation-all 
things to bc done before the product is ever manu- 
factured. 
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Research Articles- 

Effects of Potential Inhibitors on Metabolism 
of Griseofulvin In Vitro 

By S. A. KAPLAN, S. RIEGELMAN, and K. H. LEE 

The inhibitory effects of p-ethoxyacetanilide, p-methoxybenzylamine, codeine, and 
SK&F 525-A on the metabolism of griseofulvin were studied in a Krebs-Ringer bi- 
carbonate liver-slice system. This investigation sought to determine the possibility 

of prolonging the biological activity of griseofulvin. 

RISEOFULVIN, the first available oral anti- from the mycelium of Penicillium griseofuloum by G fungal antibiotic, was originally isolated Oxford in 1939 (1). However, it was not until 
1958 that Gentles (2) reported that he was abk 
to eradicate experimental ringworm of guinea 
pigs as a result of oral treatment with griseo- 
fulvin. 
(3 ,  41, Blank et az. (5), and Williams (61, who 
obtained favorable results in the treatment of 
superficial fungi infections of man. 
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It has been .shown that  griseofulvin localizes 
in the prekeratin cells (7-9), and that  the amount 
of griseofulvin deposited in the prekeratin cells 
depends upon the blood levels achieved. There- 
fore, in treatment it is important that the drug 
be deposited in the keratin of the hair shaft, skin, 
or matrix of the nails in fungistatic concentration 
t o  keep the organism in check pending removal of 
the infected tissue and replacement by healthy 
tissue. Since the turnover rate of these tissues 
is slow, oral therapy can involve periods of treat- 
ment u p  t o  6 months or longer. 

The high-dosage regimen required for griseo- 
fulvin to  exert its therapeutic effect can be 
attributed to  its low water solubility of approxi- 
mately 1 mg. yo, its slow rate solubility, and its 
relatively rapid rate of metabolism. It is diffi- 
cult, therefore, to  maintain a prolonged high 
concentration of drug in the blood. 

Generally, the duration of drug action after 
absorption depends upon the rate of metabolism 
and excretion. Griseofulvin is unique in that i t  is 
not excreted intact but  apparently only after 
being metabolized. Barnes et al. (10) reported 
that the major metabolite of griseofulvin in man 
and rabbits is 6-demethylgriseofulvin. In eritro 
studies by  Bedford et al. (11) also confirm that 
griseofulvin is metabolized by  the liver and re- 
sults in the formation of 6-demethylgriseofulvin. 
Aromatic ethers are known t o  be metabolized by 
0-dealkylation (12). The authors have chosen 
several potential inhibitors of griseofulvin. 
These include p-ethoxyacetanilide, p-methoxy- 
benzylamine, codeine, and SK&F 525-A. The 
first three mentioned compounds are aromatic 
ethers metabolized by oxidative 0-dealkylation as 
is griseofulvin, and could therefore act in a com- 
petitive manner to  inhibit the metabolism of 
griseofulvin and thereby trolong its biological 
activity. SK&F 525-A is a well-known nonspe- 
cific metabolic inhibitor in animals and affects 
many 0-dealkylation reactions. 

EXPERIMENTAL 
Tissue Preparations.-Livers were obtained from 

young adult New Zealand white male rabbits of 
2.0 to 2.5 Kg. The rabbits were stunned and 
exsanguinated, and the slices were prepared on a 
McIlwain mechanical tissue chopper (13) at a 
thickness of approximately 0.5 mm. a t  3" in the cold 
room. Thirty-milliliter samples containing 10 mcg. / 
ml. griseofulvin in Krebs-Ringer bicarbonate buffer 
(14) were incubated with 1.5 Gm. of liver slices, 
with and without the addition of the potential inhibi- 
tors a t  37", with shaking under an atmosphere of 5% 
carbon dioxide in oxygen saturated with water vapor. 
These samples were incubated for varying time inter- 
vals, after which the flasks were removed from the 
incubator, and supernatants were separated from the 
tissue slices by decanting. An aliquot of the super- 
natant was then immediately extracted twice with 

14 

ethyl ether, evaporated, and reconstituted in eth- 
anol. The griseofulvin was determined by both the 
spectrophotometric and spectrophotofluorometric 
methods of analysis. In the ultraviolet the samples 
were determined in ethanol a t  292 mp, while in the 
spectrophotofluorometric analysis the samples were 
activated at 315 mp, and the maximum fluorescence 
determined at 450 mp. SK&F 525-A did not inter- 
fere with the ultraviolet analysis of griseofulvin and 
the samples could be determined directly. How- 
ever, codeine, p-ethoxyacetanilide, and p-methoxy- 
benzylamine interfered with the ultraviolet analysis 
of griseofulvin as they were partially extracted by 
the ethyl ether along with the griseofulvin. Codeine 
and p-methoxybenzylamine were completely re- 
moved by washing the ether extracts with two 25-ml. 
portions of 1 N hydrochloric acid, allowing for the 
direct ultraviolet analysis of griseofulvin. p-Eth- 
oxyacetanilide could not be separated from griseo- 
fulvin by extraction and was therefore analyzed by 
the spectrophotofluorometric method. 

Microsomal Preparations.-Twenty-five per cent 
homogenates of liver were prepared in 1.15% potas- 
sium chloride solution by use of a Dounce homog- 
enizer (15) in the cold room at 3". The tissues were 
homogenized first with the loose-, then the tight- 
fitting pestle, and centrifuged at 9000 X g for 20 
min. The supernatants were decanted and used in 
the subsequent experiments where each 5.1-ml. 
sample contained glucose-6-phosphate, 20 ym. ; 
NADP, 0.4 pm. ; nicotinamide, 50 pm. ; magnesium 
chloride, 75 pm.; potassium chloride, 1 M ,  0.1 ml.; 
griseofulvin in 0.1 M phosphate buffer or buffer 
alone, 1.5 ml.; and enzyme preparation, 1.5 ml. 
The above samples were incubated at 37" with 
shaking (110 oscillations per minute) in a Dubnoff 
metabolic shaker for varying time intervals a t  which 
time 2.0-ml. aliquots were removed from the flasks 
and added to 7.0 ml. of freshly distilled anhydrous 
ether and analyzed by means of the spectrophoto- 
fluorometric assay. The co-factors did not interfere 
with the analysis of griseofulvin on the Aminco 
Bowman spectrophotofluorometer. 

Standardization of the Microsomal Activity.- 
p-Ethoxyacetanilide has been shown to be metab- 
olized by the microsomal enzyme fraction (12). 
Therefore, with each determination samples con- 
taining p-ethoxyacetanilide without the addition of 
griseofulvin were run to determine the relative ac- 
tivity of the enzyme preparation. 

Analysis of 6-Demethylgriseofulvin-This com- 
pound is characterized by its ultraviolet spectrum 
which has a maximum peak at 293 mp in acidic 
ethanolic solution, which shifts to 328 mp in neutral 
to  alkaline solution. 6-Demethylgriseofulvin is re- 
coverable by extracting the acidified supernatant 
(pH 1) after removal of the griseofulvin, with two 
25-ml. portions of ethyl ether. Other supernatant 
samples after removal of the griseofulvin were 
divided into two equal portions. One portion was 
analyzed for 6-demethylgriseofulvin as described 
above. The other portion was acidified to  pH 4.5 
with acetic acid, and incubated with P-glucuronidase 
at 37". This system was then extracted as described 
to  determine the amount of free 6-demethylgriseo- 
fulvin present in solution. 

RESULTS AND DISCUSSION 
The per cent of griseofulvin remaining unmetab- 

olized in solution as a result of being incubated with 
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the Krebs-Ringer bicarbonate rabbit liver slice 
system has been calculated from 17 individual ex- 
peritnents. The metabolism of griseofulvin appeals 
to follow pseudo first-order kinetics as is determined 
from the linearity of tlie semilogarithmic plot seen iti 
Fig. 1. The half-life for the disappearance of 
griseofulvin has been Calculated by the method of 
least squares to be 53.5 f 3.8 min. (p  = 0.025). 
Since the metabolism of griseofulvin in this system 
occurs within defined limits, a control was estab- 
lished to which the inhibitory studies with the 
potential inhibitors could be compared. 

In each of the following experiments rabbit livcr 
slices mere incubated with and without the addition 
of a 100 to 1 molar ratio of inhibitor to  griseofulvin. 
The experiments were repeated a t  three different 
levels of griseofulvin concentration, but the system 
is limited by the low solubility of griseofulvin in 
water. Figure 2 includes three curves, each of 
which is from the mean data of a minimum of four 
experiments and illustrates tlie pseudo first-order 
metabolism of griseofulvin and p-methoxybetizyl- 
amine with griseofulvin. Figure 3 shows similar 
experiments utilizing codeine as the potential inhib- 
itor. The compound, SK&F 525-A, is not added to  
the in vitro system but is administered prior to  
sacrifice and preparation of liver slices. Figure 4 
shows the results obtained from animals pretreated 
2 hr. prior to sacrifice with 75 mg./Kg. of SK&F 525- 
A as compared to control animals. 

The results indicate that a t  a molar ratio of 100 to  
1, P-cthoxyacetanilide to griseofulvin, the rate of 
metabolism of griseofulvin is decreased approxi- 
mately fourfold to give a half-life of 200.6 f 9.2 
min., indicating the rate of metabolisrn i s  signifi- 
cantly different in the presence of p-ethoxyacet- 
anilide ( p  < 0.01). p-Mcthoxybenzyla~nine de- 
creased the rate of metabolism approximately two- 
fold to 116.5 f 8.8 min,, again indicatillgasignificant 
difference in the rate of metabolism (p < 0.001), 
codeine with a half-life of 57.4 min. (p > 0.60), and 
SK & F 525-A with a mean half-life of 49.6 min. ( p  > 
0.80) showed no inhibitory effects on the metabolism 
of griseofulvin. 

In studying the metabolisln of griseofulvin i t  has 

i 
k... 

Fig. 1.-Dis- 
appearance of 
g r i s e o f u l v i  n 
from the Krebs- 
Ringer bicar- 
bonate liver- 
slice system re- 
ported with the 
95y0 confidence 
intervals. 

Pig. 2.-Dis- 
appearance of 
griseofulvin in 
the .presence of 
a 100 M ratio 
of p-ethoxyacet- 
anilide or p -  
methoxybenzyl- 
amine to griseo- 
fulvin with its 
95y0 confidence 
interval. 

Fig. 3.-Dis- 
appearance pf 
griseofulvin In 
the presence of 
a 100 M ratio 
of codeine phos- 
phate to griseo- 
fulvin with its 
95% coniidence 
interval. 

Fig. 4.--l)is- 
appearance of 
griseofulvin as a 
result of iticu- 
bating the drug 
with liver slices 
pretreated with 
75 mg./Kg. of 
SKF 525-A, re- 
ported with its 
957; confidence 
intervals, as 
compared to 
that of griseo- 
fulvin alone. 

been inferred that the metabolism of the drug 
probably occurs in the microsomal enzyme fraction 
of the liver. The results in Table I clearly indicate 
that the microsomal enzymes in the presence of the 
co-factors of the soluble fraction are responsible for 
the metabolism of griseofulvin. 

TARLR  METABOLISM OF GRISEOFULVIN IX THE 
MICROSOMAL ENZYME SYSTEM 

r 

Half-Life of 
Expt. h'letabolism, min. 

1 
2 
3 
4 
5 
6" 
7" 

57.5 
50.3 

101.4 
40.35 
40.25 
44.0 
30.9 

a Animals starved prior to experimentation 

The results indicate the mean half-lives of experi- 
ments 1 through 5 to be 57.9 f 39.7 min. (p = 
0.025). 

Starvation is known to lower glycogen levels 
markedly. Therefore, rabbits were starved for 24 
and 38 hr. prior to sacrifice and preparation of the 
microsomal and soluble fractions of the liver. 
When the metabolism of griseofulvin was followed 
as a result of incubation with these glycogen-de- 
pleted microsornal enzymes, the results in Table I 
indicate that starvation did not interfere with or 
affect the ability of the microsomal enzymes t o  
metabolize griseofulvin. A comparison of the re- 
sults of the metabolism studies of griseofulvin, to  
those previously reported by Axelrod for p-cthoxy- 
acetanilide (12) are recorded in Table 11. 



Vol 55, LVo 1 ,  Janutrry 1966 

TABLE I1 --COMPARISON OF RESULIS OF METAB- 
OLISM STUDIES OF GRISEOFULVIN 

- 
i 

p E t h o x p  
C r i ~ s e r ~ f u l v ~ t ~  acetanilide 

Metabolized by the 
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The Walderi inversion is a S N ~  displaccrnent 
reaction. The nucleophile in a SN2 rcaction attacks 
by using a pair of its own electrons. Therefore, the 
most effective nucleophile would be one whose 
attacking atom has the valence electrons most 
available for coordination. Since this is the criterion 
for basic strength, it would be rcasoaable to assume 
that the strongest base might make the most effec- 
tive nuclcophilic reagent. The phenolate anion is 
known to be a nucleophilic reagent with reasonable 
activity. However, basic strength, resonance char- 
acteristics, and steric effects may interfere with the 
relative nucleophilicity of an agent. Perhaps, ow- 
ing to somc adverse nucleophilic properties of ti- 
demetliylgriseofulvin, it might be possible for the 
mctabolite to  form a glucuroriide conjngatc on a 
purely mechanistic basis. 

Dodgson and co-workers (18) have suggested that 
the ability of a hydroxyl cornpound to  form an 
ethereal sulfatc may depend on its ionization con- 
stant. .% survey of phenols which are known to 
conjugate with sulfate has shown that the pKa’s of 
the hydroxyl groups varied from i to 10. Anderton 
et el. (19) compared the amount of ethereal sulfate 
produced with the pKa of the hydroxyl group for a 
number of compounds. They concluded that the 
hydroxyl group must havc a pKa betwecn 7 and 10 
in order to  he able to form an ethereal sulfate. Since 
the pKa of 6-demethylgriseofulvin is 4.3, this factor 
alone might disqualify possible sulfate conjugation. 

It is clear from the above that an explanation for 
the lack of a material balance cannot be accounted 
for by presuming conversion of the metabolite to  
conjugates such as glucuronide or sulfate, and  the 
possibility of the forrnation of a second metabolite is 
beitig investigated. 

Furthcr reports will follow on studies of the effect 
of varying concentration of p-ethoxyacetanilide and 
~-inethoxybcxizylaniine to that of grisoofulvin and of 
zn aivo effects of these inhibitors. 

+ - niicrosomal system + 
Inhibited by SK&F F2.5-.1 - 
Inhibited bv P-methoxy- + - bcnzylami<e + 
Iuhibited by codeine - 

acetanilide + Inhibitd by p-ethoxy- 

Rased on the criteria established by Axelrod for 
differentiating between the two possible O-dealkylat- 
ing enzyme systems, it would appear that griseo- 
fulvin is metabolized by thc same enzymes that 
metabolize p-ethoxyacetanilide and p-methoxy- 
benzylamirie rather than by tlic 0-dealkylating 
enzyme system shown to tnetabolize codeine. 

In both the liver slice and the microsorrial studies 
the disappcarance of griseofulvin was compared to 
the appearance of 6-demethylgriseofulvin. Table 
111 presents an analysis of the total recovery of 
griseofulvin and 6-deiiiethylgriseofulviti. 

TABLE III.-PER CENT RECOVERY OF THE TOTAL 
DOSE OF GRISEOFULVIN AS GRISEOFULVIS AND 

6-DEMrsTIIYLCRISEoFu1,VIN 

7” Recovered yc Recnvered 
Incuhatinn, as Gnseo- as  6-Uemethyl- Total  % 

rn1n.a fulvin griseofulvin Recovery 

--- ~__ -~ ~~ 

Time of 

0 100 0 80.0 
15 i 5 . 0  2.16 7 . 1 6  
30 62.7 15.1 7‘7.8 
45 54.6 17.4 72.0 
60 44.4 31 .9  76.3 
i5 40.0 33.0 73.0 

~ ~. ~- 
‘I F:xtrapolated zero-lime value. 

In no instance was there a material balance since 
only i5 .3  + 3.8% of the original dose of griseofulvin 
could be accouuted for. The rcniainder of the dose 
was sought as a possible glucuronide conjugate of 
fi-demethylgriseofuIviti which would not be extracted 
prior to hydrolysis. Supernatants were incubated 
with P-glucmonidase to determine the possibility of 
glucuronide conjugation. 

No real increase in free 6-demethylgriseofulvin was 
noted as compared to samples which had not been 
incubated with P-glucuronidase. These results 
would tend to indicate that 6-demethylgriseofulvin 
does not form a glucuronide in the rabbit. 

It is possible that the glucuronide conjugate docs 
not form due to properties inherent in the 6-de- 
~nethylgriseofulvin molecule since the 6 pKa has 
been found to be 4.3. The accepted mechanism for 
glucuronide conjugation has been postulated as 
follows (16, 17): 

uridine diphosphoglucuronic acid + R - OH 

Walden inversion - glucuronosyl - OR + 
uridine diphosphate 

If this were to occur with 6-demethylgriseofulviu in 
the body a t  a pH of 7.3, the metabolite w7ould be in 
the form o f  a phenolate anion. 

SUMMARY 

1. The metabolism of griscofulviri has bcen 
demonstrated in aitro, using rabbit liver slices 
respiring in a Krebs-Ringer bicarbonate buffer 
medium. The metabolism appears to follow pseudo 
first-order kinetics with a half-life of 53 rnin. 

2. Griseofulvin has been shown to be metab- 
olized also by the microsomal enzynies of the liver 
in the presence of the co-factors of the soluble reac- 
tion, and the metabolism is independent of the 
glycogen content of the liver. 

The in oitvo inhibition of griseofulvin metab- 
olistn by p-ethoxyacetdtiilide and p-methoxybenzyl- 
atnine is reported. Evidence is presented for the 
rriicrosomal enzyme fraction responsible for the 
0-demethylation of griseofulvin. 

The metabolite, 6-demethylgt-iseofulvin, as the 
free phenol has beer1 isolated and quantitated. A 
glucuronide conjugate has not been found, and 
reasons for this lack of conjugation arc presented. 

3. 

4. 
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Interaction of 8-Hydroxyquinoline Sulfate 
with Components Present in a Tuberculin 

PPD Solution I 

Binding of 8-Hydroxyquinoline by Polysorbate 80 

By S. LAND1 and H. R. HELD 
This article deals with the interaction between the preservative 8-hydroxyquinoline 
sulfate (8-HQS) and the surface-active agent polysorbate 80. In buffered solution 
(pH 7.38) 8-HQS is dissociated to 8-hydroxyquinoline (8-HQ) and HzS04, and it 
is the base 8-HQ that forms a reversible association with polysorbate 80. The de- 
gree of binding of 8-HQ to polysorbate 80 was shown to be a function of the con- 
centration of the nonionic surface-active agent. Polysorbate 80 at low concentra- 
tion (about 0.005 per cent) has practically no effect on the concentration of 8-HQ in 
a buffered solution (pH 7.38) as used for preparing dilutions of tuberculin PPD for 
the intracutaneous method (Mantoux test). 8-HQS, in a buffered solution of pH 3, 

does not interact with polysorbate 80. 

-IIYDROXYQUINOLINE sulfate (8-HQS)l is added 8 to tuberculin PPD solutions as an anti- 
microbial agent. In a previous report (1) the 
authors described how 8-HQS disappears from 
these solutions whcn dispensed in glass vials 
stoppered with rubber closures and showed that 
most of the loss of 8-HQS from the solution was 
caused by sorption of 8-HQ by the rubber closures. 

Numerous investigators have shown, by using 
solubility studies and equilibrium dialysis, that 
binding of preservatives (3-9) or pharmaceuticals 
(10-14) with polysorbatc X02 or other macro- 
inoleciiles takes place. 

Tuberculin PPD solutions are used intra- 
cutaneously for diagnostic purposes in tuber- 
culosis-prevention programs. Such solutions con- 
tain 0.0170 8-HQS added as a prescrvative and 
O.O05C;/, polysorbate 80 as a stabilizing agent (2). 
It  was, therefore, of interest to find out if some 
binding between 6-HQS and polysorbate 80 takes 
place in the buffer used to prepare these solutions. 

The solubility method (3 )  and the equilibrium 
dialysis method (3 )  were used by the authors to 
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determine the conipatibility of polysorbate 80 and 
8-HQS. 

MATERIALS AND METHODS 

Reagents.-8-Hydroxyquinoline sulfate (S-HQS)' 
(Bastman Organic Chetnicals, 1776). S-hydroxy- 
quinoline (8-HQ) (Fisher Scientific Co., 0-261). 
polysorbate 80 (polyoxyethylene 20 sorbitan niono- 
oleate).z 

Buffer Solution (pH 7.38).-Tsotonic phosphate 
buffered solution (2), pH 7.38 (1.45 Gm. of KHzPO~, 
7.60 Gm. of NaJIP04, and 4.8 Gni. of NaCl in 
1050 1111.). This buffer is also used as diluent for the 
preparation of tuberculin PPD solutions (Mantoux). 

Buffer Solution (pH J.O).-McIlvaine's buffered 
solution (15) was prepared by mixing 79.5 ml. of 0.1 
M citric acid solution and 20.5 ml. of 0.2 iM NazHPOl 
solution. 

Dialysis Membranes.-Thin nyIon memf~rane,~ 
as recommended by Pate1 and Kostenbauder (3), 
was used for dialysis of 8-HQ. A seamless regen- 
erated cellulose tubing, size identity 36/32 (obtained 
from the Visking Division of Union Carbide, Canada, 
Ltd.) was used for the dialysis of 8-HQS and of 

Determination of 8-HQ and S-HQS.-&'-HQS, 
dissolved in buffered solution (pH 7.38), is disso- 
ciated in 8-HQ and I-E2SOa. The distinct absorption 
maximum of 8-HQ in the ultraviolet region at 
240 rnp lends itself well to the quantitative deter- 

8-HQ. 

3 Supplied through the courtesy of Yolings Rubber Corp., 
New York, N. Y .  
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8-HQ. 
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mination of 8-HQ and here-with to thc detcrmination 
of 8-HQS. The 8-HQS concentration of a solution 
was determined by mcasuring its absorbance a t  240 
inp after dilution with buffer of pH 7.38, containing 
0.005';1, polysorbate 80 and comparing it with the 
absorbance at  tlie same wavelength of a standard 
solution, This method was described previously 

The H2S0, liberated from 8-HQS was determined 
by precipitation and weighing as BaSO?. 

Determination of Polysorbate 80.-Polysorbate 80 
shows an absorption maximum in thc ultraviolet 
rcgion at  230 inp. The degree of absorption is too 
weak to be uscd for vcrp low concentrations of 
polysorbate 80 or for higher concentrations of poly- 
sorbate 80 in the presence of strong C.V. absorbers 
likc phenolic preservatives, etc. However, for pure 
aqueous solutions of polysnrbate 80, this absorption 
at  2330 nip can be conveniently used for its deter- 
mination. The authors determined the polysorbatc 
80 contcnt by diluting 1 ml. of a pure aqueous solu- 
tion of polysorbate 80 with 19 ml. of a buffcrcd solu- 
tion (pI1 7.38),  and comparing its absorbance a t  230 
mp with tlie absorbance at  the same wavelength of a 
standard solution of polysorbate 80. 

Solubility Method.-The solubility of 8-HQS or 
8-HQ in polysorbatc 80 solutions was evaluated by 
placing into glass-stoppered weighing bottlcs 10 mi. 
of buffered solution containing various amounts of 
polysorbate 80 arid an excess of cithcr 8-HQS (200 
mg. of a mixturc, consisting of equivalent amounts of 
8-IIQS and NaHC03) or of 8-HQ (140 mg.). Thc 
bottles were agitated for 3 hr. a t  28' then the 
contents were filtered through hrhatman KO. 1 filtcr 
paper and tlie 8-HQS or 8-HQ in solution determined 
spectrophotumctrically. 

Dialysis Method at pH 7.38.--The dialysis mem- 
branc was used it1 the form of small nylon bags. 
Into each bag was placcd 10 ml. of a buffered solu- 
tion containing different conctmtrations of poly- 
sorbate 80. Each nylon bag was then placed in a 
glass-stoppered weighing bottle, containing 10 ml. of 
buffered solution and 200 mg. of a mixture consisting 
of equivalent amounts of 8-HQS and Na11C03. In 
another experiment the weighing bottles contained 
10 ml. of a 0.02% solution of 8-HQS in the same 
buffer. Each bottle was then stoppered tightly 
while thc cnd of the nylon bag was protruding to the 
outside of the bottle, thus providing also a tight 
closure for the nylon bag. The bottles were then 
agitated for 4 days a t  28". After this period of 
time, an equilibrium between the inner and outer 
solution was reached for each concentration of 
polysorbate 80 employed, and samples were taken 
from thc inside and outside of the nylou bags to 
dctermine the concentration of 8-HQ. 

The same type of dialysis as described above was 
carried out for 2 days using a seamless cellulose 
tubing instead of the nylon bags. 

Dialysis Method at pH 3.--Similar experiments 
as described were carried out in a solution of approxi- 
mately pH 3 using as dialysis membrane a seamless 
cellulose tubing. Into each tubing was placed 10 
nil. of an aqueous solution of diffcrcnt concentrations 
of polysorbate 80. The glass-stoppered weighing 
bottles contained in one experiment 10 ml. of a 
0.270 solution of 8-HQS in H20 (final pH 3.2) ,  and 
in another experiment the weighing bottles con- 
tained 10 ml. of a 0.02yo solution of 8-HQS in buffer 

(1). 
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The bottles werc agitated for 2 days (pH 3.0). 
a t  28". 

RESULTS AND DISCIJSSION 

Interaction between Polysorbate 80 and 8-HQ at  
pH 7.38.-Wheti 8-HQS is dissolved in buffered solu- 
tion (pH T.38), it is dissociated in 8-HQ and IIaS04. 
This is evidenced from the fact that 8-HQ can be 
completely extractcd with diethylether from this 
buffered solution into which 8-HQS was added. 
Further evidence that 8-HQ is present in a buffered 
solution (pII 7.38) was obtained in a previous article 
(1 ), where it was shown that rubber absorbcd 8-HQ 
only while the H2S01 remains entirely in  the aqueous 
solution. I>ialysis cxpcrimcnts to be describrd will 
show that it is 8-HQ that interacts with polysorbate 
80 and not 8-HQS. Nevertheless, sincc in thc litera- 
turc dealing with tuberculin the concentration o€ this 
preservative is given as percentage of 8-HQS, the 
authors have in the present investigation expressed 
all measurements in 8-11QS cquivalcnts. 

Figure 1 shows that the solubility of 8-HQS or 
8-HQ increases linearly with increasing polysorbatc 80 

0 8 :  

b o d n d  

I r e -  i 
1 

C 2 4 6 8 1 0  

P G L Y S O R B A T E  8 0  ( % u V / V )  

Fig. 1.-Solubility of 8;HQS and of 8-IXQ in a 
buffered solution (pH I .38, temperature 28') 
containing various amounts of polysorbatc 80. 
Key: 0, solubility of 8-HQS; 0 ,  solubility of 8- 
HQ, plotted in 8-HQS-equivalcnts. 

conccntration, and when the solubility of 8-HQ is 
expressed in 8-HQS equivalents the same slope is 
obtained for both substances. Because the solu- 
bility of frce preservative in a buffered solution is 
constant, as represented by a dashed line in Fig. 1, 
the incrcasc in solubility of the preservative with in- 
creasing polysorbate 80 concentration can be con- 
sidered to be due to bound prcservative. This bind- 
ing represents a relatively high degree of interaction. 
Such intcraction between polysorbate 80 and other 
preservatives had been reported previously by 
several investigators (3-9). 

To obtain further evidence of binding bctwcen 
polysorbate 80 arid 8-HQ and to obtain data of bind- 
ing between polysorbate 80 and low concentrations 
of 8-HQ, the equilibrium dialysis mcthod ( 3 )  was 
used. Figures 2 and 3 show that when the concen- 
tration o f  polysorbate 80 in a buffered solution con- 
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interaction the conzents of the bags were dialyzcd 
against running tap water, and it was found that all 
8-HQ (free plus bound) dialyzed out of the bags in 
approximately 10 days. This shows that the 
“bound 8-HQ’ was reversibly associated to the poly- 
sorbate 80. 

Figure 2 confirms the results of solubility studies 
(Fig. 1) and also shows that the concentration of 
free 8-HQ is independent of the polysorhate 80 con- 
centration when enough preservative is prescnt to  
form a 8-HQ saturated solution. The free 8-HQ 
is represented by a dashed line in Figs. 1 and 2. It 
follows that the ratio betwcen total 8-HQ (bound 
plus free) and free 8-HQ also increases linearly with 
increasing polysorbatc 80 concentration (Fig. 3 ) .  
This Iincarity facilitates the calculation of this ratio 
for any other concentration of polysorbate 80. 
Therefore, the rcsults in Table I reveal that, when a 
concentration of 0.005% polysorbate 80 is prescnt in 
a buffered solution containing an added amount of 
0.094 to l.OS%l, total 8-HQS, there should be approxi- 
mately 99.5y0 of free 8-HQ prescnt. Thus, the 
loss of frcc 8-HQS caused by the interaction of 8-HQ 
with polysorbate 80 should be approximately 0.5%. 
In order to verify these results for lower concentra- 
tions of total 8-HQS (0.0096 to 0.0181~o), the dialysis 
method ( 3 )  was also employed by using a concen- 
tration of 0.@2% 8-HQS in the solution outside the 
nylon bag. Tablc I1 shows that the ratios between 
total and free SHQS are of the same ordcr as thosc 
measured for more conccntratcd solutions of bHQS 
(0.094 to l.06y0, Table I), arid that the loss of free 
8-HQS caused by the presencc of 0.005yo poly- 
sorbate 80 should also be approximately 0.5%. 
Therefore, it  is obvious that the reversible intcr- 
action between 0.005~0 polysorbate 80 and the 8-HQ 
liberated from O.Olyo 8-HQS, in the buffer solution, 
as used for the preparation of tuberculin PPD 
solutions (2, L G ) ,  will have practically 110 effect on the 
concentration of free 8-HQ and presumably on its 
antimicrobial activity. That tuberculin P P  1) solu- 
tions containing these concentrations of polysorbate 
80 and 8-HQS exhibit antimicrobial activity has 
been recently demonstrated by Pivnick et al. (17). 

Further evidence that 8-HQ, and not 8-HQS, 
interacts with polysorbate 80 was ohtained by using 
a cellulose instead of a nylon membrane. While 8- 
HQ dialyzed readily through the nylon menibrane 
and reached equilibrium after 4 days, only traces of 
HzS04 liberated from 8-HQS had passed through the 
nylon membrane (0.002u,’, w/v inside as compared t o  
0.35% w/v outside the bag, Table I). It was fur- 
ther ascertained that sulfates like 8-HQS or NazSO4 
in buffered solution (pH 7.38) dialyze very slowly, if 
at all, through a nylon membrane. However, the 
seamless cellulose tubing was found to be readily 
permeable to  8-HQ as well as to  8-HQS and NazSO4. 
Although the cellulose tubing was found to be to 
some extent permeable to polysorbate 80 (3), as in 
the case of the nylon membrane, most of the poly- 
sorbate 80 was kept inside the bag after 2 days, 
dialysis. However, considerable water was drawn 
inside the cellulose tubing from the outside solution 
chdnging the concentration of polysorbate 80. For 
this reason all the concentrations inside (C,) and 
outside ( C,) the cellulose tubing were determined 
after equilibrium was reached. In fact, Table 111 
shows that the binding of 8-HQ by polysorbate 80 
is of the same order as previously determined using a 

- q/, m , I  
b o u n d  

0 2  

.~ .. .~~ ...... ~ . . ~ . ~ ~ . ~ ~ ~ ~ ~ ~ .  ~~~ 

0 2 4 6 8 1 0  

P O L Y S O R B A T E  8 0  ( % W / V )  

Fig. 2.- Equilibrium dialysis through a nylon 
bag. Outside the bag was placed a buffered so- 
lution (pH 7.38) to which an escess of solid 8-HQS 
and NaHCOa was added. Inside the bag was 
placed a buffered solution (pH 7.38), containing 
various amounts of polysorhate 80. The total 8- 
HQ concentration in the dialysis bag is plotted in 
8-HQS equivalents vs. the polysorbate 80 concen- 
tration. 

P O L Y S O R B A T E  8 0  lr/oW/V) 

Fig. 3.--Equilibrium dialysis through a nylon 
bag as in Fig. 2. The binding of 8-HQ (expressed 
as the ratio R = total/free) i s  plotted vs. the 
polysorbate 80 concentration. 

tained in the nylon bag is increased from 0 to 10% 
the total concentration of 8-HQ in this solution in- 
creases linearly from 0.094 to l.OG’%. In this experi- 
ment an ~ X C C S S  of solid 8-HQS and NaHCOa was 
added to the solution outside the dialysis bag. Since 
a t  equilibrium the concentration of free preserva- 
tive is assumed to be approximately the samc 
inside and outsidc thc dialysis bag (12), the increase 
of 8-HQ with increasing polysorbate 80 concentra- 
tion (represented by the area above the dashed line 
in Fig. 2 )  must correspond very closely to the degree 
of interaction between polysorbate 80 and 8-HQ. 
The authors designated this increase in 8-HQ 
“bound 8-HQ.” To test the reversibility of this 
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TABLE I.-DEGREE OF BINDING'" O F  8-HQ BY POLYSOKBATE 80 CALCULATED FRO11 INCREASti  OF  8-HQ 
CONCENTRATION DUE TO PRESENCE OF POLYSORBATE 80 (DIALYSIS MECTHOI)  AT p H  7.38, U S I X G  A XVLON 

DIALYSIS B A G )  

7 Concn. Inside Nylon Bag ~ ~ ---- 
Total X-HQ 
Expressed as Total  --Binding of 8-HQ, Expressed as- . 

I'olvsotbate 80 8-HOS Ecwiv. HSOa Ratio o f  Total/I?ree % of Total 8-HQ 

5% w/v 
10 
8 
5 
4 
2 
1 
0 .5  
0 . 1  
0.01 
0.005 
0 

. . .  
$6 w / v  
1.06 
0.876 
0.  58h 
0,500 
0.283 
0.194 
0.146 
0.104b 
0. 09498h 
0.09449* 
0.094 

0 ' . . .  7% w/v /c 
0 . 0 0 2  11.28 91.14 
0.002c 9.32 89.27 ~~ 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

6 . 9  
5 32 
3.01 
2.06 
1 5,53 
1 . 104" 
I .0104" 
1 ,0052" 
1 

83 8 7 h  
81 20 
66.78 
51 46 
35 61 
9 426 
1 03 
0 
0 

After reaching equilihrium. (All concentrations of 8-HQ are expressed in 8-HQS equivalents.) Calculated from slope of 
'Total  IIzso4 liberated fiom an  excesb 01 8-HQS added t r ~  the hufferrrl curve (totaljfree 8s. concentration of polysorbate 80). 

solution (pH 7.38) outside of the nylon bag was 0.357, a / v .  

TABLE II.-DEGREE OF BINDING" OF 8-HQ BY POLVSORBATE 80 CALCULATED FROM RATIO Ci/c, (L)IALYSIS 
METHOD AT pH 7.38, USING NYLON DIALYSIS BAG) 

- __ .- 
7 Cuncn. iu h-ylon Bag 

Total  Free -Binding nf 8-IIQ, Expressed as-- 
I'olysurbale 80 Ci cu Ratio nf TotaljFree % of Tn ta l  8-HQ 

8-HQ 

(Yo w/v 
10 
5 
2 
1 
0 .5  
0 . 1  
0.01 
0.005 
0 

% w/v 
0.0181 
0.0167 
0,0147 
0.0135 
0.0125 

. . .  

. . .  

0.0696 

% WI" 
o'"aoii4 
0.00276 
0.00482 
0.00688 
0.00764 

. . .  

. . .  

0.0096 

. . .  
11 .75 
6.05 
3.06 
1.96 
1.64 
1.104b 
1.0104h 
1.0062* 
1 

9 1 'is 
83.3 
67 .3  
49.0 
38.9 

9.42h 
1 . 0 3 h  
0 .  5Zh 
0 

After reaching equilihrium. (All concentrations of 8 HQ are  expressed in 8-HQS equivalents.) 

Cu = concentration Cu outside nylon bag (representing free 8-HQ nutside and inside nylon bag). 

*Calculated fiom slnpe 
C i  = concentration C I  inside nylon bag (representing toLal X-HQ of cul-ve (1-atio C i j c o  8s. concentration of polysorhate 80). 

inside nylon bag). 

TABLE III.-DEGREE OF BINDIN@ OF 8-HQ BY POLYSORBATE SO CALCULATED FROM RATIO C,/C, (DIALYSIS 
METHOD A T  pH 7.38, USING SEAMLESS CELLULOSE TUBING) 

,- ~ ~ ~~ ~~ ~- ~ ~ ~~ C o n c n .  in Sola. Inside (Ci) and Outside (CO) Dialysis Tuhing - 
Retention of Uegree of Binding of 

Polvsorhate 80 8-110 8 HOS - 
7- Inside Tuhing - -- Outside Tubing--- .---Expressed as Ratio c ~ j c ,  of-- 
Polysor- Polysot- Polysor-- 
bate 80 8 HQ H&O, bate 80 8-HQ HzSOd hate 80 H2S04 

c i ci c1 cu cu cu rLjro 
. . .  76 w/v % w/v 76 w/v [% w/v % w/v Oio w/v . . .  . . .  

10 . . .  . . .  ... . . .  . . .  . . .  11.3  . . .  
6.30 0.70 0.21 0.115 0,099 0 21 51.8 7.07 1 .oo 
5 . . .  . . .  . . .  6.  2h . . .  
3.21 0:442 0.18 0:065 0:067 0.18 4'3.4 4.76 1 00 
1.82 p.331 0.18 0.023 0.100 0.18 79.1 3.31 1 . 00 
1 . . .  . . .  . . .  . . .  . . .  . . .  2.0h . . .  
0.005 . . .  . . .  . . .  . . .  1.005h . . .  
0 o:ioo 0.19 0 o'.ioo 0.19 . . .  1.00 1 . 00 

~- -_-_____ 
After reaching equilibrium. (All cancentrations of 8 ~ H Q  are expressed in 8-HQS equivalents.) Calculated from slirpe 

of curve (ratio C i / C o  of 8-HQ ZJS. concentration of polysorhate 80.). 

nylon membrane. Example: 10% w/v polysorbate 
80, binding of 8-IIQ I1 28  {Table I) and 11.30 (Table 
111); 0.005'70 w/v polysorbate 80, binding of 8-HQ 
1.0052 (Table I )  and 1.005 (Table 111). Further- 
more, when the cellulosc tubing was used the final 
concentration of HzSOa (liberated from 8-HQS) be- 
comes equal on both sides of the dialysis membrane 
for all thc concentrations of polysorbate 80 employed 
(Tablc 111). This indicates that only 8-HQ and not 
8-HQS interacts with polysorbate 80 because, if at1 

appreciable amount of 8-HQS was present a t  pH 
7.38 and did interact with polysorbate 80, the ratio 
Ci/Co = 1 of H a S 0 4  (Table 111) would become 
nurnerically higher than 1 .  

Interaction between Polysorbate 80 and 8-HQS 
at pH 3.--Although a dilurnt a t  this pH is not used 
for the preparation of tuberculin PPD solutious, 
it is, nevcrtheless, useful to describc briefly the re- 
sults of a study of a possiblc interaction between 
polysorbate 80 and 8-HQS a t  pH 3. It might coii- 
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tribute to the understanding of thc basic mechanism 
bctween these two substances in the buffer (pH 7.38) 
previously employed. 

8-HQS, dissolved in buffered solution (pH 3 ) ,  
show no noticeable dissociation. This was evi- 
denced from the fact that 8-HQ cannot be extracted 
with diethylether from 8-HQS in solution a t  pH 3 
and that, in contrast to what was found previously 
using a buffered solution (pII 7.38), pure rubber does 
not absorb 8-HQ from 8-HQS in a buffered solution 
(PH 3).  

Figurc 4 shows the result of an equilibrium di- 
alysis experiment in which seamless cellulobe tubing 

-. C B -  

2 C 6 -  
i 

Journal of Phurmace2rtical Scieiices 

SUMMARY 

1. The interaction of 8-HQS with polysorbate 80 
in buffered solutions of pW 7.38 and of pH 3.0 have 
been studied by means of the solubility method and 
the equilibrium dialysis method. 

8-HQS dissolved in buffered solution (pH 7.38) 
is dissociated in 8-HQ and H&04, and it is the base 
8-HQ which interacts with polysorbate 80. 

The degree of birding of 8-HQ by polysorbate 
80, expressed as the ratio of total to free 8-HQ, in- 
creases linearly with increasing conccntration of poly- 
sorbate 80. 

The degree of binding of 8-IIQ by polysorbate 
80 is the same, regardless of whether 8-HQS or 8-HQ 
is added to a buffered solution (pH 7.35) containing 
polysorbate 80. 

5 .  A relatively high degree of interaction has 
been observed for polysorbate 80 concentrations of I 
to  10%. However, when polysorbate 80 is added at  
the concentration of 0.005%, as used in tuberculin 
PPD dilutions for the Mantoux test, practically all 
8-HQ (approximately 99.5Gjo) is still present in the 
free state. 

6. The association between 8-HQ and poly- 
sorbate 80 is reversible. 

7. 8-HQS in a buffered solution of pII 3 does not 
interact with polysorbate 80. 

2. 

3. 

4. 
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Surfactant-Base-Barbiturate Suppositories I 
Rectal Absorption in Rabbits 

By J. H. FINCHER, D. N. ENTREKlN, and C. W. HARTMAN 

A series of petrolatum-paraffin-surfactant suppository bases were tested in  rabbits 
under carefully controlled conditions with a series of barbiturates included. Each 
surfactant had a different HLB value and each barbiturate had a different distribu- 
tion coefficient. The depression of the respiratory rate was measured for a period 
of 2.5 hr. to determine absorption rates. Acomparative analysis of the data is pre- 
sented. The effects of the chemical type of the drug and the surfactant are shown in 
the comparative studies. Surfactants enhanced the release and absorption of the 
barbiturate in  some bases; however, binding of the drug is suspected in  some bases. 
The relationships of the HLB of the surfactant and the distribution coefficient of the 
drug to release and absorption are presented. Further work, using different ap- 

proaches to this problem, is indicated. 

HE PRIMARY purpose of this work was to  
Tilivestigate the relationship of some of the 
physicochemical properties of the drug and the 
base on the efficacy of base-drug suppository 
formulations in ~ i v o .  

The hydrophile-lipophile balance (HLB), as a 
system of classifying and evaluating surfactants, 
was proposed and expanded by  Griflin (1, 2). 
The  effect of this property has been studied in 
oitro by Spittle and Hartman (3) and Rhyiie 
et al. (4). Base composition has been long recog- 
nized as having an influence on the therapeutic 
activity of base-drug combinations (5-9). Eniul- 
sification of the base has been shown to effect 
drug release by many researchers (10-19). 
Others have shown that  the chemical type of the 
ingredients in a formulation influences the de- 
sired clinical response (I, 2, 20). Other factors 
that  have been considered are the distribution 
coefficient of the drug between the basc and body 
fluids arid the pKa of the drug (21-25). While 
some of the research cited above was conducted 
in aivo, the greater portion was conducted i n  oitro. 
The need for studies on animals is apparent. For 
this reason a series of 8 barbiturates were evalu- 
ated in a series of petrolatum-paraffin-surfactant 
suppository bases differing with respect to the 
emulsifiers which had different HLB values. 
Since each barbiturate was evaluated under the 
same conditions, a comparison could be made. 
A suppository formulation containing an emulsi- 
fier and medicament when placed in the rectum 
produces a complex system indeed. However, 
i t  is felt that  such a comparative study as de- 
scribed above will reveal some of the major fac- 
tors to  consider when conducting further research 
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intended to  place drug diffusion, release, and ab- 
sorption on a predictable basis. 

EXPERIMENTAL 

Preparation of Bases.-Bases were prepared 
utilizing white petrolatum, whitc paraffin, polycth- 
ylene glycol (PEG), and surfactants. Surfactauts 
with established HLB values (1 ,  2) were added to 
obtain a concentration of l0';b by weight in each 
basc. To produce anhydrous bases all materials ex- 
cept tlie emulsifiers were dried to constant weight. 
The consistcncy of all bases was standardized by 
varying the proportion of petrolatum and paraffin, 
or in the case of thc PEG, by varying tlie proportion 
of PEGs of differcrit molecular weights. The stand- 
ard consistency sclccted was a penetration depth of 
60 Inm. (416 mni.), when tested by the U.S.P. 
method a t  2.5'. 

Ten per cent by weight of surfactant was incor- 
porated by fusion methods into lots of petrolatum 
and paraflin. Portions of these two emulsifier-base 
mixturcs were then combined by trial and error to 
obtain the desired consistency. An HLB value of 0 
was rcpreseiited by using only petrolatum and 
paraftin as a base, and a water-soluble base was 
represcnted by use of a mixture of PEGs. Base 
composition and propcrties are shown in Table I. 
Table I1 gives a list of the barbiturates and their 
chemical properties. Several days before the time 
of thc in vivo experiments the barbituratc was incor- 
porated into the various bases using a glass mortar 
and pestle. The bases were stored in a temperature 
coutrollcd room (21-23') until the time of the cxpcri- 
ments. 

In Vivo Experimental Procedure.-The experi- 
mental animals were New Zealand whitc male rab- 
bits weighing 1.5 to 2.3 Kg. 

Seven to ten rabbits were used for each supposi- 
tory basebarbiturate combination. One rabbit re- 
ceiving the PEG base plus the drug and one rabbit 
recciving the petrolatum-parallin base plus the drug 
were used as controls. All bases contained 0.0008 
mole of the barbiturate per Gin. of suppository, 
thus regulating the concentration so that 1 Gm. of 
base would provide a dose of (0.0004 moIe/Kg. 
body weight) for a rabbit weighing 2 Kg. This dose 
would be lethal to thc rabbit if i t  were available for 
complete absorption in a short period of time. 

A plastic injector having a tube length of 6.35 cm. 

23 
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TABLE  COMPOSITION ASD PROPERTIES OF SUPPOSITORY BASES" 
-- ~ 

Consistency in HLR Value of  
Race Xi,. Ingredients o/c by Wt. mm. Penetration the Snrfactant 

r Petrolatum 70.0 Appros. zero 
Paraffin (hard) 30.0 59.4 

Petrolatum 59.4 
Paraffin (medium) 30.6 62.4 

Petrolatum 59.4 
Paraffin (hard) 30.6 59.1 

I1 Sorbitan trioleatc" 10.0 1 . 8  

111 Sorbitan monolaurateh 10.0 8 . 6  

11- Polyosycthylene sorbitan tristearateb 10.0 10.5 
Petrolatum 
Paraffin (hard) 

61.2 
28.8 58.5 

1- Polvoxvethvlene sorbitan nionolauratefi 10 n 16.7 
Pet;olatum< 59.4 
Paraffin (hard) 30.6 62.8 

Petrolatum 58.5 
Paraffin (medium) 31.5 63.2 

Petrolatum 59.0 
Pnraflin (medium) 31.0 58.0 

Polycthyleue glycol 4000 1.8 66.8 

1-1 Polyoxyethylene lauryl ether' 10.0 16.9 

1.11 Polyosycthylene monos tear at^^ 10.0 17.9 

11111 Polyethylene glycol 1500 98.2 Water soluble 

Barbiturates were added to these hases. ' Supplied by Atlas Chemical Co. ,  Wilmington, Del. 

'I'AHLE I I .--pKa AND DISTRIBUTION COEFFICIENTS~J' 
OF BARBITURATES 

I 
~~ 

~~ ~ -- Bai-biturate --- Diatribu tion 
Generic Name Chemical h'ame pKa Coetfcietlt 

Xllylbarbituric 5-Allyl-5-iso- 7.86 10 .5  
acid butyl BAc 

Hutethald -5-Butyl-5- 8.10 11 . 7  
ethyl Bitc 

Pentoharbitd 3-Ethyl-5-( 1- 8.17 28.0 
methyl- 
butyl) B h  

flprobdrhital 5-Allvl-5-iso- 7.54 4 . 8  
propyl BA 

Secobnrhitsl 5-Allyl-5-( 1- 
methyl- 50.0 
butyl) B.% 

- 
From Refe i rwrr  21. Chloroform to  water. B A, 

bat bituric acid. Supplied by Abbott Lahoratories. 

arid a diameter of 0.63 cm. was used to inject the 
Suppository into the rectum. 

All the rabbits used in a giveu experiment werc 
fasted for 12 to 13 hr. before the time of the studies 
to retider the rectum free of exccss fecal matter and 
bladder free of excess urine. Fasting was begun a t  
7:30 p.m. (zt30 min.) and each experiment was 
begun at 9:30 am.  (f30 niin.), thus keeping thc 
timc of day reasonably uniform. The rabbits were 
weighed, marked, and tied to a rabbit board (47.0 X 
73.7 ciii.) at least 45 min. before thc injection of the 
suppository. 

After weighing each injector an excess of the base- 
barbiturate mixture was molded directly into the 
injector and the exact calculated dose was adjusted 
by trial and error weighings. 

The injector containing the base was then in- 
serted into the rectum 1.3 cm. (indicated by a mark 
on the plastic tube) using no lubricant except the 
base itself. The plunger was then used to eject the 
suppository from the injector into the rectum. 
Polishing the sharp edge of the iujector closed the 
end just enough to prevent the insertion of the 

plunger beyond this point, thus geometrically plac- 
ing the suppository 1.3 cm. into the rectum as 
measured from the caudal end of the suppository 
To prevent expulsion of thc suppository a rubber 
hose clamp was used to hold the anus closed. Each 
animal was used only one time. 

The barbiturates were released from the bascs in 
suficient quantity to cause marked changes in  the 
respiratory rate. Administration of varying 
amounts of sodium pentobarbital by iutravcnous 
injection showed the change of respiration rate with 
a change of thc dosc (Fig. 1). 

After administration of the suppository, the rcspi- 
ratory rate per minutc was measured at  time inter- 
vals ranging from 2 to 30 miii., depending on the 
rate of change. Measurement of the respiratory rate 
was accomplished usiug a stopwatch and visually 
counting chcst expansions. The respiratory counts 
were continued through a minimum period of 2.5 hr. 

A constant time interval between 50 and 60 min. 
after rectal administration was arbitrarily selected 
as the end point for the comparative studies. The 
lowest respiratory rate within this iuterval for each 

' 70- > 
cx 6 0 -  $ 5 0 -  

4 0 -  

$ 30- 

z 2 0 -  

b 
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i.v. DOSE, mg./Kg. 

Fig. 1.-Mean respiratory rate as a function of 
i.v. dose of sodiuni pentobarbital 10 tnin. after 
adniinistration to rabbits 
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TARLE rII.-MEAN RESPIRATORY IXATES AND RESULTS OR ERROR CALCUtATlONS DETERMINED BETWEEN 
50 A N D  60 min. AFTER RECTAL ADMINISTRATION OF VARIOUS BASE-BAKBITUKATE COMBINATIONS TO RABBITS 

Mean Respiratory 
Rase" Barbiturate Rate. 1 min. Animals. Ko. i m l h  

I 

I1 

I11 

I V  

VI 

VI I  

VII I  

Pentobarbital 
Sodium ptmtobarbital 
Calcium pentobarbital 
Butethal 
Seco bar bital 
Allylbarbituric acid 
Aprobarbital 
Pentobarbital 
Sodium pentobarbital 
Calcium yentobarbital 
Butethal 
Sccobarbital 
Allylbarbituric acid 
Aprobarbital 
Pentobarbital 
Sodium pcntobarbital 
Calcium prntobnrbital 
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Sodium pcntobarbital 
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96 .8  
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64.0 
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80 3 
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62 8 
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30 9 
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7 . 2  
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14.2 
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2 . 6  
3.8 
2 . 5  

17. 73 
6 . 0  

15.35 
12.4 
5 . 8  
9 . 8  
8 . 2  

11.9 
7.4 
8 .5  
6 . 7  
5.7 
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16.9 
9 . 1  
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9 . 4  
2 , 3 
7 . 7  
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0 
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6 . 0 
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See Tahle I for composition. I' a m  = \tanrlard c r w  of t h e  mean 

of the animals tested with a given base-drug formu- 
lation was used to  evaluate thc baw. Thc mcan 
respiratory rate was calculated, and from this the 
individual standard errors of the mean (mi) were 
dcterniined. Appropriate f tests were performed 
for the data where quantitative comparisons of data 
are prcsented (26). 

RESULTS AND DISCUSSION 

The comparative results of the surfactant-base- 
barbiturate studies are summarized in Table 111. 

The availability of pentobarbital is much less than 
that of calcium aIJd sodium pentobarbital in all 
bases used with the exception of thc petrolatum- 
parafin base containing calcium pentobarbital (Fig. 
2). This is in partial agreement with Riegelmau and 
Crowell (IT), who found the absorption of anions to 
be enlianced by the presence of surfactants while 
the absorption of an uiidissociated molecule was 
markedly retarded. The  solubility of the sodium 
and calcium salts of pentobarbital in nonnal rectal 
fluids is probably much greater than the solubility 
of pentobarbital. The drug molecule having the 
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To study the effect of the HLB of the surfactants 
on relcase and absorption of barbiturates from the 
suppositories, surfactants with HLB valucs covering 
a large part of the HLB scale were utilized (Tablc 
TI) A plot of the mean respiratory rate a b  a func- 
tion of HLB of the surfactant shows that the two 
barbituric acids, aprobarbital and secobarbital, 
which have almost identical chemical structures, 
exhibited curves very similar in shape, and the 
degree of respiratory depression at the various HLB 
values was also similar (Fig 5 )  Aprobarbital (5-  
allyl-5-isopropylbarbituric acid) and secobarbital 
(5-allyl-5[1-methyl butyl] barbituric acid) differ by 
2 carbon atoms in the side chain. Whcn compar 
ing the results obtaincd with pentobarbital with 

26 
140 
130 c 

0 2 4 6 8 10 12 14 16 18 20 
rK'B 

Fig. 2.-Mean respiratory rate as a function of 
the surfactant HLB value in the base. Comparison 
of a relatively undissociated barbituric acid to  its 
partial or completely dissociated salts. Key: 
XI pentobarbital; 0: calcium pentobarbital; 
0, sodium pciitobarbital. Statistical analysis: 
test of sigiiificauce of difference of means nearest 
each other ( t  test) at the respective IILB values. 
Data are obtained from Tablc 111. The proba- 
bility of error (p) in the statcment that the two 
iiieans are different is tabulatcd as follows: X arid 
0, p<O.4> 0.35,O(HLBvalue); oando,p<0.01> 
0.005, 0 (HLB value); X aad 0, p <0.005, 1.8 
(HLB valuc); 0 and 0, p <0.025> 0.01, 1.8 (HLB 
value); X and 0, p <0.15> 0.1, 8.6 (HLB valuc); 
0 and 0, p <0.35> 0.20,8.6 (HLB value); X and 0, 
p <0.01> 0.005, 10.5 (HLB value); 0 and 0, p =loo, 10 5 (HLR value); X and 0, p <0.025> 0.01, 
16.7 (HLBivalue); and 0, p <0.35> 0.2, 16.7 
(HLB value); X and 0, p <0.35> 0.2, 17.9 (HLB 
value); 0 and 0, p <0.005, 17.9 (HLB value); 
X and 0, p <0.005, 20 (HLB value); and 0, 
p =loo, 20 (HLB value). (The symbols consist 
of drugs compared.) 

greater solubility would then be morc available for 
absorption through the rectal membrane, if the 
drug were released from the base. Binding or com- 
plexing is suspected in all forms of pentobarbital, as 
well as of other barbiturates, used in the sorbitan 
monolaurate base (Table 111). 

In an effort to determine the effect of the distribu- 
tion coefficient (DC) of the drug on release and ab- 
sorption of barbiturates from suppositories after 
rectal administration, barbituric acids having vary- 
ing DCs were chosen (Table 11) and studied in bases 
containing different surfactants. Graphical prc- 
sentation of the mean respiratory rate as a function 
of DC (chloroform/water) shows that those surfac- 
tants with a close chemical similaxity (polyoxy- 
cthylene sorbitan tristcarate and polyoxyethylenc 
monostcarate) yielded curves with approximately 
the same shape (Fig. 3). Sorbitaii trioleate and 
sorbitan monolaurate yielded similar shapcd curves 
(Fig 4). When comparing Fig. 3 (polyoxyethylene 
sorbitan tristearate and polyoxyethylene mono- 
stearate) with Fig. 4 (sorbitan monolaurate and 
sorbitan triolente), representing a more varied 
chemical structure, this similarity in the shape of thc 
curves does not exist. 

140 
130 c 
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DISTRIBUTION COEFFICIENT CHC13/H20 

Fig. 3.-The mean respiratory rate as a function 
of the distribution coefficient of barbiturates. 
Comparison of surfactant chemical type. Key: 
0, polyoxyethylene sorbitan tristexate; 0, poly- 
oxyethylene monostearate ; A, petrolatum-paraffin ; 
O, polyethylene glycoI. 
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Fig. 4.-The mean respiratory rate as a function 
of distribution Coefficient of the barbiturates. 
Comparison of surfactant chemical type. Key: 
0,  sorbitan monolaurate; 0, sorbitan trioleate. 
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Fig. 5.-Tlie mean respiratory rate as a function 
of the HLB of the surfactant in the base. Com- 
parison of the chemical type of the barbiturates. 
Key: 0, 5-allyl-5-isopropyl barbituric acid: 0, 
5-allyl-5-( 1-methylbutyl) barbituric acid. Null hy- 
pothesis: the mean respiratory rates at each HLB 
value are different. Accept the null hypothesis if 
our probability of error is equal to  or less than 0.2; 
reject the null hypothesis if our probability of errnr 
is greater than 0.2. Result: HLB value 0, reject; 
1.8, reject; 8.6, accept; 10.5, accept; 16.9, reject; 
17.9, reject; 20, rcject. 

those obtaiued with sccobarbital and aprobarbital 
(Figs. 2 and 5), this closeness in structure does not 
seem significant. The influence of the HLB of thc 
surfactant, however, is not conclusive 

Since the HLB of a surfactant largely determines 
the type of emulsion formed and the degree of 
emulsification (27). and since some cmulsification 
probably takes place iu the rectum, when using 
suppository bases which contain surfactants, the 
effect on drug release a t  different HLB values may 
be quite significant. The predicted points of inflec- 
tion are: ( u )  the point at which the most stable 
water-in-oil emulsion is formed, ( b )  the inversion 
point (point of changing from water-in-oil to an oil- 
in-water emulsion or vice-versa), and (c) the point 
a t  which the most stable oil-in-water cmulsion is 
formed. The relative solubilities of the drug in the 
oil and water phases (distribution cocfficient) would 
determine if these inflection points occur a t  a 
maximum or minimum biological response. 

The change of the rncdian respiratory rate in 
rabbits as a function of timc and the type surfactant 
used in the bases is exemplified in Fig 6 It is 
interestiug to note that the laurates' exhibited linear 
relationships, whereas the oleate, stearate, and 
lauryl ether exhibited similarly shaped curves The 
cffect of similar chemical types of the surfactant on 
absorption is obvious here. 

The change of the median respiratory rate of 
rabbits with time using various barbiturates in a 
base containing a, polyoxyethylene lauryl ether2 are 
exemplified in Fig. 7. 

A complete analysis of thc kinetic data will be 
prescnted for publication iu the near future. 
- -  
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Fig. 6.--The rncdian respiratory rate as a function 
of time using various bases containing surfactants 
with different HLB values aud 5-ethyl-5-butyl- 
barbituric acid. Key: 0. poIyoxyethylene sorbitan 
monolaurate; 0, polyoxyethylene stearate; A, 
sorbitan monolaurate; D, sorbitdn trioleatc; e, 
polyoxycthylene lauryl ether. 
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Fig. 7.-The median respiratory rate as a function 
of time using various barbituric acids in polyoxy- 
ethylene lauryl ether base (VI). Key: e, 5-allyl-5- 
isobutyl barbituric acid; 0, &ethyl&( 1-methyl 
butyl) barbituric acid; 0, 5-allyl-5-isopropyl 
barbituric acid ; ., calcium 5-ethyl-5-( l-methyl- 
butyl) barbituric acid; A, 5-butyl-5-ethyl barbituric 
acid; A, sodium 5-ethyl-5-( 1-methylbutyl) bar- 
bituric acid; 0, 5-allyl-5-( 1-methylbutyl) bar- 
bituric acid. 

SUMMARY AND CONCLUSIONS 

1. The absorption of barbiturates from eight sup- 
pository bases, which differed only by including sur- 
factants with different IILB values, has beeu deter- 
niined. Seven different barbiturates were used in 
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the suppositories which were administered to rab- 
bits. 

2. The salts of pentobarbital are more available 
for absorption from most bascs containing surfac- 
tants based on the results of this study. 

3. The relationship between the distribution 
coefficient of the drug and the HLB value of the sur- 
factants used in the bases and their combined effects 
on absorption are inconclusive. 
4. The chemical type of the surfactant and drug 

greatly influences the degree of release or absorption 
of barbiturates from suppositories in rabbits. 

5. The addition of a surfactant to a base in most 
cases affects the availability of the drug from the 
base to  the tissues. Complexation or binding may 
be one major factor causing these marked changes. 
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Condensation of Aldoses and Their Aldehydo 
Derivatives with Compounds of the Type 

1,3-Cyclohexanedione 

Synthesis of 2,2-Aldosylidene-bis-[5-( p-hydroxypheny1)- 
4,6-dicarbethoxy-~,3-cyclohexanedione] and 

2,2-Aldosylidene-bis- [ 5,5  -dimethyl-l,3-cyclohexanedione] 
and Derivatives 

By PHILIPPOS 

Glycoaldehyde, glyoxal, dZ-glyceraldehyde, 
D-arabinose, D-glucose, and D-mannose react 
with compounds of the 1,3-cyclohexanedione 
type to form 2,2-aldosylidene-bis-1,3-cyclo- 

hexanedione derivatives. 

HE PREP-4RATION Of various 2,2-alkylidene or 
arylidene bis [ 5- (fi-hydroxy phenyl) - 1,3-cyclo- 

hexanedione] by the condensation of an aliphatic 
or an aromatic aldehyde with 5-(p-hydroxy- 
phenyl) - 1,3-cycloliexanedione or its derivatives 
was reported in a previous publication (1). It 
was also shown in that report that S(p-hydroxy- 
pheny1)- 1 ,:kyclohexanedione could condense 
~- 
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with 1,2-acetone-n-xylotrihydroxyglutaric dialde- 
hyde to give [~,5-“s-<2’,2’-(5’,5’’-(p-hydroxy- 
pheny1)-cyclohexanedione-1 ’, 3’) >-1,2-isoprripyl- 
dene-5-desoxy-D-xylofuranose]2 monohydrate. 
This suggests that the aldehydo form of aldoses 
and of metabolic products of carbohydrates hav- 
ing a rarbonyl group may condense with cyclic 
1 ,.?-diketones to form bis-derivatives. Such re- 
actions should be of scientific and pharmacological 
interest (9). 

In the present work 5-(p-hydroxyphenyl)-4,6- 
dicarbethoxycylohexane-l,3-dione was con- 
densed with each of the following carbohydrates 
(or derivatives) to give bis-derivatives which 
may be represented by the general formula (I) : 
glycolaldehyde, glyoxal, dl-glyceraldehyde, L- 
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arabinose, 4,6- O-benzylidene-~-glucose, D-man- 
nose, and D-galactaric dialdehyde. 

1 

K1 = H in experiments 2,2,.7,6,7; --CH, in 4 and 
-COCH, in 6 and 8. Kx = -COOCpHs in I ,  
2,.3,5,6,7,8 and H in 4. The value of RI is shown in 
Table 1. 

The method of preparation described under 
Exfierimental is similar to that used by Horning 
and Horning (2) with some modifications (1). 

Other 8-dilretones are known to condense with 
aldehydes to give his-derivatives (Mi). 

Vorlander (7) treated dirnethone (5,5-dimethyl- 
cyclohexane-l,3-dione) with each of the follow- 
ing : glycolaldehyde, glyoxal, and dl-glyceralde- 
hyde and obtained (bis-derivatives) anhydrides. 
His method consisted in dissolving the diketone 
with each of the respeetivc substances and allow- 
ing it lo stand a t  room temperature several hours 
whcreby a precipitate was formed which was 
purified and analyzed. He failed to obtain 
precipitates with tetroses and higher aldoses. 
Bourne et al. (8) have reported that, under the 
conditions which they used, D-xylose does not 
react with dimedone. 

Fletcher (9) and co-workers found that: "D- 

xylose and dimedone containing a trace of quino- 

line niutarotates slowly over an extended period 
and yields a crystalline product which has the 
analysis of xylose-dimcthone anhydride. A 
crystalline benzoate has also been obtained." In 
the present work aldosylidene-his-dimedone de- 
rivatives were obtained, general formula (11) , by 
condensing dimedone with each of the follow- 
ing carbohydrates in 75yo methanol containing 2 
drops of piperidine: glycolaldehyde, dl-glycer- 
aldehyde, D-arabinose. D-mannose, and n-glucose. 
(Experimen,ts -4-E.) 

11 

H H OH 011 
I l l  

' I 1  
R =-CH,OH,-~-CH,OH,-~--C-C-CII,OH. 

OH O H H  H 

H H O H  OH 
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I l l 1  

-C-C-C-C-CHnOH, 

O H O H H  H 

OH H OH OH 
I l l 1  
I l l 1  

-C-C-C-C-CH20H 

H O H H H  

The results of the experiments A and R in- 
dicate that glycolaldehyde and glyeeraldehyde 
rcact with dimedone to form (his-derivatives) 
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glyoxal with dimedone (5,5-dimcthyl-1,3-cyclo- 
liexanedione) obtained by Vorlander. 

And-Calcd. for C38H40018-H20: C, 60.41; H,  
5.60. Found: C, 60.07; 11, 5.45. 

3.-2,2 - (2',3' - Dihydroxypropylidene) - bis- 
[5 - (p - hydroxyphenyl) - 4,6 - dicarbethoxy - 1,3- 
cyclohexanedione].-To 2.32 Gm. of 5-(p-hydroxy- 
phcnyl)-4,6-dicarbethoxycyclohexane-l,3-dione dis- 
solved in 7577, hot methanol, 0.30 Gm. of dl-glyceral- 
dehyde and 1 drop of piperidine were added with 
stirring. The mixture was refluxed 2 hr., then the 
solvents wcrc cvaporated and the residue rccrystal- 
lizcd from hot distilled water. I t  melted at  90" 
and decomposed a t  110". 

Anal.-Calcd. for C39H44016: C, 60.93; H, 5.76. 
Found: C ,  61.17; H. 5.70. 

The above product treated with phcnylhydrazine 
gave an orange-red precipitate, a small part of which 
dissolved in ether. The residue was dissolved in 
alcohol and rcprecipitated with distillcd water, m.p. 

Anal.-Calcd. for CjlHs6NnO14: N, 5.90. Fo~irid: 
N, 6.27. 

From thc ether solution after evaporation of the 
solvent, the small amount of material obtained was 
dissolved in alcohol and reprecipitatcd with distilled 
water, 1ii.p. 1 2 9 O .  

Ilnal.-Calcd. for CsiHsaNs.3H20: N. 5.68. 
Found: N, 7.66. 

4.-2,2 - (L - Arabosylidene) - bis - [5 - @- 
methoxyphenyl) - 1,3 - cyclohexanedione].-5- 
(p-Methoxyphcnyl)-l,3-cyclohexanedione, 4.36 Gm., 
L-arabinose, 1.5 Gni., and 2 drops of pipcridjne were 
dissolved in 757, methanol. The mixture was 
refluscd for 1 hr., then allowed to stand 3 days a t  
room temperature. After evaporation of the sol- 
vents, the residue was recrystallized from boiling 
distilled water. At 138" it  changed to  a waxy con- 
sistency and melted and decomposed a t  140". 

And-Calcd. for C31H3j010. '/z HzO: C ,  64.75; 
H, 6.29. Found: C, 64.76; H, 6.30. 

5.-2,2 - (D - Glucosylidene) - bis - 15 - (p- 
hydroxyphenyl) - 4,6 - dicarbethoxy - 1,3 - cych- 
hexanedione].-5 - ( p  - Hydroxyphenyl) - 4,6 - di- 
carbethoxy-l,3-~yclohexanedione, 6.96 Gm. (0.02 
molc), and dcxtrose, 1.80 Gm. (0.01 mole), were 
placed in a ground-stoppered bottle with 200 ml. of 
75% methanol and 3 drops of piperidine, and the 
mixturc was allowed to stand 7 months in a cupboard 
a t  room temperature. Then the solvents were 
evaporated in a rotating evaporator under reduced 
pressure using a water bath. The solid residue was 
recrystallized from boiling water, m.p. 187-188'. 
The product was dried under reduced prcssure at  
100". Yield, 67%. [(Y]~: = +11.65 (c 3.0896; 
acetone). 

Anal.-Calcd. for C42H5001Y - 2II20: C, 61.30; 
H, 5.63. Found: C, 61.49; H, 5.70. 

6.- -2,Z - (4',6'- 0 - Benzylidene - g1ucosylidene)- 
bis - [5 - (p - acetoxyphenyl) - 4,6 - dicarbethoxy- 
1,3 - cyclohexanedione].-5 - ( p  - Acrtoxypheny1)- 
4,6-dicarbcthoxy-1,3-cyclohcxanedione, 7.8 Gm., and 
2.68 Gni. of 4,6-O-benzylideneglucosc (11) and 2 
drops of piperidine were dissolved in 75y0 mcthanol 
and refluxcd for 2 hr. The solvents were distilled 
off under reduced pressure and the product recrystal- 
lizcd from methyl alcohol, m.p. 108". 

And-Calcd. for C53H5YOP1: C, 61.73; H, 5.67. 
Found: C, 61.45; H, 5.74. 
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anhydrides. This is in agrcenierit with Vor- 
lander's work. Experiments C, / I ,  and E indicate 
that contrary to Vorlander's findings the dime- 
done can condense with pentoses and hexoses. 
Analogous reactions have already been shown in 
Table I of this report where 5-($-hydroxyphenyl)- 
1,F-dicarbetlioxy-l,3cyclohexanedione reacted 
with pentoses and hexoses to form his-derivatives. 
(Experiments 6-8.) 

EXPERIMENTAL 

5 - ( p  - Acctoxyplienyl) - 4,6 - dicarbethoxy - 1,8- 
cyclohexariedione, 1, 3,  and 5-(p-hydroxyp1-ieriyl)- 
1,3-cyclohesancdione and related materials were 
prcpared according to mcthocls previously described 
(10). 

METHOD 

The method used for the condensation of the 
aldchydoform of the sugars to form aldosylidcne- 
bis-derivatives with the abovc cyclic l&diketones 
and with dimcdone (type formula I arid 11) is similar 
to that used previously by thc present author (1). 
In a general way, the molar proportions of the dike- 
tone to the aldose were 2:1. The materials wcre 
dissolved in hot 55% methyl alcohol, 1 or 2 drops of 
piperidine were added, and the mixture refluxed 2 
hr. and then allowed to stand 3 days at  room tem- 
perature, and in some cases, in the refrigerator. 

Besides this method of procedure, cxperimeiits 5 
and 7 wcre repeated and modified. =Ifter the re- 
agents arid solvents were mixed, they were allowed 
to stand at  room temperature: compound 5 for 6 
months and compound 7 for 13.5 months. 

After evaporation of the solvents under reduced 
pressure using a water bath, the residue was purified 
by recrystallization from 50y0 methanol and in 
some cases from boiling distilled water. Details of 
purification vaned, depending on the solubilities of 
the rcagcnts and products in the different solvents. 

1 .--2,2 - (2' - Hydroxyethylidene) - bis - 15 - (p- 
hydroxyphenyl) - 4,6 - dicarbethoxy - 1,3 - cycle- 
hexanedione1.-Glycolaldehyde, 60 Gin., 5-(P- 
hydroxyphcnyl) - 4,6 - dicarhethoxy - 1,3-cyclo- 
hexanedionc, 6.96 Gm., and 1 drop of piperidine were 
dissolved and refluxed in 75'3, methanol for 1 to  2 I n .  
Thc mixture was allowed to Stay at room tcmpera- 
ture 3 days. T h e  solution was concentrated by CVdP- 
oration on a watcr bath to an oily liquid which solidi- 
fied upon addition of water. I t  was recrystallized 
from 75',:;, methanol. I t  softciis a t  120" to a waxy 
consistency; i t  mclts and  decomposes a t  143". l'hc 
bubbles formed are opalcsceiit but clear a t  156". 

Anal.-Calcd. for C86H42015. H20: C, 61.03; 
II, 5.61. Found: C, 60.81; H, 5.74. 

2.-2,2 - Formalformylidene - bis - [5 - (p - hy- 
droxyphenyl) - 4,6 - dicarbethoxy - 1,3 - cyclo- 
hexanedione1.-To 6.96 Gm. of 5-(p-hydroxy- 
plienyl)-4,6-dicarbethoxy-1,3-cycloliexanedione dis- 
solved in hot 755, methanol. 2 ml. of 30% glyoxal 
and 1 drop of piperidine were added. The mixture 
was refluxed 0.5 hr., then cooled and allowed to 
stand in thc refrigerator 3 days. A precipitate was 
foriiwd which was processcd. I t  was recrystallized 
rrom 75y0 methanol, 1n.p. 135", dec. 156'. This 
compound is analogous to the bis-derivativc of 
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rl phenylhydrazine derivative of the product above 
was formed in tlic usual way. I t  was dissolved in 
alcohol and rcprccipitatcd with distilled water, m.p. 
121". 

And-Calcd. for C74Hh2X8O~7.2Hz0: C, 64.79; 
H,  6.03; N, 7.85. Found: C,  64.40; II, 6.19; h', 
T.59. 

7.-2,2 - (D - Mannosylidene) - bis - (5 - (p- 
hydroxyphenyl) - 4,6 - dicarbethoxy - 1,3 - cyclo- 
hexanedione] - 2H20.-5 - ( p  - Hydroxpheny1)- 
4,6-dicarbetlioxy-l,3-cyclohexanedione, 6.96 Gm. 
(0.02 molc), and mannose, 1.80 Gin. (0.01 mole), 
were placed in  a ground-stoppcrcd bottle with 200 
ml. of 757; methanol and 3 drops ol piperidine. The 
mixture was allowcd to stand 13.5 months at room 
temperature in a closed cupboard. After thc sol- 
vents wcrc evaporated under reduced pressure using a 
water bath, the solid residue was recrystallized from 
boiling water. The product was dried a t  100" 
under reduced pressure, 1n.p. 180'. [ a ] ' , 3 O  = 0 (c  
1.328; acctone). 

.4naZ.-Calcd. for CaaHsoOlg - 2H20: C, 61.30; 
H, 5.63. Found: C,61.37; H, 5.97. C, 61.13; H, 
,598. C, 61.04; H, 5.82. 

8.-2,2 and 2,2-(Galactar-di-ylidenetetraacetate)- 
tetrakis - [5 - (p - hydroxyphenyl) - 4,6 - dicar- 
bethoxy-l,3-cyclohexanedione].-Tetraacetyl gal- 
actaricdialdehyde, 0.346 Gm., and 1.392 Gm. of 5- 
( p  - acctoxyphenyl) - 4,6 - dicarbethoxy - 1,3 - cyclo- 
hexatiedione and 1 drop of piperidine were dissolved 
in 757, hot methanol and allowed to stand at room 
tcmpcrature. After 2 days thc solvcnts were evap- 
orated under reduced pressure and the product 
rrcrystallized from methanol, m.p. 1%". 

And-Calcd. for CwHlozOao: C, 60.31; H, 5.49. 
Found: C, 60.41; H, 5.94. 
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Anal.-Calcd. for ClgH2806 - €LO: C, 68.26,; 
II, 7.83. Found: C,68.17; H, 7.50. 

2,2 - (D - Arabosylidene) - bis - [5,5 - dimethyl- 
1 , 3 - c y c l o h e x a n e d i o n e ] . ~ - E ~ ~ ~ ~ ~ ~ ~ ~ n t  C. -Dimedone, 
2.80 Gm. (0.02 mole), n-arabinosc, 1.5 Gin. (0.01 
mole), 15 inl. of methanol, 5 ml. uf water, arid 1 drup 
of piperidinc were placed in a ground-stoppered fla4k 
and allowed to stand €or 1 weck. Then the solutioii 
was rcfluxed 1 hr. and concentrated almost to dry- 
ness. The residue, after cooling, was stirred with 
ether. The cthcr was decantcd and the residue 
stirred with ethanol and filtered. The white residuc 
was recrpstd~~izcd from boiling distilled water, m.p. 
146'. = -22'71.9' ( c  1.98; lvater). 

And-Calcd. for C Z L H ~ ~ O ~ :  C, 61.14; 11, 7.82. 
Found: C, 61.05; H, 7.81. 

2,2 - (D - Mannosylidene) - bis - [5,5 - dimethyl- 
1,3-cyclohexanedione] . ZH,O.-E.~p~rirnent D. - 
Dimedone, 5.60 Gin. (0.04 mole), and D-niannwc 
3.60 Gm. (0.02 mole), were dissolved in 50 nil. of 
70yo methanol containing 2 drops of piperidine. 
The solution was rcfluxed 2 hr. and allowed to stand 
a t  room temperature 3 days. The solvents were 
evaporated under reduced prcssure to a thick jelly- 
looking material which was soluble in alcohol but 
insoluble in cthcr. On stirring, it became like taffy. 
The material was dried on a porous plate and recrys- 
tallized from boiling watcr. T t  sinters a t  8 7 O ,  froths 
a t  90". arid becomes clear a t  112". 

Anal.- Calcd. for ClzHarOs.2H20: C, 56.21; H, 
8.00. Found: C, 54.76; H, 8.18. 

2,2 - (D - Glucosylidene) - bis - [5,5 - dimethyl- 
1,3 - cyclohexanedione] - HzO.-Expeuivnent E.- 
Dimedone, 5.60 Gm. (0.04 mole), and u-glucose, 3.60 
Gm. (0.02 mole), were dissolved in 60 nil. of 7577{1 
methanol containing 2 drops of piprridine. The 
solution was refluxed 2 hr., them it was allowed to 
stand a t  room temperature for 2 wceks. The solu- 
tion was concentrated under rccluced pressure on a 
water bath. Alcohol and benzene were added for 
azeotropic distillation. After partial distillation, 
the solution was cooled, ether was added, arid thc 
precipitate formed was filtered, washed with ether. 
arid dried, m.p. 189', dec. 190'. I-ield, 62%,. 
[ a ] 2 ' "  = 1i3.68" (c, 4.01536; water). 

Anal.-Calcd. for C22H3104 - H 2 0 :  C, 62.07; 
H. 7.59. Found: C, 61.90; H, 7.67. C, 62.11; 
H, 7.78. 
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Interaction of Pharmaceuticals with Schardinger 
Dextrins VI 

Interactions of P-Cyclodextrin, Sodium Deoxycholate, and 
Deoxycholic Acid with Amines and Pharmaceutical Agents 

By JOHN L. LACH and WAYNE A. PAULI* 

Data are presented for the interactions of p-cyclodextrin and sodium deoxycholate 
with 11 pharmaceutical agents in  aqueous solution. Three of the compounds were 
also studied as to possible reactivity with deoxycholic acid. Interactions were 
observed with all of the systems studied. Similar solubility isotherms were ob- 
tained for the three pharmaceuticals when interacted with both deoxycholic acid and 
its sodium salt indicating possible similarities in  the reaction mechanisms for these 
two complexing agents. The  larger molecules showed a lower degree of inter- 
action with both B-cyclodextrin and sodium deoxycholate, indicating the impor- 
tance of molecular size and structure for optimum reactivity. Stoichiometries 
could he determined for several of the interactions due to the presence of plateau 
regions in  their solubility isotherms. Formation constants and free energies of 

formation are also reported for a number of the insoluble complexes. 

HE IMPORTANCE of molecular complex forma- 
Ttion in pharmaceutical formulation is cer- 
tainly evident. ilpplications of this type of inter- 
action can be made in the area of drug solubiliza- 
tion, stabilization, etc. The problem of stabiliza- 
tion is of particular interest in t h a t  numerous 
attempts have been made to  retard degradation of 
pharmaceutical compounds. These include pH 
considerations, changes in solvent systems, anti- 
oxidants, and complex salt formation. The use 
of molecular complex formation in this area repre- 
sents a relatively new approach t o  this problem of 
stability (1-5). CompJexation by  means of 
inclusion formation has been used successlully 
in the stabilization of labile drugs such as benzo- 
caine, vitamin A, and various fatty acids (6, 7). 
This mode of protection for an unstable molecule 
offers definite advantages in that  the entire mole- 
cule can be shielded from its surroundings. It has 
also been recognized that  complexes not only in- 
fluence the stability and appearance of phartna- 
ceutical preparations, but  may also exert some 
influence on the pharmacological and even bio- 
chemical mechanisms by  which they operate. 

The previous paper of this series dealt with a 
study of the interactions of 0-cyclodextrin with a 
series of phenvl-substituted carboxylic acids in an 
effort to  explain more clearly the nature of cyclo- 
dextrin interaction in aqueous solution. It was 
the objective of this study to  investigate and com- 
_ _ _ _ ~  
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pare the interaction tendencies of various medic- 
inal agents with both @-cyclodextrin and deoxy- 
cholic acid, as only a limited number of these 
interactions have been reported in the literature. 
The solubilizing effect of sodium deoxycholate 
on these drugs was also studied with the hope of 
understanding more fully the mechanism responsi- 
ble for this phenomenon. 

EXPERIMENTAL 
Reagents.-P-Cyclodextrin [a]?' in water = + 

162.5 +0.5; lidocaine,' m.p. 68-69" ; adiphenine hy- 
drochloride,2 m.p. 113-114'; antazoline hydrochlor- 
ide,3 m.p. 234-236" ; methapyrilenc hydrochloride,& 
n1.p. 161-163'; tripelennamine hydrochloride,5 m.p. 
189-192'; testosterone, m.p. 155-156'; morphine, 
m.p. 250"; procaine hydrochloride, m.p. 154-156"; 
meperidine hydrochloride, m.p. 187-189" ; cortisonc 
acctate, m.p. 235-238' ; reserpine, m.p. 257-260'; 
sodiuni deoxycholate, analytical grade; deoxycholic 
acid, m.p. 171-172'; 1 Nstandard sodium hydroxide 
solution. 

Apparatus.-The Same apparatus described in the 
previous paper of this series was used in this study 
with the following addition: radiometer pH meter, 
type PHM4C. 

Procedures.--The 6-cyclodextrin was prepared 
by the procedure used previously in thest labora- 
tories (8). Complex formation was studied by 
means of the solubility method of Higuchi and Lach 
(9). The experimental procedures were similar t o  
those outlined in the previous paper of this series, 
except for the following modifications. 

With a fcw of the drugs, the free bases were formed 
in the reaction vials from the corresponding hydro- 
chloride salts by the addition of a sufficient amount 
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ucts Inc. Worcester Mass. 

ucts Inc. Summit N. J. 

Inc. Summit N. J. 
2 MarkLied as Ahistine by Ciba Pharmaceutical Products, 

4 Marketed as Histadyl by Eli Lilly & Co., Tndianapolis, 
Ind. 

Products, Inc., Summit, N. J. 
6 Marketed as Pyribenzamine by Ciba Pharmaceutical 

32 



Vol. 55, N o .  1,  January 1966 33 

of standard sodium hydroxide solution. A 10%; 
excess of the standard solution was added to insure 
complete neutralization of the salts. In these 
particular systems, the amount of distilled water was 
reduced to compensate for the volume of standard 
base solution. When deoxycholic acid was used as 
the cornplexing agent, it was necessary to employ 
hydroalcoholic systems because of the acids limited 
solubility in water. The drugs were analyzed 
spectrophotonietrically at the following wavelengths : 
lidocaine, 262.5 mp; adiphenine, 258 mp; antazoline 
242 mp; mcthapyrilene, 239 mp; tripelennamine, 
245 mp; testosterone, 238 m p ;  morphine, 285 mp: 
procaine, 289 rnp; meperidine, 257 mp; cortisone 
acetate, 238 mp; reserpine, 268 mp. Because of the 
concentrations used and correspouding dilutions 
prior to spectrophotometric analysis, no interference 
in the absorption characteristics of the compounds 
tested was observed due to the presence of the 
various complexing agents. The pH of each re- 
action vial was determined following its analysis, 
and no appreciable pH changes were observed in any 
of the systems investigated. 

RESULTS AND DISCUSSION 
Solubility isotherms representing the interactions 

of various drugs with p-cydodextrin, deoxycholic 
acid, and sodium deoxychohte are shown in Figs. 
1-12. Although several of the anlines studied with 
these complexiug agents arc known to be relatively 
unstable a t  high pH, no appreciable degradatiou was 
observed for any of the compounds during the course 
of this investigation. Definite interactions were 
observed with all of the systems studied. Linear 
plots, indicating a first-order dependence of the inter- 
actions on the complexing agent concentration, were 
obtained in most cases. Smaller slopes were gen- 
erally observed for interactions of both p-cyclo- 
dextrin and sodium deoxycholate with larger and 
thus more sterically hindered molecules. This find- 
ing is in agreement with results reported in an earlier 
article in this series (10). It should be pointed out 
here that definite relationships between interaction 
slopes and relative reactivities exist only if the 
stoichiometries of the various systems are the same. 
Since stoichiometries could not bc evaluated for a 
numbcr of these interactions due to  the nature of 
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Fig. 1.-Interactions of procaine (m), lidocaine 
(02, and rneperidine (A) with p-cyclodextrin a t  
30 . 
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Fig. 2.-Interactions of antazoline ( 0 )  and metha- 
pyrilene (A) with p-cyclodextrin a t  30". 
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Fig. 3.-Interaction of adipheninc with p-cyclo- 
dextrin at 30". 
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(3-CYCLODEXTRIN X lo3 moles/L. 

Fig. 4.-Interaction or tripelennaminc with 8- 
cyclodextrin at 30". 

the solubility isotherms, the comparison of slopcs 
must be viewed with some reservation. 

Because of the hydroalcoholic systems employed 
for the deoxycholic acid studies, necessitated by the 
limited solubility of this acid in water, it is rather 
difficult to  compare the interaction tendencies of this 
complexing agent with those of sodium deoxycholate 
and 0-cyclodextrin. However, certain similarities 
were observed in the shapes of the solubility iso- 
therms for both deoxycholic acid and its sodium 
salt. 

p-Cyclodextrin Interactions.-A structural com- 
parison of the compounds intcractrd with 8- 
cyclodextrin reveals some interesting relationships. 
Refcrring to  Table I. it can be observed that larger 
slopes are found for systems composed of &cyclo- 
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0-CYCLODEXTRIN X l o 3  moles/L. 

cyclodextrin a t  30". 
Fig. 5.-Intcraction of cortisone acetate with 6- 

2 
x 3  
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k 

0 1  I I I I I I I I I I 
0 2 4 6 8 10 

6-CYCLODEXTRIN X l o 3  moles/L. 

Fig. O.-Ititernction of testosterone with p-cyclo- 
dextrin a t  30". 

TAR1.E I.-sLOPES O F  ISOTHERMS O F  INTERACTIONS 
OF 11 PHAKXACEUTICAL COMPOUNDS WITH 6- 

CYCLODEXTRIN 

Antazolinc 1.25 
Meperidine 0 88 
Procaine 0.83 
Adiphenine 0 68 
Tripelennaminc 0 60 
Methapyrilene 0.5Y 
Testosterone 0 44 
Lidocaine 0.30 
Morphinea 0.24 
Cortisone acetate 0.15 
Reserpine 0.001 

~ 

~ ~ ~~ 

__ __ ~~ 

a Data reported in Refevesce 10. 

dextrin and small or medium-sized guest molcculcs 
containing one or more branched ring systems. 

This increased reactivity resulting from the pres- 
ence of a branched ring system might he attributed 
to the availability of a ring for either total or partial 
inclusion by the cyclodextrin. Therefore, inclusion, 
in combination with other attractive forces, would 
be expected to enhance the reactive tendency of a 
particular guest compound with p-cyclodextrin. If 
ring availability were assumed to be the primary 

factor for interaction with P-cyclodextrin, similar 
reactivities would be expected with both antazolinc 
and adiphenine, since both molecules contain several 
branched phenyl groups. On comparison of the 
slopes for these compounds, listed in Table I, it can 
be seen that the slope representing the antazolinc 
interaction is almost double that for the adipheniiie 
system, again pointing toward a complex mechanism 
for these interactions. A smaller slope than would 
be expected for the interaction between lidocaine 
and P-cyclodextrin might be attributed to steric 
hindrance resulting from the multiple methyl group 
substitution on the phenyl ring. The bulky multi- 
ringed molecules including morphine, cortisone 
acetate. and reserpine show extremely small inter- 
action slopes with p-cyclodextriri indicating only 
limited interactions for these systems. This would 
be expected due to the extremc size of the molecules 
and the resulting steric interference that would op- 
pose their proper combination or fit with the cyclo- 
dextrin structure. It becomes obvious for molecules 
of this size, that interactions with B-cyclodextrin 
could not possibly occur by means of complete or 
true inclusion formation. The presence of reactive 
functional groups in these large molecules, capable 
of bonding with or of being partially included by the 
cyclodextrin, could be responsible for the observed 
interactions. Cortisone acetate and testosterone, 
because of structural similarity, would be expected 
to interact similarly with p-cyclodextriii. But on a 
comparison of the slopes for these interactions in 
Table I, a marked difference is observed with 
testosterone possessing the greater slope. As in- 
dicated previously, molecules of this size would 
obviously be too large to allow complete inclusion 
within the cyclodextrin cavity and therefore the 
mechanism might involve either interaction of or the 
enclosure of a functional group of the steroid by the 
cyclodextrin. The hydroxyl group in the '2-17 
position is relatively open and free in the testosterone 
structure, while tbe same group in the cortisone 
acetate molecule is in close proximity to a rather 
bulky side chain also a t  the C-17 position. Inter- 
ference introduced by this group in the cortisone 
acetate structure could partially explain the de- 
creased reactivity of this compound with p-ryclo- 
dextrin. Again, as emphasized previously, these 
interactions are, as expected, quite complcx due to  
the sizc and complexity of the interacting species, 
and thercforc it is quite conceivable that a number 
of factors are responsible for the net interactions 
observed. 

Stoichionietries were calculated for those systems 
characterized by the presencc of plateau regions in 
their solubility isotherms. These values, along with 
stoichiometries determined from an analysis of the 
isolated complexes, are found in Table 11. 

The formation constants. calculated in a manner 

TABLE JT.-STOICHIOMETRIES O F  THE l)RUG-fi- 

__ ~ ~ 

CYCLODEXTRIN COMPLEXES 
- ~~ ~- 

~~ 

From Phase Analysis of 

Drug-BCD Drug-BCU 
Cortisone acetate 1.98:1.00 2 .05 : l  00 
Testosterone 2.03: 1.00 2 06:1.00 

Adiphenine 1.01 : 1.00 1.04 : 1 .OO 

Diagram Iwlated Complex 
Compd. 

Tripelennamine 1 .01  : 1.00 1.08: 1.00 
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ENERGIES OF FORMATION OF ~ K ~ G ~ B ~ C ~ ~ I . O ~ ~ ~ T R I \  
TABLE III.--FORMATION CONSTAKTS AND F R E E  

COhlPLEXES AT .yo0 

Compd. K/  Kfa (cal./mole) 
Cortisonc 

acetate 8 .1  x 106 . . .  -9578 
Testosterone 2 . 3  x lo7 . . . - 10209 
Tripelennaniine 0 .5  X lo2 6 .5  X lo2 -3YOO 
Adiphenine 2 .1  X lo2 2 . 1  X 1V -33220 

for 1 : 1 complexes only. 

- " Values deterniined by the method ofxnmi-anTStewart  

analogous to those employcd in previous studies (9), 
and the corresponding free energies of formation for 
these insoluble complexcs arc listed in Table 111 
A method proposed by Thoma and Stewart ( I l ) ,  
involving a mathematically derived expression for 
the calculation of formation constants of 1 : 1 com- 
plexes, was applied to  some of our interactions in an 
effort to check our calculations. 'These results were 
in good agrecmcnt with the formation constants 
determined from the solubility isotherms. 

The magnitude of the apparent formation con- 

1 Y I  I I I I I I I I 1  
0 2 4 6 8 10 12 14 16 18 20 
COMPLEXING AGENT X lo3 rnoles/L. 

Fig. 7.--Interactions of reserpine with 8-cyclodextrin 
(A) and sodium deoxycholate (a) at 30". 

0 4 8 12 16 20 24 28 32 36 
SODlUM DEOXYCHOLATE X 103 rnoles/L. 

Fig. S.--Interactions of procaine (m), lidocainc (A), 
meperidine (a), and adiphenine ( A )  with sodium 
deoxycholate at 30". 

35 
stants and free energies of formatioii observed for 
these insoluble complexes is indicative of  the rrlative 
high drgree of interaction. l'ormation constants 
for other systerns involving P-cyclodextrin have been 
reported in thc range of l o2  to  lo4 (12, 13), again 
indicating the existence of very stable systems. 
These formation constants arc quite high compared 
to  the values of 1 to  loU reported in pharrnaceutical 
interaction studies with complcxing agents such as 
caffeine (9, 14). Thus interactions involving more 
than hydrogen bonding or dipole-dipole attractions 
arc suspected, 2nd a combination of these plus in- 
clusion formation is a defiiiite possibility. 

Deoxycholic Acid and Sodium Deoxycholate 
Interactions.-The same cornpounds studied wit11 p- 
cyclodextrin wcrc also interacted with sodium 
dcoxycholate in an attempt to clat-ifp further the 
mechanism by which this agent exerts its solubilizing 
effects. Interactions were observed with all of the 
compounds and are represented by Figs. 7-10. N o  

0 4 8 12 16 20 24 28 32 36 
SODIUM DEOXYCHOLATE X 106 rnoles/L. 

Fig. 9.-Interactions of methapyrilcnc (a), tri- 
pelennamine (a), and antamline (A) with sodium 
deoxycholate at 30". 

0 4 8 12 16 20 24 28 32 36 
SODIUM DEOXYCHOLATE X 103 rnoles/L. 

Pig. 10.-Interactions of morphine (m), testo- 
stcrone (01, and cortisone acetate (A), with sodiutn 
deoxyeholste at 30". 
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dicate the complexity of these molecular associations. 
A t  the present time, the popular theory is that 
sodium deoxy-cholate, acting as an  anionic surfactant, 
exerts its solubilizing effects through micelle forma- 
tion. There has been considerable evidence that 
lends support to  this proposed mechanism (15-1i). 
However, owing to the inability of isolating the rc- 
action products for structural examination, the 
pussibility of a mechanism similar to that for deoxy- 
cholic acid, involving channel-like inclusion forma- 
tion, cannot be ruled out. Dcoxycholic acid is be- 
lieved to bond intermolecularly through the hydroxyl 
groups in the 3 and 12 positions forming a channel- 
like host structure. I t  is quite conceivable that the 
anion of this acid could assume a similar structure 
resulting in inclusion formation of the guest aniincs. 
i2ssuming that the carboxyl group of deoxycholic 
acid is also an active site for the intermolecular 
bonding necessary in the build-up of the host struc- 
ture, one might expect a lesser degree of inclusion 
formation with the anion than with the undisso- 
ciated acid. The complexity of these interactions 
could certainly point toward a mechanism composed 
of both inclusion formation and micellar sotubitiza- 
tion. This combination might well account for the 
differcnt slopes observed in the interaction iso- 
therms for a number of the interactions that could 
also represent the formation of higher order com- 
plexes. 

In an attempt to  elucidate further the complex 
nature of sodium deoxycholate's mechanism of 
interaction, three of the compounds previously 
studied with this complexing agent were also inter- 
acted with deoxycholic acid. The intcractions ob- 
served between each of the three compounds and 
deoxycholic acid are represented in Figs. 11 and 12. 
Hydroalcoholic systems were used for these inter- 
actions because of the acid's limited solubility in 
water. It is interesting to note that in these alco- 
holic systems, deoxycholic acid would exist almost 
entirely as the free acid, and, therefore, the concept 
of micellar solubilization would appear to be mini- 
mized as a possible mechanism since it has been 

TABLE IV.-sLO€'ESQ O F  ISOTHERMS OF INTER- 

SODlUM 1)EOXYCHOLATE 
ACTTOSS OF 11 PHARMACEUTICAL COMPOUNDS WITH 

Procaine 1.18 
Mcperidine 0.66 
Trigelennamine 0.40 
Lidocaine 0.36 
Methapyrilene 0 . 3 5  
Adiphenine 0.13 
Antazolinc 0.08 
Morphine 0.02 
Cortisone acetate 0 .01  
Testosterone 0.01 
Reserpine 0.00025 

were present. 
" The second slope wa?u%d when multislope isotherms 

plateau regions were found in the solubility iso- 
therms for these interactions which prevented the 
determination of the exact stoichiometric relation- 
ships and the corresponding thermodynamic values. 
Slopes for interactions of these conipounds with 
sodium deoxycholate are found in Table IV. 

In general, as was true for the P-cyclodextrin 
interactions, the smallest compounds are see11 to 
exhibit the greatest interaction slopes with sodium 
deoxycholate. This could either be due to the small 
size of the molecules or to their greater solubility, 
as onc property is a corollary of the other. In  most 
cases the interactions with 0-cyclodextrin yielded 
larger slopes than the corresponding interactions 
with sodium deoxycholate, indicating a greater 
degree of complex formation with the cyclodextrin 
and possibly a different mechanism. Although 
there are certain similarities in the reaction isotherms 
observed, it should be pointed out that 6-cyclo- 
dextrin is known to form monomolecular inclusion 
compounds. while a polymolecular mechanisnl, 
necessary in the build-up of the channel-like host 
structure, is essential for choleic acid inclusion forma- 
tion. 

Systems containing the amine bases and either 
of the complexing agents were quite alkaline (pH 
9-12) due to the nature of the guest compounds 
themselves and to the excess sodium hydroxide added 
to insure coniplcte libcration of the bases from their 
corresponding salts. While varying concentrations 
of sodium dcoxycholate would be expected to have 
a measurable effect on the pH of neutral or acidic 
systems, no effect was observed in these invcstiga- 
tions because of the elevated pH conditions em- 
ployed. The pH changes observed in less basic 
systems ranged from 0.1-0.2 pH units. Even though 
this basic environment would not be expected to  
have any appreciable effect on p-cyclodextrin, it  
would markedly suppress hydrolysis of sodium 
deoxycholate resulting in a predominance of the 
deoxycholate anion in solution. Also in this pH 
range, the amine bases would exist as the non- 
protonated form, and, therefore, the observed inter- 
actions would presumably be between the deoxy- 
cholate anion and the free bases. An acid-base 
reaction between a few of the strongly basic amines 
and deosycholic acid in solution might be expected, 
but a t  this pH, the probability of an interaction of 
this type betw-een the nonprotonated aniine and the 
deoxycholate anion is small. 

Multislope interaction isotherms obtained for a 
number of the sodium deoxycholate systems in- 

Fig. ll.-Interaction of reserpine with deoxycholic 
acid a t  30" in hydroalcoholic systems. 
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a number of medicinal agents have pointed out the 
presence of such a maximum solubility in various 
cosolvent mixtures (18,19), suggesting that a definite 
correlation exists bctwcen the solubility of the solute 
and the dielectric constant of the solvent system 
employed. The solubility of reserpine in these 
cosolvent systems involves solute-solvent and 
solvent-solvent associations, and since complexation 
of reserpine with deoxycholic acid would be in com- 
petition with thesc various associations, i t  becomes 
obvious that the mechanism involved in reserpine- 
deoxycholic acid interaction in these systems is com- 
plex. Since it is known that stable deoxycholic 
acid--alcohol complexes exist (ZO) ,  the association 
between the deoxycholic acid and alcohol at these 
high alcoholic concentrations must be much greater 
than that for the reserpine-dcoxycholic acid inter- 
action. This and the decreased solubility of reser- 
pine in high alcoholic concentrations could account 
in part for the marked decrease in the observed 
interaction between reserpine and deoxycholic acid. 

The plateau region obtained in the 40y0 plot 
found in Fig. 11, rcpresenting the solubility limit of 
deoxycholic acid a t  this alcoholic strength, niade 
possible the calculation of the apparent stoichiometry 
that was found to be 1:l. The multislope iso- 
therms observed for thc interaction in these alcohol- 
water systems (e.g., 50%) could represent the 
successivc formation of a series of higher order com- 
plexes in solution and certainly illustrate the com- 
plexity of this interaction. This was also mentioned 
as a possible explanation for similar rnultislope sys- 
tems observed in many of the sodium deoxycholatc 
intcractions, although in these systems, micelle 
formation is also a definite possibility. It is interest- 
ing to note that the stoichionietries determined from 
the isolation and subsequent analysis of deoxycholic 
acid complexes prepared from saturated alcoholic 
solutions are usually of higher order (6: 1, 8: 1, etc.), 
while stoichiometries obtained from the solubility 
isotherms (1 : 1 for the reserpine-deoxycholic acid 
complex) are much lowcr. Such differences in the 
reported stoichionietries of deoxycholic acid inter- 
actions indicate that the complexes formed can be 

t 

2.01 I I I I I I I I I I 
0 4 8 12 16 20 24 28 32 36 
DEOXYCHOLIC ACID x 108 moles/L. 

Fig. 12.-Interactions of cortisone acetate (U) 
(50% EtOH system) and testosterone ( 0 )  (307, 
&OH system) with deoxycholic acid a t  30". 

known for some time that micelles do not readily 
form in alcoholic solvents. A comparison of the 
slopes for these systems with the corresponding 
slopes for the sodium deoxycholate interactions is 
difficult because of the different solvent systems 
employed. However, the shapes of the solubility 
isotherms representing interactions of both the acid 
and its sodium salt do show certain similarities which 
might indicate a conimon mechanism for these con-  
plexing agents. Because of the unique multislope 
isotherm representing the rescrpine-deoxycholic 
acid interaction in a 50% hydroalcoholic solvent, i t  
was felt that a study of this system in solvents of 
varying alcoholic strength would be interesting, and 
might possibly yield a plateau region permitting the 
determination of the stoichiometry for this system. 
Therefore, this particular interaction was eramined 
in alcoholic systems ranging from 0-10070 ethanol. 
The corresponding isotherms representing the diiler- 
ent alcoholic strengths are found in Fig. 11. As 
would be expected, the solubility pattern of the 
resulting complexes parallels the alcoholic concen- 
tration up to 80% ethanol, but a marked decrease in 
the interaction slopes is obwrved a t  higher alcoholic 
Icvels. The presencc of deoxycholic acid is seen to 
exert a pronounccd effect on the solubility of reser- 
pine at the lower alcoholic concentrations employed 
over that of its solubility in the samc alcoholic solu- 
tions without thc deoxycholic acid. In the SOYl, 
alcoholic system, formation of the complex is seen to  
result in almost a fourfold increase in the solubility 
of reserpine. A t  lower alcoholic concentrations, the 
solubility of the complex appears to  lie midway be- 
tweeu the individual solubilities of reserpine and 
deoxycholic acid as would be expected. However, 
the marked decrease in solubility of the reserpine 
complex and interaction in 95% and absolute 
ethanol appears to parallel the unexpected decrease 
in solubility of the uncomplcxed reserpine a t  these 
solvent concentrations. The solubility profiles of 
reserpine and dcoxycholic acid in various hydro- 
alcoholic systems are shown in Fig. 13. While 
deoxycholic acid is shown to be infinitely soluble a t  
higher alcoholic concentrations, the solubility profile 
of reserpine is seen to possess a maximum in approxi- 
mately 80% ethanol. Solubility studies involving 

'% v/v ETHANOL 

Fig. 13.-The cffects of alcoholic strength on the 
solubilities of deoxycholic acid (A) and reserpine ( 0 ) .  
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greatly influcnced by the type of solvent system 
etnplnyed (20). 

Jouriznl of Pharnznceiiticnl Sciences 

thought to exert its solubility effects through niicellc 
formation, the possibility of total or even partial 
inclnsioti formation by this agent cannot be ignored. 
Multislopes obtained in the solubility isothcrms for 
many of the sodium deoxycholate interactions could 
indicate a complex mechanism consisting of both 
micellar soiubilizdtion and inclusion formation, or 
they might represent the presencc of higher order 
complexes. The complexity of these interactions is 
clearly shown in the studics dealing with tlie rescr- 
pine-deoxycholic acid interaction in various alcoholic 
solutions. 

CONCLUSION 

Both P-cyclodcxtrin and sodium deoxycholate are 
shown to interact with a variety of pharmaceutical 
compounds. While varying concentrations of so- 
dium deoxycholate would be expected to  have a 
mcasurable effect on the pH of systems at lower pH 
levels, no effect was observed in these investigations 
because of tlie elevated pH conditions employed. 
In  general, greater complexing activity is observed 
between the smaller guest molecules and both corn- 
plexing agents, illustrating the importance of mo- 
lecular size and structure in these interactions. 
Compounds known to be too large for complete in- 
clusion, such as morphine and reserpine, are seen 
to interact with 6-cyclodextrin. The presence of 
certain functional groups in these large molecules, 
capable of interacting with or of being partially 
included by the cgclodextrin, could be responsible 
for the obscrvcd interactions. The high-formation 
constants determined for some of the 6-cyclodextrin 
interactions indicate the formation of extrcmely 
stable complexes. Pure inclusion is described as an 
association taking place without intermolecular 
bonding between the guest and host components. 
Although in aqueous solution, the net interactions 
could result from both inclusion and intermolecular 
forces, particularly hydrogen bonding. 

Similarities in the shapes of solubility isotherms 
obtained for interactions of both deoxycholic acid 
and its sodiuni salt with several pharmaceutical 
coinpounds could indicate similar mechanisms for 
these two complexing agents. Even though sodium 
deoxycholate, an anionic surfactant, is currently 
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Synthesis of N-Substituted Phenethylamines and 
Corresponding Cyclohexyl Analogs 

Preliminary Evaluation as Bronchodilators 

By JOHN B. DATA, MARTIN 0. SKIBBE, T. LAMAR KERLEY, and LAWRENCE C. 
WEAVER 

A series of N-substituted phenethylamines and their corresponding cyclohexyl ana- 
logs were prepared and tested pharmacologically for their effects on the duration 
of hexobarbital anesthesia in mice, and systemic blood pressure and bronchodilatory 
activity in  dogs. Methods for the preparation of these compounds are described, 
and procedures used in  pharmacological testing are indicated and the biologicai 
results tabulated. There were no consistent or appreciable bronchodilatory effects 

observed. 

PINEIJHKINE (I) and isoproterenol (11) rcpre- 
sent two potent and useful hronchodilators 

containing the catechol nucleus. Other strur- 
turally related substances which have been rated 
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(1-3) as relatively potent bronchodilators are 
levarterenol (111), R,4-dihydroxyephedrine (IV), 
and equine ( V ) .  A recently inlrotluced atlrcner- 
gic substance used in the management of bran- 
ch id  asthma is the potent inhibitor, protokylol 
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greatly influcnced by the type of solvent system 
etnplnyed (20). 

Jouriznl of Pharnznceiiticnl Sciences 

thought to exert its solubility effects through niicellc 
formation, the possibility of total or even partial 
inclnsioti formation by this agent cannot be ignored. 
Multislopes obtained in the solubility isothcrms for 
many of the sodium deoxycholate interactions could 
indicate a complex mechanism consisting of both 
micellar soiubilizdtion and inclusion formation, or 
they might represent the presencc of higher order 
complexes. The complexity of these interactions is 
clearly shown in the studics dealing with tlie rescr- 
pine-deoxycholic acid interaction in various alcoholic 
solutions. 

CONCLUSION 

Both P-cyclodcxtrin and sodium deoxycholate are 
shown to interact with a variety of pharmaceutical 
compounds. While varying concentrations of so- 
dium deoxycholate would be expected to  have a 
mcasurable effect on the pH of systems at lower pH 
levels, no effect was observed in these investigations 
because of tlie elevated pH conditions employed. 
In  general, greater complexing activity is observed 
between the smaller guest molecules and both corn- 
plexing agents, illustrating the importance of mo- 
lecular size and structure in these interactions. 
Compounds known to be too large for complete in- 
clusion, such as morphine and reserpine, are seen 
to interact with 6-cyclodextrin. The presence of 
certain functional groups in these large molecules, 
capable of interacting with or of being partially 
included by the cgclodextrin, could be responsible 
for the obscrvcd interactions. The high-formation 
constants determined for some of the 6-cyclodextrin 
interactions indicate the formation of extrcmely 
stable complexes. Pure inclusion is described as an 
association taking place without intermolecular 
bonding between the guest and host components. 
Although in aqueous solution, the net interactions 
could result from both inclusion and intermolecular 
forces, particularly hydrogen bonding. 

Similarities in the shapes of solubility isotherms 
obtained for interactions of both deoxycholic acid 
and its sodiuni salt with several pharmaceutical 
coinpounds could indicate similar mechanisms for 
these two complexing agents. Even though sodium 
deoxycholate, an anionic surfactant, is currently 
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Synthesis of N-Substituted Phenethylamines and 
Corresponding Cyclohexyl Analogs 

Preliminary Evaluation as Bronchodilators 

By JOHN B. DATA, MARTIN 0. SKIBBE, T. LAMAR KERLEY, and LAWRENCE C. 
WEAVER 

A series of N-substituted phenethylamines and their corresponding cyclohexyl ana- 
logs were prepared and tested pharmacologically for their effects on the duration 
of hexobarbital anesthesia in mice, and systemic blood pressure and bronchodilatory 
activity in  dogs. Methods for the preparation of these compounds are described, 
and procedures used in  pharmacological testing are indicated and the biologicai 
results tabulated. There were no consistent or appreciable bronchodilatory effects 

observed. 

PINEIJHKINE (I) and isoproterenol (11) rcpre- 
sent two potent and useful hronchodilators 

containing the catechol nucleus. Other strur- 
turally related substances which have been rated 
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(1-3) as relatively potent bronchodilators are 
levarterenol (111), R,4-dihydroxyephedrine (IV), 
and equine ( V ) .  A recently inlrotluced atlrcner- 
gic substance used in the management of bran- 
ch id  asthma is the potent inhibitor, protokylol 
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&:" CH--CH-NH-R' ? 
I, K is H ;  R' is CII, 

11. K is H:  R' is ICEIlhCH 

VI 

These examples support the conclusion of 
Taintcr and his co-workers (1, 2) and of Die1 et 
nl. (4) that the catechol nucleus appears to he 
essential for a high degree of hronchodilation 
efficiency. 

DISCUSSION 

Mono-hydroxy and mono-methoxy derivatives of 
phenethylainine (VII) and 2-phenylisopropylamine 
(VII I )  exhibit this same type of activity, although 
quantitatively not as great. 

VII, R is H 
VIII, R is CH3 

While phenylephrine (IX) has been reported as a 
fair ( 3 )  and a poor (2) bronchodilator, KonLett ( 5 )  
reported that p-hydroxy-a-( isopropylaminomethy1)- 
benzyl alcohol (X) possesses marked activity; the 
corresponding i\'-methyl derivative is less active. 
Corrigan et al. reported (6) on the activity of addi- 
tional hydrovy compounds in which the IV-isopropyl 
group of X is replaced by other alkyl substituents. 
These in general w e f e  found to  be active. 

IX 

H O ~ ~ ~ - C H z - ~ H - C H ( C H 1 ) l  

X 

All possible mono-hydroxy derivatives of 2-phenyl- 
isopropylaniine have been evaluated (7) for bronchial 
activity, but these isomers have shown no appre- 
ciable response; the corresponding mono-methoxy 
derivatives were tested by the same investigators, 
who concluded that the more active compounds were 
the niethoxy derivatives. 2-( o-Methoxyphenyl) - 

isopropylamine (XI), the A-methyl, N,N-dimethyl, 
and N-benzyl derivatives have been shown (8) to 
possess a very high degree of specific bronchodila- 
tory activity with little or no pressor effect. These 
latter studies may have been responsible for the 
introduction of the orally active and useful medica- 
ment, methoxyphenamine (XII). 

OCB3 

&CH2-CtI-CH3 

NH-R 
XI, R is H 

XII, R is CHs 

The quantitative difference in the ability of the 
hydroxyl and the methoxyl group to supply elec- 
trons to the conjugated ring system (9) suggests a 
means for correlating bronchial activity to chemical 
structure. The finding that isoprophenamine (XIII) 
is a potent bronchodilator (10) and, in addition has 
other physiological properties (11) qualitatively 
similar to  methoxyphenamine, suggests that the 
chloro group, too, can be considered along with the 
hydroxyl and the methoxyl; while the chloro group 
is an electron withdrawing group, it can also release 
electrons to the conjugatcd ring system. This idea 
can he extended to include compounds which have 
two such groups as in the case of isoproterenol and 
dichloroisoproterenol (XIV), even though the latter 
is known to block the action of the former (12). 
While the exact role each group plays in broncho- 

R'R" 
/4 ?H 

R ii-' \ ,I CH-CHz-NK-CH(CH~)z 

XIII, R is H ;  R' is H; R" is CI 
XIV, R is C1; R' is C1; R" is H 

dilatory effect is unknown, the strength of the bond 
between the drug and receptor due to  thc magni- 
tude of clectron density in the phenyl ring because 
of the presence of these groups may be very impor- 
tant to explain and/or correlate the effect of a drug. 
Although from the standpoint of satisfying struc- 
tural requirements for the same receptor site the 
chloro, the hydroxyl, or the rnethoxyl group may or 
may not be requircd, differences in pharmacological 
response may be d i x  basically to difference in elcc- 
tron density created by these substituents. For 
example, isoproterenol and dichloroisoproterenol 
very likely possess the same structural requirements 
for the same &receptor, even though the nature of 
the ring substituents are different. The difference 
in the ability of the chloro and the hydroxyl group to  
supply electrons to the phenyl ring would be evident 
in rates of release of the drug-receptor complex in a 
reversible reaction. Thus, the bond strength 
attributed to the difference in electron density can 
account, at least in part, for difference in pharma- 
cological behavior of isoproterenol and dichloro- 
isoproterenol. The reported pharmacology for these 
compounds hear out some of tliesc points. For in- 
stance, Moran and Perkins (13) indicate that di- 
chloroisoprotercnol may he involved in an equilib- 
rium type of blockade sillce the block can be rc- 
versed by excess of certain amines. Powell and 
Skater (14) report data which stroiigly support the 
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suggestion that the same 8-receptors are involved, 
and they explain that the brief effects of isopro- 
terenol are due to  a rapid hio-transformation and/or 
weak bonding between drug and receptor; for di- 
chloroisoproterenol they suggest the drtig-receptor 
complex to be fairly stable. 

Various types of substituents attached to  the 
amino nitrogen have received considerable attention 
in the search for effective bronchodilators. Simple 
aliphatic groups from one to five carbons (4-6, 15- 
21), cycloalkyls (4, 1&17, 19), aralkyls (4, 18-20, 
22), and cycloalkylalkyls (4) have been evaluated. 
The N-isopropyl derivative has been suggested for 
optimal activity in one series of compounds (16), and 
the N-butyl was found to be the most active in a 
second series (17). There does not appear to be 
any structural specificity for activity. These 
examples and the studies cited suffice to suggest 
that the kind of substitutions on the amino group is 
not crucial. 

Effects of other substituents on the ethyl or iso- 
propyl moiety of VII and VIII other than the amino 
group is not well documented. Studies designed to  
evaluate the importance of the hydroxyl group 0 
to the amino are lacking. Sccmingly, the literature 
records only three like pairs of compounds evaluated 
for their bronchial activity in which the @-OH group 
is the only variable. The first pair is epinephrine 
and equine; Pedden et al. (2) have rated these as 
excellent bronchodilators. The second pair is 2- 
plienylisopropylamine and a-( 1-aminoethy1)benzyl 
alcohol (XV), which are reported (1) to  act pre- 
dominately as bronchoconstrictors, although Alles 
and Prinzmetal(23) reported slight bronchodilation 
for 2-phenylisopropylamine. The third pair is 
isoproterenol and N-isopropyl-3,4-dihydroxyphen- 
ethylamine (XVI); Siegmund etal. (21) indicate that 
the absence of a p-OH group in XVI causes very 
marked reduction in activity between this last pair 

OH NH2 
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of compounds. While these three pairs do not 
clearly indicate the effect of the 8-OH group, 
Siegmund and his co-workers (21) concluded from 
their studies that the 0-OH group is essential for 
bronchial activity. 

The lack of information on the effect of other 
substituents on the propyl moiety of Z-phenyliso- 
propylamine prompted the authors to prepare and 
biologically evaluate as a matter of interest a series 
of N-substituted derivatives of a,a-dimethyl- 
phenethylamine (XVII) and their corresponding 
cyclohexyl derivatives (XVIII). 

xv 

CHB 
I 

CHI 
I 

R-CHz-C-KHa 
I 

CHI 
XVII, X is phenyl 

XVIII, K is cyclohexyl 

Except for a,a-dimethylphenethylamine (18) no 
one seems to  have reported on the broncho-spastic 
relieving properties of these compounds. The only 
closely related study among the cyclohexylethyl- 
amines is the work of Lands et al. (24), who evaluated 
the spasmolytic activity of such compounds on 
isolated guinea pig ileum. 

The ol,a-dimethylphenethylamines and their corre- 
sponding cyclohexyl analogs were prepared by re- 
ducing with lithium alutninum hydride the forma- 
mides obtained by the Ritter reaction from 1,l- 
dimethyl-2-phenylethanol or its cyclohexyl analog 
and a nitrile as described under Experimental. 
(Scheme I.) 

EXPERIMENTAL 

All melting points are uncorrected. Chlor ine was 
determined by the method of Blicke and Zienty (25) ,  
and the carbon and hydrogen analysis was performed 
by Galbraith Laboratories, Inc., Knoxville, Tenn. 
No attempt was made to improve yields obtained 
from the first trial. 

Preparation of l,l-Dimethyl-2-phenylethhanol.- 
This product was prepared by the Grignard reaction 
for the synthcsis of tertiary alcohols from esters. 

Ethyl phenylacetate, 75.0 Gm. (0.455 mole), was 
added during 0.5 hr. to 600 ml. of au ethereal solu- 
tion of methylmagnesium iodide prepared in the 
usual way from 24.3 Gm. (1.0 Gm. atom) of mag- 

CII3 0 
I II 
I 

IZ-CH,-C-OH + K-CN A R-CHe--C-NH--C-R ' 

I CHJ 
I 

CHa 
I s. R' is H 

LiAlHl 
I Ether NxOH s o h  - ~~ 

Ethylene glyco I 
.1 

CHs 
I 

.1 
CHa 
I 

R-CH~-~-NH-CH,-R! R-cH~-C-NH~ 
I 1 

&Ha 
K is phenyl or cyclohexyl 
K' is H, CH3, C2HJ, ~E-C~H? or iso-CsH, 

Scheme I 
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nesium turnings and 150.0 Gm. (1.06 moles) of 
methyl iodide. The mixture was then refluxed lor 3 
hr., cooled, and poured onto about 300 Gm. of 
cracked ice, and then decomposed by the slow addi- 
tion of 300 ml. of hydrochloric acid (1070). The 
organic layer was separated from the aqueous por- 
tion, which was then extracted 3 times with 100-ml. 
portions of ether. The combined ethereal extracts 
were washed successively with 100 ml. of sodium 
carbonate ( 5$&) and 100 ml. of water. The ethereal 
solution was then dried over anhydrous potassium 
carbonate, filtered, the solvent removed under 
reduced pressure and the residue fractionated to give 
59.2 Gm. (86.5%) of product distilling at 100-104" 
(14 mm.). [Reported (26) b.p. 103-105" (10 mm.).] 

Preparation of l,l-Dimethyl-2-cyclohexylethanol. 
-This product was prepared by the Grignard re- 
action for the preparation of tertiary alcohols from 
ketones. 

The Grignard reagent was prepared in the usual 
fashion from 4.86 Gm. (0.2 Gm. atom) of mag- 
nesium and 35.4 Gm. (0.2 mole) of cyclohcxyl- 
methyl bromide dissolved in about 150 ml. of ether. 
To the reagent thcrc was added during a period of 
about 0.5 hr. while stirring 11.6 Gin. (0.2 mole) of 
dry acctone in 50 ml. of ether. After 2 additional 
hr, of stirring and refluxing, the reaction mixture was 
hydrolyzed by the addition of about 100 Grn. of 
cracked ice and 75 nil. of hydrochloric acid (10%). 
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The organic layer was separated from the aqueous 
portion, and the aqueous layer extracted 3 timcs 
with 30-ml. portions of ether. The ether extracts 
were then combined and washed successively with 
several 25-ml. portions of sodium carbonate ( 10 yo) 
and 25 ml. of water. The organic layer was dried 
with fused sodium sullate, filtered, and fractionated. 
There was obtained 14.5 Gin. (46.5y0) of a colorless 
oil distilling at 97-100" (16 mm.). 

A second run twice aslarge gave 32.0 Gm. (51.2%) 
of product which distilled a t  67-70" (2.2 mm.). 
The analytical sample distilled a t  69' (2.2 mm.) 
and had a rcfractivc indcx of 1.4650 a t  20". 

Anal.-Calcd. for CloHnoO: C, i6.92; H, 12.82. 
Found: C, 76.58; H, 12.60. 

The alcohol gave a white, crystalline phenyl- 
urethan derivative which, when recrystallized 3 
tirnes from hexane, melted a t  117-118°. 

Anal.-Calcd. for C1~Hz5iYOn: C, 74.18; H,  9.09. 
Found: C, 73.80; H, 9.09. 

Preparation of l,l-Dimethyl-2-cyclohexylethyl- 
amine (D-3-1) 

N - (1,l - Dimethyl- 2 - cyclohexy1ethyl)form- 
amide.-This compound was prepared according 
to the method described by Ritter and Kalish (27) for 
the synthesis of N-tert-butylformamide. 

Sodium cyanide, 19.6 Gm. (0.4 mole), and 50 ml. 
of glacial acetic acid was mixed with cooling and 
stirring. A solution of 100 Gm. of concentrated 
sulfuric acid in 50 ml. of glacial acetic acid was then 
added while continuing to stir the reaction mixture 
and maintaining the temperature a t  20". 1,l-Di- 
methyl-2-cyclohexylethanol, 62.4 Gin. (0.4 mole), 
was then added and the temperature permitted to  
rise spontaneously to 40--50". The mixture was 
heated to TO" for 1 hr.. stoppered, allowed to  stand 
for 2 hr., diluted with 600 ml. of water, and ncutral- 
ized with sodium carbonate. The formamide which 
separated as a viscous oil was extractcd 3 timcs with 
100-ml. portions of ether, dried over fused sodium 
sulfate, filtcred, and the solvcnt rcmovcd under 
reduced pressure. The residue was fractionated to 
give 69.7 Gm. (95.5%) of product which distilled at  

1,1 - Dimethyl - 2 - cyclohexylethy1amine.-A 
mixture of 40.0 Gm. (1.0 mole) of sodium hydroxide 
in 60 ml. of water, 300 ml. of cthylenc glycol, and 

170-171" (15 111111.). 

TABLE I. - N - (1 , l -  DIMETHYL - 2 - PHENYLETHYL)- 
AMIDES AND N - ( 1 , l  - DIMETHYL - 2 - CYCLOHEXYL- 

ETHYL)AMIDES 

CHa 0 
I II 

R-CH-C-h-H-C-R ' 
I 
CHs 

r ~ 

R R' M.p.,  C o .  Yield, '7" 
CsHs CHa x9-91 80 5 
CsH5 CHsCHz 95-97 84 5 
CsH5 CHaCHyCHz 62-64 60.7 
C6H5 (CHs)zCH 111-113 T9.5 

C6Hll CHaCHz 59-61 85.4 
C6Hii CHI 80-82 81.3 

C6Hll CHaCHzCHz 79-81 87.7 
CsHii (CH3)nCH 106-106 89.0 

TABLE I1.-2\'-SUDSTITUTED ~,~-DIMETHYLPHEXRTHYLAMINES AND I\'-&JRSTITUTED l,l-DIhzElHYL-2-CYCLO- 
HEX Y1,ETHPLAYINES 

CH, 
I 

R-CHn-C-XH-R ' 
I 

~~~ ~ . 
CH, 

~ 

B.P., Yield, Hydrochloride 
Code Xo.  I< R' OC. (mm.) % M.p. .  " C .  Pormula 
D-3-2 C6H5 CHz 114-120 (13) 95.0 176-177 CiiH&lI\T 

D-3-6 CsHs CHsCHzCH2 119-121 (13) 91.2 205-206 Ci3HnClN 
D-3-8 CsHs CHI( CHz)ZCH* 131-132 (12) 58.7 160-161 CiaHz4ClN 
D-3-10 CsHs (CH3)zCHCHz 126-128 (16) 51.7 209-210 CihH,,ClN 
D-3-3 CsHll CH, 96-99 ( 13) 71 . 0 155-1 -56 CiiH2,Cl P; 
D-3-5 C&i1 CHaCH2 103-106 (14) 60.0 220-221 C12H26ClN 
D-3-7 C,jHil CHaCHzCHz 115116 (13) t54.3 189-190 CizHz,CIN 
D-3-9 CsHll CH:j(CHn)zCH* 133-136 (175) 72.0 173-174 C14IIaoClN 
D-3-11 C&,i (CH3)xCHCHz 130-139 (15) 48.8 174-175 C14H3oClN 

D-3-4 CsH5 CHaCHz 107-109 (16) 61.8 214-216 CizHzoCIN 

--Cl, 
Calcd. 
17.78 
16 61 
15 59 
14 70 
14 70 
77 20 
16 12 
15.18 
14.32 
14.32 

<, c -- 
Found 
17 80 
16 60 
15 68 
14 68 
14 88 
17 14 
16 15 
15 10 
14 32 
14 37 
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70.0 Gm. (0.382 mole) of N-(l,l-dimethyl-2-cyclo- 
hexylethy1)formamide was refluxed for 36 hr. 
It was then cooled and extracted 3 times with 100- 
nil. portions of ether. The combined ether extracts 
were washed with 50 ml. of water, dried over 
potassium carbonate, and distilled. The yield of 
product which boiled at 92-93' (17 inm.) was 48.2 
Gm. (81.2%). 

The base was dissolved in anhydrous ether and 
converted into the hydrochloride salt with gaseous 
hydrogen chloride in the usual way. The salt which 
was soluble in the ether-hydrogcn chloride solution 
was obtained by evaporating off the ether. The 
crude product was recrystallized several times from 
ethyl acetate to  give a pure product melting a t  
152-1.53'. [Reportcd (28) m.p. 147-148O.I 

A n d -  Calcd. for CIOHXCIN: C1, 18.52. Found: 
C1, 18.42, 18.30. 

Preparation of N-Substituted 1,l-Dimethylphen- 
ethylamines and N-Substituted 1,l-Dimethyl- 
2-cyclohexylethylamines 

N - (1 , l  - Dimethyl - 2 - phenylethy1)amides 
and N-(l,l-Dimethyl-2-cyclohexylethyl)amides.- 
These amides were prepared by a slight modification 
of the method described by Ritter and Kalish (27). 
All amides listed in Table I were synthesized by the 
following procedure. 

To a solution of 10.0 Gm. (0.1 mole) of concen- 
trated sulfuric acid in 50 ml. of glacial acetic acid 
maintained a t  about 20" there was added portion- 
wise 0.11 mole of the appropriate nitrile. One- 
tenth mole of l,l-dimethyl-2-phenylethanol or 1,l- 
dimethyl-2-cycloliexylethanol, depending upon 
which of the amides was to be prepared, was added 
slowly. The mixture was stirrcd mechanically 
while raising the temperature to 50". then stirred 
without heat for 0.5 hr. longer, during which time 
the temperature rose spontaneously to  60-80' lead- 
ing to  complete solution of the alcohol. The mix- 
ture was allowed to stand for 8 hr. and then diluted 
with 300 ml. of water to  precipitatc an oil which after 
several hours solidified to a crystalline mass. The 
solid was broken up, filtered, washed with water, and 
then air dried. 

The yield and melting points for each N-sub- 
stituted amide are listed in Table 1. All products 
were recrystallized from dilute ethyl alcohol (50%). 

N-Substituted 1,l-Dimethylphenethylmines and 
N - Substituted 1,1 - Dimethyl - 2 - cyclohexylethyl- 
mines.-For the preparation of these compounds a 
modified proccdure of the method used by Moffctt 
(29) for synthesizing 2,2-dimethylpyrrolidine was 
employed. All amines listcd in Table I1 were pre- 
pared by the following procedure. 

To a mixture of 3.8 Gm. (0.1 mole) of pulverized 
lithium aluminum hydride and 75 ml. of anhydrous 
ether, which had been refluxed gently for hr. was 
added a solution of 0.05 mole of the amide in 150 ml. 
of anhydrous ether at such a rate that the solution 
refluxed gently without any lurther external heating. 
When the addition was complete and the initial 
reaction subsided, the inixturc vas stirred aud re- 
fluxed for 15 hr. The reaction mixture was allowed 
to  cool, and then 5 ml. of ethyl acetate was added 
slowly with vigorous stirring and, finally 50 ml. of 6 
N hydrochloric acid was added in the same manner. 
The mixture was then steam distilled several mh-  
Utes after the boiling point reached 100' and the 
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distillate discardcd. Tile mixture in the flask was 
cooled and to it was added carefully with stirring 35 
rnl. of 12 /li sodium hydroxide solution. The alkaline 
mixture was then steam distilled until the distillatc 
was no longer basic (about 600 ml.). The atnine was 
extracted from the distillate with three 100-ml. 
portions of ether, the combined ethereal extracts 
dried over potassium carbonate, filtered, and the 
solvent removed in vacuo. The rcsidue was then 
fractionated under reduced pressure. 

The base was dissolvcd in anhydrous ether and 
then precipitated as the hydrochloride salt by pass- 
ing anhydrous hydrogen chloride into the solution 
in the usual way. 

The yield and boiling points of each N-substituted 
amide are listed in Table TI. The melting point for 
each N-substituted amine hydrochloride is listed in 
the same table. All amine salts were recrystallized 
from ethyl acetate-ethanol as solvent. 

PHARMACOLOGY 

Comparative pharmacological studies were con- 
ducted on all of the atnine hydrochlorides prepared. 
Their effects were observed on the duration of 
hexobarbital anesthesia in mice and systemic blood 
pressure and bronchodilatory activity in dogs. 

Groups of 10 male, albino Swiss-Webstcr mice 
were pretreated subcutaneously with the test cotn- 
pound 2 hr. before the intraperitoneal administra- 
tion of a dosc of 100 mg./Kg. of sodium hexobarbital. 
The end point was taken as that time when the 
mouse moved from a supine position. Similar 
groups of control mice were tested simultaneously, 
and the results presented as a ratio of the average 
duration of anesthesia of test mice t o  control mice. 
A ratio of 1.0 indicates the results were the same 
for both groups: a value less than 1.0 suggests 
antagonism of hexobarbital anesthesia. In  addi- 
tion, these compounds were administered orally in 
increasing doses to determine the degree and type of 
toxicity produced. The results are recorded in 
Table 111. All test compounds were orally active 
as indicated by the fact that they were all lethal when 
administered orally to mice. Only compound D-3-5 
and D-3-7 produced appreciable alteration in the 
hexobarbital anesthesia of mice. In both cases it 
was a decrease probably indicating central nervous 
system stimulation. 

Adult mongrel dogs, unselected as to sex, were 
employed in the cardiovascular and bronchodilator 
experiments. Anesthesia was maintained by the 
judicious use of sodium pentobarbital. Solutions of 
test compounds were freshly prepared and injected 
intravenously. The ability of these compounds to 
alter systemic blood pressure at a constant dose of 
4 mg./Kg. was investigatcd in 2 or 3 dogs for each 
compound and the results averaged. Furthermore, 
the samc dose was repeated at various intervals to 
determine whether tolerance developed to the blood 
pressure effects. These results are also presented in 
Table 111. For the phenyl derivatives the first dose 
of N-methyl (D-3-2) and N-ethyl (D-3-4) produced 
a pressor effect that became negligible after subse- 
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quent doscs; with progressively longcr chain length, 
including N-propyl (D-3-6). N-butyl (D-3-8), and 
N-isobutyl (LX-lO), no pressor activity was found. 
Similarly. for the cyclohesyl derivatives the magni- 
tude of the pressor effect dccreased with an increase 
in chain length of the N-substituent and completely 
disappeared with A-butyl (D-3-9). For some un- 
explained reason it was again present at N-isobutyl 
(D-3-11). As was expected tachyphylaxis developed 
readily to the pressor effect. The vasopressor effect 
following tachyphylaxis was not influenced by 
atropinization of the dog or by a combination of 
atropinization and bilatcral midcervical vagotomy . 

Changes it1 bronchiolar resistance of dogs were 
recorded by a modification of the method of Konzett 
and Rossler (30). In brief, under constant volume 
respiration variations in bronchiolar resistance were 
indicated by changes in the volume of air in excess 
of that required for adequate ventilation. Hist- 
amine, 10 mcg./Kg., or carbachol, 1 to 4 mcg./Kg., 
administered intravenously, were used as the 
bronchoconstricting agcnts. The ability of the test 
compound to block this bronchoconstriction was 
determined following intravenous administration of 
2 and 4 mg./Kg. doses of the test compound. No 
consistent or appreciable bronchodilatory effect was 
observed. 
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Stability and Flocculation of Oil Droplets in Dilute 
Emulsions 

By HIROYUKI MIMA and NOBUYUKI KITAMORI 

By using a Coulter counter, it was found that flocculation of oil droplets stabilized 
with acacia occurred even in dilute emulsions (8 X to vol. per cent oil). 
This phenomenon was reversible and the equilibrium in floc size distribution was 
attained rapidly, and the flocculation depended upon the concentration of oil drop- 
lets, the size distribution of primary droplets, and the amount of salts added. Since 
the rate of creaming depends upon the size of particles, the stability of emulsions 
is affected by the flocculation of emulsion droplets. The  stability of emulsions in 
the presence of 0.1 per cent sodium chloride was measured quantitatively by measur- 
ing the fluorescence of anthracene dissolved in  oil phase, and it is concluded from 
the experimental results that there is a distinct relationship between the floc-size 

and the stability of emulsions. 

ANY STUDIES have been made on the stability M of o/w emulsions. However, the previous 
methods to determine the stability, especially 
the rate of creaming, including measurement of 
the time elapsed to the beginning of creaming or 
thc volume of the cream separated after a definite 
time, were not quantitative (1-5). 

According to Stokes' law, it is known that the 
rate of creaming is affected by the size of particles, 
the difference between the gravities of oil phase 
and water phase, and the viscosity of water 
phase. The size of particles in emulsion depends 

(PI - Y,) gdZ 
1% 

u = 

not only upon the size of primary droplets, but 
also upon the degree of flocculation of the primary 
droplets. As for suspensions, a study of the 
effect of suspensoid concentration on the degree 
OT flocculation has been reported (6). However, 
no papers have yet dealt with the relationship 
between ilocculation and concentration of oil in 
cmulsions. 

Lhiring the authors' studies on the applications 
of einiilsions in the fields of pharmacy and food- 
stuff, i t  was observed that the creaming occurred 
rapidly in the original emulsions, which con- 
tained a high concentration of oil phase, while in 
the diluted emulsion, the rate of creaming was 
not so rapid. To darify these phenomena, a 
Coulter counter was used to measure particle- 
sizc distribution of flocculated droplets (7, 8). 
From these experimental results, it  was found 
that the more the emulsion was diluted, the more 
the modal diameter of the dispersed particles 
became smaller, and the ratio of the number of 
droplets per concentration of oil phase increased. 
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These facts indicate that the deflocculation de- 
pends upon the concentration of oil in the 
emulsion, but all the emulsion droplets were 
deflocculated to primary ones in very diluted 
concentration, where there was no relation 
between flocculation degree and oil concentration. 

In order to elucidate the relationship between 
flocculation ol oil droplets and emulsion stability, 
the rate of change in concentration of oil a t  a 
fixed depth was also determined quantitatively 
as a function of time by measuring the 
fluorescence of anthracene which had been 
dissolved in the oil phase of emulsion. 

From these results, it  was shown that there 
was a distinct relationship between the floc-size 
measured with the Coultcr counter and the 
stability of emulsions. 

EXPERIMENTAL 
Material.-Liquid paraffin, olive oil, and orange 

oil wcrc all reagent grade materials. Ethyl di- 
hydroabietate was synthesized from abietic acid 
by esterification and hydrogenation; b.p. 160-195"/ 
0.2 mm. Hg, diz 1.0269, ng 1.5230, acid value 3.0. 

Gum arabic u.as used as an emulsion stabilizer. 
Sodium chloride and anthracene wcrc of special 
grade. Ether used for extraction of anthraccnc 
was freed from fluorescent impurities by passage 
through an alumina column. 

Preparation of Emulsions.-Anthracene was dis- 
solved in oils to give O,ZT> (w/v) solutions. Ten 
grams of gum arabic mas dissolved in 1 L. of dis- 
tilled water under stirring with a homo-mixcr 
(Type Tokusyu Kikai Kogq-o Co.). Twenty milli- 
liters of oil (containing anthracene) was then added 
and pre-emulsificd for 2 min. This relatively 
coarse emulsification was thcn followed by passing 
through a Monton Gaulin homogenizcr undcr about 
4500 p s i .  Size distribution of primary droplets 
of emulsions dependcd upon the pressure under 
which the emulsion was forced through thc valve 
of homogenizer. In addition, viscosity of oils arid 
number of timcs of homogenization had effects on 
the droplet size distribution of the resultant emul- 
sions. The emulsions containing 2.0y0 oil phase 
by volume wcrc used as the original emulsions. 
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Measurement of Size Distributions.-The tncthnd 
for measurement of droplet-size distribution ol 
einulsions with the Coultcr coutiter has been rc- 
ported previously in detail (9 j. Our experiment 
followed this method. The aperture of 30 or 50 
p was used in accordance with the size of droplets. 
Thc threshold scale of the instrument mas calibratcd 
with polystyrene latex,' 0.769 and 1.305 p in di- 
ameters. One-tenth per cent of salinc was uscd as 
suspending medium. Since the floc-size clistribti- 
tion varied slightly with stirring, the measurement 
was carried out w-ithout stirring in this experiment. 
As the reproducible results were obtaiued with the 
same sample in the repeated measurements, it  was 
thought that creaming did not occur during the 
measurement. The sizc distribution of cniulsion 
was measured at  various concentrations by diluting 
with 0.1 f:% saline solution. Deflocculatiou was 
facilitated by dilution of emulsion, and a t  last the 
further dilution of emulsion resulted no longer in 
any change of the characteristic shape of the dis- 
tribution curvc. The size distribution of primary 
droplcts was obtained a t  a diluted concentration 
under which the modal diameter of thc distribution 
curve did not become smaller. The droplet size 
was also detcrmined photomicroscopically. The 
floc-size distributions of emulsions were corrected 
according to the table of coincident passages supplied 
by Coulter Electronics, Inc. The modal diameters 
obtained from the floe-size distribution curves were 
used as the criterion of the degree of flocculation of 
droplets in emulsions. 

With olive oil emulsion, the size distribution was 
measured a t  constant emulsion concentration (2  x 

oil) by diluting with varying salt concentra- 
tion. The threshold scale of instrument was cali- 
brated on every occasion of measurement. 

Stability Measurement of Dilute Emulsions.-In 
these experiments, the concentration of oil phase. of 
emulsion was 1 X to 4 X l O P %  and for this 
low concentration, a special method was necessary 
to determine thc conccntration of the oil in a small 
amount of samples collected from these emulsions. 
For example, when 1 ml. of a sample was collected, 
the amount of oil in the sample was only about lop5 
ml., which was too small to determine quantitatively 
with gas chromatography. For this reason, fluores- 
cent analysis was used in order to dcterminc the 
small amount of oil. 

The previously prepared stock einulsioii contain- 
ing anthraceue was diluted to  1 X 10-3 to 8 X 

oil phase by volume with 0.1% saliue solu- 
tion. The diluted emulsions werc allowed to stand 
in large glass cylinders (A) equipped with a small 
side orifice (B) closed by a rubber stopper (C) a t  
the lowcr part of the cylinder. The vessel was 
about 9 cm. in diameter and about 60 c111. in height. 
Thc small orifice was fitted a t  the height of about 2 
cm. from the bottom of the vessel. A long necdle 
(D) was put into the vessel through a rubber stopper, 
and the tip of the needle was located at  the center 
of the cylinder and just 2 cm. in height from the 
bottom (Fig. 1). Samples were easily collectcd 
through the needle a t  certain time iutervals at the 
constant depth. Two milliliters of a sample emul- 
sion was taken for one test, and the oil composition 
and the anthracene, of course, were extracted from 

The method is as follows: 

1 Supplied by J. W. Vanderhoff, Dow Chemical Co. 
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the sample with 5 ml. of refilled ether, and the 
fluorescent strcngth of this ethereal solution was 
measured cvith Arriitico's spectropliotnfluorotneter 
a t  404 rnp by activating at 332 mp. The volume 
of the emulsivn in thc cylinder was 2.1 L., arid the 
total volume of the collected samples was 20-25 
ml,, which is only about ly0 of the whole volumc 
of emulsion, and is negligibly small. I t  was found 
that the flunresccnce of the extract rcmaincd con- 
stant within an error with the same sainple, in w-hich 
thc concentration of oil remained constant a t  a 
certain depth, aud also thcrc was a lincar rclation- 
ship between anthracene comeritration (parallel to 
oil concentratinn) and strcngth of fluorescencc.. 
However, tlie strerigill of fluorescence of anthraceric 
it1 orange oil dccrcascd with time. Therefore, 
in the case ol orange oil, it  was necessary to use 
controls that werc equal in coucentration to that 
of test emulsion and werc shaketi a t  certain intervals 
in order to prevent creaming. The difference in 
fluorescence between the test emulsion and the 
control was considered as the decrease of anthracene 
due to creaming. 

RESULTS AND DISCUSSION 

Floc-Size Distribution.-The floe-size distribu- 
tion of olive oil, liquid paraffin, aiid orange oil 
emulsions at various concentrations measured with 
a Coulter counter are given in Figs. 2 and 3 and 
Table I. The droplet-size distributions are in- 
cluded in these figures. These figures clearly show 
that the pcdk of thc floc-size distribution curve 
migrates to larger droplet size with increase in 
emulsion concentration, and to the contrary, with 
decrcase in emulsion concentration, they shift to 
smaller size. Table I shows the total number 
particles counted by the Coulter counter a t  various 
oil concentrations. According to these data, par- 
ticle number is not only parallel to oil concentration, 
but less than tlie number calculated from the num- 
bers of primary droplets. The measured number 

Fig. 1.-Apparatus 
for thc deterinination 

A of emulsion stability. 
Key: A, cylinder; B, 
side orifice; C, rubber 
stopper; D, needle; 
E, test emulsion; a, 
about 60 cm. ; b, ahout 
9 cm.; c, 2 cm. 
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1 X 10-370 of orange oil, the particles were sep- 
arated to primary ones. Thus, dctcrmination of 
size distribution with a Coulter counter confirmcd 
the presence of flocs in emulsion. In the previous 
studies of flocculation and deflocculation of oil 
droplets in soap-stabilized emulsions (2, 7), the 
rate or creaming of emulsion or cream volume after 
a definite time period has been taketi as the cri- 
terion of flocculation. In addition, microscopic 
observation and turbidity measurement have been 
made for studies of flocculation. In comparison 
with these methods, a Coulter countcr method is 
excellent for the determination of floc-size, as it 
makes it possible to measure more exact floc-size 
distribution than that obtained by the previous 
methods. However, this method is not suitable for 
thc investigation of the cffcct of surfactant only on 
flocculation, as an  electrolyte solution must be 
cmployed as a medium in the measurement. 

In the present work, the flocculation of emulsion 
droplets stabilized with acacia (which was one of 
the strong anticoalescent agents) in 0.155 saline 
was invcstigdted. Here only the cffcct of oil phasc 
concentration on flocculation of droplets in the same 
kind of emulsion and the same salt concentration 
was studied. 

Bccdusc the rate of flocculation sccms to be rapid 
and 20-30 niin. were necessary for a determination 
of the distribution curve, the ratc of flocculation 
could not be determined with this method. There- 
fore, the determination of the distribution curve 
was carried out after 5-10 min. of dilution of emul- 
sion. 

Accordiug to Smoluckowski's thcory of coagula- 
tion kinetics (10, ll), the time required for the drop- 
lets to  collide by Brownian motion is a function 
of the Boltzman constant, the temperature, the 
viscosity of the continuous phase, and the number 
of primary droplets. The time required for the 
flocculation of these emulsion droplets (about 0.6- 
0.7 N, 8 X l 0 F  to 10-470) was not more than 10 min. 
The numbers measured a t  various concentrations 
with the Coulter counter ( N )  were regarded as the 
total numbers of flocs in emulsion and the numbers 
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Fig. 2.-Change of floc-size distributions with con- 
centration of emulsion (orange-oil emulsion). 
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Fig. 3.-Change of floc-size distributions with con- 
centration of emulsion (olive-oil emulsion). 

TABLE L-TOTAL ~V-UMBERS OF PARTICLES IN 
ORANGE OIL EMULSION AT VARIOUS CONCENTRA- 
TIONS MEASURED WITH A COULTER COUNTER 

(IN 0.17' SODIUM CHLORIDE SOLUTION) 
Rc-llltive _ _  - 

Emulsion N ~ .  or N O . /  

( X  l O - r % )  in 0.05 ml. No. Concn. 
Concn. Particles Relative Emulsion 

8.0 61,500 1.000 1.00 
4.0 58,000 0.943 1.89 
2.0 4%, 500 0.789 3.16 
1.0 48,000 0.797 6.3% 

of particles approached to the ralculated number 
with dilution. At a very dilute concentration, for 
example, in 1 x lO-3yO orange oil emulsion, the 
characteristic shape of the distribution curve did 
not change, and only the peak height of curve 
decreased according to the concentration after 
dilution. At this concentration, the size distribu- 
tion curve was regarded as that of primary droplets 
in emulsions. These size distributions were in good 
agreement with the photomicroscopic observation. 
It may be reasonable to  explain these phenomena 
as the deflocculation of flocculated emulsion by 
dilution. The scheme of these phenomena is il- 
lustrated in Fig. 4. ; i.e., in Concentrated cmulsion, 
which represents 4 X 10-3 to 8 X 10-370 of orange 
oil emulsion in Fig. 2, the flocculation occurred 
highly; in medium concentrated emulsion, which 
represents 2 X 10-ayo in Fig. 2, the flocculation is 
not so high, and in diluted emulsion which has 

A 

I -  I 

D 

Fig. 4.-Schematic rcprescntation of the principal 
types of emulsion. Key: A ,  concentrated; B. 
medium; C, diluted; D, creaming occurs (unstable); 
E,  no creaming occurs (stable). 
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The floating or settling rate depends mainly 
upon the size and the dcnsity difference betwecn 
oils and media, and upon Brownian motion in small 
droplet size rangc. Actually, with cthyl dihpdro- 
abietate emulsions, oil concentration a t  the lower 
position of the test cylinder inclincd to increase, 
because its density is slightly larger than that of 
water (Fig. lo), while with other emulsions oil 
concentration inclined to decrcase. As shown in 

0 L- 
0 10 20 30 

No ( x  1 0 4 )  IN 0.05 ml. 

Fig. 5.-Relation between N / N o  and No obtained 
with ethyl dihydroabietate emulsion in 1% sodium 
chloride solution. 

15 

c - 
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9 

0.5 1.0 1.5 2.0 
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Fig. 6.-Floc-sizc distribution curves of 2 X 
10-30/0 olive oil emulsion in diffrrent salt concentra- 
tions. Key: A, in lY0 NaCl solution; B, inO,l% 
NaCl solution. 

of primary droplets ( N o )  which constituted the flocs 
were calculated from the total iiunibers of droplets 
measurcd in very diluted concentration, where the 
droplets did not form any flocs. The relation 
between N / N o  and NO obtained with ethyl dihydro- 
abietate eniulsiori in 1% saline is given in Fig. 5. 
The curve in Fig. 5 shows the relation similar to 
tha t  of Smoluckowski's theory of coagulation. 
From these results, it  is concluded that the floccula- 
tion is attributed to the collision of droplets, and 
the flocculation is rcversible so that thc equilibrium 
is attained rapidly after dilution. 

In these cases, the flocculation of emulsion droplets 
was demonstrated in O.lvo saline solution. As 
pointed out earlier (12), it  can be considered that 
the flocculation was affected by the concentration 
of salt. Actually, as shown in Fig. 6, the numbers 
of smaller particles in 1% NaCl solution were morc 
than those in O.lyo NaCl solution at constant 
emulsion concentration. 

Emulsion Stability.-Figures 7-10 illustrate the 
emulsion stabilities at various concentrations of 
olive oil, liquid paraffin, orange oil, and ethyl di- 
hydroabietate emulsions. The changes in oil 
concentration of emulsion at fixed position upon 
standing indicate the floating or settling of oil drop- 
lets in emulsion at a certain ratc. 

2 5  
0 
2 
0 
0 
A 
0 

0 

n. 
0 5 10 15 20 

TIME, D A Y S  

Fig. 7.-Stability of olive oil emulsion as reflccted 
in changes with time of thc Concentration of the oil 
phase near the bottom of the test vessel. Thc 3 
plots correspond to  3 different initial concentrations. 
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Fig. S.--Stability of liquid paraffin emulsion. 
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Fig. 9.-Stability of orange oil emulsion. 
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Figs. 8 and 9, the rates of dccrease in oil concentra- 
tion wcre initially rapid, gradually became slower, 
and attained to cquilibria. The rate of decrease 01 

Journal of Pharmaceutical Sciences 

concentrated emulsion is much more than that of 
diluted one, but the stability curve of the olive oil 
einulsion illustrated in Fig. 7 is slightly different 
from that of Figs. 8 arid 9. In the vcry diluted 
eniulsion of any oil, floating or settling of droplets 
does not occur, and therefore oil conccntratiori 
remains constant. Even if droplets in emulsion float 
equally at any concentration, it follows that the 
rates of decreasc in oil concentratiori of more con- 
centrated emulsion are larger than those of more 
dilute emulsions. Therefore, the rate of creaming 
must be compared by using thc spccific rate or de- 
crease in oil concentration, l / c  (dcldt) ,  wherc c 
is oil concentration a t  time t at a constant depth. 

Relation between Flocculation and Stability of 
Emulsions.-Creaming of emulsions is the phenom- 
enon that occurs in conscquence of separation of oil 
droplets due to the density difference between the 
dispersed and continuous phases. Hence, the rate 
of creaming depends upon the density difference, 
the size of paxtirles, and others according to Stokes' 
law. If the flocculation occurs in emulsion, a 
flocculated particle behaves as a larger dropkt, 
although primary droplets were small. As shown 
in Figs. 2 and 3, the droplet size of the priinary 
particles of cmulsions prepared in this laboratory 
was about 0.6-0.7 fi and this was confirmed with 
photomicrograph (Fig. ll),  in which none of the 
larger droplets were contained. From the data of 
the emulsion stability and the floc-size distribution 
mcasured with the Coulter counter, the relation 
between them may be concluded as follows. 

For srnaller droplets, a continuous random zig-zag 
motion called Browrlian motion was expected to 
account for the stability against creaming; while, 
in the concentrated emulsion, Brownian motion of 
droplets affects the growth of flocs, and the larger 
flocs float according to Stokes' law. The relation 
betwccii flocculation and emulsion stability of orange 
oil etnulsion is givcn in Fig. 12. Thc modal diameter 
of floc-size measured with the Coulter countcr was 
used as the size of flocs, and the specific rate of 
decrease in oil conccntratiori was used as thc measure 
of emulsion stability. The stability decreased 
rapidly with the increase of floc-size above a ccrtain 
size. Bclow this size, creaming did not occur to 
any cxtcnt and emulsion was stable. 
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Specific Activity of Trypsin 
By ROBERT C. PETERSON 

Trypsin has been fractionated electrophoretically o n  cellulose acetate into four 
tones. The lead zone, which contains the tryptic activity, was treated with specific 
substrate for enzyme activity and with the Lowry test for protein content. Specific 
activity of pure trypsin appears to be slightly greater than 8000 N.F. u./mg. Un- 
expected interference from commercial cellulose acetate was found with the pro- 
tein test; this was reduced to a practical level. The phenomenon of tailing of pro- 

tein in electrophoresis was studied. 

HE ELECTROPHORETIC heterogeneity of com- 
Tinonly available trypsin is well cstablishcd 
(1-13). Investigations in this laboratory on the 
purity- of trypsin suggested the desirability of a 
simplificd mcthod [or dctcrmining specific ac- 
tivity which could be applied to  micro amounts of 
this enzyme and with slight modilication to other 
enzymes. Electrophoresis on ccllulosc acetate 
combined with colorimetry offers such a method. 

Earlier work included attempts at quantita- 
tive elution from cellulose acetate. It was 
found that  the tryptic activity remaining on the 
cellulose acetate could be followed with the assay 
of Schwcrt and Taketiaka (11) using the specific 
substrate bcnzoyl argininc ethyl ester (BAEE). 
From this i t  was decided tha t  a method for specific 
activity might be derived from a cornhitied dircct 
determination of' protein and tryptic activity in 
the electrophoretically fractionated zones while on 
the cellulose acetate. This article reports (a )  the  
fractionation of trypsin by ccllulose acetate elec- 
trophoresis, (b)  dclermination of the amount of 
protein and tryptic activity in the isolated enzyme 
zone, and (c) a calculation of specilic activity for 
the enzyme isolated under these cunditions. 

Previous similar work includes the extraction 
or elution of chromatographically or electro- 
phoretically produced zones followed by reaction 
and measurement (9, 13, 1.5, lli), the production 
or color on the strip lollomcd by extraction and 
measurement (15, 17-21), and direct reaction (>I 
the substance in the separated zone without a 
preceding or following elution (22-2;). 

Considering the difficulty of total elution, the 
time needed, and the viability of enzymes, dircct 
test-t.ube reactions o f  the excised zones seemed 
more 1)raetical. While .fluorigenic substrates 
( 2 5 )  or thc ninhydrin reaction for amino acids 
(22-24, 26, 2 i )  have been used in this fashion, 
the author is not aware of a combination of 
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similar tests being used to  determine the specific 
activity of an enzyme. 

METHODS AND MATERIALS 

The standard for a11 determinations was N.F. 
trypsin, lot 6040, 3226 N.F. u./mg. (28). 

Electrophoresis was carried out in a greatly 
modified, horizontal ce1l.l Rigidity of components 
was provided, and evaporation was corntrolled by 
supplying inner and outer seals, a slotted inner 
plate, and by filling air spaces with Lucite blocks 
and sponges. 

Cellulose acetate2 was selected as the supporting 
medium. Several brands were tricd, and in no 
case was sufficicnt precision of mobility found 
among several strips on a single run for quantitativc 
purposes. Excellent precision was acquired on a 
single strip, howcver, by spotting 2 zones at the 
origin, 0.5 in. from either edge on a 5-cm. wide strip 
and using onc half (a longitudinal cut) as a guide. 
(See Fig. 1.) The guide strip was dyed for 1 min. 
wheti tryptic activity was to bc determined; a longer 
time was perniissible when protein was determined. 
The dye solution was 0.l:', Ponceau S in 5% tri- 
chloroacctic acid. 

Some investigators found that the clcctrophorctic 
heterogeneity of trypsin depended to some extent 
upon the  presence of calcium or other ions (Z,4-7,9) 
while others did not (11, 13). The greater stability 
of trypsin in the presence of calcium ions and at an 
acid pH is well known (29-32). With this in mind, 
i t  was decided to use calcium ions in the assay but 
not during electrophoresis. The buffer was formic 
ncid-pyridine-~~rater/l5 of 90yo: 2.5: 982.5 by vol., 
pII 2.65. Thc  strips wcrc prerun 15 ~ i l j r i .  with re- 
versed polarity before application of sample. The 
runs werc for 3 hr. a t  room temperature and about 
7.8 v./cm. For determination of tryptic activity, 
the wet strips were used within 1 min. aftcr removal 
from thc chamber; for protein determi~intion, the 
strips wcre air dried. 

Protein was determined with tlic Lowry ( 3 3 )  modi- 
fication of the FoliIi-Ciocalteu (34) rcagcnt using 
phenol reagent prepared in this laboratory according 
to Folin-Ciocalteu (34). The phenol reagent was 
tested for optimal dilution according to Oyama and 
Eagle (35) ,  and their Lowry reagent modifications 
wcre used. 111 practice, the protein zone on the 
cellulose acetate was cut out and placed in a tcst 
tube. To this was added 0.5 ml. of water and 2.5 
ml. of Lowry's reagent C, and the preparation was 
allowed to stand exactly 10 min. with frequent agita- 

1 Gordon-Misco, Microchemical Specialties Co 
2 Oxoid, Colab Laboratories, Inc. 
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TABLE I.-~.owRY PROTEIN TEST OF CELLULOSE 
ACETATE WITHOUT APPLICATION OF PROTEIN AND 
wITn AND wImoUT SPECIAL WASH TO MINIMIZE 

THIS CONTANIXANT 

,- Absaiption at 7.50 rnp - 
Unwashed Strips Washed Strips 

Sections Sections 
T.ot 1 2 1 2 
A 0.09.5 0.091 0.032 0.025 
R 0.196 0.162 0.030 0.030 
1) 0.089 0.087 0.020 0.017 
E 0.079 0.103 0 029 0.031 
H 0.087 0.090 0.021 0.022 

Fig. 1.-Photograph showing resolution and 
precision of patterns with duplicate spotting on 
same strip of cellulose acetate. Trypsin, 40 mcg , 
in aqueous formic acid-pyridine, pH 2.65; applica- 
tion 2.5 in. from anode end. Stained with naphthol 
blue black, lYO in $.5yo acetic acid. The leading 
zone contains the tryptic activity. Key: A, Eli 
Lilly; B, Mann Research Laboratories; C ,  Nu- 
tritional Biochemical Corp. ; D, National Formulary. 

tion. Folin reagent a t  the proper dilution, 0.25 ml., 
was jetted in by syringc and immediately mixed. 
The tubes were agitated frcqucntly, and the absorp- 
tion was determined at  1 hr. a t  $50 nip with a spec- 
trophotonieter. The rcfcrence solution was prc- 
pared similarly from a blank piece of cellulose acetate 
cut from the same strip immediately next to the test 
zone. Early inability to gain precision of results 
with the Lowry test when trypsin was spotted or 
electrophoresed on cellulose acetate was found to be 
due, in great part, to the presence of matcnal in the 
cellulose acetate, as received, which gave a Lowry- 
positive test. From expcricnce, it  was found that 
an overnight soak in 0.01 N HCl followcd by 2 rinses 
in fresh 0.01 N HCl and 2 rinses in deionized watcr 
would reduce this Lowry-positive material to usable 
values. 

The Lowry test as described in this report was 
applied to 5 different lots (strips received a t  differ- 
ent times were considered different lots) of tlie cell- 
ulose acetate. One strip from each lot was used. 
Each strip was divided in half; equal scctions from 
each half, with and without the special wash, wcrc 
submitted to the Lowry test. The results are in  
Table I. All strips used for the Lowry test in this 
report were washed as above before being placed 
in the proper buffcr. The contaminant has not been 
iden tifiecl. 

With each series of protein determinations, freshly 
dissolved trypsin in water and L-tyrosine4 [stored in 
0.2 N HCI, 0.5yo by vol. in 37Y0 formaldehyde (36 ) ]  
were run as standards to assure stability of the 
Folin reagetit. 

Bcnzoyl~~~-argit~i~ie-p-nitroanilide (BAPA)4 was 
3 Beckman model DU. 
4 Mann Research Laboratories, luc. 

used as the chromogenic substrate for tryptic ac- 
tivity (37-39). The substrate solution consisted of 
100 mg. or BAPA dissolved in 20 ml. of redistilled 
dimethylsulfoxidc and diluted to 100 ml. with gH 
8, 0.1 M Tris buffer, 0.005 M in CaC12.2H20. 
Five milliliters was used for each test; the reaction 
was carried out for 15 min. at 37" and stopped with 
1 ml. of 30Y0 acetic acid. Absorption was measured 
a t  410 mG versus a reference solution containing 
acetic acid as inhibitor. 

RESULTS AND DISCUSSION 

Determination of Protein.-Thc Lowry test was 
applied to tlie determination of protein (trypsin) 
which had been spotted on cellulose acetate under 
conditions appropriate for, but without, electro- 
phorcsis. The linear relationship between absorp- 
tion values and amounts of protein is shown in 
Fig. 2. The span of values indicated at  each point 
on the curve is =!=l standard error. Trypsin (30 
mcg.) and L-tyrosine (15 mcg.), in solution, were 
brought through the Lowry test as standards si- 
multancously with the above series. The daily iIi- 
tegrity of the Folin reagent and the tcst is indicated 
by the 7 absorbance averages and their standard 
deviations (trypsiti, x = 0.361, "'/b cocficient of 
variation = f1 .4 ;  L-tyrosine, X = 0.467, yo co- 
efficient of variation = f 0 . 8 ) .  The plot in Fig. 2 
provides a standard for determination of protein in 
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Fig. 2.-Lowry test for protein (trypsin) spotted on 
cellulose acetate. 
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the trypsin zone rcsolvcd by electrophoresis, Sirice 
the Lowry test varies with different proteins, such 
a curvc would have to be constructed for each pro- 
tein for which such a quantitative procedure would 
bc cstablishcd. 

By incubating the various electrophoresed zones 
with gelatin, the main part of the tryptic activity 
was found in the leading zone. Very small amounts 
of tryptic activity wcre found all along the strip 
from the leading zone to the origin; this tailing will 
be clarified later in this report. 

The Lowry test was applied to the lead zone after 
clcctrophorcsis of varying amounts of hT.F. trypsin. 
For determination of specific activity. only one 
level is needed, but it was of interest to determine its 
applicability over tlie range generally used in cell- 
ulosc acetate elcctrophorcsis. With the electro- 
phoresis procedure as described, three 5 X 25.4-cm. 
strips w-crc clcctrophorcscd a t  one time and used for 
a single assay. The same amount of enzyme was 
spotted in duplicate on each strip. A longitudinally 
cut half served as guide-either after brief dyeing or 
alter partial drying during which the protein zones 
hccame opaque and visible. By thc latter method 
a fourth zone can be seen which Ponceau S is too 
inscnsitivc to stain. Thrcc electrophoretic runs (3 
assays) were averaged to give the value a t  one level 
of application. Table I1 gives these values. A t  
the 3-mcg. levcl there is insuficiciit protein in the 
lead zone for application of the test, and, in addition, 
it can be seen that not until about 18 mcg. is applied 
is a constant percentage of the applied protein found 
in thc lead zonc. This rcsults from the tailing of 
trypsin activity with a certain saturation of the 
attracting sites on the cellulose acetate. A plot 
of applied trypsin against Lowry test absorption 
from the lead zone is given in Fig. 3 .  Linearity is 
found in thc rangc of 18-42 rncg. applied trypsin. 
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TABLE II.-LowRY PROTEIN DETERMIXATION OF 
LEAD ZONE AFTER ELECTROPHORESIS OF N.F. 

TKVPSI v ~- c- ~- 

Proteinn 5% Of 
Applied Av. A ,  %Yo in Lead Applied 
Trypsin. 750 Cocff. Zone, Protein in 

mcg. mp Var. mcg. Lead Zorle 
3 
6 

12 
18 
24 
30 
36 
42 

0.002 85 
0.019 9 1 16.7 
0.063 4 5 42 
0.110 3 . 5  9 . 5  53 
0.144 4 . 6  12 .8  53 
0.181 4.1 16.3 54 
0 .207  3 .3  19 53 
0.249 :? .3  23 55 

Frnm standard curve of N.0. trypsin spotted on ccllu- 
lose acetate. 

As with the Lowry tests on trypsin spotted on 
cellulose acetate, tlie tests on each level of elcctro- 
phorcsed trypsin were accompanied by standards of 
trypsin and L-tyrosine. The average absorption 
values were 0.360 for trypsin (compared to 0.361 be- 
lore) and 0.465 for L-t>-rosine (compared to 0.467 hr- 
forc). Thc Folin rcagcnt and method have been 
stable during the course of this work. 

Determination of Tryptic Activity.-The chronio- 
genic (BAPA) assay wits applied to the determiria- 
tion of cnzynic or tryptic activity in zones when 
various amounts were spotted on cellulose acetate.2 
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Fig. 3.-Lowry test for protein (trypsin) applicd 
to lead zone (tryptic activity) after electrophoresis. 
Data are from Table 11. 

."""I I/ 

rncg. N.F. TRYPSIN 

Fig. 4.--RAPA assay of tryptic activity in zones 
when N.F. trypsin is spotted in various amounts on 
cellulose acetate. 

The cellulose acetate was prepared as for electro- 
phoresis before application. As soon as the applicd 
zone had soaked in, it was cut out and dropped into 
the reaction solution. Equal-sizc zoncs were cut 
according to a pattern (1 in. wide and 1.5 in. long 
with length of strip; these corresponded to the 
enzymc-zone sizc for thc Lowry test), and the time 
of cutting was staggered every 1 min. A straight 
line can be drawn to relate the amount of enzymc 
applied and the average absorption value (Fig. 4). 

The BAPA assay was applicd to a quantitative 
study of tailing after electrophorrsis of 31 mcg. of 
N.F. trypsin. The entire pattern of the wct strip 
was scctioncd into 10 cqual parts using a dyed guide 
strip arid cardboard teinplatc to insure uniformity 
of zone size. Three electrophorctic runs gave the 
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average values listed in Table 111. The range of 
absorption values for the lead zone was 0.707-0.720. 
The average total absorption of all sections was 
0.812 with a range of 0.809-0.817. Rcasonable 
agreement 01 results from application of the BAPA 
assay to spotted enzyme and to clcctrophoresed 
enzyme is indicated by the total absorption values 
a t  the 30 mcg. level, 0.763 and 0.812, respectively. 
N.F. trypsin was used as an indicator of the integrity 
of BAPA substrate. Teu micrograms in 1 pl. of 
buffer solution was trcated simultaneously with 
the trypsin zones on cellulose acetate. Indicator 
values ranged from 0.448 to 0.510 with an average 
of 0 .47 ;  the substrate was satisfactory during the 
tests. The use of an indicator is necessary since 
BAPA is not stablc indefinitely, even under refrigera- 
tion. 
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realized that some variation might exist because of a 
difference in reaction of the N.F. trypsin and the 
more pure trypsiii in the electrophoretic zone, but 
this is considered to be insignificant. Since in all 
cases the BAPA assay showed that 87-88?& of the 
applied activity was found in the lead zone, a multi- 
plication of the initial assay in K.F. u./mcg. by the 
30 mcg. applied and the per cent recovered, gives 
the total amount of enzymc found in the lead zone 
as N.F. units. These totals are found in the second 
column of Table I\’. The specific activity in the 
lead zonc was calculated from these totals arid from 
the totals of protein found in this zonc. It appears 
from these data that the absolute specific activity of 
pure trypsin is above 8000 N.F. u./mg. The varia- 
tion in specific activity may be due to the presence 
of varyiug amounts of denatured trypsin. All 
samples were stored as solicls under refrigeration, 
but it has  been our experience that occasional deg- 
radation is found even under these conditions. I t  
should be pointed out that these samples had been 
refrigerated for varied amounts of time. 
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Substrate Specificity with Palladium-on- Silica 
Gel Catalysts 

By ROBERT L. BEAMER and W. WENDELL LAWSON 
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Hydrogenation studies using palladium de- 
posited upon silica gels prepared i n  the 
presence of various alkaloids indicate sub- 
strate selectivity. The selectivity appears anal- 
ogous to that observed with enzymes (biocata- 

lysts). 

DADGETT and Beamer (1) have demonstrated * the  stereospecific hydrogenations of a- 
methylcinnamic acid catalyzed by palladium 
deposited upon silica gels precipitated in the 
presence of various cinchona alkaloids. That  
similarly prepared silica gels possess adsorp- 
tion specificity has been demonstrated by Dickey 
(2) and IIaldeman and Emmett (3). Beckett 
and co-workers (4) have shown stcrcoselcctive 
absorption on gels prepared in the presence of 
various alkaloids. 

The present work is concerned with extending 
the hydrogenation studies of Patlgett and Bcamer 
(I) to include substrates in addition to a-methyl- 
cinnamic acid and silica gel carriers prepared 
in the presence, not only of cinchona alkaloids, 
but  a modification of the cinchona alkaloidal 
structure (quinenc). Studies using gels prepared 
in the presence of strychnine and brucine also 
were made. 

EXPERIMENTAL 

Reagents.-~-Methylcinnaniic acid (K and K 
Laboratories), quinine sulfate N.F., quinidine sul- 
fate U.S.P., cinchonine sulfate U.S.P. IX, cin- 
chonidine sulfate U.S.P. X, strychnine sulfate N.F., 
brucine (Nutritional Biochemicals Corp.), propio- 
phenone (Eastman Organic Chemicals), and ethyl- 
phenyl carbinol C.P. (Columbia Organic Chem- 
icals). 

Quinene.-Confusion exists in the literature con- 
cerning the melting poirit of quinene which report- 
edly melts itidefiriitely between 67 and 90" ( 5 )  

Comstock and Koenigs (6) first prepared quinene 
in 1884 and reported a mclting point of 81-82" for 
the dihydrate. Giemsa and Halberkann (7) also 
prepared quinene but rcportcd a melting point of 
67'. The compound then resolidified and remelted 
from 90-91". Both papers describe the preparation 
of quinene by dehydrohalogenations of 9-chloro-9- 
deoxyquinene using alcoholic potassium hydroxide, 
but differ in their methods of isolation. 

The isolation described by Conistock and Koenigz 
proceeded through the zinc chloride-hydrochloric 
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acid double salt ( 6 ) .  Giemsa and Halberkann 
crystallized quinene from a *50y0 acetone-water 
solution without prior conversion to the zinc chlo- 
ride-hydrochloric acid double salt ( 7 ) .  

The discrepancy in melting points possibly could 
arise from the different isolation procedures. There- 
fore, we chose to isolate quinene by both proccdurcs 
and to  compare the products as to melting point, 
infrared spectra, and opt.ica1 rotation. 

Quinene was prepared by dehydrohalogenation of 
9-chloro-9-deoxyquinine as described by both 
Koenigs and Giernsa. The product was isolated by 
use of each of the described procedures (6, 7) and 
compared as to yield, Ineking point, infrarcd spcctra, 
and optical rotation. The infrared spectra were 
obtained in cliloroform solution using a Perkin-Elmer 
Infracord model 137 spectrophotometer and were 
identical for the products of each separation. The 
spccific rotation values were obtained using a 
Rhudolph spectropolarimeter model 200. The 
data for the yields, melting points, and specific rota- 
tions are summarized in Table I. A mixed melting 
point of the two products produced no depression. 

The authors also prepared quincne by starting 
with 9-chloro-9-dcoxyquinidine. The product of 
this reaction was identical with that prepared from 
9-chloro-9-deoxyquinine. These results are in ac- 
cord with those reported by Koenigs (8). 
9-Chloro-%deoxyquinine.-Preparatinn of this 

compound followed the procedure of Pouwels atld 
Veldstra (9) which involves the replacement of the 
hydroxy group of quinine by chlorine through thionyl 
chloride. 

Q-Chloro-9-deoxyquinidine.-This compound was 
preparcd according to the thionyl chloride procedure 
of Pouwels and Veldstra (9). 

Propiophenone 0xime.-Thirty grams of hy- 
droxylamine hydrochloride were added to 33.5 Gm. 
of propiophenone in 150 ml. of pyridine and 150 ml. 
of absolute alcohol. The mixture was refluxed 24 
hr. Following the reaction period, the mixture was 
concentrated in mcuo with a rotary evaporator and 
left stoppered in the hood for 3 days, during which 
time white crystals formed. 

The crystals were collected by filtration and 

TABLE I.-COMPARISOS OP QUINENE BY DIFFERENT 
LSOLATION METHODS 

~~ ~ 

Yield, Yo Specific 
Method Gm. Yield" M.p. Rotation 

Comstock- 

Giemsa- 
Koenigs 3 .  6Td 39.7 76-80" f 4 8 .  936 

Halberkann 3 .40d 36. X 75-78' f 45 .9P  

Rased nn 9-chloro-Y-deoxyquinine and urn quinene di- 
hydratc (5). IJncnri-ected. " In  95% alcohnl using the 
dihydrate (C = 1.776 Cm./ml.), temper-ature = 20'. wave- 
length = 589 m p ,  length of tube was 200 mm.  dStarting 
with 9.4 Gm. of 9-chloi-0-9- deixyquinine. e The liteiatui-e 
value for  the dihydrate was unavailable. 
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washed with a small amount of water. The filtrate 
was concentrated further on the rotary evaporator 
and cooled in a refrigerator. The additional crystals 
were collected by filtration, washed with water, and 
recrystallized from ethanol and water. The weight 
of the product after recrystallization was 23.0 Gm., 
representing a yield of 62% of theory. The crystals 
melted from 32-55'. 

Preparation of Carriers.-The silica gel carriers 
were prepared by the procedure of Padgett and 
Beamer (1). The silica gels were precipitated from 
an aqueous sodium silicate solution using a solution 
of the alkaloid in 5.7 N hydrochloric acid. The 
gel was dried under a current of air in a fume hood, 
and the alkaloid was removed by washing with 
methanol in a Soxhlet extractor. 

Hydrogenation Studies.-The catalysts were pre- 
pared by the method of Hartung (11) using 100 mg. 
of palladous chloride per gram of gel and sodium 
acetate as a buffer. Hydrogenations wcrc per- 
formed using 0.05-mole substrate in absolute ethanol 
on a low-pressure Parr hydrogenation apparatus a t  
an initial pressure of 4.2 Kg./sq. cm. and using 
initially 1.0 Cm. of catalyst. Heating was accon- 
plished with an infrared heat Lamp. Aftcr 24 hr., 
an additional 1.0 Gm. of catalyst was introduced, 
and the hydrogenation continued for another 8 hr. 
for a total reduction time of 32 hr. The reaction 
period of 32 hr. was used in all experiments and 
was bascd on the time required for reduction 
of 0.05 mole of a-methylcinnamic acid (I). Ko 
kinctic studies were attempted because of the ab- 
uormally long reduction period and thc lack ol an 
adcquatc temperature control. 

Following hydrogenation, the catalyst was re- 
moved by filtration, and the alcohol evaporated a t  
room temperature. 

Infrared Studies.-Inlrared spectra of winethyl- 
cinnamic acid, propiophenone, and quinene were 
determined in chloroform usiug a Perkin-Elmer 
model 137 Infracord spectrophotometer. The con- 
centrations of the solutions were 1 0 ~ o .  The spcctra 
of a-methylcinnamic acid and dihydro-a-Inethyl- 
cinnamic acid were also determined as 572 solu- 
tions. 

Infrared spectra of mixtures of varying propor- 
tious of a-methylcinnamic acid and dihydro-a- 
mcthylcinnamic acid were determined and their 
absorptions versus concentrations were plotted a t  
910 and 1625 ern.-'. 

The same degree of absorption a t  1710 cm.-' 
(carboxyl group) was obtained with the spectra of 
each of the mixtures. Following evaporation of 
solvent, the infrared absorptions of the hydrogena- 
tion mixturcs mcre determined a t  910, 1626, arid 
1710 cni. -l, and estimations of composition were 
IIiade. 

Gas Chromatographic Studies.-These deter- 
minations were made using a Beckman G.C.-24 
gas chromatograph. The column was composed 
of silicone 550, 5U70 on C-22 firebrick (42/60 mcsh). 
The column length was 6 ft. The instrument WRS 

equipped with a Bausch & Lornb Vom 7 recorder and 
a thermal conductivity dctcctor. 

The studies were made a t  a column temperature of 
160" and with a flow rate of 60 ml./min. Helium 
was used as the carrier gas. The sample size was 
0.005 nil. and was introduced using a Beckman 
22400 liquid sampler. 

[Reportcd (10) m.p. 53".] 
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RESULTS 

When substrates other than a-inethylcinnamic 
acid are employed with palladium-on-quinine silica 
gel catalysts, a lowered reactivity or a lack of re- 
activity was noted. These results arc summarized 
in Table 11. 

TABLE 11 .-HYDROGENATIONS WITH PALLADIUM-ON- 
QUININE SILICA GEL 

Group Compd. Employed yo Yicld 

/ \ -  I 
CH3 

NOH I 0 . 0  

It should be uotrd that of the substrates employed, 
only a-methylcinnamic acid and propiophenone 
osime in the absence of alcoholic hydrogen chloride 
gave a detectable yield. A lack of reaction was 
determined by no significant fall in hydrogen pres- 
sure and isolation within experimental error of all 
the starting material. 

The absence of hydrogen chloride from the 
propiophenone oximc rcduction introduced the 
possibility of secondary amine formation. So far, 
no secondary amiue has been detected by infrared 
spcctroscop y. 

Vapor phase chromatography produced only two 
peaks having retention times of 52 sec. and 18 niin., 
respectively. Thc peak at 52 sec. was identified as 
the solvent, ethanol. The peak at 18 min. was 
identified as 1-phenyl-1-propyl amine. Treatment 
with benzenesullonyl chloride followed by sodium 
hydroxide indicated only primary amine. 

That only starting material was isolated from the 
attempted reduction of propiophenone was shown 
by infrared spectroscopy and gas Chromatography 
and a comparison with known propiophenone. The 
possible hydrogenation products, cthylphenyl car- 
binol or n-propylbenzene (12), could not be detectcd 
by infrarcd spectroscopy or vapor phase chroma- 
tography. 

The choice of quinene as a substrate for hydro- 
genation with palladized quininc silica gel as the 
catalyst was made because of its structural similari- 
tics to quinine. 

The complete reduction of quinene is shown in 
Scheme I and leads to either dihydro-9-deoxy- 
quinine or dihydro-9-deoxyquinidinc. It was hoped 
that a stereoselective carrier would direct the reduc- 
tion to one of the possible diastereoisomers. 

Thus far, only quinene has been isolated from the 
reaction mixture. However, partial reduction could 
also lead to 9-deoxyquinine, 9-deoxyquinidine, or 
dihydroquinene. The authors are currently using 
other isolation techniques to attcmpt isolation of 
any of the possible products. 

In view of the substrate selectivity with the 
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CH=CY cH2-c& H 

9- Deoxyhydroquinine 

CH, 
cHz-cH& I cH30m 9-Deoxyhy droquinidine 

Hydrogenation of Quinene 

Scheme I 

palladium-on-quinine silica gel catalyst, varying the 
catalysts while employing the same substrate should 
give further information concerning the substrate 
selectivity of these catalysts. The results of these 
experiments are summarized in Table 111. 

TABLE III.-HYDROGENATIOSS OF  METHYL- 
CINNAMIC ACID USING PALLADIUM-US-SILICA GELS 

c 

L%. Yield 
Carriers (After 32 fir.) 

QN0.5SGa 
QDN 0 .5  SG 
CN0.5SG 
C I X  0 . 5  SG 
Strych. SG 
Brucine SG 
Quinene SG 
Plain SG 

81.1 
68.0 
77.1 
87.9 
00.0 
00.0 
00.0 
44.3 

a Quinine silica gel which was pi-epai-ed using 0 . 5  Gm. of 
quinine sulfate in the gel preparation. QUN = quinidine 
sulfate; CN = cinchonine sulfate; CDN = cinchoriidine 
sulfate. 

Only the catalysts preparcd with the plain gel and 
the cinchona gels, with the cxception of quinenc, 
afforded reduction with a-mcthylcinnaniic acid 
Attempted hydrogenations employing catalysts pre- 
pared in the presence of strychnine, bruune, or 
quinene showed no indication of reduction after 32 
hr. of hydrogenation and all of the unrcactcd a- 
methylunnamic acid could be accounted for follow 
ing the hydrogcnation period. 

However, the presence of largc amounts of the 
starting material, a-methylcinnamic acid, can inter- 
fere with the isolation of dihydro-a-mt.thylcinnaIIiic 
acid by vacuum distillation (1). Therefore, we 
were never certain that where we I n k - e  indicatcd 
no  reduction that such was entirely the case. Jn 
other words, reduction too slight to be noted by a 
fall in the hydrogen gauge pressure might have oc- 

4000 2000 crn. -1 1000 800 

3 4 5 6 7 8 9 10 11 12 13 14 15 
WAVELENGTH, p 

Fig. 1.-Infrared spectrum of a-methylcinnarnir 
acid. 

4000 2000 crn.-1 1000 800 
0.0 

u z a .ZO m 

4 1.0 

.40 

.60 m 

w m 
3 4 5 6 7 8 9 10 11 1 2  13 14 15 

WAVELENGTH, p 

Fig. 2.-Infrared spectrum of D,L-dihydro-a-i~iethyl- 
cirinarnic acid. 

curred. Inlrarecl spectra were determined with both 
a-methylcinnamic acid and D,i~-dihydro-a-mcthyl- 
cinnamic acid. These spectra are shown in Figs 1 
and 2, rcspcctively. The following absorption peaks 
are applicable to this work. 

a-niethylciiinamic acid (Fig. 1): 
( u )  -COOH absorption at 1710 cm.-1 

( h )  ' C  :- C 

( c )  'C = C. 

/ 
/ \ 

/ 
/ \ 

absorption at  1625 C T I I . ~ - ~  

absorption at  930 cm-1 
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methylcinnamic acid. That such is not the case 
could arise from steric hindrance (16,17). 

Another explanation for the substrate selectivity 
of or-methylcinnamic acid over quinene involves the 
nature of the silica gel surface as influenced by the 
cinchona alkaloids. This hypothesis supposes the 
gel surface to be of basic character, thus attracting 
the carboxylic acid. The incorrectness of this ex- 
planation is indicated by the results with the brucine 
and strychnine, the reduction of propiophenone 
oxiiiie in the absence of alcoholic hydrogen chloride, 
and by Beckett's observations (4). 

Therefore, the most probable explanation appears 
to involve active sites of proper size, shape, and 
charge distribution to accommodate the substrate 
molecules. These sites are imprinted on the carrier 
surface by the alkaloid. That a-iiiethylcintiamic 
acid is not hydrogenated by the catalysts prepared 
from the brucine and strychnine gels can be cx- 
plained by sitcs of improper size, shape, and charge 
distribution to accommodate the substrate mole- 
cules. This does not preclude thc possibility of 
other substrates being hydrogenated by palladized 
strychnine or brucine gels. 

Before definite answers concerning the nature 
and extent of the substrate selectivity of these 
catalysts can be obtained, studies must be made 
eniployiiig other substrates and carriers. 

SUMMARY 

Hydrogenations using palladium-on-quinine silica 
gel and various substrates indicate a degree of sub- 
strate selectivity by this catalyst. Substrate speci- 
ficity also was shown in studies using or-methyl- 
cinnamic acid as a substrate and palladium deposited 
on various alkaloidal gels as catalysts. The selcc- 
tivity may beexplained by imprints left on the carrier 
surface by the alkaloid. 
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o,L-dihydro-or-methylcinnamic acid (Fig. 2): 
( a )  COOH absorption a t  1710 cm.-' 

/ absorption at 
1825cm.-l ( b j  disappearance of 'C = c \ 

/ 
/ absorption at 
\ 930 c ~ i i . - ~  (c)  disappearance of 'C -- C / 

I I absorptioii a t  910 
cm-1 ( d )  appearance of -C-C- 

I 1  

The absorption of mixturcs of varying proportions 
of a-mcthyleinnamic acid and D,L-dihydro-a-nietli~~l- 
cinnamic acid were plotted at 1625, 930, and 910 
cm.-', as described earlier in this report. 111 each 
case a straight line was obtained. However, the 
plots a t  910 and 1625 cm-l  were best applied to 
the determination of a-methylcinnamic acid and 
o,L-dihydro-or-methylcinnarriic acid, arid these are 
shown in Fig 3. Use of these plots and the absorp- 

W 2 0.0 1 

80% 60% 40% 20% 0% $% MCA MCA MCA MCA MCA 
0% 20% 40% 60% 80% 100% 

HMCA nMcA nMcA HMCA HMCA HMCA 
CONCN. 

Fig. 3.-Plots of mixtures containing varying 
proportions of or-methylcinnamic acid and D,L- 
dihydro-or-methylcinnarnic acid (HMCA). Key: 
0 ,  plot at 910 cm.-'; 0, plot a t  1625 cm.-'. 

tion a t  1710 c m - l  (COOH) indicates the reaction 
mixture from the strychnine gel catalyst was 937; 
or-mcthylcinnamic acid and 7y0 dihyclro-or-iiiethyl- 
cinnamic acid. 

DISCUSSION 

The data indicate that the substrate selectivity 
observed with palladium-on-silica gel catalysts is 
similar to that observed with enzymes 

Beckett and co-workers have attributed the stereo- 
specific adsorption of alkaloids by cinchona and 
other alkaloidal silica gels to  imprints left on the 
gel surface by the alkaloid present during the 
precipitation of the gel (4). Likewise, the substrate 
selectivity of palladiurn-on-silica gel catalysts must 
arise from imprints left on the catalytic surface. 
The nature of thesc imprints is not known but may 
arise from some charge distribution on the surface of 
the adsorbent. 

Such an explanation necessitates the presence or 
catalytic centers or sites similar to those proposed 
to explain enzyme specificity (1, 13-15). 

According to Beckett's hypothesis, quinene should 
have been hydrogcnatcd to a greater extent than a- 



Biological-Chemical Indicator for Ethylene 
Oxide Sterilization 

By JOHN H. BREWER and RUSSELL J. ARNSBERGER 

The use of a biological-chemical indicator for ethylene oxide sterilization of dispos- 
able medical and pharmaceutical materials is reported. The indicator system affords 
an immediate visible indication of gas penetration into the materials during the 
sterilization cycle and also serves as a biological (spore) control. Preparation of 
the indicator is discussed in some detail, including the organisms and chemicals 
employed and the basic chemical reactions. The usefulness of the indicator for 
determination of gas penetration is discussed in terms of diffusion of the gas and 

permeability o f  the materials, including latex and plastic films. 

NUMBER Of indicators havc 1)ccn suggcsted A for use with ethylene oxide. For the most 
part these dcpend on a pI-1 change or other type of 
chemical reaction, and some attempt has been 
made to  havc thcse indicate time as well as the 
presence of ethylene oxide. Sincc moisture con- 
tent arid other factors have a great deal t o  do with 
the efficiency of g-as sterilization, the most satis- 
factory indicator of stcrilization is the nsc of 
positive spore controls. These have the dis- 
advantage that  one rnust wait for the required 
incubation before reading the rcsults. 

In thc sterilization of many of the disposable 
medical and I’harmaceutical materials such as  
gloves, syringes, transfusion. and infusion sets, 
it  is of the utmost importance to determinc 
whether the gas is reaching the intricate spaces 
within thesc itcms and sterilizing t h e ~ n .  -2s 
pointed out by Kubbo and Cartiner (11, this is 
particularly true of such items as syringes with 
rubbcr plungers which might have two or more 
ribs in contact with (he glass or plastic barrel 

If one depended on pressure alone to  get the 
gas into these spaces, then this pressure would he 
too grcal to be reached by most gas-sterilization 
proccsscs. One must also take into considera- 
tion the diffusion characteristics irl the materials 
employed, and this makes a visual indicator quite 
valuable. -Most of the chemical indicators are so 
sensitive that  a vcry small aniourit o f  gas might 
cause a color change and yet not be sufficient to  
kill any bacterial spores present. For this 
reason the authors have sought an indicator 
system that  combined both a chemical indicator, 
which did not depend on a pH change alone, and 
bacterial spores. 

CHEMICAL INDICATOR 

The compound 4-(4-nitrobenzyl) pyridine’ has 
been descrihed as a sensitive reagent for the deter- 

Received Seytembei 3, 1965, finm the 1)epartment of 
Biological Safety and Control, Becton. 1~)ickinson and Co., 
I<utherford, N. J.. and the Baltimore Bivloxical Laboratory, 
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Accepted for publication October 1 1 ,  l!IfiS. 
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Kramer, Army Chemical Center, Md.,  that we investigate 
this compouiid as an indicator. 

The cost of the preparation of the color picture which 
Appears in this article has been bornc by thc  anthois. 

tnination of dky1:tting agents (2 ,  3 ) .  This reagent 
reacts with ethylcne oxide to form a methinc tlyc 
which is blue in an alkaline rriediurri. (S-lierrie I.) 
The mechanism in the reaction of the reagent with an 
alkylatirig agcnt has bccn reportcd (4). 

4-(4-Kitrobenzyl) pyridine has been used in this 
laboratory as :in ethylene oxide indicator in solution, 
dried on filter paper, and adsorbed on silica gel. It 
has been found useful to  indicate ethylene oxide 
permeability of latex arid plastic films, ethylene 
oxide retention of plastics and elastomers, and as a11 
cxposurc indicator for ethylcne osidc stcrilization. 

The indicator paper is prepared by first dipping 
IYhatrnan S o .  1 filter paper in a 27;) aqueous solu- 
tion of sodium carbonate. -After drying, the paper 

olution of the indicator reagent 
in acetone. The indicator paper thus formed can 
then be cut into convenient-sized strips :rnd inocu- 
lated with bacterial spores. 

Indicator strips prepared as described will turn 
bluc within a few scconds when cxposed to thc vapors 
of pure ethylene oxide. The sairie strips have been 
cxposed to sterilization gas mixtures of ethylene 
oxide and carbon dioxide in ratios of 10: 90 and 20: 80, 
and it was obscrvcd that as long as thc strip re- 
mained in the mixed-gas atmosphere the color did 
not change. Furthermore, if the strip was scaled 
in a permeable plastic container which would rctain 
some residual gas mixture after removal from the 
sterilizer, 110 color change would occnr. However, 
when the paper was removed to the air after ex- 
posure, thc blue color would develop. This effect 
was explained by the fact that carbon dioxide pre- 
vented the reaction product from assuming the alka- 
line foriri until the COz was diffused froni the paper. 

EXPERIMENTAL 

111 order to determine ethylene oxide penetration 
to the area between the plunger-stopper rings of 
both glass and plastic syringes, indicator strips were 
cut to size and inserted in this area. (Fig. 1.) The 
assembled syringes were placed in a glass desiccator; 
the desiccator was evacuated to approximately 25 
in. of mercury and ethylene oxide admittcd to a con- 
centration of approximately 1000 mg./L. h’o color 
change of the strips in the syringes was noted until 
after about 1.5 lir. of exposure. After this time, a 
faint blue color was noted, which continucd to 
darken. After 3 hr. of exposure, the syringes were 
removed from the desiccator. For the next 21 hr. 
the indicator strips continued to  darken to a deep 
blue. 

I t  appcarcd from the above experinient that dif- 
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4-(4-NITROBENZYL) PYRlDlNE POSTULATE D S J A B L E C J? R 0 RdO G E N S  
Scheme I 

fusion of ethylerie oxide gas through t o  the area be- 
tween the syringe stopper rings is slow; howevcr, 
the gas will eventually pcnctrate t o  this area arid in 
sullicient concentration t o  kill the control or- 
ganisms. Thcre was also an indication tha t  ethylene 
ositle continues to  diffuse from tlie stopper for a 
period o f  tiine after tlie syringes arc rcnnovcd from a 
sterilizer. T o  investigate these observations fur- 
ther, syringes were asxinibled with 5 stoppers and 
indicator strips in cacti barrcl and csposcd as in the 
previous eaperirnent. When the syringes were re- 
moved from thc  dcsiccator after 3 hr. of exposure, 
the strips in the 2 outer stoppers were blue and the 3 
inner stoppcrs wcrc white. Twcntp-four hours 
alter tlie syringes were removed, the strips in the 
stoppers next to  thc outcr stoppers had turncd blue 

and the center strip reinainctl white; 38 hr. after 
exposure, the center strip had turned blue. These 
are exaggerated laboratory tests, since no syringe 
has ovcr 1 rubber plunger. 

This rnight iiidic:ite tha t  tlie gas remains in the  
rubber or within the syringe, tubing sets, or other 
items, and might possibly contanninate drugs bcirig 
administered to  the patient. To  prove this is not 
thc casc, gas chrouiatographs are ruri t o  show tha t  
a l l  tlie gas  has diffused out within tlic 10-day quaraii- 
tinc period arid is further demonstr:rted hy tlic 
tosicity tests whicin are run on each lot. 

BIOLOGICAL INDICATOR 
,As spore controls we have ernployed botli ! h ~ d / u s  

stecrr.olher.iito~hilus and Bnriiltis f lohi f i i .  For our 

Fig. 1.-Sterilized and unstcriliard ethylene oxide indicators and controls. 



purposcs we have found the tlierniupliilic organism 
much inore satisfactory. One is not likely to CII- 

counter this type of organism as a laboratory con- 
tarriinant in the sterility test, thereby causing a false 
positive rcaction. This would necessitate the re- 
testing of the load and delay production. 

AX very important consideration in the selection of 
the chemical indicator was to make sure that it did 
not inhibit the growth of the control organisms. 
Bacteriostatic-type tests were made using diluted 
spore suspensions with the paper strips, both before 
and after esposure to the sterilizing gas. Xo inhibi- 
tion was rioted arid controls from small inocula grew 
quite luxuriantly in the tcst media. 

The spores used to inoculate the indicator strips 
were prepared by suspending washed spores of B .  
.sfcicrolher,izophilus in distilled water containing 1 c;c 
sorbitol. The suspensioii WRS standardized to  ap-  
I)rohiniutely 5 million spores per ml. Spore counts 
were determined by approprin.te dilution of the sus- 
pcnsiou and plating on  trypticase soy agar. Plates 
were incubated at 60" for 24 hr. Paper strips were 
iuoculated with 0.02 nil .  of the suspcnsiou or approsi- 
inately 100,OC)U spores. After sterilization, strips 
were transfcrred to fluid thinglycollate nlecliurri and 
iiicubated at  60" for 7 days to deterrtke survival of 
spores. Control tubes containing indicator strips, 
hoth before and after csposure to ethylene oside and 

inoculated with diluted spore suspension, showed rio 
inhibition of tlie control organism. 

APPLICATION 

I n  cornniercial lots, dye-spore strips with 100,000 
spores arc prcpared in a size to fit the item being 
sterilized. They Iiave been prepared in sizes similar 
to the cotntnercially available spore stripsz Tor use in 
thc irides finger a r ~ l  in the cuff of rubber gloves, 
since it is felt that these are the most diflicult places 
for the gas to reach in this itern. These controls in 
the index linger change color, and thc organisms are 
killed even if a knot is ticd in the wrist part of tlie 
glove, indicating adequate penetration. In the 
sterilization of commercial lots of gloves,: the use of 
these indicators throughout the sterilizer load give 
LissurJiice that the entire lot has h e m  sterilized. 
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Pharmacokinetic Model for Nalidixic Acid in Man I 

Kinetic Pathways for Hydroxynalidixic Acid 

By G, A. PORTMANN, E. W. MCCHESNEY, H. STANDER, and  W. E. MOORE 

A model which includes the parameters of absorption, metabolism, and excretion of 
hydroxynalidixic acid (HNA) is presented. Individual rate constants for the ab- 
sorption and disappearance of HNA in 5 subjects were determined. Theoretical 
plasma-level curves based upon these constants were calculated, and good agreement 
with the experimental data was obtained. Kate constants for glucuronide forma- 

tion, oxidation, and excretion of HNA were calculated. 

TDKOXYKALIDIXIC acid ( 1 -ethyl- I ,  4-dihydro- H $-hydroxyriietliS.l--l-oxo- 1 ,  8-naplithyridine- 
:l-carhoxylic acid) is 1 of 4 metabolites of nalidixic 
acid' formed in man. It has been isolated and 
shown to have an in zdro antibacterial spectnim 
similar t o  that of iialidixic acid (1). The other 3 
metabolites, all of which have not shown biologi- 
cal activity, are nalidixic acid glucuronide, hy- 
droxynalidixic acid glucuro~iide, and the 3,7- 
dicarboxylic acid. 

A previous article by the authors (2) described 
a simplified working model which pcrmitted calcu- 
lation of the apparent kinetics o f  the  biologically 

~~ 
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active and inactive forms o f  nalidixic acid as 
separate groups. 

Because rialidixic acid has been found to lie 
clinically effective in the treatment of Gram- 
negative infections (3, 1), inore definitive studies 
o f  its pharmacokinetics have been continued. 
These experiments would also illustrate the 
mechanisms which enabled the  simplified model 
to describe absorption and elimination param- 
eters. 

I n  order t.o describe the complete pharmacoki- 
netic profile n l  nalidixic acid, i t  is necessary to 
quantitate all the rate processes, including those 
occurring after its oxidation to  the '7-hydroxy 
derivative. This article deals with a study of the 
absorption, metabolism, and excretion oi hy- 



purposcs we have found the tlierniupliilic organism 
much inore satisfactory. One is not likely to CII- 

counter this type of organism as a laboratory con- 
tarriinant in the sterility test, thereby causing a false 
positive rcaction. This would necessitate the re- 
testing of the load and delay production. 

AX very important consideration in the selection of 
the chemical indicator was to make sure that it did 
not inhibit the growth of the control organisms. 
Bacteriostatic-type tests were made using diluted 
spore suspensions with the paper strips, both before 
and after esposure to the sterilizing gas. Xo inhibi- 
tion was rioted arid controls from small inocula grew 
quite luxuriantly in the tcst media. 

The spores used to inoculate the indicator strips 
were prepared by suspending washed spores of B .  
.sfcicrolher,izophilus in distilled water containing 1 c;c 
sorbitol. The suspensioii WRS standardized to  ap-  
I)rohiniutely 5 million spores per ml. Spore counts 
were determined by approprin.te dilution of the sus- 
pcnsiou and plating on  trypticase soy agar. Plates 
were incubated at 60" for 24 hr. Paper strips were 
iuoculated with 0.02 nil .  of the suspcnsiou or approsi- 
inately 100,OC)U spores. After sterilization, strips 
were transfcrred to fluid thinglycollate nlecliurri and 
iiicubated at  60" for 7 days to deterrtke survival of 
spores. Control tubes containing indicator strips, 
hoth before and after csposure to ethylene oside and 

inoculated with diluted spore suspension, showed rio 
inhibition of tlie control organism. 

APPLICATION 

I n  cornniercial lots, dye-spore strips with 100,000 
spores arc prcpared in a size to fit the item being 
sterilized. They Iiave been prepared in sizes similar 
to the cotntnercially available spore stripsz Tor use in 
thc irides finger a r ~ l  in the cuff of rubber gloves, 
since it is felt that these are the most diflicult places 
for the gas to reach in this itern. These controls in 
the index linger change color, and thc organisms are 
killed even if a knot is ticd in the wrist part of tlie 
glove, indicating adequate penetration. In the 
sterilization of commercial lots of gloves,: the use of 
these indicators throughout the sterilizer load give 
LissurJiice that the entire lot has h e m  sterilized. 
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Pharmacokinetic Model for Nalidixic Acid in Man I 

Kinetic Pathways for Hydroxynalidixic Acid 

By G, A. PORTMANN, E. W. MCCHESNEY, H. STANDER, and  W. E. MOORE 

A model which includes the parameters of absorption, metabolism, and excretion of 
hydroxynalidixic acid (HNA) is presented. Individual rate constants for the ab- 
sorption and disappearance of HNA in 5 subjects were determined. Theoretical 
plasma-level curves based upon these constants were calculated, and good agreement 
with the experimental data was obtained. Kate constants for glucuronide forma- 

tion, oxidation, and excretion of HNA were calculated. 

TDKOXYKALIDIXIC acid ( 1 -ethyl- I ,  4-dihydro- H $-hydroxyriietliS.l--l-oxo- 1 ,  8-naplithyridine- 
:l-carhoxylic acid) is 1 of 4 metabolites of nalidixic 
acid' formed in man. It has been isolated and 
shown to have an in zdro antibacterial spectnim 
similar t o  that of iialidixic acid (1). The other 3 
metabolites, all of which have not shown biologi- 
cal activity, are nalidixic acid glucuronide, hy- 
droxynalidixic acid glucuro~iide, and the 3,7- 
dicarboxylic acid. 

A previous article by the authors (2) described 
a simplified working model which pcrmitted calcu- 
lation of the apparent kinetics o f  the  biologically 
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clinically effective in the treatment of Gram- 
negative infections (3, 1), inore definitive studies 
o f  its pharmacokinetics have been continued. 
These experiments would also illustrate the 
mechanisms which enabled the  simplified model 
to describe absorption and elimination param- 
eters. 

I n  order t.o describe the complete pharmacoki- 
netic profile n l  nalidixic acid, i t  is necessary to 
quantitate all the rate processes, including those 
occurring after its oxidation to  the '7-hydroxy 
derivative. This article deals with a study of the 
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Kinetic pathways of hydroxynalidixic acid in man; k A  = availability rate constant; k,vi = metabolic 
Designations for the ratr constants subnumhcr rate constants; ks2  and kUi  = excretion rate constants. 

are those used in the larger model for naIidi.uk acid (7). 
Scheme I 

droxynalidixic acid, gives basic information about 
the compound, and [as will be illustrated (;)I 
permits a detailed description of the phartna- 
cokinetics of nalidixic acid. 

THEORETICAL 

Thc work of McChesney and co-workers (1) leads 
to the model depicted in Scheme I. This represents 
the present knowlcdge of the kinetic pathways for 
hydroxynalidisic acid in man. 

Equations describing the change of each com- 
ponent in ,%hcmc I with respect to time were de- 
rived assurmirig total absorption and first-order rate 
processes. The total urine recovery was found to 
be 98.3 f 2.9(;!; ( I S E . ) ,  iridicatirrg complete 
absorption of thc drug in every case. Those equa- 
tions that were used in the present study are listed 
below. Lag time is defined as the time interval 
between ingestion of the dosage form and the ap- 
pearance of hydroxynalidixic acid in the plasma. 
.do is equal to the administcrcd dose sincc complete 

I 

absorption occurs. Titrlc ( t )  is measured alter the 
lag time interval. The disappearance rate constant 
(kdf) for hydroxynalidixic acid is taken as tlie sinn 
of kEz + k.tI8 + k.w,. The availability rate constant 
( k a )  from the gastrointestinal tract encorripasses 
many factors, including motility, dissolution rate, 
and the intrinsic absorption rate. 

EXPERIMENTAL 

Medication and Sampling Protocol.-'Thc sridiutn 
salt of HKA was givcn in hard gelatin capsules 

30 I 
Fig. l.--Plasm;r levels and 

A / V  as a function of time. 
Key: 0, hydroxynalidixic acid; 
0, hydroxynalidixic acid glu- 
curonide; 0, calculated values 
for hydroxynalidixic acid. In- 
itials identify subjccts. 

TIME, MINUTES 
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(equivalent to 500 mg. of the acid per capsule) 
to 5 healthy subjects in a 1-Gm. dose (2 capsules) 
after overnight fasting. Food, but not water, was 
withheld until 3 hr. postmedication. Blood samplcs 
were taken after 0, 10, 30, 50, 90, 250, and 420 
min. after drug administration. Urine collections 
were madc at  0,8,24, and 48 hr. after administration 
of the drug. Plasma and urinc concentrations of 
HNA and HNAG were determined in each sample 
using a previously published method (1). DR also 
was determined in the urine samples as previously 
dewribed (1) .  

METHODS OF CALCULATION 

The rates of availability of HNA to the plasma 
were determined by the method of Wagner and 
Nelson (5). Typical plots of A / V  values arc 
shown in Fig. 1 and represent the cumulative 
amount absorbcd/apparent volume of distribution 
as a function of time. Individual disappearance 
rate constant values ( k d P )  wcre obtained from serni- 
logarithmic plots of plasma hydroxynalidixic acid 
w r s m  time. These rate constants multiplied by 
the cumulative area under experimental plasma 
level curves (Fig. I )  a t  different times, plus the 
plasma level a t  each time, gives (1/ V as defined by 
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Fig. 2.-Log per cent hydroxynalidixic acid un- 
absorbed as a function of time. Initials identify 
subjects. 

Fig. 3.- 
Plasma levels as 
a function of 
time. Key: 0, 
e x p e r i m e n t a l  
h y d r o x y n a l i -  
dixic acid; 0, 
e x p e r i m e n t a l  
h y d r  o x y n a li - 
dixic acid glu- 
curonide; --,cal- 
culated curves 
for hydroxy- 
nalidixic acid. 
Initials identify 
subjects. 

MINUTES 

Wagncr and Nelson. With these values, the per 
cent of the drug unabsorbed at different times was 
calculated. Availability rate and lag time were 
determined from graphs of log per cent unabsorbed 
as a function of time as shown in Fig. 2 and as 
listed in Table I. 

Individual values for the excretion rate constant 
( k ~ ~ )  and metabolic rate constants ( k ~ ~  and k M 4 )  
were calculated using Eqs. 2,3, and 4. It was found, 
as expected, that the 0-48 hr. urinary excretion 
amounts would represent iiifinity values for HNA-U, 
HNAG-U, and DA-U. 

From [ A / V ] ,  values, the apparent volumes of 
distribution were calculated and are expressed in 
Table I as a percentage of body weight. 

RESULTS A N D  DISCUSSION 

Theoretical curves of HNA plasma levels 7~ersus 
time were calculated using Eq. 1 and the individual 
parameters. In order to obtain concentration 
values, HNA-B was divided by the individual's 
apparent volume of distribution. Excellent agree- 
ment was obtained between the theoretical plasma 
level values based on the model and the experimental 
valucs as shown in Figs. 1 and 3. This indicates 
that small deviations from the first-order rate proc- 
ess (e .g . ,  Fig. 2, G.B.) as measured from the ex- 
perimental curve are not of great significance. 

TABLE I.-KINETIC PARAMETERS FOR SODIUM HYDROXYNALIDIXATE 

Appareut 
Vol. of 

% k A  f d i  ICE? K%r4 Distribution 
Urinary Lag (miu.-I) (mm-1) (pi;:) (mh-1)  (mim-1) as yo of 

Subject Recovery Time, min. X 10s x 10s x 102 X 103 Body Wt. 
A. J. 105 13 70 7.37 1.44 4.30 1.99 45.9 
C.B. 91 8 41 7 .88  2.94 3.50 0 .74  40.8 
T.V. 97 5 39 7 .70  2.39 3.78 1.31 5 5 . 5  
W.V. 100 6 40 7.00 0.96 4.16 1.44 52.3 
R.B. 78" 10 17 7.37 ... ... . . .  ,41.5 
Mean 

values 98 8 42 7.46 1.93 4.05 1.37 49.0 

a Iricorriglete urine collections. 
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for excretion and metabolism will be used in a 
subsequent articlc in which an exteusive inodcl for 
nalidixic acid will be assumed. 

APPENDIX 

Expressions rclating the artioutits of D_4-U, 
HNAG-U, and HNA-U as a function of time are 
presented. By letting time ( t )  approach infinity, 
equatioris are obtained which enable the calculation 
of metabolic constants ( k w 3  and k , v 4 )  and the ex- 
cretion constant ( kE2)  without making auy assump- 
tions about the relative values of consecutive rate 
coustants. 

These equations werc derived from Scheme I 
where the rate constants are assumed to be first 
order arid the compartments are defined as thc (u) GI 
tract, ( b )  body or apparent volume of distribution, 
arid (c) urine. Definitions of terms arc stated under 
Theoretical. 

[HN=1-U] = 

The short lag time of 8 =t 1.j min. (2zS.E.) 
shows the rapid appearance of the drug in the 
plasma. That the drug is also rapidly ahsorbed 
is apparent from the high values for kA. Sodium 
salts of acidic drugs usu:illy have fast dissolution 
rates (6), and in thc case of nalidisic acid (NA). 
the sodium salt had a shortcr lag time arid greater 
availahility ratc than the acid in capsule form (2). 
The mean lag time of 8 min. for the sodium salt 
of HNA (Table I )  is very similar to  the previously 
reported mean lag time of 3 miu. for the sodium 
salt of NA (2). Also, the mean availability rate 
constant for HNA (sodium salt) of 0.032 rnin.-' 
is identical to this rate constant for NA (sodium 
salt) (2). This similarity in lag time arid avail- 
ability rate constant between the sodium salts of 
NA and HNA is related to their similar pKa, 
dissolution rate, and chemical structure. 

All 5 subjects showcd remarkably similar disap- 
pearance rate constants (kds ,  range from 7.00-7.88) 
with a threefold diffcrence in excretion ratc con- 
s tmts  ( k g : ,  range from 0.96-2.94). A high excre- 
tiou rate constant was compensated by a low mcta- 
bolic ratc constant ( k w  and k,+f,) and vice versa. 
This fact could be predicted from the model because 
of the small variation in disappearance rates. 

Glucuronidc formatiou ( k x 3 )  is 2 to  5 times faster 
than the oxidative formation of the dicarbosylic 
acid ( k.$f4). Hydroxynalidixic acid excretion ( k ~ ? )  
is slower in all cases than the formation of glucuron- 
ide (knrJ) ,  and in 2 cases (subjects A. J. and W. V.) 
slower than the formation of the dicarboxylic acid 
( k*I4). ?'his high rate of glucuronide formation 
plus the observed low glucuroriide plasma levels 
(Figs. 1 and 3) indicates that HNAG has a large 
volume of distribution and/or a rapid excretion 
rate. 

A relatively high apparent volurnc of distribution 
is evident for HKA [49.0 3= 3.076 (=tS.E.)], 
indicating that it is distributed in extravascular 
compartments. The data of McChesney and co- 
workers (1) of tissue levels in dogs and monkeys 
showed that NAk and HNA have a relatively uniform 
tissue distribution. This is particularly significant 
since nalidixic acid is used to treat infections which 
are localized in tissues. 

CONCLUSION 

A pharmacokirietic modcl for hydroxynalidixic 
acid has becn presented and has been shown to be 
applicable in 5 subjects after oral administration 
of the sodium salt in capsule form. The good fits 
of theoretical plasma level curves with the actual 
data support the definitions of such parameters as 
lag time, k A ,  kd2 ,  and VD. Calculated ratc constants 

I t  is apparent that %.hen time ( t )  is permitted to 
approach infinity, the above cquatiotis reduce to 
their last terms and give on rearrangcment Eqs. 
2, 3,  and 4 of the text. 
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Effect of Inert Tablet Ingredients on 
Drug Absorption I 

Effect of Polyethylene Glycol 4000 on the Intestinal Absorption 
of Four Barbiturates 

By PARVINDER SINGH*, J. KEITH GUILLORYt, THEODORE D. SOKOLOSKIT, 
LESLIE 2. BENET, and V. N. BHATIA 

The effect of polyethylene glycol 4000 on dissolution and ahsorption rates of 4 
barbiturates has been studied. It has been shown that in the case of phenobarbital, 
which formed a complex of reduced solubility with polyethylene glycol 4000, the 
dissolution and intestinal absorption rates of the drug were reduced. The other 3 
barbiturates did not interact with the polyethylene glycol 4000, and its presence 
did not affect their dissolution and absorption rates. The reduction in the absorp- 
tion rate of the phenobarbital was closely related to the reduced dissolution rate of 
the complex, although only the phenobarbital was shown to be absorbed through 
the gut. It was also shown that the absorption rate of the phenobarbital from the 
complex was independent of the degree of dissociation of the latter in the mucosal 

fluid. An hypothesis is proposed to explain that phenomenon. 

THE PREPARATION of medicinal tablets, a 
INnuniber of so-called inert ingrcdients are used 
as adjuvants. These adjuvants are used as 
binding agents, disintegrators, lubricants, dil- 
uents, or coating materials. Since the adjuvants 
often constitute a considerable portion of a 
tablet (in some cases as much as 30% or more), 
there is good reason to believe that they might 
influence drug availability and absorption in 
those instances where drug-adjuvant interactions 
occur. This point of view has been expressed in 
numerous reports (1, 2). More recently, studies 
have been concerned specifically with quantifying 
the effects of selected complexations on drug 
absorption rates (3, 4). 

The objcctives of this study are to determine 
the influcncc of 8 selected adjuvants on a group 
of selected drugs with respect to (a) the oc- 
currence of interactions between the adjuvants 
and the drugs, ( b )  the effect of interactions on the 
dissolution rates o f  the drugs, and (c) the effect 
of the interactions on the absorption rate of the 
drugs. 

The adjuvants selected for this study have 
been picked because they arc among the ones 
frequently used in the manufacture of tablets. 
’They are : polyethylene glycols, sodium carboxy- 
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methylcellulose, sodium alginate, cation-ex- 
change resins, starch, acacia, cellulosc acetate 
phthalate, and polyvinylpyrrolidone. 

Twelve drugs have bccn chosen for this study. 
These drugs have been selected because either 
they or closely related chemicals are frequently 
used in tablet form, and because, as a group, 
they provide a wide range of physical properties 
including solubility, partition cocfiricnt, and pK 
useful for this study. The 12 drugs are: bar- 
bital, phenobarbital, pentobarbital, barbituric 
acid, salicylamide, salicylic acid, bcnzyl penicillin, 
caffeine, acetanilide, phenacetin, sulfadiazine, 
and sulfathiazole. 

This first report deals with the descriptions of 
the methods and procedures as well as the study 
of the cfTect of the adjuvant, polyethylene glycol 
4000 (hereafter referred to as PEG 4000), on the 
dissolution and absorption of 4 barbiturates: 
barbital, phenobarbital, pentobarbital, and barbi- 
turic acid. In general, the procedure consisted 
of the following steps. (a)  Determination of any 
complex formation between the drugs and the 
adjuvant by the phase solubility method. (b)  
Determination of the dissolution rates of pure 
drug tablets in pH 5.3 buffer, both in the presence 
and in the absence of the adjuvant. (With 
phenobarbital where an insoluble complex could 
be isolated, the dissolution rate of the pure com- 
plex tablets was studied.) (c) Determination of 
the absorption rate of the drug by the “everted 
intestinal sac” technique, both in the presence 
and in the absence of the adjuvant. (In the case 
of pheriobarhital where an insoluble complcx 
could be isolated, the absorption rate of the 
complex was studied.) 
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EXPERIMENTAL 
Reagents.-Recrystallized phcnobarbital U.S.P., 

m.p. 1751'76"; recrystallized pentobarbital U.S.P. 
m.p., 12&129', (prepared from sodium pentobarbi- 
tal); rccrystallizcd barbital N.F., m.p. 188-190O; re- 
crystallized barbituric acid (Eastman Kodak); 
PEG 4000 (Union Carbide Chemicals Co.); isotonic 
phosphate buffer,' pH 5.3 ; isotonic phosphate 
buffer ( 5 ) ,  pH 7.4; sodium borate buffer (0.05 M ) ,  
pH 9.1. 

Complexation.-All interaction studies between 
PEG 4000 and the barbiturates under consideration 
were carried out in a manner similar to  that used 
by Higuchi and Lach (6). An excess of the bar- 
biturate was placed in each of a series of 125-ml. 
glass-stoppered flasks and varying amounts of 
PEG 4000 added. Specifically, 250 mg. each of 
phenobarbital and pentobarbital, 500 mg. of 
barbital, and 1.9 Gm. of barbituric acid were used 
in each flask in these studies. Fifty milliliters of 
isotonic phosphate buffer solution (pH 5.3) was 
added to each flask, and the contents were equili- 
brated in a mechanical shaker bath a t  37" for 
24 hr. 

Measured aliquot portions were removed and 
analyzed for their barbiturate content in a Beckman 
DB recording spectrophotometer. (The absorp- 
tion maxima for phenobarbital, barbital, and 
pentobarbital were taken to be 240 mp and for 
barbituric acid 258 mp.) All spectrophotometric 
analyses were conducted in a sodium borate buffcr 
having a pH of 9.1. 

Manufacture of Tablets.-Cylindrical tablets of 
the pure drug were compressed in a single punch 
Colton machine using 9/32 in. flatfaced punches. 
Tablet hardness ranged between 5 and 7 on the 
Strong-Cobb scale. 

Phenobarbital tablets weighed 190 mg., pento- 
barbital 155 mg., barbital 180 mg., and barbituric 
acid 200 mg. 

Dissolution.-The barbiturate tablets were firmly 
fixed into cylindrical Plexiglas containers with the 
aid of paraftin wax in such a way that only one sur- 
face of the tablet was exposed to the solution. [This 
is a variation of the technique first introduced by 
Nelson (7).] The Plexiglas disks were weighted 
down with a metal plate which prevented them 
from overturning or sliding during an cxperimental 
run (Fig. 1). The tablets were so fixed that their 
upper surfaces wcre level with those of the disks. 
Two such affixed tablets were placed in each of a 
set of 250-ml. glass-stoppered flasks. One hundred 
milliliters of isotonic phosphate buffer (pH 5.3) 
was added to  each flask, arid the flasks were placed 
in a constant-temperature (37") shaker bath and 
mechanically stirred a t  120 strokes/min. 

Aliquot portions of the solution were removed at 
fixed time intervals and analyzed spectrophoto- 
metrically for their barbiturate content. 

Dissolution in the Presence of PEG 4000.-The 
experimental procedure was similar to that used 
for pentobarbital, barbital, and barbituric acid (the 
3 barbiturates that did not complex with PEG 4000) 
as described above, except that a known amount of 
PEG 4000 was added to the solution (0.880 Gm./100 
ml. of PEG 4000 in each flask). 

Journal of Pkarmaceuticcd Sciences 

1 One liter coutaius 0.568 Gm. of anhydrous disodium 
hydrogen phosphate, 13.248 Gm. of sodium phosphate, 
monobasic, and 3.40 Gm. of sodium chloride. 

l o b l e t  c a v i t y  

m e t a l  p l a l e  Fig. 1.-A Plexiglas 
disk with tablet cavity 
used to hold tablets 
for dissolution study. 

With phenobarbital, which formed an insoluble 
complex in the presence of PEG 4000, a different 
procedure was adopted. To a saturated solution 
of phenobarbital in pH 5.3 buffer, sufficient PEG 
4000 was added so that the ratio of adjuvant to 
drug was identical to the ratio found in the com- 
pkxation studies (vide infra j. Specifically, 77.38 
nig. of PEG 4000 was added to each 100 ml. of a 
pH 5.3 buffered solution of phenobarbital having a 
concentration of 170 mg. yo. The phenobarbital- 
polyethylene glycol 4000 complex (hereafter rc- 
ferred to as PR-PEG complex) was allowed to form 
over a period of 2.1 hr., filtered, and dried, m.p. 
145-147O. The dry powder was then conipressed 
into cylindrical tablets having the. same spccifica- 
tions as the drug tablets and weighing 175 mg. 
The tablcts were fixed into the Plexiglas disks, 
and the dissolution study was conducted. Spectro- 
photometric determinations were carried out by 
measuring the phenobarbital equivalent of the com- 
plex in solution. It should be noted that the pres- 
ence of PEG 4000 had no effcct on the absorption 
maxima of thc barbitals, and that the pH of all 
solutions, containing either pure drug or the drug 
in the presence of PEG 4000, remained constant 
at pH 5.3. 

Absorption.-The "everted intestinal sac" tech- 
nique of Wilson and Wiseman (8) was adopted in 
all absorption studies conducted in the present 
series. Female Sprague-Dawley rats weighing about 
250 Gm. were starved for 24 hr. prior to the ex- 
periments. The small intestine was freed of all 
adhering tissue, removed, and cut into 6-cm. seg- 
ments. No more than &6 segments were used from 
any rat, and these segments wcrc continually 
bathed in pH 5.3 buffered medium which was 
aerated with oxygen. Preliminary experiments 
showed that under our experimental conditions, 
there was no difference in absorption rates obtained 
from segments taken from different parts of the 
small intcstinc. This is corroborated by Schaiiker 
et ul. (9 j in the casc of perfused rat intestines. Once 
cut, the segments wcre everted and sacs containing 
0.4 nil. of isotonic 7.4 buffer were prepared by es- 
tablished techniques. The sacs were kcpt in a 
aerated pH 5.3 buffered medium. 

One segment was introduced into each of a 
series of 250-ml. glass-stoppered flasks containing 
100 ml. of a solution of known strcngth of a bar- 
biturate drug. The flasks were placed in a shakcr 
bath a t  37". Before starting thc experiment, the 
air in the flasks was replaced by oxygen. 

Corresponding to each sample flask containing 
the barbiturate solution, a control flask was also 
run sin~ultaneously. The contents of the control 
flask were similar to the satnplc flask except that it 
did not contain thc drug. 

The flasks were mechanically stirred a t  120 
strokes/min., and 2 flasks (a  sample and a control) 



Vul. 55, Nu. 1,  Junuary 1966 

were removed a t  regular time intervals. The 2 
intestinal sacs were removed from solution, wiped 
dry with tissue paper, punctured, and 0.16 ml. of 
the solution contained in each was removed and 
diluted to an appropriate extent with pH 9.1 
buffer, so that the barbiturate content of each 
sample could be analyzed spectrophotometrically. 

Absorption in the Presence of PEG 4000.-With 
pentobarbital, barbital, and barbituric acid the ex- 
periments described above were repeated except 
that a known weight of PEG 4000 was added to 
both the sample and control flasks (0.880 Gm./100 
ml. of PEG 4000 in each flask). 

With phenobarbital, however, the solution in the 
flask was prepared by placing a wcighed quantity 
of the powdered complex described above into 100 
ml. of phosphate buffer (pH 5.3). Initially an 
attempt was made to have the amount of pheuo- 
barbital available (170 mg. yo) correspond to the 
amount used in the absorption studies run without 
PEG; therefore, 247.38 mg. of the complex (each 
247.38 mg. of complex contained 170 mg. of pheno- 
barbital and 77.38 mg. of PEG 4000) was added to 
100 ml. of the 5.3 buffer. Since thc complex only 
has a limited solubility (61.7 mg. 5% measured as 
the phenobarbital contentz) an excess of the com- 
plex was always present as a solid in all of the 
sample flasks. Absorption studies were also run 
at lower complex concentrations (48.0 mg. % and 
25.8 mg. yo measured as the phenobarbital content), 
where, in these cases, all of the complcx present was 
in solution. 

RESULTS 

Complexation: -Phenobarbital was the only one 
of the 4 barbiturates which complexes with PEG 
4000. The complex formed in this case was an 
insoluble one, the ratio being 1:2.4 (ie., 1 Gm. 
molecular weight of phenobarbital and 2.4 Gm. 
equivalents of the ether linkages of PEG 4000). 
The data for the complexation are illustrated in 
Fig. 2. It should be noted that Hignchi and Lac11 
( 6 )  obtained a ratio of 1:2 for this complexation; 
however, this value was obtained a t  a different 
temperature (30") and in a nonbuffered system 
a t  a different pH. 

Dissolution.-Figure 3 shows that the dissolution 
rate of the PB-PEG complex differs from that of 
phenobarbital b y  a factor of about 3. (Rate for 
phenobarbital was 0.208 mg. yo/min., and rate for 
PB-PEG complex was 0.07 3= 0.002 mg. %/min.) 
The dissolution rates of pentobarbital, barbital, and 
barbituric acid were not affected by the presence 
of PEG 4000. An example of this (barbital) is 
shown in Fig. 4. The dissolution rate values for all 
4 drugs, as determined under the authors' experi- 
mental conditions, are given in Table 1. ( In  each 
case, the method of least squares was used to calcu- 
late the rates. Each rate listed is a statistically 
treated average of 4-6 experiments.) 

Absorption.-Figure 5 shows the absorption rates 
of the free phenobarbital and the PB-PEG complex 
(when excess complex was present). The absorp- 
tion rate of the complex is about one-third that of 
pure phenobarbital. but these values must be 
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f All spectrophotometric measurements were made with 
reference to phenobarbital in solution. Therefore, the 
abscissas of Pigs. 2 and 5 and the ordinate of Fig. 7 should 
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Fig. 2.-Phase diagram showing the effect of 
varying concentrations of PEG 4000 on the solubility 
of phenobarbital a t  37" and a t  a pH of 5 3 .  
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Fig. 3.-Dissolution rate of phenobarbital (A)  and 
PB-PEG complex tablets ( 0 ). Average rate: 
A, 0.208 mg.%/min. ; 0,0.07 f 0.002 mg. %/min. 
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FiR. 4.-Dissolution rate of barbital tablets. 
Key: A, without PEG; 0,  with PEG. Average 
rate: 1.33 mg. ~ / m i n .  Range of error: A, f 
0.015 mg. C;.;/min. ; 0, d= 0.03 mg. %/mix 

TABLE ~.-DISSOLUTIOS RATES OF THE FOUR 
B A ~ I T U R A T E S  - - 

Dissolution 
Rate in 

Presence of 
nissolution Rate, PEG 4000, 

my. %/min. Llrui: mn. %/min. 
Pentobarbital 0.140 f 0.004 0.140 f 0.005 
Barbital 1.330 f 0.01;i 1.330 f 0.030 
Barbituric acid 3.960 f 0.400 3.960 f 0.210 
Phenobarbital 0.208 ... 
PB-PEG 

complex ... 0.070 *0.002 
be read as concentration of phenobarbital. 
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PB-PEG complex was added to 100 ml. of buffer 
The absorption rates of the 3 othcr barbiturates 
were not affected by the presence of PEG 4000 
An example of this (barbital) is shown in Fig 6 
Thc absorption rates of all 1 barbiturates, in ad- 
dition to the absorption rates of the coniplcx at 3 
different outside concentrations, are given in Table 
11. In each case, thc mcthod of least squares was 
used to calculatc the rates. 

T i m e  in  Mbnules  

Fig. 5.--Absorptioii rate of phenobarbital ( A )  
and of the PB-PEG complex ( 0 )  (when excess 
complex present). Average rate: A, .2.36 
0.17 trig. ?&/miti.; .,0.81 i 0.14 rng. ~ o / m i n .  

Time  i n  M i n u t e s  

Fig. 6.-Absorption rate of barbital. Key: 
A ,  without PEG; 0 ,  with PEG. Rate: 11.7 rng. 
~ O / ~ n i n .  

TABLE II.--ABSORPTION RATES o w  THE FOUR 
BARBITURATES 

~~~ .- . 

Absorption 
Rate in 

Absorption Presence of 
Rate, PEG 4000, 

m u g  mg. (%,'min. mg. %/min. 
Pentobarbital 

(initial coticii. = 
115 mg./100 id . )  1 . Y 1  1.90 

Barbital 
(init-1 cuncn. = 

(initial concn. = 

80, mg./100 ml.) 11 .7  11.7 
Barbituric acid 

1,580 mg./lOU ml.) 29.87 31.48 

168 mg./l00 rn l . )  
(av. of 5 expt.) 2.36 =t 0.17 . . .  

Phenobarbital 
(initial concn. = 

PB-PEG complexa 
(initial coiicn. = 

61.7 rng./100 ml.) 
(av. of 5 cxpt.) . . .  0.81 f 0.14 

(initial concn. = 
48.0 mg./lUU ml.) 
(av. of 3 expt.) 0 . 32 f. 0 . (IS 

(initial concn. = 
25.8 rng./100 ml.) 
(av. of 6 cxpt.) . . .  0 . 3 1  f 0.04 

. . .  

-~ . ~ ~ - ~~ 

a Measured as yhenobarbilal equivalents. 

related to the concentration of phenobarbital 
equivalents in the outside solution. For frcc pheno- 
barbital the outside concentration was 170 mg. yo, 
while the concentration of phenobarbital equiva- 
lents was only 61.7 mg. 70 when 247.38 mg. of the 

DISCUSSION 

Schankcr et al. (9) have stated that most drugs 
are absorbed by passivc diffusion. This hypothesis 
applied to the drugs in this study. Figure 7 shows 
that in absorption studies carried out by using 
phenobarbital solutions of different concentrations 
(closed circlcs), the absorption rate bears a linear 
relationship to the initial concentration of the 
solutions The open circles on this plot correspond 
to average absorption rates found for the 3 different 
concentrations of PB--PEG complex listed in Table 
11. 

A modification of Fick's first law of diffusion has 
been employed by Higuchi (10) to explain thc 
phenomenon of percutaneous absorption. The 
equation can also bc applied to absorption through 
the small intestine. The rate of absorption is then 
given by 

where dq/dt is the absorption rate, D is the diflusion 
coefficient, A is the cross-sectional area of thc gut 
wall exposed to the drug, L is the thickness of the 
gut wall, C is the concentration of the drug solution 
outside the everted sac, and P C ic. the partition 
coefficient of the barbiturate between the wall and 
the drug solution 

Similar equations can be written to describe 
both the phenobarbital absorption rate and the 
PR-PEG complex. The ratio of the absorption 
rates is given by 

absorption rate of phcnobarhital 
absorption rate of thc PB-PEG comples 

~~ ~ - ~ - ~~ 

Equation 2 is only applicablc if the PB-PEG 
complex can be shown to diffuse through the gut 
membrane as an intact complex. This scems 
unlikely in light of recent work which shows that 
PEG 4000 docs not pass through the biological 
membrane (11 ). In addition, experiments were 
run with uneverted whole (40 cm.) rat guts. These 
guts were first flushcd with distilled water, and thcn 
filled with a solutiou of the PB-PEG complex in 
distilled water (60 mg. measured as phcno- 
barbital equivalents). The guts were continually 
aerated as previously described and were placed in 
flasks containing 25 ml. of distilled water. The 
flasks were shaken a t  37" for 1 hr., after which the 
gut was discarded, arid the outside solution was 
ccntrifugcd and filtercd so as to rcmuve insoluble 
gut particles. The solution was concentrated by 
evaporation, and the precipitate was dried overnight 
a t  60'. The melting point of the solid was then 
observed on a microscope equipped with a hot 
stage. Although the concentrate was not purified, 
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function of the total phenobarbital in  solution, and 
is riot dissociation related. 

In light of the evidence prcsented it would scem 
that the gut is acting as a “dissociating membrane,” 
causing the coniplex to dissociate arid allowing the 
diffusible phenobarbital to be absorbed. This 
hypothesis has previously been proposed by Levy 
and Matsuzawa (4) to explain the fact that eosin-H 
was absorbed through the cannulated everted 
intestine a t  the same rate from solutions coritaiti- 
ing the free dyc as from solutions containing 
the dye (at an identical concentration) complexed 
with atropinc and phcniramine. In the previous 
work (4) the complexes dissociated into 2 COIII- 

ponents, both of which passively diffused through 
the iiitpstine, while in the present study thc complcx 
dissociates to give 1 passively diffusible component, 
and 1 component which cannot pass through thc 
inte5tinal membrane. 

Although the above rcasoniiig is hypothetical, it  
appcars that complex clissociatiori does take place 
either at tlie gut surfacc or in an outer layer of tlie 
gut, since the absorption rates are related to total 
phenobarbital concentration. Additional tests of 
tlie above hypothesis arc being carried out in this 
laboratory on a PEG-sulfathiazole comples which 
increases the total solubility of the drug. 

CONCLUSIONS 

This portion of the study has demonstrated that 
the absorption of phenobarbital in the presence of 
PEG is markedly decreased arid that the decrease 
is probably a function of the decreased solubility of 
the PB-PEG complex. It has also bren dcnion- 
strated that the dissolution rate of the complex is 
only about one-third the ratc for pure phenobar- 
bital. As has bccn pointed out in the literature 
(12, 13), dissolution is usually thc ratc-limiting 
step in attaining therapeutic blood levels. Thus, 
a PB-PEG complex would markcdly dccreasc the 
tlicrapeutic efficacy of plienobarbital a t  both the 
level of availability rate (dissolution) and a t  thc  
level of maximum availability attainable (solubility). 
I t  was also observed that the dissolution and ah- 
sorption rates of 3 othrr closcly related drugs werc 
not affected when tlie saiiic adjuvant showed no 
interaction with them. Thus, the work so far 
supports thc validity of the hypothesis that tablet 
adjuvants may not he a s  inert in their effect as IMS 
been traditionally assumed. 

Sl JMMARY 

1. The effect of a tablrt adjuvant (polyethylene 
glycol 4000 j on the dissolution arid absorption rates 
of 4 barbiturates has bccn studicd. 

It has been shown that in tlie casc of pcnto- 
barbital, barbital, and barbituric acid, all of which 
did not interact with golyethylcnc glycol 4000, 
the dissolution and absorption rates werc not 
affected. 

Pheriobarbital formed a complex of reduced 
solubility with polyethylenc glycol 4000. Thc 
effect of this iiitrraction was to reduce tlie dissolu- 
tion and absorption rates of the drug. 

Thc reduction in the absorption ratc of phcno- 
barbital was found to be cIosely related to the re- 
duccd solubility of the complex, and although i t  was 
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Fig. 7.-Plot showing the linear dependence of 
the absorption rate on the initial concentration of 
phenobarbital in the solution surrounding the 
cverted sac. Key: 0, absorption runs with 
pure phenobarbital; 0, average values obtained for 
absorption runs with cxccss compIex (61 7 mg. 
% phenobarbital equivalent) and for a scrics of 
rims with all complex in solution (48 0 mg. yo and 
25.8 rng. %). 

particles werc seen to melt bcginning a t  l$3°.3 
Similar results werc obtained when pure pheno- 
barbital was placed in the large uneverted gut 
segments. Although the above experitnents were 
not run under the same conditions as the absorp- 
tion studies, it  seems reasonable to  conclude that 
only phenobarbital passes through thc gut wall. 

Under this assumption Eq. 2 will reduce to Eq. 3, 
since D, A ,  L ,  and (P.C.) are the same for both thc 
solutions of pure phenobarbital and PB-PEG coni- 
plex. 

~ ~~ .- - ~~ absorption rate of phenobarbital - 
absorption rate of phenobarbital from cornplex 

0%. 3)  
CPB 

C F ~ - - r ~ ~ :  (measured as PB equiv.) 

If Eq. 3 is valid, the rate of absorption of phcno- 
barbital from thc complex will be a function of thc 
concentration o f  phenobarbital in solution as the 
complex, and, thcrcfore, the rate of absorption of 
the complcx should follow the same linear relation 
with concentration as does the rate of absorption 
of pure phcnobarbital. This relation is shown in 
Fig. 7, and seems to be true within the esperimerital 
error expected from biological work. 

It should be pointed out that Fig. 7 implies that 
the rate of absorption of phenobarbital from the com- 
plcs is a function of thc total phenobarbital in solu- 
tion, not just the concentration of the free pheno- 
barbital resulting from dissociation of the complex. 
This was checked by running everted gut absorp- 
tion studies with solutions containing PB-PEG 
complex (at the 3 concentrations studied) and vari- 
ous concentrations o f  excess PEG 4000 (up to 1: 1 
weight-weight, complcx to PEG). I f  absorption 
was a function of the concentration of free pheno- 
barbital resulting from complcx dissociation, the 
ratc of absorption should decrease as excess PEG 
4000 is added. In all cases thc rates of absorption 
of phenobarbital from tlie complex were similar to 
the rates reported in Table I1 whcn no excess PEG 
was present, indicating tlint the rate of absorption 
of phenobarbital from the complex is, indeed, a 

3 Phenobarbital, m.p. 174-178O; PEG 4000 congeals at 
53-56’; PB-PEG complex, m.p. 145-147’. 
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demonstrated that only phenobarbital was ah- 
sorbed through the gut, it  was also shown that the 
rate of absorption was independent of the degree 
of dissociation of the complex in the mucosal fluid. 
It has been proposed [after Levy and Matsuzawa 
(4)] that the intestinal membrane has a dissociat- 
ing effect on the complex, allowing the phenobarbital 
t o  be absorbed, but preventing absorption of PEG. 
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Chemistry and Biochemistry of Polyvalent 
Iodine Compounds V 

Ionization of Heterocyclic Polyvalent Iodine Compounds 

By WALTER WOLF, JAMES C. J. CHEN, and LAURXEN L. J. HSU 

The ionization constants of several polyvalent compounds were determined and 
found to be consistent with the ionization of an hydroxyl group of polyvalent iodine. 
The pKa of 1,3-dihydro-1-hydroxy-3-oxo-1,2-benziodoxole is 7.35 f 0.13, and 
those of its two immediate higher homologs are 7.54 f 0.29 and 7.37 * 0.17,re- 
spectively. The behavior of 1,~-dihydro-l-hydroxy-3-oxo-l,2-benziodoxole was 
studied in varying concentrations of sulfuric acid. Two protonation steps seem 
to occur, with apparent pKa values of -0.58 and - 5.7 5 ,  on the H, scale. The struc- 
tural implications of these findings on the heterocyclic nature of the benziodoxole 

ring are discussed. 

~ N T  WORK on the structure of certain 
p;zlyvalent iodine compounds (I, 2) con- 
firms their heterocyclic nature. The structure 
of 1,3-dihydro-l-hydroxy-3-oxo-l,Z-benziodoxole 
(I) has been unequivocally determined by X-ray 
crystallography (3). This study revealed a 
significant difference between the two 1-0 bonds; 
the intra-annular bond between iodine and 
oxygen is 2.30 A. long, while the bond between 
iodine and the hydroxylic oxygen is 2.00 A. This 
difference can be ascribed either to the steric 
strain of a 5-membered ring or to a strong ionic 
contribution to the iodine-oxygen (ring) bond. 
An alternative possibility, that a betaine type of 
ring (iodonium-carboxylate, Ia) makes a signifi- 
cant contribution to the structure of 1,3-dihydro- 
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1 - hydroxy - 3 - 0x0 - 1,2 - benziodoxole had to be 
evaluated. The behavior of 2-carboxy-diphenyl 
iodonium (111), containing such a ring system, 
had been studied recently (4). The ionization 
constants of I and its homologs (11, R = 1 or 2) were 
investigated in order to provide further informa- 
tion on the structure of these iodine-containing 
heterocyclic rings, and to cvaluate the possible 
contribution of betainic structures such as (In). 
This study was conducted both in dilute aqueous 
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demonstrated that only phenobarbital was ah- 
sorbed through the gut, it  was also shown that the 
rate of absorption was independent of the degree 
of dissociation of the complex in the mucosal fluid. 
It has been proposed [after Levy and Matsuzawa 
(4)] that the intestinal membrane has a dissociat- 
ing effect on the complex, allowing the phenobarbital 
t o  be absorbed, but preventing absorption of PEG. 

REFERENCES 
Marcus, A. D., Drug Cosmetic I ? d ,  79, 456(1956). 
U'agner, J. G., J .  Phar?n. Sci., 50, 359(1961). 

(3) Lcvy, G., and Reuniug, I<. H., ibid., 54, 1471(1964). 
(4) Levy, G., and Matsuzawa, T., ibid., 55, 1003(1965). 
(5) Martin, A. N., "Physical Pharmacy," Lea and Feb- 

iger, Philadelphia, Pa. ,  1960, p. 298. 
(6) Higuchi, T., and Lach, I. I.., J. Am. Pkarm. ASSOC.,  

Scd. E d . ,  43, 465(1956j. 
(7) Nelson, E., rbid., 47, 297(1958). 
(8) Wilson, T. H., and Wiscman, G., J .  Physiol., 123, 

116ilUROI. 
- \ - - - ~ I  

(9) Schanker L. S. Tocco n. J. Rrodie B. R.  and 
Hogben, C. A. h., J. 'Pharma'col. EkjptZ. Thelab., 12>, 81 
(1958). 

(10) Higuchi, T., J. Soc. Cosmetic Chemisfs, 11, 85(1960). 
(11) Jacobson, E. U., Bondy, U. C., Broitman, S. A,, 

and Pordtran, J. S.. Gaslrocnterdogy, 44, iHl(l96:3). 
(12) Edwards, L. J., Trans. Favaday Soc., 47, 1191(1961). 
(13) Nelson, E., J .  Am. Pharm. Assoc., Sci. Ed., 46, 607 

(1957). 

Chemistry and Biochemistry of Polyvalent 
Iodine Compounds V 

Ionization of Heterocyclic Polyvalent Iodine Compounds 

By WALTER WOLF, JAMES C. J. CHEN, and LAURXEN L. J. HSU 

The ionization constants of several polyvalent compounds were determined and 
found to be consistent with the ionization of an hydroxyl group of polyvalent iodine. 
The pKa of 1,3-dihydro-1-hydroxy-3-oxo-1,2-benziodoxole is 7.35 f 0.13, and 
those of its two immediate higher homologs are 7.54 f 0.29 and 7.37 * 0.17,re- 
spectively. The behavior of 1,~-dihydro-l-hydroxy-3-oxo-l,2-benziodoxole was 
studied in varying concentrations of sulfuric acid. Two protonation steps seem 
to occur, with apparent pKa values of -0.58 and - 5.7 5 ,  on the H, scale. The struc- 
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~ N T  WORK on the structure of certain 
p;zlyvalent iodine compounds (I, 2) con- 
firms their heterocyclic nature. The structure 
of 1,3-dihydro-l-hydroxy-3-oxo-l,Z-benziodoxole 
(I) has been unequivocally determined by X-ray 
crystallography (3). This study revealed a 
significant difference between the two 1-0 bonds; 
the intra-annular bond between iodine and 
oxygen is 2.30 A. long, while the bond between 
iodine and the hydroxylic oxygen is 2.00 A. This 
difference can be ascribed either to the steric 
strain of a 5-membered ring or to a strong ionic 
contribution to the iodine-oxygen (ring) bond. 
An alternative possibility, that a betaine type of 
ring (iodonium-carboxylate, Ia) makes a signifi- 
cant contribution to the structure of 1,3-dihydro- 
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evaluated. The behavior of 2-carboxy-diphenyl 
iodonium (111), containing such a ring system, 
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constants of I and its homologs (11, R = 1 or 2) were 
investigated in order to provide further informa- 
tion on the structure of these iodine-containing 
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solutioiis and in media of very high acidity 
(Ho to -10). 

69 

spectrophotomcter, and a Beckman-Gilford direct- 
reading spectrophotometer. The pH mcasure- 
ments were pcrformed on a Photovolt 115 pH meter, 
which was standardized against Beckman buffers 
before each measurement. All measurements were 
conducted a t  23 i 3". 

The spectrophotornetric method as modified by 
Davis arid Geissman (7) was uscd to determine the 
ionization constants in tlie concentrated sulluric 
acid solutions. Stock solutions of 1,3-dihydro-l- 
hydroxy-3-oxo-l,2-beiiziodoxole in 96% HzS04 were 
prepared and their stability checked periodically. 
No apparent decomposition could bc observed 
during the course of this work. The stock solutions 
were diluted, under refrigcration, to the desired 
final concentrations in 1,3-diliydro-l-liydroxy-3- 
oxo-1,2-benziodoxole and sulfuric acid. The Ho 
scale used w-as that of Paul and Long ( 8 )  for the 
40-95y0 sulfuric acid region and that of Bascombe 
and Bell (9) for the 0-40% sulfuric acid concen- 
tration. 

RESULTS AND DISCUSSION 

The changes in thc absorption spectra of a solution 
of 1,3-dihydro-l-l1ydroxy-3-oxo-l,2-benziodoxole in 
'/I6 M phosphate buffers a t  pH 1.85, 7.Fi, and 11.19 
are illustrated in Fig. 1. By using 290 mfi (Amax. for 
the anion, Table I) as the analytical wavelength, 
the pKa values listed in Table I1 were obtained. 

Similar determinations for 3,4-dihydro-l-hydroxy- 
3-oxo-lf~-l,2-benziodoxin and 1,3,4,5-tetraliydro-l- 
hydroxy-3-oxo-l,2-benziodoxepin are illustrated in 
Tables 111 arid IV. 

The pKa and ionization constants of the 3 hetero- 
cyclic polyvalent iodine compounds are listed in 
Table 1:. 

For comparison, the pKa values, as reportcd in 
the literature for some related iodo compounds, are 
listed in Table VI. 

'The influence of the iodo group on the ionization 
of the benzoic arid phcnylacetic acids is seen to be 
strongest when the halogen is in the ortlw position. 
Thc decrease in pKa has been ascribed to both in- 
ductive and resonance effects (10, 13), which could 
be enhanced in o-iodobenzoic acid by tlie participa- 
tiou of a betaine type of structure. 

The introduction of a methylene group shields 
the carboxylate function from such effects. Thus, 
for o-iodophenylacetie acid, the ApKa is 0.27, COTI- 

pared with a ApKa of 1.34 for o-iodobcnzoic acid. 
The ApKa values are 0.15 and 0.34 for the m- 
analogs, respectively. While no data are available 
for the corresponding iodophenylpropionic acids, 
it can be assumed that the introduction of the second 
methylene group would further shield thc carboxylic 
acid group. 

In contrast, the authors' results on the ionization 
constants of the related polyvalent iodine dcriva- 

[Cf. pKa of propionic acid, 4.88 (6).] 

EXPERIMENTAL 

Products.-l,3 - Dihydro - 1 - hydroxy - 3 - oxo- 
1,2-benziodoxole was prepared by the method of 
hkyer and Askenasy ( 5 )  as modified by Wolf and 
Hsu (1). 3,4-Dihydro-l-hydroxy-3-oxo-lH-l,2-ben- 
ziodoxin and 1,3,4,5-tctra-hydro-l-hydroxy-3-oxo- 
1,2-benziodoxepin were prepared as described 
previously (1, 2). Baker and Adams reagent grade 
sulfuric acid (95%) was used. 

Methods.-The method used for the determina- 
tion of the pKa in dilutc aqueous solutions was that 
of Albert and Sarjeant (a), using a Cary 14 recording 
spectrophotometer, a Beckman DB recording 

wove Length mp 

Fig. l.-A4hsorption spectra of 1,3-dihydro-l-hy- 
droxy-3-oxo-1,2-benziodoxole in M phosphate 

pH 1.85. 
TABLE I.-MOLAR AHSORPTIVITIES OF POLYVALENT 

IODINE COMPOUVUS AND THEIR ANIONS~ 

buffer. Key: ---, pH 11.19; - - - , pH 7.5; - - -, 

Un- 
iunized 

1,3-Dihydro 1 hydroxy 3- 2900 2044 849 
oxo-1,2-bcnziodoxole 2845 1915 1739 

2765 1267 1811 
3,4-I)iliydro-l-hydroxy-3- 3200 337 184 

oxo-1,2-beriziodoxin 2900 491 521 
2500 1717 1687 

1,3,4,5Tetrahydro-l- 3200 326 24 
hydroxy-3-oxo-1,2- 2900 496 809 
benziodoxepin 2500 1547 2619 

Compd Anionb Molecule' 

In phosphatrbuffers, 1/15M. pH 10-12. pH 1-2. 

TABLE II.-~ONIZATION CONSTANTS DETERMINATION FOR 1,s- ~IHYDRO-~-HYDROXY-3-OXO-1,~-BENZIODOXOLE 
~ ~ 2 3  =k 3OC. 

d,  - d d1 - d 

d - dM log d -- d c  pKa 
6.80 0.355 0.295 3.470 0.5403 7.34 
7.00 0.390 0.260 2.160 0.3345 7.33 
7.15 0.445 0.205 1.170 0.0682 7.22 
7.50 0.480 0.170 0.807 -0.0931 7.40 
7.60 0.500 0.150 0.650 -0.1870 7.41 

PH d d1 - d 
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TABLE III.-IONIZATION CONSTANTS DETERMINATION FOR 3,4-DIHYDRO-1-HYDROXY- 
3-OXO-1H-1,~-BENZIODOXIN A T  23 zk 3°C. 

~~~~ ______~ 
d r  - d dy - d 

log ~ ~~~ 

d - d M  d - dzv  p K a  
6.80 0.058 0.052 6.500 0.813 7.61 
7.20 0.070 0.040 2.000 0.300 7.50 
7.50 0.075 0.035 1.400 0.146 7.65 
7.60 0.088 0.022 0.785 -0.105 7.59 
7.95 0.100 0.010 0.200 -0.700 7.2.5 

__  
PH d d1 - d 

_ _ _ ~  

TABLE I~~ . - IONIZATION CONSTANTS DETERMISATION FOR 1,3,4,5-TETRAHYDRO-l-HYDROXY-3-OXO-1,2- 
BENZIODOXEPIN AT 23 zk 3°C. 

_ ~ _ _ ~  
~~~ 

log ! d - d1 
__. 

PH d d - 61 d.w - d d.%r - d p R a  
6.80 0.680 0.225 3.200 0.5050 7.31 
7.20 0.560 0.215 1.950 0.2900 7.49 
7.50 0.600 0.145 0.850 - 0.0700 7.42 
7.70 0.530 0.076 0.314 - 0,5031 7.20 

TABLE \I.-pKa AXD [ONIZATION CONSTANTS O F  THREE HETEROCYCLIC POLYVALENT IODINE COMPOUNDS 
_ _ ~ -  - 

pKa Ionization Constant 
l,3-Dihydro-l-hydroxy-3-0~0- 

3,4-Dihydro-l-hydroxy-3-o?to- 

1,3,4,5-Tetrahydro-l-liydroxy- 

(2.2 zk 0.5) x 10-7 
lH-l,2-henziodoxin 7.54 3.z 0.29 (3 .4  =t 1 . 6 )  x 10-7 
3-oxo-1,2-benziodoxepin 7.37 f 0.17 (2.3 =t 0.8) x 1 0 - 7  

1 ,Zbenziodoxole 7.35 i 0.13 

TABLE V1.-pKa \'ALUES O F  S O M E  0-IODOPIIENYL CARBOXYLIC .+CIDS 
__ 

Compd. H o-Iodo m lodo p Iodo Ref. 
Bcnzoic acid 4.20 2.86 3.86 3.93 (10, 11) 
Plienylacetic acid 4.31 4.04 4.16 . . .  (10, 12) 
0-Phenyl propioiiic 

. . .  ... (10) acid 4.66 . . .  

tives fail to detect any such variations in their pKa 
values, and this suggests that the ionizable function 
is not located on a carbosylic acid. Instead, the 
authors suggest that a common ionizable function 
is present in the three heterocyclic polyvalent iodine 
systetns, namely. the iodine-bonded hydroxyl group. 

OH 0- 

0 
/ 

0 
/ 

This function is independent, except for steric 
factors, of the number of methylene groups between 
the carbonyl group and the benzene ring. 

Further arguments supporting this assignment 
can he made if we consider the pKa values of the 
proven betaine structures rcported by Beringer 
(4). who studied the acidities of rarboxydiphenyl- 
iodonium compounds in acetonitrile-water solu- 
tions at  24'. Under their conditions the apparent 
pKa values are 6.92 for benzoic acid, and 6.24, 
6.45, arid 6.64, respectively, for the 0-, m-, and p -  
iodohenzoic acids, and 3.5 f 1, 5.55, and 4.6 
for the 0-, wz-, and p-phenyliodoniumbenzoic 
acids (2,3 and $-carhoxydiphenyliodonium). The 
iodonium substituted benzoic acids appear to be 
stronger acids than the corresponding iodo-benzoic 

acids under the conditions studied. Thus, while 
in all the above examples, the o-iodo or thc o- 
iodoriium derivatives were stronger acids than un- 
substituted benzoic acid, the contrary is the case 
for 1,3-dihydro-l-hydroxy-3-o~o-l,2-benziodoxole, 
which is a weaker acid than either benzoic or o-io- 

Fig. 2.- Absorption 
spectra of 1, 3-dihy- 
dro - 1 - hydroxy- 3- 
oxo - 1,2 - benziodoxole 
in sulfuric acid soh- 
tion. Key: - - - ,  in 
9.6% Hzso4; __ , in 

in 86.370 HzSOa. 
487c H2S04; ---, 
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small, if any, contribution to 1,3-dihydro-l-hy- 
droxy-3-oxo-1,2-benziodoxole. 

Carboxylic acids exhibit a second protonation it1 
strongly acidic media (14). and the pKa's determined 
iti the acidity [unction (Ha) region are -7.38, 
-7.78, -7.G4, and - i .50  for benzoic acid, and its 
u-, ~ n - ,  and p-iodo analogs, rcspcctively. 12 single 
protonation step is observed, and the suggestion 
has been made that protonation occurs on the car- 
boxylic oxygen atom rather than on the hyclroxyl 
group (15). 

The behavior of the benziodoxole ring in strongly 
acidic media is of interest, since this systcm pro- 
vides a number of potential protonation sites. 
Particularly, it might be possiblc to observc if ring 
opening occurs or if a protonation of the carboiiyl 
function, similar to that of othcr henzoic acids, 
is detectable. 

The change in absorption ol a solution ol 1,3- 
dihydro-l~liydroxy~3~oxo-l ,2-benzi~do~ole in vari- 
ous concentrations of sulfuric acid is illustrated in 
Fig. 2. A plot of A E  ( e  296 - e 234) ~ J ~ Y S U S  Ho is 
given in Fig. 3 ,  and i t  shows a complex curve, 
which appears to have two inflection points a t  Ho = 
-0.58 and a t  HII = -5.75. Thesc rcsults iridicatc 

2 0 - 2  - 4  ~6 - 6  

Ac8ditr Function. H. 

Fig. 3.- 1,3-Dihydrc1-l~hydrusy-3-oxo-l,Z-benzio- 
doxole: acidity function 8s. ( e  296-e 234); p0int.s 
from spectral data, pKa's calculated from curve, 
-0.58 and -5.75. 

dobcnzoic acid. We can, therefore, safcly assume 
that structures such as I n  make only an extremely 

OH 

H 
\ 

H-0' 
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a two-step protonation. As a check of the method, 
the pKa of o-iodobenzoic acid was determined con- 
currently, yielding the value of -7.4 which is in 
good agreement with previously published data ( 12). 

A first protonation of compound I could lead to 
structures Ib,  Id, Ic, or If; loss of water from I b  
will yield Ic. (Schcme I.) 

Of these structures for a single protonation, I b  and 
I/ are considered least likely. Protoriation of a 
conjugated carbonyl function, such as that of benzo- 
phenone, occurs a t  pKa = -6.41 (16). and protona- 
tion of a lactone occurs at the carbonyl rather than 
the ether oxygen; an electronic shift would convert 
“structure” If into Ie. Examination of Fig. 2 
reveals that protonation of compound I gives 
rise to a new peak a t  256 mp, while the doublet 
a t  276-284 coalesces to a single peak a t  288 mp. 
By comparison, o-iodobcnzoic acid shows a peak at  
285 mp which, in strong acid, shifts to 328 nip. 
Thus, the 288 mp peak of mono-protonated 1,3- 
dihydro-l-hydroxy-3-oxo-l,2-benziodoxole could be 
indicative of thc presence of a carboxylic acid func- 
tion (Ie). However, not enough is known about 
the spectral characteristics of iodonium compounds 
to rule out the possible contribution of structure Id. 

The possibility of a sulfonation reaction appears 
unlikcly, as dilution of the above concentrated 
sulfuric acid solutions resulted in an absorption 
spectra identical to that obtained by mild acidifica- 
tion of an aqueous solution. 

The second protonation (Ha = -5.75) may be 
associated with that of a carbonyl group, leading 
to  structures such as Ig, Th, Ii, Ij ,  or 11; loss of 
water could lead to Ik, or Ih.  The shift of the ab- 
sorption band from 288 m p  to 296 nip is quite small. 
Structures I j  and I2 would contain a protonated 
lactone oxygen, and are therefore considered far 

Journal of Pharmaceulical Sciences 

less likely than structure Ii, which represents a 
classically protonated carboxylic acid and is 
resonance stabilized. Although the pKa observed 
is significantly less than those recorded for other 
o-substituted benzoic acids ( -6.78 to -7.78), 
the effect of an o-iodonium function must be taken 
into consideration. Thus, no conclusion can be 
made a t  present on the possible significance of these 
data on deciding bctween structures Ii and I h  for 
the doubly protonated species, or between Ie and 
Id for the singly protonated molecule. 

The ionization properties of l&dihydro-l-hy- 
droxy-3-oxo-1,2-benziodoxole and homologs thus 
support the heterocyclic nature of thcse compounds. 
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The absorption, metabolism, and excretion of nalidixic acid in man is illustrated 
by a model, and appropriate equations are derived. A total of 7 rate constants are 
calculated : 4 metabolic constants, 2 excretory constants, and 1 availability constant. 
All 5 components of the urine compartment and 2 components of the plasma com- 
partment are measured. Comparisons between experimental and calculated values 

are good. 

IIE CONSTRUCTION of pharmacokinetic models, T their utility in dosage form design, and the 
mathematical description of the fate of a drug 
in the body has been adequately treated by  
Wagner ( 1 ,  a), Nelson (3), Levy (4), and others 
(5) .  
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A complex model illustrating the pliarma- 
cokinetic parameters relating to the absorption, 
metabolism, and elimination of nalidixic acid1 
in man has been presented previously (6). A 
practical model was developcd which enabled 
calculation of the biologically active and in- 
active forms as s e p r a t e  groups. Another article 
by the authors describes a pharmacokinetic 

1 Nalidixic acid is l-ethyl-1,4-dihydro-7-methyl-4 oxo- 
1,8-naphthyridine-3 carboxylic acid. Marketed as Neg- 
Gram by Winthrop Laboratories, New York, N. Y. 
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model for hydroxyrialidixic acid (9) which is an 
active metabolite. 

The present article gives further experimental 
results which permit the complete pharina- 
cokinetic description of nalidixic acid in man. 
This model has been applied t o  blood levels and 
urinary excretion data obtained from two difler- 
ent tablet formulations. 
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THEORETICAL 

Equations describing thc change of each com- 
ponent in Scheme I with respect to  time were dc- 
rived, assuming total absorption and all rate proc- 
esses to be first order. The recovery of the drug 
from the urine in terms of all forms detccted an- 
alytically was found to  be 95 f 2% (& S. E.) in- 
dicating cssentially total absorption in every case. 

The equations used in thc present study are listed 
below. Lag time is defined as the time interval 
between ingestion of the dosage form and the ap- 
pearance of nalidixic acid in the plasma. Aa is 
equal to  the administered dose since complete 
absorption occurs. Time ( t )  is measured after the 
lag time interval. The nalidixic acid (NA) disap- 
pearance rate constant (kd )  is equal to the sum of 
ksI + kM, + kd,f2. The disappearance rate con- 
stant (kdz)  for hydroxynalidixic acid (HNA) is thc 
suni of kea + kKa + k,tc4. The availability rate from 
the intestilia1 tract (kA) is a resultant of such factors 
as gastrointestinal motility, dissolution rate, etc., 
and the absorption rate itself. 

A = A O E - k A t  0%. 1) 

k d  [HNA - U f HNAG - U + D A  - UIm 
An 

R v l  = ___ 

(Eq. 11) 
EXPERIMENTAL 

Protocol.-Two tablct formulations,' both contain- 
ing micropulverized nalidixic acid crystals, but with 
different tablet excipients, were given Orally as a 
1-Gm. dosc (2 Caplets) to 8 subjects according to a 
crossover design, with 1 week between experiments. 
'The drug was administered with water after over- 
night fasting. To maintain uniformity of absorp- 
tion, food, but not water, was withheld until 3 hr. 
postmedication. 

Blood samples were taken at 0, 20, 50, 80, 120, 
270, and 420 min. postmedication. A 0- and 24-hr. 
urine sample was also collected. Previous experi- 
ments have shown essentially complete recovery in 
24 hr. 

Analytica1wMethods.-Nalidixic and hydroxy- 
nalidixic acids may be extracted from biological 
materials by means of toluene at pH 1-2, as prcvi- 
ously described (7). Prior hydrolysis for 1 hr. a t  
this pH releascs both compounds from their 
glucuronide conjugates. It is possible to distinguish 
between NA and HNA on the basis of their differing 
extractabilities as a function of pH, as described 
below. 

( a )  Frce (or total) naphthyridine is determined 
by extracting with toluene at pH 1.2 (0.1 N HCl), 
transfer from toluene to 0.5 hi borate pH 9, arid 
reading the fluorescence at 325/375 m p  after 
acidification as described previously (7). The re- 
sults are calculated on the basis of N.4 standards 
carried through the same procedures; the recovery 
of NA, therefore, is 1OOUj,, while that of HNA is 
134%. The latter figure is a result of 2 factors: 
the extractability of HNA under the conditions 
used in 7i%, but, since its fluorescence on a weight 
basis is 172% of that of NA, a net value of 1347, 
will be obtained for HNA read against NA standards. 

( b )  A second aliquot of the material to  be analyzed 
(1-2 ml.) is diluted as necessary with an aqueous 
buffer of pH 5.63. (Composition of buffer per liter: 
sodium chloride, 10 Gm.; potassium acid phos- 
phate, 12.25 Gm.; basic potassium phosphate, 
1.75 Gm.) The solution is extracted with 30 ml. 
of tolucne, of which 25 ml. is extracted with the 
0.5 M borate, which is assayed in the usual way. 
Uiider these conditions the extractability of NA 
is 5.8 times that of HNA, but the relative fluores- 
cence factor of 1.72 reduces the advantage in favor 
of NA to 3.4. When read against NA standards 
carried through the Same steps, this method will 
recover 100% of the NA present, and 3376 of the 
RNA. The following relationship, therefore, exists: 

step 2 = 100% KA + 134y0 HNA 

step 2 = 100% iYA 4- 33% HNA 

step 1 - step 2 = l O l ' %  IINA 

For practical purposcs, then, step 1 - step 2 is 
taken simply as equal to  the amount of HKA 
present, and the amount of NA is readily calculated 
from either 1 or 2. When applied to  thc analysis 
of mixtures of the 2 compounds ranging from 540 
mcg. of NA and 60-5 mcg. of HSA, the recovery 

1 Negram Caplets, 500 mg./Caplet. 
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of HNA was 96.5 f. .5% of the amount added, and 
the recovery of NA was 103 =I= 9%. If total N h  + 
HKA is determined following acid hydrolysis in 
the samc way, and the valucs for free NA and HNh 
are subtracted, the amounts present as conjugated 
N h  and conjugated I1NA may be estimated, NA 
and HNA being stable to this hydrolysis. 

In  addition, urine levels of NAG, HNAG, and 
IIA were determined with previously described 
methods (7). 

RESULTS AND DISCUSSION 

The Wagner and Nelson method (8) of calculating 
availability ratcs of drug to plasrna was used, and 
results ( k ~ )  are shown in Table I. ‘Typical plasma 
level curves and A / V  valucs are shown in Figs. 1 
and 2 for 2 individuals and 2 dosage forms. For 
these same subjects, the logarithm of the per cent 
unabsorbed a t  various times was calculated and is 
shown in Fig. 3. Lag time is rcad as the time 
when is unabsorbed by extrapolating the line 
to log 2. 

Three of 13 observations for availability rates are 
apparently of the zero-order type. The mean of 
the 10 first-order availability rates is 0.018 min.? 
which is very similar to the mean ratc of 0.020 
m h - 1  reported for nalidixic acid in caplet form 

75 

for 8 subjects (6). The use of total plasma naph- 
thyridine for dctcrmining absorption rates (6) 
results in a small error because practically all of 
the naphthyridine is in thc form of nalidixic acid. 

With the exception of W. H., subjects showed 
Iittle variation in disappearance ratcs, either among 
themselves or between dosage forms. Using Eq. 
2, with division by I.’D to obtain concentration, 
the theoretical values of NA were calculated for the 
2 subjects shown in Figs. 1 and 2. Excellent 
agreement was obtained between the calculated 
values and those from the actual plasrna level 
curve. 

Because of low HNA plasma levels (Figs. 1 and 21, 
it is apparent that very little difference would be 
seen between thc disappearance rates of NA and 
XA + HNA. In fact, in our previous study (6), 
where active naphthyridine (KA + HNA) was 
measured in 8 subjects, their apparent average 
disappearance rate was 0.011 niin-l, which is 
identical t o  the average rate for N h  (Table I). 

Individiial values for excretion ( k N , )  and metabolic 
( k . ~ ~ ,  k x 2 )  rate constants were calculated using 
Hqs. 5, 8, and 11 with the 0-24-hr. urinary data as 
the infinity values (Table I). Data previously 
obtained (6) indicated that a 24-hr. urine analysis 
would represent complete excretion. Rate con- 
stants for the formation of NAG (kiw2) are the 

“I 
- 40:_j 20 Form A 

E IW 200 300 400 , 
In 

W ;150p~40k , , , 

; 100 -+ 
1 
n 

J R  
5 0  Form E 2o J R  

Form E .. 0 

1 0 0  200 JOO 400 100 200 300 400 
MINUTES 

, , Q  u .. 
1 0 0  200 JOO 400 

MINUTES 

10 W.H. 
Fwm B 

0 
0 8 ,  , 0 

100 200 300 400 

wk;, 20 

Form A 
‘00 200 300 400 

Fig. 1.-Plasma levels and 
A / V  as a function of time. 
Key: 0,  KA; 0, HXA; 0, 
calculated valucs for Kh. 
Initials identify subjects. 

Fig. 2.-Plasma levels and 
A / V  as a function of time. 
Key: 0, NA; 0,  HKA; 0, 
calculated values for XA. 
Initials identify subjects. 

MINUTES 
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0 5 L 2  Form B 

IW 200 300 

W H  
Form A 

L- IW 2w am L 100 200 300 

MINUTES 

Fig. 3.-Log per cent nalidixic acid unabsorbed as a 
function of time. Initials identify subjects. 

15[ 

30 
3 1  

> W 

3 10 
a z m i.; k<, Form A. 

a 
100 200 390 400 500 3 a 

M f N U T E S  

Fig. 4.- Plasma levels as a function of time. Key: 
experimental 0,  NA; experimental 0, HNA; 7, 
calculated curve for HNA and NA. (20 mm. 
experimental value for A. J.. form A was 0.) 

highest of the various constants for disappearance 
in 4 of G subjects. The variation in metabolic 
rates with each individual between forms A and B 
is slight compared to the variation among in- 
dividuals. 

Because of the low excretion rate of nalidixic 
acid and its high metabolic rates, the over-all effect 

is an extremely small quantity of NA4 appearing 
in the urine. In fact, if the active drug is measured 
in the urine (NA + HNA), the observed apparent 
excretion rate constant should be essentially that 
of HNA. The apparent mean excrction rate con- 
stant of the active drug (XA + HNA) in the urine 
has been reported as 0.0015 min.-’ f 0.0003 (18 
observations) (6) compared to  an average excretion 
rate constant for HNA of 0.0019 min.-’ f 0.0004 
(4 observations) (9). 

The excretion of acidic and basic organic com- 
pound is sometimes modified greatly as a result 
of changes in urinary pH usually induced by large 
doses of sodium bicarbonate or ammonium chloride. 
McChesney and co-workers (7) have shown that  
the urinary excretion of active naphthyridine 
(NA + HXA) is (increased with n’aHC03 and 
decreased with NH,Cl given simultaneously with 
nalidixic ac-id. No attempt was made to  control 
urinary plliin the present study since normal vari- 
ations in excretion rates were sought. 

The apparent volumes of distribution for NA 
and HNA are inversely proportional to the per cent 
of plasma protein binding at pH 7.4 in therapeutic 
concentration ranges. These are 93% for NA and 
63% for HNA using equilibrium dialysis techniques. 

In order to evaluate the processes beyond the 
formation of HNA, the results of an experiment in 
which IINA is given orally (9) are needed. For 2 
subjects (A. J. and G. B.) common to both these 
experiments, their individual disappearance rate 
constants ( k d 2 )  and apparent volumes of distribution 
for HNA (9) plus their ka, kM,, k d ,  and VD values 
for NA (Table I )  wcre used in Eqs. 2 and 3 to  calcu- 
late plasma levels. These results which are shown 
in Fig. 4 indicate a reasonable agreement with the 
experimental data for NA. 

For HNA, the agreement with experimental data 
for A. J. (form A)  is reasonable, however, for G. B. 
and A. J. (form B) the general shape of the theo- 
retical curve is good indicating that the rate con- 
stants are sufficiently good estimates, but the 
heights of the curves are too low or too high. The 
complexity of the HNA system is of such a magni- 
tude that good fits should not be expected with the 
use of apparent distributive volumes and disap- 
pearance rate constants from separate experiments. 
Good fits can be obtained by only changing the 
volume of distribution. By increasing the V D  
for G. B. from 40.8 to S a . O ~ o  of body weight, the 
height of the plasma level curve is lowered (dashed 
curve, Fig. 4), producing a good correlation with 
experimental values. For A. J. (form B), decreas- 
ing the V B  from 45.9 to 317, of body weight also 
gives a good fit with experimental values (dashed 
curve, Fig. 4). 

Assuming average rate constants and using 
Eqs. 5,  7 ,  8, 9, and 10, the average urinary excretion 
values at infinity were calculated. A comparison 
between these values and the average cxperimental 
values is given in Table 11. Again a reasonable 
agreement is apparent. 

The plasma level comparison (NA and HXA) 
plus the good agreement with urinary excretion 
data indicate that these average rate constants 
(Table 11) will give a good picture of the metabolism 
and excretion of nalidixic acid and its metabolite 
(HNA). Such a picture is presented in Figs. 5 and 
6 where the changes occurring in plasma and urine 
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TABLE II.-COMPARISON OF CALCULATED AND 
EXPERIMENTAL VALUES FOR NALIDIXIC ACID AND 

METABOLI~ ES 

Calcd '& 

Urinary Exptl 
Excretion, IJrinary Excretion 

Cotnpd. mg (mg.) Av. f S.E. 
NA-U 9 8 * 3  
XAG-U 517 537 f 49 
HNA-U 105 129 f 8 
HNAG-U 22 1 229 zt 32 
DA-U 74 43 5 6 

77 

Average rate constants are: k d ,  0.01116 rnin.-'; k l f l ,  
0.00483 rnin. -1; k s l ,  0,00010 min.-l, kbfhir, 0.00577 rnin. - 1 ;  

k+, 0.00746 rnin. -1; k E z ,  0.00193 min.-'; khi3, 0.00405 
miti. -1; khc4, 0.00137 rnin.-'. 

Fig. 5.-Calculated average plasma levels as a 
function of time. Key: 0, NA; 0,  HNA. 

MINUTES 

Fig. 6.- Calculated average cumulative urinary 
excretion as a function of time. Key: 0,  NA; 
o, HNA. 

with respect to time for the active components o r  
the model are presented. Average rate constants 
and VD'S were used in Eqs. 2, 3,4 ,  and 6 to  generate 
these curves for a 1-Gm. dose of nalidixic acid. 

SUMMARY 

A differential extraction procedure has been 
dcvcloped which enabled the separate determination 
of NA aiid HNA in plasma and urine. 

The solution of a pharmacokinetic model for 
ndidixic acid which involves 5 components in the 
body and urine compartments has been mathe- 
~natically described in terms of rate equations. A 
total of 7 rate constants have been determined: 2 
for glucuronide formation, 2 for oxidation, 2 for 
excretion of iYA and IINA, and 1 for the avail- 
ability of NA. 'The reasonable agreement between 
calculated and experimental curves has been il- 
lustrated. 

APPENDIX 

Equations relating the quantities of NAG-U, 
HNSG-U, and DA-U as a function of time are 
prcsented. By letting time ( t )  approach infinity, 
equations are obtained which enable the calcula- 
tion of metabolic and excretion constants without 
making any assumptions about the relative values 
or consecutive rate constants. 

These equations were derived from the model 
(Fig. I) where the rate constants are assumed to  
be first order and the compartments are defined 
as the: ( a )  GI tract, ( b )  body or apparent volume 
of distribution, and (6)  urine. Definitions of terms 
are stated under Theoretical. 

NAG-U = 
kLlik.v&AA!p - e - k d t  _ _ _  

~~~~ 

( h a  - k,i)  (kd  - k d  ( kd 

- kv'flo (Eq. 4a)  
kd 

HNAG-U = 

I t  is apparent that when time ( t )  is permitted to 
approach infinity, the above equations reduce to 
their last term and give Eqs. 8 ,  9, and 10 of the 
text. 

Equation 11 of the text is derived from the sum 
of thc expressions for D&U, I-INAG-U, and 
HNA-U a t  t = m. 

[D-k-U], + [HNAG-UI, + [HNA-I!], = 

which reduces to  

[DA-U], f [HNAG-U], f [ITNA-U], = 

By definition kd2 = k,m f k,w3 f krc,. 
Therefore, Eq. Sa, upon substituting for kdl 
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and solving for k,vl reduces to Eq. 11 of the  text. 
This equation permits the calculation of the met- 
abolic rate constant (kJ,f1) for t h e  oxidation of vol. 12, s. Karger, Kew York. N. Y.,  1964. 
tialidixic acid to hydroxynalidixic acid. 

(3) Kelson, E., ;bid., 50, 181(1961). 
(4) Levy, G., A r c h .  I n t r y .  Phnrmacodyn., 152, 6!4(196+).,, 
(5) Freeksen, E., ed., Antibiotica ct Chemotherapla, 

(6) Moore, W. E., el aI., 1. Phawn. Sci.. 54, :ic;(l965). 
(7) McChesney, E. W., et nl., l 'ox iro l .  A p p l .  Phnvmncol., 

( 8 )  Wagner, J. G., aud Nelson, E., .7. Pharm. Sci., 52, 

(9) Portmanu, G. 4., rt nl., ibid., 55,59(1(166). 

6, 282(1!364). REFERENCES 
(1) Wagner J. J .  Plzarm. Sci. 50 358(1961). 610(1063). 
(2) Wagner: J.: and Nelson, E.: ibi)d., 53, 1392(1964). 

Determination of Free Salicylic Acid in 
Aspirin and Aspirin Products 

By JOHN D. WEBER and JOSEPH LEVINE 

In a previously described method for the determination of free salicylic acid in aspi- 
rin, the salicylic acid is isolated on a partition chromatographic column as its purple 
ferric-phenol complex, using ferric chloride solution as immobile phase. With the 
addition of a high concentration of urea to the ferric chloride, the method is signifi- 
cantly improved. The separation is more sharply defined, making feasible the 
analysis of larger samples of aspirin and permitting the use of a more easily pre- 

pared chromatographic column. 

PROCEDURE has been described (1) for the A isolation and determination of small 
amounts of salicylic acid which occur in aspirin 
and aspirin products. The salicylic acid is re- 
tained on a Celite: 2% ferric chloride partition 
chromatographic column as its ferric complex 
while the nonphenolic aspirin is eluted with 
chloroform. The ferric complex is then dis- 
sociated with acetic acid and the free salicylic 
acid eluted with chloroform. 

Several investigators have encountered dif- 
ficulty with the published method (2). During 
the elution of the aspirin, the salicylic acid 
migrates slowly down the column (as evidenced 
by the position of the purple complex) and 
spreads out into a diffuse band, which sometimes 
becomes difficult to discern. Unless the chro- 
matographic column is packed with great uni- 
formity, channeling may occur during both the 
elution of aspirin and the recovery of salicylic 
acid. 

A radical improvement in the chromatographic 
separation is achieved with a modified ferric 
chloride reagent, which contains a high con- 
centration of urea. The band of thc ferric- 
salicylatc complex obtained with this reagent is 

~ 

Received May 19, 1965. from the General Methods Branch, 
Division of Pharmaceutical Chemistry, Bureau of Scientific 
Research, Fond and Drug Administration, U. S. Department 
of Health, Education, and Welfare, Washington, D .  C. 

Accepted for pnblication November 4, 1065. 

much more deeply colored than that obtained 
with the simple ferric chloridc reagent. The 
dense, sharply delineated band migrates only 
very slightly during the elution of aspirin. The 
use of shorter columns, which do not require 
extraordinary care in packing, is therefore 
feasible. Columns prepared with the modified 
rcagent will also accommodate much larger 
samples of aspirin than those prepared with ferric 
chloride alone. 

Addition ol urea to the ferric chloride reagent 
was suggcsted from the report of a urea-salicylic 
acid complex by Bolton (3 ) .  It is apparent that 
the formation of this binary complex does not 
account for the trapping of salicylic acid by the 
€erric chloride-urea reagent, however, since urea 
solutions alone, a t  any concentration, are com- 
pletely ineff ective in removing salicylic acid from 
chloroform solution. 

Optimum results are obtained with an immobile 
phase containing 5% ferric chloride and which is 
10 M with respect to urea. It must be main- 
tained a t  a pH betwecn 3.1 and 3.3. At lower 
pH levels the salicylic acid band becomes diffuse 
and more loosely retained, while a t  higher levels 
recovery of salicylic acid from the column may 
be incomplete using the spccificd volume of 
eluant. 

The Concentration of urea in the reagent inust 
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extraordinary care in packing, is therefore 
feasible. Columns prepared with the modified 
rcagent will also accommodate much larger 
samples of aspirin than those prepared with ferric 
chloride alone. 

Addition ol urea to the ferric chloride reagent 
was suggcsted from the report of a urea-salicylic 
acid complex by Bolton (3 ) .  It is apparent that 
the formation of this binary complex does not 
account for the trapping of salicylic acid by the 
€erric chloride-urea reagent, however, since urea 
solutions alone, a t  any concentration, are com- 
pletely ineff ective in removing salicylic acid from 
chloroform solution. 

Optimum results are obtained with an immobile 
phase containing 5% ferric chloride and which is 
10 M with respect to urea. It must be main- 
tained a t  a pH betwecn 3.1 and 3.3. At lower 
pH levels the salicylic acid band becomes diffuse 
and more loosely retained, while a t  higher levels 
recovery of salicylic acid from the column may 
be incomplete using the spccificd volume of 
eluant. 

The Concentration of urea in the reagent inust 
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the solution to the colurnn, riusing the bcakcr with 
10 ml. of chloroform in sinall portions. Wash the 
column successively with 10- and 50-ml. portions of 
chloroform to rrniove the aspirin. IZirlstr the tip 
of the column with a jet of chloroforiu. (If the 
purple zone reachcs the bottom of the column, 
repeat with a smaller samplc of aspirin.) 

Place as receiver under the column a 50-ml. 
volumetric flask containing 10 nil. of methanol and 
2 drops of hydrochloric acid. Elute the column 
with 10 ml. of ether coiitainiiig 1 nil. of glacial 
acetic acid, followed by 30 ml. of chloroform, and 
dilute to volume with chloroform. Concoinitar~tly 
determine the absorbance of this solution and of 
thc standard solution a t  the inaxinium a t  about 
306 nip. 

4 P C  Tablets and  Flavored i"ablets.-Mount in 
series directly above the trap column a second 
column containing a pad of cotton about 20 Inm. 
deep. Dissolve the sample as dcscribrd above and 
transfrr it  to the upper column with the aid of 10 
ml. of chloroform. Pass 20 ml. of chlnroforn~ over 
the columns; discard the upper column, arid cow 
tinue as described under A s p i r i n  a n d  Aspirin 
Zablels, beginnitig with "Wash the C O ~ I I I I I  suc- 
cessively with 10- arid 50-ml. portions of chloro- 
form." 

be 10 IU to maintain dense salicylic acid bands 
during the elution of thc aspirin. A quantity of 
salicylic acid which forms a zone 3 mm. deep 
with this reagent, for example, forms a zone 
spread throughout the column when the con- 
centration of urea in the immobile phase is re- 
duced to 7.5 M. In the absence of aspirin, the 
effect of the urea concentration is minor. Dcnse 
bands are obtained with urea concentrations over 
a range of 2.5 to 10 M. 

It has been shown (1) that  only dilute solutions 
of ferric chloride rcrnovc salicylic acid From 
chloroform solution; the U.S.P. ferric chloride 
test solution (9yo) is virtually ineffective. In  
contrast, the effectiveness of the urea-ferric 
chloride reagent in maintaining a dcnsc salicylic 
acid band increases with increase of ferric chloride 
concentration over a range of 1 to 15yo. The 
color of the reagent at the higher concentrations 
deepens, however, lessening the visual contrast 
between its color and that of the salicylic acid 
complex. A concentration of 5% ferric chloride 
was selected as optimum for providing suitable 
color contrast while maintaining the compactness 
of the salicylic acid hand on the column. 

PROCEDURE 

Reagent.---'To 60 Gm. of reagent grade urea, add 
8 nil. of BOYo ferric chloride solution' and 42 ml. 
of 0.05 A7 HCI. Shake, without heating. to dissolve 
the urea. 'I'hc pH of frcshly prcparcd solution is 
about 3.2.  It should be checked on a pH meter 
daily, and, as necessary, adjustcd to betmecn pTI 3.1 
and 3.3 by dropwise addition of 6 N HCI. 

Salicylic Acid Standard.- -Accurately weigh about 
25 mg. of salicylic acid and dissolve in 100.0 nil. 
of chloroform. Transfer 5.0 ml. to a 100-ml. volu- 
metric flask; add 2 nil. of glacial acetic acid, 20 nil. 
of ether, 20 nil. of methanol, and 4 drops of hydro- 
chloric acid. Dilute to volume with clilorotorm. 

Chromatographic Tube.--A 25- X 2ti0-mm. test 
tube to which is attached a 50-mm. length of 6- or 
8-1nm. tubing. The tamping rod consists of a disk 
of staitiless steel, aluminum, or glass, of a diameter 
1 I ~ I I I .  less than that of the column. attached to a 
rod 12 to  18 in. long. Pack fine glass wool2 in the 
base of the column as support. 

Preparation of Trap Column.-To 3 Gm. of 
Celite 5453 add 2 ml. of Reagent. Mix thoroughly, 
transfcr to thc column, and tamp, using gcntlc 
pressure, to  a uniform mass. Cover with a pad of 
cotton about 20 mm. thick. (This insurcs uniform 
distribution of thc solvent over the column cross 
section.) 

Procedure.-Use wrater - saturatcd solvents 
throughout. 

il sp i r in  and A s p i r i n  Tablets.-Weigh a quantity 
of sample, equivalent to about 200 mg. of aspirin, 
into a beaker. Add 10 ml. of chloroform and 
stir for 3 min. to dissolve the samplc. Transfer 

~ ~ ~~ 

1 Commercial reagent. 
2 Pyrex Filtering Fibre, Corning Glass catalog NO. 3980. 
3 Johns-Manville Corp. 

DISCUSSION AND RESULTS 

A moderate amount of urea is elutcd togcthcr 
with thc salicylic acid during the rrcovery of the 
latter from the colurnn. Hydrochloric acid is 
added to insure acidity of thc eluate. and methanol 
to achieve miscibility of thc acid with the eluting 
solvent. The absorbance maximum of the resulting 
solution is at 306 mp, as comparcd with the wavc- 
length oI 310 nip in the absence of methanol. The 
standard rcfcrcncc solution is therefore prcpared 
to have the same solvent composition as the eluate. 

Ko measurable dcgree of hydrolysis of aspirin 
occurs during the analysis. The salicylic acid frac- 
tion obtained from 500-mg. samples of purified 
aspirin had an absnrbance of 0.003, equivalent to 
about O.Ool';b of salicylic acid. 

Measured amounts of salicylic acid wcre added 
to powdcred aspirin U.S P. and to powdcred coni- 
mercial tablets. Recoveries arc prrsented in 'I'ables 
I and TI, rcspcctively. The latter values show 
that the cxcipient materials present in these com- 
mercial formulations do not interfere with the pro- 
cedure. 

A number of samples of buffered aspirin tablets 
were assayed, employing the prcliminary boric 
acid treatment described in the earlier procedure 
(1). Because of the prccision of thc analyses, it 
was thought that these represented the true con- 
tent of free salicylic acid of the tablets. However, 
following a suggestion (4) that boric acid might not 
b P  fully effective in liberating salicylic acid from 
the buffering agents, i t  was indeed found that re- 
covcry of salicylic acid added to aluminum hy- 
droxide gel, calcium carbonate, and magnesium 
trisilicate, which arc commonly used in these 
formulations, was incomplcte. A methauolic solu- 
tion of o d i c  acid effected complcte recovery of 
salicylic acid from its calcium salt while producing 
only a negligible degree of hydrolysis of aspirin. 
Howevcr, neithcr this nor any other rcagent thus 
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TAELE I.-srANDARD RECOVERIES O F  SALICYLIC A C I D  ADDED TO A S P I R I N  
-. - 

Total Wt. Corrected Wt. 
Salicylic Acid Salicylic Salicylic Acid Recovery, 

Aspirin, mg. Added, mg. Acid Found Found, mg. % 
218.5' None 0.045 (0.020yJb)" . . .  . . .  
4t19.7a None 0.093 (0.019%) ... . . .  

1005.4" Nonc 0.179(0.018%) . . .  . . .  
1020.9b None 0.225 (0.022Yn',) . . .  . . .  
lO05.6b 
1004. Zb 
201.3 
501.8 
202.3 
204.0 
203.9 
201.9 
200.9 
209.5 
51.2 
54.7 

None 

0.129 0.228 0.133 
0.257 0.295 0.257 

0.129 0.170 o:i32 

0.257 0.295 0.256 
0.514 0.552 
0.514 0.555 
0.771 0.802 
0 .  771 0.805 
2.056 2.076 
2.056 2.079 

0.513 
0.517 
0.764 
0.765 
2.066 
2.069 

... 

lea: 3 
103.1 
100.0 
99.6 
99.8 

100.6 
99.1 
99.2 

100.5 
100.6 

"Freshly ouencd container of powdered aspirin U.S.P. bSnme sample 11 mouths after having been opened. "The ac- 
The absorbance of the salicylic acid fraction 

The accuracy a t  thislevel 
curacy a t  this level is limited by the reading of the spectrophotometer scale. 
in this analysis was 0.026; a deviation of 10 .001  would be equivalent to a deviation of d ~ 4 7 ~ .  
can be increased by increasing the size of the sample. 

TABLE II.---STANDARD RECOVERIES O P  S-4LICYI.IC AkCID f\DDED TO COMMERCIAL TABLETS 
- 

Total W t .  Corrected Wt. 
Sample Wt. Aspirin Salicylic Acid Salicylic Acid Salicylic Acid Kccovery, 

Product W t . ,  mg. in Sample, mg. Added, mg. Found, mg. Found, mg. % 
5 gr. 234.0 196.9 . . .  0.096 (0.049%) . . .  . . .  

aspirin 253.8 213.6 0.105 (0.049%) . . .  
tablets 249.3 209.8 0: 608 0.701 0:5& 98.4 
U.S.P. 261.8 211.9 0.608 0.701 0.597 98.2 

247.8 208.5 0.243 0.344 0.242 99.5 
25n 0 210.4 0.24:< 0.341 n .2m 97.9 ~. ~ ._ ~. 

1'/4 gr. 548.7 1R5.5 . . .  0 . E  (0.057%) ... . . .  
child~cm's 555.0 197.8 0.113(0.057%) . . .  
aspirin 538.3 191.8 0:4i9 0.596 0: 487 99.6 

541.8 193.1 0.498 0.598 0.488 99.8 
ilPC tablets 543.8 244.7 0.159 (0.114%) ... 

N.F. (3.5 453.5 204.0 0:489 0.719 0:4& 99.4 
gr. aspirin) 420.3 189.1 0.489 0.693 0.477 97.6 

far tested quantitatively releases salicylic acid from 
aluminum hydroxide gel without causing extensive 
hydrolysis of aspirin. 

Analyses of buffcrcd tablets using the oxalic acid 
reagent had a precision equal to tha t  obtained with 

Brand 2 
Brand 3 
Brand 4 
Brand 5 

Aspirin tablets, flavored 
I1/q gr. 
Brand l a  
Brand l b  
Brand 2a 
Brand 2h 
Brand 3 

APC tablets 
Brand 1 
Brand 2 
Brand 3 
Brand 4 
Brand 5 

TABLE III.-ANALYSIS OF COMMERCIAL SAMPLES -~ 
Sample Salicylic Acid Found, To 

Aspirin powder, U.S.P. 0.018,0.019,0.020 

0.019.0.020.0.020 

Aspirin tablets, 5 gr. U.S.P. 
Brand 1 0.045, 0.043 

0.076, 0.078; 0.070 
0.125, 0.122, 0.124 
0.285, 0.280, 0,280 

0.199, 0.209, 0.196 
0.180, 0.168, 0.170 
0.094, 0.091, 0.091 
0.057, 0.057 
0.534, 0.528, 0.531 

0.046, 0.044, 0.045 
0.047, 0.045, 0.044 
0.115, 0.120, 0.121 
1.04, 1.06, 1.07 
0.262, 0.264, 0.259 

boric acid, and uniformly indicated a higher frec 
salicylic acid content. Examination of the in- 
soluble residue showed, however, that these analyses 
did not represent the entire nonaspirin salicylate 
content of the tablets. Despite this incomplete rc- 
covery, 4 of 7 samples analyzed gave values in excess 
of lcjr, salicylic acid. 

Aspirin products of various brands, both local 
and nationally advertised, were obtained from local 
retail pharmacies and food markets. The samples 
were purchased directly from the stock on the 
shelves; no information is available on their age. 
The analyses of these samples are presented in 
Table 111. 

Three of 5 samples of 5-gr. aspirin tablets were well 
within the U.S.P. XVII limits of 0.1570 salicylic 
acid; 1 approached this value, and 1 exceeded it. 
Three of 5 samples of 1 l / q  gr. of children's flavored 
aspirin tablets exceeded this limit. 

Four of the 5 samples of aspirin, phenacetiti, and 
caffeine tablets werc well within the N.F. XI1 limits 
of 0.75y0, while a fifth, which had a loose bottle cap 
at  the time of purchase, exceeded the limits. 
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Technical Articles 

Film Coating Theory and Practice 
By GILBERT S. BANKER 

Recent theory and developments relating to the formation and modification of 
synthetic polymeric films are discussed in  relation to the pharmaceutical uses of 
such films in dosage form development. Fundamental mechanical and physico- 
chemical properties of films as affected by plasticization, solvent effects, polymer 
chemistry, film additives, and other factors are considered in  relation to film dissolu- 

tion, permeability, and diffusion properties. 

OLYMERIC FILMS are finding an ever-increasing 
range of application in pharmaceutical re- 

search, development, and dosage form design. 
In  the coating of tablets and other solid dosage 
forms there is presently no coating methodology 
that can match film coating in production 
capability or economy. Polymeric film coatings 
have been increasingly employed to coat drug 
particles and drug-containing pilules to  produce 
products with a delayed or prolonged pharma- 
ceutical action. Approximately 1000 pharma- 
ceutical patents pertaining t o  polymeric materials 
as adjuvants, including polymeric coatings, have 
been issued in the last 15 to 20 years. In  addition 
to  application to  all types of solid oral dosage 
forms, polymeric films are being employed for such 
diverse uses as the coating of suppositories, 
the encapsulation of liquids, and aerosol spray 
bandages. As film theory and technology con- 
tinue t o  advance, both fundamentally and in 
selected pharmaceutical applications, increasing 
and more effective utility of polynieric films will 
be made by  the pharmaceutical industry. The 
purpose of this paper is to  relate some of the more 
reccnt theory and developments in film tech- 
nology to pharmaceutical applications and 
practice. 

THEORY OF FILM FORMATION 
Forces in the Film.-In any pharmaceutical film 

coating operation in which a polymer film is being 
applied to a matrix, scts of forces opcratc bctween 
the film forming polymer molecules on the one 
hand (cohesion), and between the film and the 
substrate on the other hand (adhesion). Cohesion, 
also known as autohesion or self-adhesion, refers 
to the ability of contiguous surfaces of the same 
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material, at a molecular or at a supermolecular 
level, to form a strong bond which prevents or rc- 
sists separation a t  the point of contact. To  obtain 
high levels of cohesion 2 phenomena are necessary: 
the cohesivc (autoadhesive) strength of the ma- 
terial, molecule to molecule, must be relatively 
high, and the contiguous surfaces of the film ma- 
terial must coalesce on contact (1). Coalescence 
or the disappearance of boundary layers between 
adjacent polymer molecular layers or surfaces is 
explained by diffusion theory. According to  theory, 
movement (diffusion) of individual macrornolccules 
or segments of macromolecules between and within 
film layers may occur under a variety of conditions, 
including during gelation, when polymers are de- 
posited in solution over a previous polymer layer, 
or at elevated temperatures corresponding to a 
semisolid state (2). The result, if there is adequate 
cohesive attraction between the molecules and suffi- 
cient diffusion and coalescence, will be a restoration 
of the polymer structure to a uniform nonlaminated 
matrix at the contact zone (Fig. 1) affected by the 
displacement (diffusion) of whole molecules or of 
individual scgments of the macromolecular chains. 
Only high polyniers, owing to their molecular 
structure, combine suflicient cohesive strength 
and capacity for coalescence to produce fiber and 
film structnrcs, drawn or deposited from appropriate 
solvents . 

The significance of the degree of cohesion in film 
structures is fundarnerital to film properties. An 
increase in cohesion in the structure of 1 polymer to 
another, or of 1 analog of a homologous series to 
another will increase film density and compactness, 
may decrease porosity and permeability, decrease 
flexibility, probably incrcasc brittlcncss, as well as 
affecting other film properties either directly or 
indirectly ( 3 ) .  

Controllable Processing Factors Affecting Co- 
hesion in Pharmaceutical Film Coatings.-The 
factors which may increase film cohesion, polymer 
surface to  polymer surface, not all of which are 
readily controllable in the typical pharmaceutical 
film coating operation includc: increased surfacc 
contact time (4), increased contact temperature 
( 6 ) ,  increased contact pressure (41, coat thickness, 
and control of coat solution or coat dispcrsion 
concentration, degree of polymer solvation, and 
viscosity. Increased coat-contact temperature, 
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Coat Solution Concentration, Solnation, and Vis- 
cosity.--Viscosity, hence polymer solvation and 
solution conccntration, are of great importancc to 
the self-adhesion of high polymers. At low vis- 
cosity or a t  high polymer solvation levels self- 
diffusion should be promoted. On the other hand, 
at low viscosities most coating solutions will be 
very dilute, coating times will be unduly long, and it 
will be comparatively easy for a selected deposited 
film component forming the bond to separatc from 
the bulk of the previousIy homogeneous film sub- 
strate. Consequently, an intermediate viscosity 
will usually result in the highest cohesive strength 
( 6 ) .  The viscosity at which the deposited coating 
solution gels will also affcct cohesive strength, 
and this will be a function of the solvent or mixcd 
solvent system used and the rate of dcsolvation and 
stercochcrnicd displacement of the polymer from 
the solvent duriiig evaporation. 

Formulation Factors Affecting Cohesion in 
Pharmaceutical Film Coatings.-Thc formulation 
factors primarily affecting cohesion in pharina- 
ceutical films include polymer chemistry (sterco- 
chemistry and functionality) and polymer structural 
properties (molecular order arid crystallinity in thc 
film), solvent effects, the presence of addcd dispersed 
solids, and plasticization. 

Polymer Chem.istvy.--’The shape of polymeric 
molecules exerts a strong influence on cohesion in 
films, since molecular shape largcly determines 
both the diffusibility of a macromolecule or its 
individual branches or segments, and the strength 
of its interlacing arcas. Macromolecules with a 
regular structure, provided they are not in a strongly 
crystalline state, should be more diffusible than 
molecules w-ith a highly irregular stereochcmical 
structure (8, 9). Branched molecules in which 
the branching docs not greatly hinder diffusion 
may have a greater cohesive strength than rioii- 
branched equally noncrystalline polymers, bascd 
on a firmer anchoring of such macromolecules in the 
diffusion layer. In a homologous series, lower 
molecular wcight fractions exhibit a greater co- 
hcsion, and show a greater change in cohcsion 
strength with temperature changes (A) .  In strongly 
polar polymcrs, self-adhesion by diffusion is in- 
significant, due to the minimal flexibility arid fixed 
order of the macromolecules caused by the inter- 
molecular forces holding the polymer chairis in a 
fixed form. Protcins and cellulosics arc examples 
of such polymers exhibiting minimal molecular 
diffusion, proteins tending toward a helix, and 
cellulosics having a rigid ring structure chain back- 
bone. I n  crystalline polymer structures, the cohe- 
sion between ordered polymer molecules may greatly 
excecd that possible by the diffusion proccss in 
amorphous polymers (10). 

The theory of cohcsion in polymer films is complex 
and may involve the concepts both of diffusion 
and ordered structure. The cohesive strength of 
thc crystalline-amorphous polymers used phar- 
triaceutically is related to the presence, C~llCelltrd- 
tion, location, and relative polarity of polar groups 
along the polymer chain, regularity of chain struc- 
ture, branching, molecular weight, arid inolecular 
weight distribution. 

Polymer Structural Properties (Molecular Order 
and Crystallinity).-A highly ordered, crystalline 
polymer represents a polymer system of ~naximum 

.:. ._ . .. .. . . . . . .. . . . . . . . . . .:: ..: . :. :...: 
::: ..:.::: .:..:.;:;;;....., 
f.:.;.:.:’. . .. . . , ::. n ::,: ..;.:>:: .:.. 
(A ) 

Fig. 1.-Sche- 
matic represen- 
tation of the co- 
alescence of (A) 
low molecular 
weight liquids, 
and (€3) high 
polymers in a 
polymcric film 
structure. 

time, or pressure all promote cohesion by promoting 
iriolecular diffusion a t  the contact boundaries. 

Temperature.-Tcmpcrature is directly related to 
autohesion; indeed, the teinperaturc dependence 
of cohesion is a proof of thc diffusional basis of the 
process. As the contact temperature increases, 
the cohesive strength of the contiguous polymer 
surfaccs increases over a definite temperature inter- 
val along an exponential curve, not unlike the 
exponential dependence of diffusion rate on tem- 
perature observed for low molecular weight ma- 
terials (7). This exponential increase in diffusion 
rate with temperature is due to the incrcased thcr- 
ma1 motion of complete polymer chain molecules 
or fractions of such molecules, and is probably 
secondarily related to decreased polymcr, polymer 
gel, or polymer film density. That a more cohesive 
film generally results from the application of a 
warm coating solution to  a warm substrate is well 
kiiowu to those skilled in coating technology. 
There are, of course, limits to the amount of heat 
which may be advantageously used, as excessive 
heat may cause premature spray drying of the 
coat, slipping arid peeling of the coating as i t  ap- 
proaches its melting or glass point, or the develop- 
ment of pinholes in the coat caused by solvent 
evaporation under high localized vapor pressure 
through a case-hardened film surfacc. It is also 
well known that an increased temperature gener- 
ally greatly facilitates adhesion brtmccn polymer film 
and substrate, with the temperature effect probably 
cliciting the same phenomena as in cohesion (pro- 
moted diffusion). 

Contact Pressure and Contact Time.-Contact 
pressure is not a readily controllable factor in the 
typical pharmaceutical film coating application. 
Contact time refers to the duration during which a 
newly deposited polynirr film laycr is “setting-up” 
and the polymer molecules, wholly or in part, are 
capable of diffusion and oricntation. Reasonably 
rapid solvent evaporation rates are sought in most 
film coating applications to facilitate rapid coating. 
However, solvents which flash off prematurely not 
only may lead to spray drying of the atomized coat 
solution, but may produce noncohesive films due to 
a premature immobilization of the polymer mole- 
cules in the film structure prior to molecular orienta- 
tion, as well as to poor diffusion of the polymer 
molecules between niolecular layers in the film. 

Film Coat Thickness.-Cohesive strength of films 
is commonly cxpressed as the peeling strength, 
represented as the work of ergs/cm.2, required to 
separate bonded layers of film (5). The cohesive 
film strength (peeling strength) has been found to 
increase as a zero-order function of film thickness 
up to some fixed value, dependent on polymer film 
chemical class, after which the cohesive strength is 
constant with further increases in thickness. 
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cohesive structure (compactness) and cohesive 
strength (represented by crystal strength). The 
intermolecular forces which promote cohesion, par- 
ticularly hydrogen bonding, also promote crystal- 
linity (11). While polar groups diminish molecular 
sclf-diffusion, strongly polar groups or hydrogen 
bonding groups (such as -OH and -COOH 
groups of substituted cellulosics, --COO11 groups 
of pendant carboxyl containing linear polymers 
such as acrylics, or -CO-NH- groups of poly- 
amides or polypeptides), if they are regularly dis- 
tributed along the chain, will producc a distinct 
tendency for the formation of laterally ordered 
chains (structure I). The closer thc polar groups 
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ture describes thc relative co-existing ordered- 
disordered lateral position or placement of the 
linear polymer chains or groups of chains in the 
particular polymer structure, and relates to the 
general over-all crystallinity of that structure 
(Fig. 2). The rclative degree of molecular chain 
order to disorder in a film varies with such factors 
as the method of film application, the solvent system 
from which the film was cast, and the stresses in 
the film; and affects such physical properties as filtn 
strength, solubility, and miscellaneous mcchanicaI 
properties (14). The toughness and rigidity of 
films are favored by a high chain order (14). Crys- 
tallinity, independent of molecular weight, is the 
single effcctive determinate which is directly related 
to film stiffness and yield point, and also affects 
film permeability, flexibility, and brittleness (17-19). 
In general it is more difficult to correlate the 
physical properties of a polymer film to a lateral 
order parameter (crystallinity) for derivatives of a 
parent polymer, such as cellulose derivatives, than 
for the parent polymer itself, ie.. cellulose (14). 

Solvent Effects (Solvation).-Pharmaceutical poly- 
meric film coatings, almost without exception, are 
applied to the substrate from colloidal solution in an 
organic solvent system. During the dissolution 
of a macromolecular substance, the cohesive forces 
between the solute macromolecules are neutralized 
by unions with the solvent molecules (solvation). 
The more crystalline a polymer, the greater the 
intermolecular cohesive forces, and the more diffi- 
cult it  will usually be to dissolve such a polymer. 

Thc polymers used in pharmaceutical film coat- 
ing and other operations, so as not to be inert in 
the human gastrointestinal tract, arc generally 
polyfunctiorial polyelectrolytes, containing an ali- 
phatic polymeric nonpolar carbon chain with polar 
substituents along the chain. Dcpending on the 
aqueous pH a t  which the functional groups ionize 
and on the rate of ionization, the coating polymer 
may produce a fast, an euteric, or a prolonged 
disintegrating or dissolving coating. Polymcrs 
which are completely aliphatic (polyethylene), sub- 
stantially crystalline (pure cellulose), or which 
contain only noriionizable functional groups or a 
very high proportion of such groups to ionizablc 
groups (highly esterified cnrboxyl containing poly- 
mers) will be insoluble in water regardless of pH. 

The functionality of the polymcr also relates to 
solution properties and to film characteristics. 
As the functional groups on a linear polymer become 
ionized during dissolutioti, the chargcd groups will 
repel each other, producing a stretching of the poly- 

1 

are to one another along the chaiii and the better 
their lateral fit, the more pronounced will be their 
effect to promote crystallinity (12, 13). Regardless 
of the factors promoting inolecuIar order, it  is ex- 
tremely doubtful that any polymer is 100% crystal- 
line, due to the molecular weight distribution found 
in polymer systems and imperfect chemical and 
stereocheniical repcating molecular structures f 14). 

Typical noncrystalline polymers include those 
in which au irrcgularity of structure occurs, as in 
copolymers of two or more dissimilar nionomer con- 
stituents, and in polymers having atactic configura- 
tions (a random sequencc in the brauching of sub- 
stituents about the polymer chain). There are a 
few exceptions of atactic polymers such as poly- 
(vinyl alcohol) which do crystallize. This is be- 
cause certain groups such as CHs, CHOH, CF?, 
and  C=O, are small mough to fit into the crystal 
lattice of the polymer structure. However, most 
atactic polymers, such as poly( vinyl acetate), due 
t o  their stereoirrcgularity. are noncrystalline and 
have never been crystallized (15). 

The nearly limitless gradations bctween sub- 
stantially completely crystalline polymers and truly 
amorphous polymers arc typical of the great ma- 
jority of pharmaceutically significant polymers 
which are composed both of distinct crystalline and 
amorphous phases. Such polymers commonly 
posscss some features leading to disorder, such as 
atactic configuration. irregular substitution, or 
bulky side groups which space the individual linear 
rnacrotnolecules apart from cach other, plus fea- 
tures leading to  an ordered structure, such as a 
rigid chain or polar suhstituents. Thus, in ad- 
dition to having a given chemical molecular struc- 
ture or range of structures. polymeric fibers and 
films also have what is tcrmed a fine structure 
(16) or a supermolecular structure (14). This struc- 

Fig 2 -The fine structure or wpcrmolecular 
structure illustr,ttirig- the Intc rally urdcrcd icrys 
talline) -disordered (amorphous) placement of 
linear polymer chains in a film matrix. 
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mer chain. The greater the degree of dissociation 
and the morc extensively the chain is charged, the 
more the chain will uncoil. Simultaneously, the 
solvation effect, or the interaction betwccn the 
charged polymer molecules and the molecules of 
the polar solvent, will increase with the increasing 
charge on the chain. With increased solvation 
there will usually be a viscosity increase due to the 
envelop of solvent surrounding each chain more 
effectively, kccping the chains from coming into 
contact and aggregating, and due to the extended 
configuration and greater spatial requirements of 
the more completely solvated systcm. 

Polar solvents (Table I) tend to be solvents for 
polar substances including macromolecular poly- 
electrolytes (Table 11), and nonpolar solvents are 
generally poor solvents for such polymers. A 
qiven polymer is most soluble in solvents that 
best match the polymer or its solvated derivative 
in cohesive energy density (Tables I and 11) (20). 
Solubility properties of colloidal macromolecules in 
organic solvents are complex and depend on chem- 
ical, electrical, structural, and steric effects, which 
lead to  mutual interactions between solute and 
solvent. 

Copolymers prcsent a spccial solubility problem, 

TABLE I.-RELATIVE POLARITY AND INTERMOLECULAR ATTRACTION OF COMMON ORGANIC SOLVENTS AND 
WATER 

____ 

Solvent Class 

Cohesive Energy 
Dielectric Constant Density of Solvent, 

Solvent Examples of Solvent (70) cal./ml.'" 

Alcohols 

Ketones 

Ethers, esters, 
aliphatic, and 
chlorinated 
hydrocarbons 

Watcr 78.56 551.1 
Glycols 35-50' . . .  

Glycrrol 4 2 . v  . . .  
Ethylene glycol 37 .P  . . .  
Propylene glycol 35.  o c  . . .  
Methanol 32. B b  2i6 :3  

1-Propanol 18.3 . . .  
n-Propanol 20.1': 147.5 

n-Butanol 17.1b i 3 i : S  

15-W 

Ethanol 24.3b 163.4 

1-Butanol 17.% 

10-20b . . .  
Acetone 20. 7b 98.5 

0-10 . . .  
Dichloromethane 9.lc . . .  
Ethyl acetate 6.0b 83.0 
Chloroform 4 . 8 C  85.4 
Dichloroethylene 4.3 . . .  
Ethyl ether 4 . 3  54 .1  
Trichloroethylene 3 . 4 c  . . .  
Carbon tetrachloride 2.2': 73.6 
n-Hexane 1 . Y C  52.4 

" The cohesive energy densities were calculated from latent heats of vaporization and molecular volumes at 20". C.B.D. 
is a measure of the intermolecular attraction and moleccilar cohesion of a substance and is particularly useful in predicting 
solvent power for polymers. (See Reference 72). Dielectric constants determined at 2 5 O .  Dielectric constants determined 
at Z O O .  With a decrease in tem- 
perature the dielectric constant increases, and a polar organic solvent may become a better solvent for a polar polymer. 

As the dielectric constant decreases, the relative polarity, solvent to solvent, decreases. 

TABLE 11.-RELATIVE POLARITY AND SOLUBILITY PARAMETERS (COHESIVE ENERGY DENSITY) OF POLYMERIC 
MATERIALS 

Polymer or Dielectric Constant Cohesive Energy 
Polymer Class (60 cycle) (71) Density, cal./Gm. (73) 

Nonpolar 
Polyethylenc 2.3 62 

Acrylates 3.4-3.6 85 
Polystyrene 2.5-2.7 75 

Polyvinyl chloride 3.2-3.6 90 
Intermediate Polarity 

Polyvinyl acetate 85-95 
Acrylics 3 . 5 - 3 . 8  95 
Ethylcellulose 3 . 2 4 . 0  . . .  
Polyamides 4-5 . . .  

Cellulose acetate phthalate 3.5-6.4 . . .  
Cellulose nitrate 6.7-7.3 110 

Polyvinyl alcohols Carboxyvinyl polymers 
Maleic acid copolymers Hydroxyethyl celluloses 
Polyvinyl pyrrolidone Carboxymethyl celluloses 
Polyethylene glycols Methylcelluloses 

Cellulosc acetate 3.5-7.5 130 

Polar (soluble in water and polar organic solvents) 

Gelatin 
.. ~ 
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(reduction in cohcsion), which generally produccs a 
decrcascd tensile strength, a lowcr softening tem- 
perature, and a decrease in the glass transition 
temperature. The plasticizer and polymer are 
generally thought to be held together by inter- 
molecular secondary valeuce forccs forming a com- 
plex or molecular aggregate (31). The lowering of 
the glass transition temperature below room tcm- 
perature by plasticization changes a hard, brittle, 
glass-like matcrial a t  room temperature to a soft, 
flcxible, and tough material. 

Two types of plasticization are recognized (3) .  
External plasticization is the process, thus far 
described, by which a substance is added to the 
polymer structure and may be physicochemically 
associated to it, reducing cohesion in the structure 
to effectively extend, dilute, and solten the struc- 
ture. Similar changes can be accomplishcd by 
altering the internal chcmical structure of the 
polymer, as by copolymerization, which is known 
as internal plasticization. The method of plasti- 
cization employed with cellulosic and other comono- 
rner polymeric pharmaceutical films is external 
plasticization. Acrylic, vinyl, styrene, and other 
polymers which may bc rcadily copolymerized will 
require little, if any, external plasticization after 
copolymerization. 

The basic requiremcnts of any plasticizer in a 
polymcr system are compatibility and permanence. 
To be compatible the plasticizer must be miscible 
with the polymer, indicating similar intermolecular 
forces in the 2 components. The most effective 
plasticizers will generally resemble most closely in 
structure the polymers they plasticize. Thus, 
water-soluble cellulose ethers (retaining a high ratio 
of hydroxyls to such ethers) are best plasticized by 
hydroxyl containing compounds such as glyccrin, 
glycols, and other hydroxy containing compounds. 
Substantially aliphatic noupolar polymers are best 
plasticized by chemically similar materials such as 
nonsolvent oils. However, since the intermolecular 
forces in nonpolar polymcrs, such as polyethylene, 
are low, i t  is difficult to find a plasticizer for such 
materials. Likewise, since the intcrmolccular forces 
of strongly crystalline polymers are so high, plasti- 
cizers cannot be found with adequately high inter- 
molecular forces to satisfy such polymers and be 
compatible with them. Effcctive plasticization is, 
thus, usually limited to amorphous polymers or to 
arnorphous-crystallinc polymers in which the crystal- 
line phase is not predominant. 

It cannot be emphasized too strongly that the 
total film coating formulation of polymer-plasticizer- 
solvent, plus other components, such as insoluble 
additives or surfactants to promote spreading, 
must be considered as primarily affecting, in con- 
sort, the nature and properties of the film that is 
formed. Thus,  in considering the 3 fundamental 
clcments of polymer-plasticizer-solvcnt, not only 
must thc polymer and plasticizer be compatible 
and the polymer be effectively solvatcd in the sol- 
vent, but the plasticizer must approximately match 
the solubility properties of the polymer in the 
solvent system used. In simple systems, since 
the polymer and plasticizer probably possess com- 
mon functional groups, solvents can usually be read- 
ily selected in which the components are equally 
readily soluble, thereby preventing premature 
plasticizer or polymer separation during film dep- 

sincc virtually all pharrnaceutically employed co- 
polymers contain a substantially nonpolar coinon- 
omer plus a polar comonomer. Examples of 
such copolymers, with the nonpolar component 
given first arc: styrene, vinyl alcohol or acrylic 
acid copolymers; ethylene, maleic anhydride or 
acid copolymcrs; acrylate, acrylic acid copolymers. 

The solubility of copolymers is generally low in 
solvents for either homopolymer, but may be high 
in mixtures of these solvents whercin maximum 
solvation and extension o f  the polar and nonpolar 
comonomer units occur in a polar-nonpolar mixed 
solvent system. A single solvent of intermediate 
polarity will not usually be as effective for such 
copolymers or for a mixture of 2 or more homo- 
polymers w-hich differ widely in polarity as the 
mixed polarity compound solvent system. 

Not only the degree of substitution (D.S.) and 
the polarity of substituents, but also the space 
requirements of substituents, may affect the solu- 
bility properties of some polymers. The water 
solubility of cellulosics has been related to the 
w-cdging apart of the cellulose ring structure chains 
by the substituent groups to bare the remaining 
hydroxyk for hydration (21). Bulky substituent 
groups, being more effective in wcdging the chains 
apart, enable water solubility to occur a t  lower 
dcgrees of substitution. Methylcellulose is soluble 
a t  D.S. 1.3 (22 ,  2 3 ) ,  cthylcellulose at D.S. 0.7. 
and sodium carboxyrnethylcellulosc at  D.S. 0.3 
(24). Solubility of ccllulosics in organic solvents 
stems from a predominance of alkyl ether substitu- 
erit groups over the rcmaining hydroxyl groups. 

As a rule, maximum coating snlution solvation and 
polymer chniii extension will produce the most 
superior films showing the grcatcst combitled 
strength and cohesiveness. Since solvation and 
polymer chain extension is reflcctcd in the vis- 
cosity of the sol, viscosity provides a useful control 
measure to ( a )  compare thc relative effectiveness of 
various solvents for a particular polymer or polymer 
system, and ( b )  appraise the adcquacy of solvation 
and chain extension of a polymer system in a given 
solvent according to formulation and method of 
preparation prior to film application. Other 
physical methods have been used to measure solva- 
tion making use of birefringence measurements, 
vapor prcssure data, heats of solution, and infrared 
absorption spectra (25-27), but the usefulness of 
such measurements varics with the polymer struc- 
ture, arid the results are often difficult to interpret. 
As a control procedure of the polymeric sols used 
in film coating opcrations, viscosity remains the 
most simple and direct, although empirical, method 
of comparing solvation. 

Plasticization.--A plasticizer is dcfined as a 
substantially nonvolatile, high boiling, nonscparat- 
ing substancc, which whcn added to another ma- 
terial changes certain physical and mechanical 
propcrtics of that material. Plasticizers (28-31) 
are added to polymeric substances for a variety 
of reasons, but they are especially necessary ad- 
juncts to most polymeric films in order to reduce 
brittlcncss, improve flow, impart flexibility, and 
increase toughness, strcngth, tear resistance, and 
the impact resistance of the film coating. The 
mechanism by which the plasticizer achieves these 
changes is theorized to be amdecrease in the curnula- 
tive intermolecular forces along the polymer chains 
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osition and drying. In compound systems in 
which two or more polymers differing in polarity 
and chemical type are used with one or more 
plasticizers in a mixed solvent system, the problem 
of compatibility becomes complex. If a satisfac- 
tory mixed solvent system may be formed which 
is an azeotrope, the problems of changes in solvent 
composition during evaporation and premature 
separation of film components during drying will 
have been overcomc. In nonazeotropic mixcd 
solvent systems. drastic changes in solvent coni- 
position during drying with accompanying hetero- 
geneous film component separation may be avoided 
if solvents can be selected which have somewhat 
similar vapor pressures a t  the film-drying tcm- 
perature. 

The permanence requirement of plasticizers in 
pharmaceutical operations is very important, since 
it relates to thc physical and mcchanical stability 
of the film with time and under stress environmental 
conditions. External plasticizers, which arc phys- 
icochemicdlly associated with the polymer by 
miscibility and by primary or secondary forces, 
may not readily be leached out of the film matrix 
and may resist losses by evaporation. The use of 
the higher molecular weight plasticizers of an 
effective plasticizer series, which have a lower vapor 
pressure and lower diffusion rate in the film matrix, 
will produce a plasticized film of greater perma- 
nence. l'he plasticity of an unmodified as well as 
of a plasticized polymer film is related to the chern- 
ical composition of the polymer (and plasticizer) 
and to the arrangenient, stcrcochcmistry, and forces 
acting between the chain macromolecules, including 
intermolecular and internuclear distances, and to 
the effect of the regularly interposing plasticizer 
molecules within the molecular polymeric network. 
These relationships and effects will dictate the pro- 
portion in which the plasticizer must be used to 
produce the desired film properties. Cellulosic 
polymcric films commonly require 30 to 60n0 
plasticizer, relative to polymer weight for adequate 
plasticization. Less rigid polymers and copolymers 
will rarely require the addition of more than 10-20y0 
of an external plasticizer. 

Plasticizer efficiency, stability, compatibility, 
and permanence may be evaluated by a number of 
scmiempirical tests, including mcasuremcnt of the 
amount of nonsolvent required to cause phase 
separation of each componcnt from the polymer- 
plasticizer solution, viscosity studies, polymer-sol- 
vent interaction constants of the solutions, de- 
pression of the glass transition temperature, and 
other physical and mechanical properties of plasti- 
cized free film samples. (See under Mechanical 
Properties of Films.) Since these tests are semi- 
empirical they will not all rate a series of plasticizers 
in the same order. The ultimate selection of a par- 
ticular plasticizer may also dcpend on selcctcd 
physical properties of the plasticizer, e.g., liygro- 
scopicity (which may affect moisture uptake by 
the film and its effectiveness as a moisturc barrier) 
and water solubility. Plasticizer water solubility 
is often important in pharmaceutical applications 
especially when higher plasticizer concentrations 
are required. A soluble plasticizer may be needed 
for a soluble coating, and an insoluble plasticizer 
may be required to produce an enteric or slow release 
coating. 
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Plasticizers having pharmaceutical applications 
include (15, 32): (a )  phthalate esters, which account 
for over half of all the plasticizers used industrially; 
( 0 )  phosphate esters, chiefly tricresyl phosphate, 
which may be restricted to topical film use; (c) 
adipates, azclatcs, oleates, and sebacates, especially 
useful for vinyls; (d) epoxy plasticizers produced 
by reacting hydrogen peroxide with unsaturated 
vegetable oils and fatty acids; (e) fatty acid esters 
from natural sources, which are also uscful as ex- 
tenders to rcduce cost or to produce a slowly soluble 
coating; and (f) glycol derivatives which arc par- 
ticularlyuseful for cellulosics and poly(viny1 alcohol). 

Addition of Dispersed Solids.-Frequently the 
most expensive aspect of film coating is the cost of 
the organic solvent carrier of the coating polymer. 
Recovery systems for thesc solvcnts in the exhaust 
air outlets of coating equipment have. been pro- 
hibitively costly to datc. Dcpending on the 
molecular weight of the polymeric materials and on 
the viscosity produced in the organosols, 2-10% 
w / v  of polymer is the usual range of polymer which 
can be applied as a coating solution. When coating 
powders, beads, or pilulcs containing drug, the in- 
creased surface of the smaller particles may require 
that 25-100nc of uncoatcd particle weight be added 
as film coating material on a dry weight basis. 
This means that for 1 Gm. of product to be coated 
from 2.5-50 nil. of coating solution may be re- 
quired. In such cases solvent costs become ex- 
tremely high and coating times are unduly long. 
'To combat this problcm pharmaceutical scientists 
have borrowed an approach of the paint industry 
by adding insoluble particulate fillers or extenders 
to the film compositions, either dispersed in the 
film coating polymer solution or dusted on the drug 
containing particles during coating. Alternate 
dcposition of film coating polymer and dusting 
powder leads to thr deposition of alternate polytner- 
powder monolayers with relatively low adhesional 
energies and a consequent loss of film durability 
(33, 34). The effects of dispersed added solids on 
polymer film structurcs. with the dispersed solids 
having been added from a coat solution containing 
suspended filler, are generally predictable accord- 
ing to the eirect on properties wrought by a dccrcase 
in molecular order in the film. The decrease in 
order may result in plasticization-like effects, while 
the increased density and solids content in the film 
may actually increase film strength. Properly 
formulated fillers and extenders may greatly en- 
hance film dimensional stability, impact resistance, 
tensile and comprcssivc strength, abrasion resist- 
ance, and thermal stability (35, 36). 

Desnhntion (Gelation).--As the solvent of the 
applied polymer solution evaporatcs, an organogel 
commonly forms at some critical solids concentration 
during film formation. The most important prop- 
erty, which gives information about the onset of 
such gelation during drying, is the increase in vis- 
cosity with time at constant temperature and during 
increasing concentration of the colloid. Gclation 
involves structuration ol the organosol systcm. I n  
thc less concentrated organosols prior to solvent 
evaporation, Brownian movement will be ade- 
quately intense and unhindered to kccp the aggre- 
gates in a continually dispersed condition by the 
molecular impacts. Upon cooling or with an in- 
creasing concentration of polymer in the solution 
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via solvent cvaporation, the power of the impacts 
diminishes, and the particles can stick together or 
form a network type of structure. If the chains arc 
asymrnctric, as are most of the pharIriaceutical 
polymeric polyelectrolyte materials, they will be 
joined into a substantially random three-dimensional 
mesh on gelation, which will immobilize the organic 
solvent liquid. Another way of visualiziug thc gcl 
as it forms is by desolvation of the colloidal poly- 
meric material by evaporation of the organic sol- 
vent. Since the number of moleculcs of solvent per 
molecule of polymer decreases as evaporation pro- 
ceeds, desolvation of the polytncr is continuously 
afiected, and at  some point gel growth will occur, 
and the system will go through an orgaiiogel or 
semigel phase. The dry film will, therefore, rep- 
resent the final stage of a gcl-like aggregatr resulting 
from the progressive evaporation of the volatile 
solvent. 

‘I’hc rate of dcsolvation and gelation is a primary 
function of the evaporation rate of the solvent or 
compound solvent system (87) .  A rather rapid 
rate of desolvation arid gelation is usually indicated 
in pharmaceutical film coating operations to permit 
more rapid application of the coat, to reduce the 
duration of the tacky state of the coat during drying 
on continuous or intermittent application, and to 
promote simultaneous desolvation of thc various 
coat components. If thc coating is being applied 
from a spray system, the solvent must not cv’ap- 
orate prematurely so as to deposit a spray dried or 
gelatinized coating on the matrix. The major ad- 
vantage of the airless spray technique is in circum- 
venting this last problem. 

MECHANICAL PROPERTIES OF FILMS 

Polytneric films possess mechanical and stress- 
strain (rhcological) properties which arc COmpardblC 
to the viscosity properties of liquicls. These film 
properties relate to such characteristics of film coat- 
ings as impact strength, flexural strength, coat 
stability to temperature charixe, peel strength, 
flcxibility, and coat rcsistancc to many types of 
enviroiitiiental and physical stresses. The stress- 
strain propertics are determined by mcasuring the 
linear expansion of staridard Iree test i‘i111i strips 
under increasing load forces (38). From thr stress- 
strain curve (40) (Fig. 3) the followiti!: physical 
charactcristics of the film samples may be cle- 
terrnined: tensile strength, yield point, breaking 
strcngth, modulus of elasticity, plastic dcformation, 
and other propertics. 

The modulus of elasticity, also known as Young’s 
modulus, is the constant of proportioiiality of 
stress to strain, and is equal to the slope of the 

Fig. 3.--Stress 
(Gm. load/crri.2 
of surface)- 
strain (cm. or 
per cent eloii- 
gation). Curve 
of a typical 
pharrriaceuti cat  
tliertno p 1 a s t i c  
polymer film 

STRAIN (E) structure. Point 
A is the deformation point or the lower yield point, 
and point B is the breaking stress, breaking point, 
or the upper yield point. 

;I,// 
cn 
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straight-line portion of the stress-strain curvc. 
This parameter is a measurc of the “stiffness” of 
the film, or the ability of the film to withstand a 
high stress while undergoing littlc elastic deforma- 
tion. The grcatrr the slope of the curve and the 
higher the I I I ~ ~ U ~ L E  of elasticity, the stiffer and 
stronger the film, and the more stress will be re- 
quired to  produce a given amount of deformation. 

Tensile stress is the load per unit area of the 
original cross section at  any instant, usually ex- 
pressed as force/unit area (39). Thc maximuni 
tensile stress during a test (A of Fig. 3) is termed the 
tcnsile strength. Point A of the stress-strain curvc 
also represents a stress a t  which the film first under- 
goes a marked increase in strain without a cor- 
responding increase in stress, representing permanent 
deformation. This stress value for a standard film 
sample is termed tlie “yield point.” Sometimes 
the stress a t  the deformation point, A, is called the 
“lower yicld point,” arid the stress a t  point B, the 
film brcak point, is callcd the “upper yield point.” 
Some materials have no lower yield point since 
they fail or brcak before thcy deform materially. 
A yicld strcngth may then bc determined, which 
can either be the inaximum stress above which the 
material is damaged or, in coniparing a serics of 
films, is tlie stress of somc fivcd strain. 

’Thc distancc between A arid B along the strcss- 
strain curve (Fig. 3 )  iudicatcs thc degree of plastic 
deformation the sample undergoes before breaking. 
If the film sa.mple has a low yield point and under- 
goes little deformation before breaking (the dis- 
tance A to B is short), the film is weak and brittle. 
Lever and Rhys (40) classify pnlytneric materials 
into 4 categories according to the relative height 
of the yield point on the stress axis and according 
to the difference bctwccn the yield point and the 
breaking point along the strain axis. 

Ordinary substances are little affected by changes 
in the external environment such as pressure, tern- 
perature, humidity, or physical stress, relative to 
their ordering or crystallinity. Polymers behave 
quite difierently. Environmental factors ma3’ ap- 
preciably affect the mechanical properties and the 
stress-strain relationships of certain polymer films, 
especially polar polymers such as the cellulosics, due 
to the moisture sorption and swclling of the film 
structure (41, 12). The effcct of such moisturr 
sorption is similar to plasticization; elongation 
(strain) begiris a t  a lowrr stress (load), clongation is 
much greater for given load forces, and thc presence 
of a yield point may not be detectable. The 
amount of straiu (elongation) under stress (load) 
is also generally significantly iricreased with a tem- 
perature increase (43, 44). Polymer structures also 
tend to increase greatly in crystallinity with stress. 
The reasons for this difference lie in the filiform 
shape and the high internal flcxibility of the in- 
dividual molecules in the macromolecular com- 
pounds. 

Stress-strain data may he used in comparing film 
samples as a function of formulation factors, e.g., 
polymer combinations used, plasticizer, solverit 
system or surfactant employed, the effect of dis- 
persed solids; or thc data aftcr correlation to coat 
mechanical stability properties on a given sub- 
strate may provide a direct indication of coat fri- 
ability resistance, impact strength, abrasion re- 
sistance, and other properties, Munden et al. (45) 
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and Utsumi (46) have recently rcported the modulus 
of elasticity, tensile strength, and per cent elonga- 
tion of plasticized and unplasticizcd free films. 
Kabre (47) reports that the plasticizer is the most 
important formulation factor affecting mechanical 
properties of films, and he compared a series of 
plasticizcrs for their effect on the mechanical 
properties of a cellulosic polymer systcm. 

An important mcchanical effect of polymeric films, 
from a pharmaceutical coating standpoint: relates 
to thcir surfacc friction. Hardy (48) has reported 
on the property of polar organic compounds lowering 
the coefficicnt of friction of rubbing solids. Lang- 
rriuir reported early on the effertivcness of fatty 
acid films in reducing frictional coefficients (49) 
and also found that multimolecular layers of film 
did not significantly reducc the coefficient of fric- 
tion beyond the reduction produced by a mono- 
tnolecular film (50). The mechanism of the lowered 
stirface friction is related to the polar film forming 
groups adhering to tlie substrate, leaving the more 
aliphatic and less polar polymer structure exposed 
to comprise a surface of lower free surface energy, 
with the film coating initially deposited therefore 
acting like a boundary lubricant (51). The prob- 
lems encountered in tablet and particle film coating 
in conventional equipment due to the lowered 
cocfficicnt of friction of the coated material, the 
sliding of the polymer coated contents in the coating 
pan, and the common necessity for baffling the 
coating pans is wcll known. As polymer coat 
buildup proceeds beyond the inonolayer, the prob- 
lem involved with slipping and sliding of tlie coating 
pan contents often diminishes. The rcason for 
this is that as the substrate is covered and the coat 
builds, there is less polymer orientation to the sub- 
strate, polymer deposition in the film is more 
random, arid there is a consequent increase in the 
coenicient of friction of the coating. 

Journal of Pharmaceufical Sciences 

P = P a x ,  

where Pa is thc premeability for the amorphous 
phase, and X, is the volume fractioti of the amor- 
phous phase in the film structurc. 

Ldmonde (54), in studying a series of substan- 
tially insoluble films, found that the addition of 
phthalate plasticizers incrcascd water pcrmeability 
rates with an increasing concentration of plasticizer, 
arid with a decreasc in molccular weight of the 
plasticizers of a homologous series a t  a constant 
concentration level. Figure 4 shows thc lattcr rc- 
lationship for Lucite 46, a 60/50 n-butyllisobutyl 
methyl acrylate copolymer. The watcr pcrmc- 
ability dccreasc is related to a water solubility 
decrease in the plasticizer as one goes up in molccu- 
lar weight in a homologous series of plasticizers. 
Even though the differeuce in water solubility in 
the plasticizers within thc series is small, the slight 
water sorption by the plasticizer as described by 
solution theory ( 5 5 )  promotes further sorption, 
frcquently nonideal (56) by tlie film, related to a 
clustering tetidency of thc pcnetrant molecules in 
the film (57--59). The addition of other additives, 
such as surfactants, to a film of cthylcellulose has 
becn reported to produce clusteriug centers for water 
sorption (60). 

The relationship between the assorted formula- 
tion factors and oxygen, and water vapor or water 
permeability and actual stability parametcrs of 
coated products remains to be established. 

Dialysis and liquid permeability properties may 
be important to both fast and slow releasing film 
coating formulations. Some present commcrcial 
pharmaccutical tablet fi111i coatings, presumably 
composed of cellulose acid phthalate and poly- 
ethylene glycol, release medicament substaritially 
completely within 1 hr. through an intact film. 
An obvious application with marked advantages of 

PERMEABILITY PROPERTIES OF FILMS 

The permeability of polymeric film coatings in- 
volves 3 processes of interest to thc pharmaceutical 
scientist: ( a )  gas diffusion processes, notably 
oxygen permeation, through the filrri ; ( b )  water and 
water vapor sorption and permeation (liquid permea- 
tion processes); and (c) dialysis processes concerned 
with the dialysis and permeation of solublc com- 
poncnts across the intact or modified film. 

Munden (45) found an oxygen permeability 
range of 1 0 - c l O - 3  Gm. cm./cni.P 24 hr. for thc 
oxygeti permeability through free unplasticized 
films. With a few exceptions, he found an inverse 
relationship bctwcen water vapor transtnissiou 
and oxygeti permeability. Water vapor permeabil- 
ity has been shown to be dependent on the relativc 
polarity of thc polyrncr (52). The more polar 
films tend to he niore ordered and less porous, hence 
less oxygen permeable; while the less polar films 
are morc porous, permitting the permeation of 
oxygen but not nccessarily of the larger water 
molecules; and, being more lipophilic, thc lcss polar 
films havc lcss afinity for moisture and water 
sorption. Gas permeation through a completely 
crystalline polymer is known to be negligible. 
Bent (53) reports that gas permeation is propor- 
tional to the volume fraction of the amorphous 
phase of a film structure, 

TIME, hr. 
Fig. 4.-The effect of plasticizer composition 

(nlolecular weight and substitution j on the water 
permeability of n-butyllisobutyl methacrylate 
(+cite 46) copolymer films contairiiug 15y0 plasti- 
uzcr. Key: 0, unplasticized; X ,  dioctyl phthal- 
ate; A, dibutyl phthalate; e, diethyl phthalatc. 
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liquid permeable and dialyzing film coatings of 
controlled rclcase rates is in the sustained-release 
field. 

Glass powder heads are reported to increase the 
glass transition temperature ( Tg) of golyisobutylenc, 
polyurethane (61), polystyrene, and poly (methyl 
methacrylate) (62), and titanium dioxide is re- 
ported to have the same effect on the Tg of other 
polymers (63). The increase in glass transition 
temperature appears to depend on the volume 
fraction of the filler in the systcm with the effect 
being attributed to the immobilization by adsorp- 
tion of thc polymer segments close to the surface 
of the filler particles. Carbon black did not affect 
the Tc of several polymers studied (64). Polar 
titanium dioxide as wcll as nonpolar fillers sub- 
stantially reducc the sorption of organic vapors by 
poly (vinyl acetate), evcn a t  very low vapor pres- 
sures (65). Thc absorption isotherms of filled 
polymer films closely resembled that. of the pure 
polymers bclow their glass transition temperatures, 
w-hich also was attributed to immobilization of 
polymer segments a t  thc solid surlace. 

As more is learned about methods of controlling 
the film membrane diffusion coefficients of pharma- 
ccutical films as functions of added dispersed solids, 
film structure and orientation, salt concentration, 
ion ratios, film membrane-solution interactions 
(65-67), acid and base concentrations (68), and 
liquid boundary layer tltickncss (69), arid according 
to formulation and methods of application, this 
physicochcmical approach to controlled drug release 
will certainly advance, and the utility of polymeric 
films as more effective protective coatings may be 
exploited more completely. 
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Some Spray-Dried Formulations of 
Sulfaet hylt hiadiazole for 

Prolonged-Release Medication 
By AHMED F. ASKER* and CHARLES H. BECKER 

Aqueous and organic solvent solutions containing sulfaethylthiadiazole and dis- 
solution-retarding materials were spray dried with the purpose of preparing sulfa- 
ethylthiadiazole in prolonged-release form. Shellac, celldose acetate phthalate, 
Glycowax S-932,  Castorwax MP 80, aluminum monostearate, and glyceryl monostea- 
rate were used as the dissolution-retarding materials. Microscopic examination 
and infrared spectral analysis were carried out on some of the spray-dried products. 
An in uitro evaluation of the antibacterial activity of spray-dried sulfaethylthiadiazole 
was compared with an original sample. Dissolution characteristics of the products 
were studied in uitro, and one product was evaluated in uivo by urinary excretion 

data. 

HE PHARMACEUTICAL industry has in the last 
Tdecade become increasingly active in the 
manufacture of oral dosage forms intended to 
impart prolonged, sustained, or long-acting thera- 
peutic effects. Spray drying as a method of proc- 
essing such products has received little attention. 
Although the process is mentioned in the patent 
literature, detailed information is not given. 

Spray drying usually results in the production 
of free-flowing monodispersible particles which 
could be dircctly compressed into tablets, filled 
into capsules, or made into suspensions. 

The technique of spray drying suspensions, as 
shown by literature reports, necessitates the use 
of micronized drug, the maintenance of stirring 
the feed throughout the operation, and the use of 
suspending agents to maintain a uniform sus- 
pension. There also appears to be a limitation 
concerning the amount of solids which can be 
suspended to give a satisfactory spray. There- 
fore, solutions rather than suspensions were used 
in this study. The use of solutions also adds 
simplicity to the process of manufacture, thus 
insuring better reproducibility of product. 

Aqueous ammonia has been widely used as a 
solvent for shellac. Ammonia was reported to 
volatilize when an ammoniacal solution of 
shellac was used in coating tablets (1). For some 
sulfonamides, such as sulfadiazine and sul- 
fathiazole, Higuchi et al. (2) demonstrated that, 
when their ammonium salt solutions were spray 
dried, ammonia volatilized, and the drug reverted 
to its original form. Use was made, therefore, 
of the solvent action of aqueous ammonia on 
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shellac and sulfaethylthiadiazole to prepare clear 
solutions, which were then spray dried. 

Malm et al. (3) reported the formation of 
soluble sodium and triethanolamine salts of 
cellulose acetate phthalate. Its ability to form 
an ammonium salt was utilized in this study for 
the same reasons mentioned for shellac. 

In the case of Glycowax S-932,' Castorwax MP 
and glyceryl and aluminum monostearate, 

a solvent mixture of 1 part by volume of ab- 
solute alcohol and 3 parts of chloroform was used 
to dissolve both the drug and the dissolution- 
retarding material with the aid of gentle heat 

EXPERIMENTAL 

Materials.-Sulfacthylthiadiazolc (SETD) was 
obtained from the American Cyanamid Co. The 
dissolution-retarding materials used included white 
dewaxed ~hellac,~ cellulose acetate ~h tha la t e ,~  
Glycowax S-932, Castorwax MP 80, aluminum 
monostearate U.S.P., and glyceryl monostearate 
N.F. 

Preparation of Solutions.-In the case of shellac 
and cellulose acetatc phthalatc, their ammonium 
salt solutions were mixed with solutioris of the 
ammonium salt of SETD prepared by essentially 
the same method described by Higuchi et a,?. (2). 
Glycowax S-932 and Castorwax MP 80 were dis- 
solved in warm solutions of a mixture of 1 part by 
volume of absolute alcohol and 3 parts of chloroform 
in which the SETD wa5 previously dissolved. 

Preparation of Spray-Dried Materials.-The 
solutions were spray dried in a Bowen table model 
spray dryer. The solutions were fed by gravity 
and the feed rate controlled by means of a glass 
stopcock. The resulting products were scrccncd 
through a 100-mesh sieve, transferred to tight coii- 
tainers, and stored at room temperature. Table I 

1 Glycowax S-932 is a product of Glyco Chemicals, Wil- 

f Castdrwax M P  80 is a product of the Raker Castor Oil 
liamsport Pa. 

Cu., Bayunne, N. J. 

N. Y .  

Ilradshaw-Prdeger and Co., Chicago, 111. 
4 Marketed a s  C-A-P by Eastman Kodak Co.,  Rochester, 

90 
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TABLE I.-OPBRATI?;G CONDITIONS FOR SPRAY DuYrNC THE 
SOLUTIOTS OF SETD AND DISSOLIJ IIOV-RETARDING MATERIALS 

- ~ ~ _ _ _ ~ ~  -- __ - 
-~ __-__  ~~ __ 

SETD 
n! F W I I I  tion- 

Soh.  
SETD-shellac 

SETD-cellulosc 
acetate phthn- 
late 

SETD-Castorwax 
MP 80 

SBTD-Glycowas 
s-932 

~ ... 
Retarding 
Material Feed Solids. Feed Rate, -Temp. Ranges, OC.-- 

Ratio Yp w/v ml./min. Inlet Outlet CuulinE Ports 
I : 1  
1:2 
1 :3  
1 : l  
1 :2 
1:3 
1 : l  
2:3 
1:2 
1 : l  
2:3 
1:% 

3 . 8  
4 . 3  
4.0 
5 .7  
5 .0  
4 . 7  
8 . 0  
8 . 0  
6 . 8  
6 . 7  
7 .5  
4 .7  

12 
18 
13 
30 
30 
42 
16 
1s  
2 0 
12 
20 
18 

2 10-2 16 
2 10-2 16 
210-216 
220-223 
216-22 1 
216-221 
138- 149 
143-1 49 
143-149 
171-1i4 
171- 173 
171-175 

38-40 
38-10 
3i-39 
36-38 
37-38 
38-40 
36-3x 
37-38 
37-38 
38-40 
37-39 
30 39 

Partially opcn 
Partially open 
Partially open 
Partially open 
Partially open 
Partially open 

Ope11 
Open 
Open 
Open 
Opeu 
Open 

shows fecd conccntrations aid opcratiiig conditions 
for spray drying the solutions made. 

Microscopic Examination of the Spray-Dried 
Materials.-Microphotographs were taken of the 
spray-dried formulations which consisted of 1 part 
of the drug and 2 parts of the dissolution retarding 
material. The characteristic particle shape and 
sizc arc sccn in Figs. 1-4. 
In Vitro Evaluation of the Antibacterial Activity 

of SETD.-The agar cup-platc mcthod of assay 
(4) on samples of original SETD atid spray-dried 
ammonium salt of SE'I'D was carried out against E. 
coli and S. a r e u s .  A microstatistic advocated by 
Dixon and Massey (5) was utilized in the evaluation 
of the results a t  01 = 0.05. The results obtained 
are shown in Table 11. 

Infrared Spectral Analysis.-Infrared spectral 
analysis of original SETD, shcllac, cellulose acetate 
phthalatc, and their spray-dried ammonium salts 
was performed by the potassium bromide pelleting 
technique 011 a Perkin-Elmer Infracord model 137. 

In Vitro Dissolution Studies.-The in vitro 
release patterns of the spray-dried products were 
determined in 0.1 N HC1 ( ~ € 1  1.1) and alkaline 
pancreatin solution (pH 8.3). 'I'he method used 
is essentially the same as that given by Robiuson 
and Swintosky (6). The rotating-bottle apparatus 
described by Soudcr and Ellcnbogeu (7) npernting 
a t  40 r.p.m. i n  a 30 + 0.5" water bath was cm- 
ployed. Tlie amount of SBTD rcleased at various 
time intervals was determined in the filtrate by the 
Bratton and Marshall (8) colorimetric assay. 

Fig. l.-Sprdy-dricd SBTD (1 part)-ccllulose Fig. a.-Spray-dricd SETL) (1 part)-Glycowax 
acetate phthalate (2 parts). S-932 (2 parts). 

Fig. 2.-Spray-dricd SETD (I part )-shellac (2 Fig. 4.-Spray-dricd SETD (1 part)-Castorwau 
parts). MP 80 (2 parts). 
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TABLE I T  -COMPARATIVE INHIBITORY ACTI OF ORIGINALVITY AND SPRAY-DRIED SETD USING E. COZZ 
AND s. aureus-EXPERIMENTAL DATA AND STATISTICAL EVALUATION 

____ _____ - ~ _ _ ~ ~  - E coli - 7  S auveus - 
Av. Range, Av. Range, 

Sample Zones of Inhibitions, mm. Diam , mm. tum. Zones of Inhibition, mm. Diam , mm. mm. 
SETD 37 35 39 39 38 37.6 4 40 40 39 38 39 39 .2  2 
SETD 

(spray- 
dried) 37 36 37 35 38 36 6 3 37 38 39 39 38 38.2 2 

t d  = 0.286 
Critical region t d  > f 0  613 
Significant difference No 

t d  = 0.5 
Critical region t d  > f O  613 
Significant difference No 

The in oitro release curves of products consisting 
of 1 part of SETD by weight and 2 parts of the dis- 
solution-retarding materials are shown in Figs. 5 
and 6. 
In Vivo Evaluation.-The method is basically 

the same as that described by Nicholson et al. (9)  
for the clinical evaluation of sustained-release 
tablets of SETD using urinary excretion studies. 
Four healthy adult male subjects were utilized in 
the evaluation of the spray-dried formulation of 
SETD-Glycowax S-932 which gave a satisfactory 
in nitro release pattern as compared with a sus- 
tained-release powder of SETD.6 Urine samples 
were collected a t  various time intervals, and the 
amounts of free SETD excreted were determined 
by the Bratton and Marshall method (8). 

RESULTS AND DISCUSSION 

Preparation of Spray-Dried Materials.-Solu- 
tions of the dissolution-retarding materials were 
spray dried in order to  study their behavior during 
the operation. The spray-dried material also 
served as blanks for the in vitro dissolution studies. 

Shellac, cellulose acetate phthalate, Glycowax 
S-932, and Castorwax MP 80 presented no diffi- 
culties in spray drying. This behavior was reflected 
in spray drying their formulations containing the 
drug (Table I). 

Difficulty was encountered in spray drying an 
aluminum monostearate solution due to its gelatin- 
ization in the feed line. Spray drying of a glyccryl 
monostearate solution resulted in the production of 
sticky particles. These difficulties were not over- 
come by operating the dryer over a wide range of 
feed rates and inlet gas temperatures. 

The ammonium salt solution of sulfaethylthiadi- 
azole was spray dried to serve as a control. The 
spray-dried material was found to have a melting 
point of 185-186.5' which is in agreement with the 
literature value for sulfaethylthiadiazole. 

Microscopic Examination.-Examination of Figs. 
1-4 shows the spherical or nearly spherical shape 
associated with spray-dried materials. The porous 
nature of the particle is quite evident in the case 
of the SETD-cellulose acetate phthalate combina- 
tion. This is possibly due to the good film-forming 
properties of cellulose acetate phthalate with the 
result that a case-hardening effect was produced. 

In the case of formulations of cellulose acetate 
phthalate and shellac, more isolated particles were 
obtained than with formulations of Glycowax 
S-932 and Castorwax MP 80, of which a greater 
portion was in the form of aggregates. This may 

6 Supplied b y  Smith Kline & French Laboratories, Phila- 
delphia, Pa. 

be expected from wax or wax-like materials because 
of the tendency of wax particles to adherc to each 
other. 

In Vitro Evaluation of the Antibacterial Activity 
of Spray-Dried SETD.-Although it is acccptcd 
that heat degradation does not occur during spray 
drying, Smith (10) pointed out that the spray of the 
smallest particles is dried faster than the main 
portion of the spray; therefore, the smallest par- 

: loo [ 

1/2 I 2 

Time in Hours  

Fig. 5.-In oitro dissolution of SETD in 0.1 
N HCI from products consisting of SETD (1 part) 
and dissolution-retarding materials (2  parts). 
Key: 0, SETD- shellac; a, SETD-cellulose ace- 
tate phthalate; 0, SETD-Castorwax MP 80; 
A, SETD-Glycowax S-932. 

100 
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1/2 I 3 6 
Time i n  Hours 

Fig. 6.-In oitro dissolution of SETD in alkaline 
pancreatin solution from products consisting of 
SETD (1 part) and dissolution-retarding materials 
(2  parts). Key: 0, SETD-shellac; 0,  SETD- 
cellulose acetate phthalate; n, SETD-Castorwax 
MP 80; A, SETD-Glycowax S-93%. 
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TABLE I11 -PHYSIOLOGIC AVAILABILITY O F  SETD BASED ON FREE S E r D  FROM SETD-GLYCOWAX S-932 
(1 2 j COVHINATION IN FOUR SUBJECTS 

_ _ ~ _ _ _ _  - __ ~ -~ 

Cullection 

Interval, SETI) Excieted, mg Suhj. 
Time 7 Plain SICTI)- 

hr. A B c 
0-3 486 676 150 
3-6 810 323 414 
6-9 429 1001 544 
9-12 293 707 359 

12-16 214 297 
15-24 386 233 477 
24-48 387 32 1 386 
48-72 52 . . .  101 
Total 3057 3261 2728 

Physiologic availability based on the 72-hr. period 
hv.  physiologic availability = 59yo 
S. D. =k 8.97% 

D 
495 
931 
522 
343 
203 
358 
184 
3T 

3073 

-- SETU- Glycowax 5.932 
SETL) Excreted, rng. Subj. 

A A c 
8 . . .  . . .  

22 247 36 
23 635 223 
88 3 54 
95 128 244 

552 3 28 3 76 
1129 383 202 
289 120 ... 

2206 1811 1135 
72.2% 56.5% 52.6% 

~~~ 

n 
8 

53 
275 
12.5 
63 

445 
481 
224 

1674 
2 . 5 %  

KO urine was voided. 

ticles approach the inlet gas ternperaturc and could 
be damaged by heat. In order to study the effect 
spray drying might have on the antibacterial ac- 
tivity of SETD, the agar cup-plate method was car- 
ried out. The results obtained appeared to show 
no significant diffcrencc between original SETD 
and spraydried aninioniurn salt of SETD when 
tested against E.  coli and S. aweus (Table 11). 

Infrared Spectral Analysis.-The infrared spec- 
trum of the spray-dried atnnionium salt of SETD 
compared well with that of the originai sample of 
SETD, suggesting no apparent changes in thc 
chemical constitution of the drug during spray 
drying. This was also confirmed by thc melting 
point determination. Spectra of the spray-dried 
ammonium salts of shellac and cellulose acetate 
phthalate, how-rvcr, were not comparable w-it11 the 
original materials. The complex constitution of 
shellac, thc possibility of its polynierization during 
spray drying, and the polymeric nature of cellulose 
acetate phthalate may account for thesc differences. 

The spectral analysis provided by this study was 
not sufficicnt to support a conclusion of more sig- 
nificance, but it gives some insight of the apparent 
changcs produccd by spray drying. 

In Vitro Dissolution Studies.-The in vitro 
screening test was carried out in order to identify 
products worthy of in oizlo evaluation (Figs. 5 and 6). 

SETr)-shellac forniulations gave substantial re- 
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solution, regardless of the amount of shellac to 
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spray drying. 
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waxes due to hydroxy acid esters present. 
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significant retardation of release of the drug in 0.1 
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that of a sustained-release control sample (supplied 
by Smith Kline & French Laboratories) consisting of 
2 parts of SETI) and 3 parts of Castorwax MP 80. 
This formulation was therefore utilized in the in vizw 
evaluation. 

In Vivo Evaluation.-Evaluation of SETD- 
Glycowax S-932 (1 :2) by urinary cxcrction data 
showed that a n  insignificant amount of drug ap- 
peared to be released in the first 3 hr. after drug 
administration (Table I t1  and Fig. 7). 

Results also showed that less drug appeared to bc 
released in vizfo, contrary to what was expected 
from the in vitvo screening results. This emphasizes 
the fact that in zitrztun testing does not necessarily 
reflect in *dizv~ response. This was also reported 
by Blythe ( l l ) ,  who found that although sulfa- 
cthylthiadiazole in  sustained liquid or tablet form 

TIME, hr. 

Fig. ?.--Average cumulative urinary excretion 
of frcc SETD for 4 humans receiving a 3.9-Gm. 
oral dose of SE'I'D in plain form (0) and SETD- 
Glycowax S-932 combination (A). 
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gave substantially different release rates in uitro, 
yet both gave practically identical blood levels 
when tested in humans. 

The fact that little or 110 drug was released in the 
first 3 hr. aftcr drug administration, suggests that 
plain SHTD can be added to the initial dose of the 
SETD-Glycowax S-932 conibinatiori without com- 
plications as far as product design is concerned. 

Since less drug was released from the SETD- 
Glycowax 3-932 ( 1 : Z )  combination, a lower pro- 
portion of the wax appears necessary to obtain a 
medication that mould meet the requirements for a 
more desired prolonged-release product. 

The average physiologic availability of the drug 
from SETD-Glycowax S-932 combination tested 
in oi.llo was 597;, aftcr 72 hr. This low physiologic 
availability would reflect the incomplete release 
of the drug as indicated by urinary excretion data. 
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Automated Differential Amperometric Analyzer 
Application to Penicillin Determination 

By JOSEPH BOMSTEIN, J. M. SHEPP, S. T. DAWSON, and W. J. BLAEDEL* 

An automated, differential amperometric analyzer has been constructed, based on 
the tubular platinum electrode and a differential signal detection system. Its chief 
advantages are sensitivity to species which are oxidizable or reducible at the plat- 
inum electrode, and a linear relationship between concentration and signal. As 
applied to  the iodimetric determination of several penicillins, precision is 0.7-2.6 

per cent and accuracy ranges from 1.0 to - 3.0 per cent. 

ONSIDERABLE progress has been made in C recent years in automating analytical lab- 
oratory processes. -4 number of reports deal 
with automation of 1 or more steps of analytical 
procedures, and outstanding success has been 
achieved industrially with the AutoAnaly-zer 
(Technicon Instruments Corp., Chauncey, N. Y.), 
generally applying spectrometric techniques. 4 
greater range of applications might be handled 
by conibixiing the instrument’s continuous-flow 
and chemical-physical processing capabilities with 
an electronietric detector. Redox analyses could 
then be performed. Such a system has been 
designed, constructed, and evaluated for the 
iodimetric determination or penicillins. 

The method involves degradation of the penicil- 
lin with alkali or penicillinase, followed by iodi- 
metric deterniiriation of the resulting penicilloic 
acid (1). A published procedure, in which a 
penicillin stream after hydrolysis and dialysis 
reacts with iodine t o  cause an absorbance de- 
crease (2), has been modified and used to prove 
the practicality of an amperometric technique. 

~ ~~ 
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EXPERIMENTAL 

Differential Electrode Detection System.-The 
detector is a differential electrode system based 
on the tubular platinum electrode (TPE) (3 ,  4). 
Figure 1 shows thc pair of platinum electrodes and 
the saturatcd calomel reference electrode. The 
sample stream enters one side of the Y-tube, flowing 
past a pulse suppression ovcrflow tube, then through 
0.5 in. length of platinum tubing (i.d. 0.06 in., 
o.d. 0.07 in.) which serves as 1 arm of a Wheat- 
stone bridge. (Sec TPEl in Fig. 2.) The reference 
stream, which serves the purpose of blank cornpen- 
sation, flows past a second overflow tube, then 
through a second T P E  identical to the first. This 
is the arm of the bridge TPE?, in Fig. 2. ‘Tlic two 
streams combine to give a conducting path for cur- 
rent flow through the saturated-calomel reference 
electrode (SCE), physically separated from the 
flowing stream by a porous glass wall (code 7730 
Vycor, Corning). Impurities introduced by dif- 
fusion irito the SCE are displaced by a flow of 
saturated KCI/Hg&!lr. The ground connections 
are added to improve electrical stability. 

Bridge Circuit.-Figure 2 shows the schematic 
diagram of the bridge to which the signal from the 
electrodes is applied. Except for the replacement 
of the microvoltammeter and recordcr by the VOM-G 
recorder (Bauscli & Lomb, Rochester, N. Y.)  
alone, it is identical to the bridge discussed by 
Blaedel and Olson ( 3 ) .  Initial balance is obtained 
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by adjusting RB and Rt while the blank solution is 
flowing through both TPE's. R1 is set to a potential 
suitable for the amperometric meawrement of 
iodine, as deterrnined by the nature of  the chemical 
system. Whcn thc sample replaccs the blank in 
TPEI,  the balance hetwecn the 2 diffusioti currents 
is disturbed, resulting in a displacenient of the re- 
corder pen when the switch is closed in the Az- 
position. Closing the switch in the z positioti pro- 
vides a convenicnt way to measure total current 
flow in order to select the proper recorder range. 
Impedance matching with the L-OM-6 recorder 
requires the use of a millivolt range. 

Pulse Suppression.-The reagent pump in this 
automated analyzer is peristaltic, and capable or 
long-term operation with excellent reproducibility 
over a wide range of speeds. The peristalsis, 
however, causes a pulsing flow of the reactive species 
through the electrodes, inducing a corresponding 
pulsing electrical signal a t  the recorder Even 
careful matching of blank and sample channels is 
not adequate to remove the pulse effect when high 
recorder sensitivity is used. In order to provide 

a smooth base-line and sample record, a pulse sup- 
pression system is introduced. A flow-control 
pump (model PA-56, New Brunswick Scientific 
Co., New Brunswick, N. J . )  is installed a t  the exit 
end ol  the system, pumping out a t  a ratc less than 
the combined rate of the reagent, blank, and sample 
influent strrams. 'The resulting difference in pres- 
sure causes an overflow from each channel into a 
chamber (10-1111. syringe body) which is open to 
the atmosphere a t  the other end. The liquid hcad 
is held at a predetermined level by pumping off 
the excess liquid to waste through the same pump 
used to supply electrolyte to the reference electrode. 
(See Figs. 1, 3 ,  4,) 

Application to Penicillins.-The flow system for 
determining penicillins is shown in Fig. 3, and the 
relationship among the basic units is shown in Fig. 4. 
For test purposes, samples were fed manually, 
omitting any progranimiug device. The reagent 
pump is the Harvard model 600-1200 (Harvard 
Apparatus Co., Dover, Mass.) having dual peri- 
staltic channels pumping 180' out of phase. To 
acconiiiiodate the 8 (standard instrument) pump 
tubes required, an adjustable slotted rack is mounted 
on top and is positioned to hold 4 tubes tautly in 
each channel. (SCC Fig. 5.) Penicillin solution 
is continuously aspirated in a single tube and is 
split a t  a tee before passing through sample and 
blank lines in the Harvard pump. Successive 
samples are separated by allowing air to enter the 
pick-up tubing. In order to insure equal pump 
rates in blank and sample streams, the rcagcnts 
are paired in each chatinel, e.g., both KIO3 streams 
are pumped in the same channel, etc. Despitc this 
precaution, a sinall time difference may arise in thc 
arrival of the streams a t  the TPE's. This difference 

Fig. 3.--Iodimetric determination of penicillins. 

L - - W C . S T E  

Fig. 4.-Flow block diagram. 
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the pumping fingers until flow through the tubing 
is just perceptible. The platen control knob is 
tightened 2 divisions more and is then locked in 
place. The N e w  Brunswick pump is operated at  
56 r.p.ni., and the backing plate is tightened until 
the liquid levels in the pulse-suppressors are barely 
rising. The plate is then locked in position. The 
sampling pattern for penicillin determinations was 
chosen to provide maximum stability a t  the clec- 
trodc and to minimize mixing between successive 
samples. Data reported here were obtained with 
the following manual program : sample aspiration, 
2 min.; air, 15 sec.; sample, 5 min.; air, 15 sec. 
These 4 steps are repeated for each succeeding 
sample. 

RESULTS 

Penicillin G, oxacillin, phenethicillin, and ampi- 
cillin mere determined successfully by tlie ampero- 
metric technique. Data were obtained by nicasur- 
ing tlie differences bctwccn diffusion current dif- 
ferentials recorded for samples and base-line, the 
latter recorded whcn samples were replaced by 
water in both channels. -4 typical trace is shown 
in Fig. 6. 

Table I shows good precision and accuracy for 
several determinations on penicillin G, oxacillin, 
phcnethicillin, and ampicillin, compared to  Auto- 
Analyzer values determined coloriiiietrically (2). 
Instrumental response is linear (Fig. 7 ) ,  plots of 
diffusion current against sample concentration 
giving straight lines within cxperimerital error. 
Under thcsc conditions, sensitivity is about 10-15 
mcg./ml., and a range of 1-2 mcg./ml. appears 
attainable. 

Data for the other pcnicilhs show respective 
precision and accuracy of 1.0 arid -0.2% for 
oxacillin, 0.7 and 1.0% for phenethicillin, and 2.6 
arid -3.0yc for ampicillin. Methicillin could not 
bc analyzed, probably because of its iustabiljty in 
acid solutions (3). 

DISCUSSION 

Advantages and Disadvantages.-Two major 
advantages accrue to the aniperometric system : 
( a )  linearity, the signal arises from the diffusion 
current, which is linear with concentration, and 
this eliniinatcs the spectrometric problem of working 
with a logarithmic function; ( b )  measurement of 
spectroscopically inactive species which are recluc- 
ible or oxidizabie a t  the platinum electrode. Spe- 
cificity may bc obtained by proper choice of applied 
potential, electrode material, masking reactions, 
and solvent systems. 

The measurement of a difference signal also 
permits simultaneous handling of thc sample and 
its blank. In principle, the same advantagc may 
be utilized in spectrophotometric analysis, although 
in practice this technique has not yet been widely 
applied in routine determinations. 

Several difticultics have also been encountered 
with the aniperoinetric system. Some are duc to 
the choice of iodirnetry for thc application, but 
some are inhcrcnt in the electromechanical system. 
Chiel among the latter are: (a )  peristaltic pulsing. 
As discussed earlier, suppression of pulsing results 
in some experimental complexity. Considerable 
improvement in sensitivity was available for the 

'- i lD i ,ST*PLt  
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I , 
Fig. 5.--Pu1np modification. 
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can be minimized by extending or shortening 1 
path as required, by means of a glass-in-Teflon 
telescoping sleeve arrangement a t  A (Fig. 3). 

On the sample side, NaOH is added, and 3 large 
mixing coils at MI permit hydrolysis to proceed 
for 15 min. IICl is added to neutralize the alkali 
and to provide enough of an excess to liberate all 
available iodine from the KI03 which is added 
next, M2 and M3 are small mixing coils. The 
stream passes through a 12-min. holding coil HI 
to permit indination, and is finally pumped through 
TI?E1, and SCE to waste. On the blank side, the 
sample is first mixed (mixer M4. holding coil H p )  
with NaCl equivalent to  that produced on the 
sample side by the reaction of alkali with acid. 
Excess acid is added next, mixed at M6, and KIOs 
is added finally to produce the same concentration 
of iodine a t  TPE2 that would exist a t  TPEl in the 
abseticc of hydrolyzed penicillin. Mq, Mj, and Ms 
are single mixing coils, and H, is made long enough 
to  equalize the total path length of both strcams. 
All mixers and holding coils are standard instru- 
ment parts. Tubing up to Ma on the sample 
side arid Me on the blank side is standard instru- 
ment transmission tubing; beyond these points 
the system is built of glass and Teflon to minimize 
absorption of iodine, except for the portions carry- 
ing the streams to waste. 

The TPE potential is set at -50 mv. with 
respect to the SCE, recorder range a t  25 mv. full- 
scalc, and resistors R2, Ka a t  about mid-range. 
Reagents arc those indicated in Fig. 3,  except that 
the iodate contains 13.3 GIII. of KI per liter, re- 
quired for the reaction IOa- + 5  I- +6 H C  = 

3 Iz + 3Hz0. Standards are prepared to cover 
the range 200-500 rncg. penicillin/ml. (Other 
operating conditions could have been choscn to 
accommodate lower or higher concentrations.) 
Adjustment of the pumps is important, and is 
accomplished as follows. The Harvard pump is 
set for 24 r,p.m., and the platen is moved toward 
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TABLE I -PRECISION AYD ACCURACY _ _  .~ ~~~ 

Pcnicilliti G, u.,/mg. 
1345, 1400 
1319, 1325 
1337, 1343 
1375, 1375 
1391, 1388 
1315, 1361 
1296, 1299 
1322, 136.5 
1380, 1293 
1368, 1313 
1351, 1283 
Rel. S. D. 

2.3%, 

~~ ~~ 

Oxacdliu, mcg /mg. 
894, 894 
833, 826 
874, 872 
914, 914 
871, 871 
878, 874 
852, 813 
827, 848 
858, 850 
871, 854 
852, 843 

1 0:; 

Precision 
Phcuethicillin, mcg 

897, 920 
879, 878 
883, 878 
883, 878 
862, 861 
847, 858 
8'70, 866 
883, 881 
811,816 
820, 830 
805, 815 

0.7:z 

./mg. Ampicillin, mcg./mg. 

826, 826 
820, 862 
853, 803 
776, 758 
824, 815 
860, 831 
908, 888 
841, 903 
8S0, 875 

. . .  

. . .  

Z, ( jC '  
./ c 

7 ___-__ c Accuracya 
,--Penicillin G ,  u./mg ~ - --Oxacilliu, mcg./mg.- Phenethicillin, mcg./mg. -A4mpicillin, mcg./mg.-. 
F"1ltld Suto  Anal. Found AutoAnal. Found XutoBnal. Found AutoAnal. 
1373 1385 894 835 
1322 1380 828 835 
1340 1410 872 865 
1375 1445 912 875 
1390 1430 873 890 
1338 1450 878 875 
1298 1320 833 855 
1344 1340 8XX X55 
1337 1335 S5l i s 0  
1341 1335 863 885 
1317 1345 846 890 

Mean error -37 -2 
Kel. error - 2 . 7 ~ ~ ~  -0.25; 

a Averages 01 duplicates. 

penicillins, but i t  is likely that the ratio of pulse- 
height/signal imposes a limitation. ( b )  Sample 
diffusion. In extended systems, such as is required 
in the cleterniination of penicillins, diffusion occurs 
between adjacent samples unless some form of 
rnechanical separation is introduced. When 110 

srparation is used, a steady state cannot be achieved, 
tavern with 10 to 15-min. satripling times. When 
air is introduced. a steadv state is reachcd in about 
4 rnin. This period, 
limits the throughput 

? 50 
U 

& 4 0 -  

0 

p 30- 
W 
t 

Lu a 

10- 

added to the 2-inin. scrub, 
for the penicillin determina- 

909 
879 
883 
880 
86 1 
853 
868 
883 
. . .  
. . .  

885 
86i I 
885 
885 
850 
850 
860 
870 

816 860 
X44 875 
813 845 
761 x3 5 
825 885 
831 836 
904 885 
881 89 5 
882 89 5 

+9 - 26 
+1,0?G -3.0", 

tions to  not more than about 8 satsiples/hr. This 
compares with the cffectivc rate of 20/hr. for the 
colorimetric method (2). (c)  Timing, Careful 
control is required to  itisurc that  sample and ap- 
propriate blank reach the electrodes sirnultaneuusly. 
The estent t o  which they are out-of-phase lias a 
strong influence on the time required to reach a 
plateau in the diffusion current. 

Effects of Iodate Concentration.-Although 0.004 
N iodate is sufficient t o  react stnichiomctrically 
with the highest penicillin concentration used (500 

I - -1 
100 200 300 400 500 600 

CONCENTRATION rncglrnl 

Fig. 'i.-Imtruineiit response for penicillins. Key : 0, phcnethicillin; 8, ampicillin; A, penicillin G: 
0, oxacilliu. 
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appears desirable, 3 N HNOa is pumped through 
the cntirc systcm for 3 hr. 

The influence of iodide ion on the penicillin 
mcthod is minimizcd by holding a high concentration 
of excess iodide in all streams. In view of the 
current bclicf that the platinum electrode has an 
adsorbed I- layer (6), the iodide is considered im- 
portant to avoid electrical drift. 

mcg./rnl.), a deviation from linearity between 
responsc and conccntration is observed at this 
concentration. All published ioditnetric methods 
for penicillin require a greater-than-stoichiomctric 
iodine-to-penicillin ratio; the reason has not been 
reported in the literature. 

For the 4 penicillins studied, best linearity is ob- 
tained with 0.016 N iodate for penicillin G and 
oxacillin, and 0.024 N iodate for phenethicillin 
and arnpicillin. .4t much higher iodatc conccntra- 
tions, deviations from linearity become apparent, 
possibly due to the increxed influence of substitu- 
tion reactions. 

Iodine absorption on the tubing walls is minimized 
by using an all-glass-Teflon system beyond the. 
point of acidification of iodate. Nevertheless, 
without air-scrubbing, visible deposits of iodine 
accumulate on the glass. Deposits also build up 
in the porous glass wall isolating the calomcl clec- 
trode, but these can be washed out at the end of 
cach working day. When more extensive washing 
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Molecular Orbital Localization Energies and Carbonyl 
Nucleophilic Reactivity 

By LEMONT B. KIER 

Molecular orbital anion localization energies have been calculated for a number of 
carbonyl group-containing compounds using the LCAO-MO Hiickel procedure 
and the w-technique. These energies have been found to reflect very adequately 
the summation of electronic effects from neighboring atoms to the carbonyl group 
as evidenced by the excellent correlation of the energies calculated with the rate 

constants of base catalyzed hydrolysis. 

HE RELATIVE rate of riucleophilic reactivity of a manifest themsclvcs in the form of an energy barrier T carbonyl group-containing system such as I can referred to as the frcc energy of activation, A F t .  
be of great importance from the standpoint of It has been assumed that, as a good approximation, 

A F f .  is composed chiefly of AES,, the change in T 
electronic energy between the unreactecl molecule 
and the transition state (1). In comparing the 
relative rates of reaction in a closely related set then 

x\ c=o 
T / the relationship holds 

I 

drug activity and drug stability, as well as con- 
k 
ki 

-RTlog = [(AZ3X,)l - (AEtT)2]  (Bq. 1) 

tributing to  structural and mechanistic theory. 
Classical resonance theory has dictatcd that a 
balance of mesomeric and inductive effects derived 
from atoms Xand Y in I should facilitate or retard the 
ease of hydroxyl ion attack on the carbonyl carbon, 
this becoming the rate-determining step in the re- 
action sequences. The contributions of X and Y 
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The evaluation of A B f . ,  demands a considera- 
tion of the nature of the transition state, or a reason- 
able modcl of it, in order to  base the calculations on 
physical reality. Among several models proposed 
for the transitiun state, the u complex or the Whe- 
land intermediate has appeared t o  be the most 
satisfactory simple approach in the quantum me- 
chanical study of chemical reactivity (2). In thc 
case of the carbonyl carboil subjected to  nucleophilic 
attack, the WhcIand intermediate is a carbon sur- 
rounded by 4 bonds, each containing 2 electrons, 111. 
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the cntirc systcm for 3 hr. 

The influence of iodide ion on the penicillin 
mcthod is minimizcd by holding a high concentration 
of excess iodide in all streams. In view of the 
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Thc valucs listcd in Tablc I are modifying param- 
eters used in the expressions for thc Coulomb and 
resonance integrals, CY and D, for the heteroatorn, X. 
Thc methyl group is trcatcd as a heteroatom. 

a z  = a, + K P  (Eq. 3 )  

!& = kuPc (Eq. 4) 

The ititegrals for the heteroatoms are commonly 
expressed in terms of a standard aromatic carbon 
atom. 

There has been a further atteiiipt t o  treat the 
failure of the simplc Hiickel method to account lor 
electron correlation by using tlie w technique, first 
suggested by Whcland and Mann (6) and later 
studied by Streitwieser (7). 'l'lie technique employs 
a disposable parameter, w, to  modify the Coulomb 
integral based on the calculated charge density, 
qi, so that 

ai = a n  + qtwPn 

The process is reitei-ated to  n self-consistent value of 
the Coulomb integral. The use of this parameter 
effectively increases thc Coulomb attraction between 
a 7r electron and a donating atom. The example of 
Streitwieser (7) and othcrs (8) has been followed in 
using a value of 1.4 for w .  

The carboriyl~coritairiiiig compounds calculated 
in this study (Tablc 11) were selected to  represent a 

TABLE II.-SECOND-ORDER BASE HYDROLYSIS KATE 
CONSTANTS AND AXION LOCALIZATIOS ENERGIES FOR 

SEVERAL CARBONYL COMPOUNDS 

l o g k  + 6 
(moles-1, 
min. - 1  

Compd. 250)a '  Lc0 (in 8 )  
1Jrt.d 0.250 1.144 
ilcctamide 1.352 I ,  no2 
Urcthan 2,079 0.966 
Methyl acetate 3.945 0 .  804 
Ethyl carbonate 5.447 0.766 
Ethyl chloroformate 6,380 0 .  ti43 

uSee  Rrfmerzres 9-14 for t h e  respective kinetic data.  

widc diversity of heteroatoms for X atid Y in I. 
They were also selected so as to minimizc as far as 
possible any steric interaction with the carboiiyl 
group. Finally, the set selected is known or thought 
to nudcrgo base-catalyzed hydrolysis by a second- 
order nucleophilic attack of hydroxyl ion on the 
carbon atom (9-14). It was further thought that 
success in  this corrclation would constitute further 
proof of the value of the parameters in Table I and 
justify their use in other studies. 

Calculation of Ground State T Energies.-The 
value of the K cnergy of the ground state of each 
compound is obtained by the solution of a sccular 
determinant of thc Coulomb arid resonance integrals 
of participants in the K network. The eigerivalues 
so derived are expressed in terms of thc Coulomb 
and resonance integrals atid each represents an 
energy level. Filling cach level accordirig to aufbau 
principles, and surnming the occupicd levels, the 
total encrgy of thc ground state in terms of a and @ 
is obtained. 

Calculation of L.." and Correlation with Base 
Hydrolysis Rate Constants.-From Eq. 2 thc 
value of LCe is cnmputcd in terms of @ (Table 11). 
As a test of the relative value of thcsc energies, tlie 

I1 I11 

Justification for this model is found in the tests of 
Hammotid's postulate; if tlie u complex is an un- 
stable intermediate in the reaction, the transition 
state should closely resemble it in energy ( 3 ) .  

A mcans of estimating the energy difference 
between I1 arid 111, known as tlie lc~calization pro- 
cedure ( 2 ) ,  has bccn proposed by Wheland. It is 
based on the concept that tlie essential diffcrence in 
n electronic energy between the 2 states is the 
,energy required to perturb the dclocalizcd T elec- 
trons to  permit the nucleophile to  attack the carbon 
atom. The electron contributed by thc carbon atom 
in the ground state must now be delocalized over the 
remaining a system or specifically in the case of 
the carbonyl group system 11, it  must be localized on 
the oxygen atom, with the accompanying disruption 
of the x system due to loss of participation of thc 
central carbon atom. The probleni them reduces 
to  one of calculating the energies of the ground state, 
E,, arid the traiisitioii state Ere,  and calculating the 
anion localization energy 

L," = E, - ETe (Eq. 2) 

The means of calculating these euergics is available 
through the method of molecular orbitals. 

The simple LCAO-MO procedurcs are well 
suited for calculations involving heteroatoms be- 
cause of the relative simplicity of these calculations, 
and because the present crude nature of heteroatom 
treatments emphasizes only compatibility with as 
many observed properties as possible, rather than 
correct numerical values. In the course of quantum 
mechanical studies on drug molecules, the author 
and co-workers have arrived a t  a sct of parameters 
for Iieteroatoms which give calculated quantitics 
mirroring physical experience (4). These values, 
listed in 'I'able I, have becn dcrived from ionization 

TABLE I.- VALUES OF h, AND k,:, FOR HETEROATOMS 
FOR aZ = aC + h.,Prc. 

P a  = kczBcc 

Atom X" hz  BCI 

0 1.3 0.8 
ii 2 .7  0 . 6  
N 1 . 7  0.  7 
Ci 2 . 8  0 . 5  
<Xi3 3.0  0 . 7  

OThe designation 0 I-rfers to  oxygen with a core charge 
o f  1 i.r. an  oxygen donating 1 elrcti-on t o  t h e  system 
I n  this Ftiidy this would be used for the  rai-bony1 oxygen. 
Similarly. 8 and r d e r  lo hetwoatoms clrtnating 2 electrons 
t o  thr r system, hence. having core charges of 2 .  This  
is used for ester- and amide type atoms i n  the  C-X-C! 
linkage. T h e  values far- C1 and CHz reflect the concept 
of 2 electron donation to the T system as discussed and 
used by Sttwitwieser (7) .  

potentials, hence, they bear it consistent rclationship 
to eacli other :IS wcll as the ionization phenomena 
(5). In other studies in  this laboratory these values 
have been used to calculate successfully x dipole 
monierits arid carbonyl oxygen charge densities (4). 
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help of Douglas Fleckner of this computation 
laboratory, to  accept core charges other than 1, for 
use with some heteroatoms. This is necessary in the 
use of the w technique. For example, the oxygen 
of a carbonyl group would have a core charge of 1 
while the oxygen of an ester C--0-C would have 
a core charge of 2. 

The calculation of correlation coefficients, least 
squares regression line, and other statistical data 
were computed using standard subroutines from this 
numerical computation laboratory. 

Summary.-The anion localization energies have 
been calculated for a number of simple substituted 
carbonyl systems undergoing hydroxyl ion-catalyzed 
hydrolysis. The localization energies calculated 
have been assumed to be, as a first approximation, 
a relative measure of the free eiiergy of activation 
of the reactions, using the Wheland intermediate 
as a model for the transition state. An excellent 
correlation is exhibited between these calculated 
values and thc log of the rate constants for thc com- 
pounds studied. 

It has thus been shown that the LCAO-MO 
Coulomb and resonance integral modifying param- 
eters for the heteroatoms were well chosen and 
truly mirror thcir relative clcctronic interaction 
within the delocalized electron framework. It is 
also apparent that the model for transition state and 
the proposed mechanism of action were correctly re- 
flected by the reaction model chosen. The correla- 
tion of the calculated localization energies with the 
rate constants attests t o  the utility of quantum 
chcmical methods in studying and predicting drug 
iriolecule reactions, stability, and possibly even 
pharmacological activity. 
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Fig. 1.-Correlation linc for log k + 5 21s. Lo. 
Equation for line: Correlation coefficient = 0.986. 

log k + 5 = 15.25 - 13.57 Le. 

values calculated have been plotted in Fig. 1 along 
with the least squares equation. The Correlation 
is excellent (correlation coefficient ol 0.986) fully 
justifying the use of parameters to reflect the 
participation of the atoms X and Y ,  adcquately, in 
the reaction studied. Also corroborated by the 
correlation is the use of the transition state model 
and accompanying rneclianism for each compound 
studied. The parametcrs used and the techniques 
employed may further permit a prediction of relative 
base hydrolysis rates within the framework of the 
approximations made and limitations imposed. 

Numerical Computations.-The numerical com- 
putations were performed on an IBM computer. 
The program used for the w-Hiickel calculations 
was translated from Fortran to Scatran.’ The 
program determines the eigenvalues and eigen- 
vectors of a real symmetric matrix, using an IIDIAG 
subroutine, according to the method of Jacobi. 
The program has been further modified with the 

1 Thc Ohin State Computer Center language, by Evan L. 
Brill of the Numet ical Computation Laboratory staff. 
The yrugrarn was originally written by G. Pettit, the 
University of Minnesota, and uiodified for use with the 

technique by D. J,azdins, the University of Minnesota. 



Molecular Asymmetry of Methadon 
By LELAND L. SMITH 

Proton nuclear magnetic resonance spectra 
of methadon hydrochloride, isornethadon 
hydrochloride, and related derivatives are 
recorded and interpreted in terms of a 
molecular asymmetry and a preferred confor- 

mation concept. 

UGGESTIONS relating tlie potent analgesic s activity of methadon (ti-dimethylamino-4, 
4-diphenylheptan-3-one) (I)  and isomethadon (6- 
dimethylamino-5-mcthpl-4, 4-diphenylhexan-3-one) 
(11) with stereochernical considerations of restricted 
rotation and subsequent molecular asymmctry have 
been made (1-6) bawd on indirect cvidciice of 
chcniical unreactivity of the hindered carbonyl 
group (7), ultraviolet light absorption arid dipole 
niotncnt measurements (8), dissociation constants 
(3), and differential analgesic activity of the optical 
antipodes (9). Proton nuclear mdgrietic resonance 
spectra in Table I for scvcral mcthadon and iso- 
methadon derivatives provide independent evidencc 
for molecular rigidity and for a prcferred conforma- 
tion of the molecule. 

These proton spectra have certain features in 
common, including an acetyl methyl proton triplet, 
an acetyl methylene quartet, a secondary C-methyl 
doublet, a 10-proton aromatic signal, arid 3 un- 
analyzed 1-proton multiplets. Whereas the di- 
methylamino protons of I base appcarcd as sharp 
&proton singlcts a t  2.14 p.p.m., the dimethyl- 
amino proton signals of salts of I were shifted 
characteristically downfield (0.6 0.7 p.p.m. except 
for Ic) and involved greater multiplicity dependent 
on salt form, solvent composition, concentration, 
and temperature. 

Base 
Hydrochloride 
1)euterochloride 
Sulfur trioxide compound 
Hydrogen sulfate 

CHI\ 
Y-C HZ---CH--C( CbHa)a--CO--CaHs 

CH/ I 
CHJ 

Ir, B ~ S C  
IIn, Hydrochloride 

Spectra of Ta wcre dominated by an uncxpected 
6-proton 1 : 2 : 1 triplet pattcrn cciitcrcd about 
2.77 p,p.m. The same pattern was observed in 40- 
Mc. spectra (center a t  2.75 p.p.m.). From the 
slightly different spacings of the 60-Mc. triplet an 
overlapping doublet of doublets pattern was 
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Branch, Galveston. 
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American Cyanamid Co., Stamford, Conn., for determination 
of proton spectra; to Merck and Co., Kahway, N .  J., for a gift 
of isomethadon hydrochloride monohydiate, a-methadol, 
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fur a gift of methadon hydrochloride. 

suspected, arid indeed, spectra of solutions coolrd in 
dry ice-acetone exhibited the clearly resolved 
doublet of doublets pattern. The center of the low- 
field doublet ( J  = 5.5 c.P.s.) was separated from the 
center of the highfield doublet ( J  = 5.0 c.P.s.) by 
10 c.P.s., and as the cooled solution warmed to 
room temperature the downfield doublet shifted up- 
field toward the stationary doublet, so that a t  room 
temperature a triplet signal was obtained. The trip- 
let was not collapsed by recording the spectra at 
80°. 

The dimethylamino proton doublet of doublets 
pattern in In spectra collapscd to a sharp singlet on 
equilibration oI the deuterochloroform solutions 
with deuterium oxide or by dilution with pyridirie. 
Deuterium oxide solutions of Ia likewise showed a 
6-protou sitiglet. In contrast, the deutcrochloride 
I6 exhibited a doublet pattern in suitably dilute 
deutcrochloroforin solution. These solvcnt dc- 
pendent effects on the dimethylamino proton signal 
form were not accompaiiicd by other significant 
changes in spectra, and integration of spectra 
established that no carbon-bound proton in In 
exchanged with deuterium oxide in deuterium oxide- 
deuterochloroforni media, or had any exchange of 
carbon-bound proton for deuterium occurred in the 
prcparation of the dcuterochloride I h .  

The dimethylamino protons of the sulfur trioxide 
compouud Tc appeared as two well-separated 3- 
proton singlets a t  2.44 and 2.85 p.p.m., but tlie di- 
methylatnino protons of thc hydrogen sulfatc Id 
appeared as a &proton broad signal.' 

Proton spcctra of Ila werc also cliaracterizcd by a 
well-resolved doublet of doublets pattern centered 
a t  2.79 and 3.12 p.p.m. (also reproduced a t  40 Mc. a t  
2.73 and 3.10 p.p.m,), Equilibration of deutero- 
chloroform solutions of IIa with deuterium oxide 
again collapsed the dinietliylamino proton doublet 
of doublets p a t t g n  to  a sharp singlet, and integra- 
tion of the spcctra established that no carbon-bound 
proton in IIa had exchanged with deuterium. 

Concentration effects were observed in spectra of 
I b  arid IIa in deuterochloroforni, initial L5Y0 solu- 
tions 01 both salts exhibiting singlet signals for tlie 
dirncthylamino protons, which were split into 
doublet of doublets patterns, respectively, on 1 : 1 
dilution with deuterochloroform. 

The observcd complexities of thc N-methyl proton 
signals in Ia ,  16, Ic, and ITa must arisc through 
magnetic nonequivalence on the 2 N-methyl groups 
in each case.2 Thus, in Ia and IIa the 2 non- 
cquivalent A-methyl groups appear as two 3-proton 
signals further split into a doublet of doublets 
pattern by coupling between the N-methyl protons 
and the ammonium p r ~ t o n . ~  The absence of an 

1 Similar in appearance to the broad Wmethyl signal of 
dimethyl-~-chloropropylammoniiim chloride (11). 

2 Temperature dependence and dilution effects in spectra of 
Ta, Tb, and IIa deny spin-spin interactions as a reasonable ba- 
sis for the observed multiplirities; also long-range coupling 
constants are generally smaller than the 6-8 C.P.S .  (10 C.P.S.  
at  dry ice temperatures) separations found. 

a Thc field independence of the 5 C.P.S. spacings in the dou- 
blet of doublets pattern in Ia and Ira spectra as well as their 
magnitude support this assignment. Spin-spin interactions 
between N-methyl protons and an ammonium proton giving 
rise to coupling constants of 4.5-6.17 C.P.S. in various solvents 
have been observed (12-14). 
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TABLE I.--60 IvIc. PROTON SPECTRA OF METHADOX DERIVATIVES AND AXALOGS~ 

Cs- and Cs- 
A'-Methyl Acetyl Aromatic Methylene/Methine C-Methyl 

Compd. Protons Protons Protons Protons Protons 
I 3H: 0 . 8 4  ( t ) ,  J = 7 10H: 7 . 3 8  (m) 3H: 1.7-3.1 (m) 3H:  0 . 4 8  (d), J = G 6H: 2 . 1 4  

2H:  2 . 2 7  (q), J = 7b 
Iu 3H: 0.83 (t), J = 7 10H: 7 . 4 3  (m) 1H: 2 . 4 3  3H: 0 . 7 2  (d), J = 8 . 5  3H: 2 . 7 2  (d), J = 6 

2H: 2 . 2 7  (q), J = 7b 
Ib 3H: 0.83 ( t ) ,  J = 7 10H: 7 . 5 0  (m) 1H: 2 . 4 4  3H: 0 . 7 2  (d), J = 6 . 5  X I :  2 . W  

ZH: 2 . 2 7  (d), J = 7" 2H: 2 . 9 g 3 . 3 5  (m) 3H:  2.83c 
Ic 3H: 0.86 ( t ) ,  J = 7 1011: 7 . 4 8  (m) 1H: 2 . 3 3  3H: 0 . 6 1  (d), J = 6 . 5  3H:  2 . 4 4  

2H: 2 . 1 6  (q),  J = 7" 3H:  2 . 8 5  

2H: 2 20 (q), J = 7" 

2H: 1 .7-2 .8  (mjd 2H: 1 .7-2 .8  (mid  3H: 3 . 1 2  (d),  J = 5' 

2H: 2 . 9 F 3 . 3 5  (mJ 3 H :  2 . 8 2  (d), J = 5 

2H: 2 . 8 3 . 3  (m) 

2H: 2.95-3.25 (m) 
~d 3 ~ :  0 .80 ( t ) ,  J = 7 1011: 7.28 (m) 1H: 2 . 3 8  3H: 0 . 6 0  (d),  J = 6 . 5  6H: 2 . 8 1  (b) 

IIa 3H: 0 . 7 6  ( tJ ,  J = 7 10H: 7 . 5 0  (m) 1H: 3 . 3 - 3 . 8  (m) 3H: 1 25 (d),  J = 6 . 5  3 H :  2 . 7 9  (d), J = 5c 

111 3H: 0 . 8 1  (d),  J = 6 10H: 7 . 3 0  (m) 3H: 0 . 7 4  (d), J = 6 GH: 2 . 1 8  
IV ... IOH: 7 . 2 0  (m) 3H: 2 . 0 - 2 . 3  (m) 3H: 0 . 9 2  ( d ) , J  = 5 . 5  6H: 2 . 1 1  
V ... 10H: 7 .20-7 .80  (m) 1H: 2 . 8  (m) 3H: 1.18 (d), 1 = 6 . 5  6H: 2 . 2 2  

B 

211: 2 .2-2 .65  (m) 
~~ 

lb Spectra were ohtained on 157i (w/v) deuterochloroform solutions using a Varian Assuciates A-60 spectrometer. Chemicai 
shifts (a) are measured in p.p.m. downfield from an intevnal reference of tetramethylsilane. Data are recorded in order: 
chemical shift in p.p.m.,  multiplicity (in parenthesis), coupling constant in C.P.S. Signals are singlets except as noted. Abbre- 
viations ur-ed are: b, broad; d ,  doublet; m, multiplet; t ,  triplet; q, quartet. bFine splitting of about 1.5 C.P.S. was also ob- 
served. d T w o  water protons are also observed in this range on 1.5% 
solutions. The sample of IIa used 
was a hydrochloride monohydrate (10). e Five unassigned protons appear: IH,  1.88; 2H, 1.&1.7 (m); 2H,  2.15-3.0 (m). A 
single proton geminal to hydroxyl is  at 3.90 p.p.m. (q), J = 9.5 and 3.0 c.p.s. by first-order analysis. 

Cobserved on 1: 1 dilution of the initial 15% solution. 
On 1: 1 dilutions the water protons are consolidated as a 2 proton singlet at 2.42 p.p.tn. 

ammonium proton in tlic dcuterochloridc I b  simpli- 
fied the ,Vmethyl proton signals so that only a 
doublet is present. In the sulfur trioxidc compound 
(Ic) there likewise is no ammonium proton; how 
ever, in this instance the 2 A-methyl singlets are 
separatcd by 0.4 p.p.m. 

The magnetic nonequivalcnce of thc 2 iWmethyl 
groups of these derivatives is not a consequence of 
restricted rotation about the N-Cs bond. Such 
restricted rotation and consequent A-methyl non- 
equivalencc occurs in AT-methylamides (15), iV- 
methylamidiniuui compounds (16), and in certain 
heterocyclic N-methyl compounds ( 17-19) where 
partial plauar charactcr of the nitrogcn-carbon bond 
is involved. A very slow rate of aniine inversion 
might bc a basis for nonequivalence of the A-methyl 
protons, and some siniilaritics exist bctwccn thc 
present instance and spectra of dibenzylmethylani- 
rnoniuni chloride (20 j in aqueous acid. However, 
persistcncc of the nonequivalence of 60" does not 
support this explanation. Were slow inversion the 
case, however, some of thc solveiit cffccts could bc 
readily understood as resulting from increased 
nitrogcii inversion rates. 

01 the conditions under which unexpcctcd non- 
equivalence of protons obtain, as summarized by 
Bible (21), more favored explanation of the itistarit 
nonequivalence derives from inherent niolecular 
asymmetry attributed to the nearby asymmetric 
carbon atom in the nicthadon and isomethadon 
molecules (CG- and Cs-, respectively). This it]- 
herent asymmetry could manifest itself in non- 
equivalence of the N-methyl protons, of the C,- or 
Cs-methylene protons, or of both sets of protons. 
The concept has becn used to explain similar spectral 
complexity for other dimethylamino compounds 

IIowever, presence of dilution effects in the 
spcctra o f  Ib and IIn,  equivalence of the Wmethyl 
protons of the related nitriles dl-4-dimetl-iylatnino-2, 
2-diphetiylvalcroiiitrilc hydrochloride (IV) and 
d l  - 4 - dimethylamino - 3 - methyl - 2,2 - diphenyl- 

(22,231. 

butyronitrile hydrochloride (V), and identity of 
effect in both mcthadon (whcrc the asymmetric 
Cs-carbon is 3 bonds separated from the A-methyl 
protons) and isometliadon (where the asynimetric 
Cs-carbon is 4 bonds Separated), as measured by the 
coupling constants J = 5-6 c.p.s., suggest other 
factors may be involved. These several observa- 
tions are consistent with a molecular asymmetry 
associated with a preferred conformation of the 
molccules I and 11, the prcfrrred conformation 
being formed through hydrogen bonding between 
cationic nitrogen and the carbonyl group as postu- 
lated by Beckett (2-4). 

The dilution effects of the spectra of I b  and IIa, 
together with the simplification of spcctra on 
equilibration with deuterium oxide suggest that the 
prcfcrred conformations of the I and I1 molecules in 
solution giving rise to  the magnctically nonequiva- 
lent AVmethyl groups are not assumed in every 
instance of concentration and solvent choice, but 
that such asymmetric conformations may exist in 
special situations. Extension of these con- 
siderations to the complex media of living animals 
must therefore be done with caution. 

The incrcascd shielding (0.50 p.p.m. j of tlic Ca- 
methyl protons of Iu  in comparison with that ol 
the Cj-nietliyl protons of IIa may also bc con- 
sidered in terms of a preferred conformation of the 
molecules involving close approacli of the carbonyl 
oxygen and the ammonium proton. In such con- 
formation the Cs-mctliyl group of IIn is vcry nearly 
in the plane of the Ca-benzene ring (using Dreiding 
models), whereas the Ce-methyl group of I u  is more 
nearly above the plane of the Ca bcnzene ring arid 
thereby is subject to increased long-range dia- 
magnetic shiclding of thc bcnzene ring. 

The three Cb- and C~-metliylene and methine 
protons of I and I1 derivatives are magnetically non- 
equivalent. One proton appcarcd as a singlct ovcr- 
lapping the acetyl mrthylene quartct, and 2 protons 
appeared as a series of lines overlapping one another 
and/or thc N-methyl signals. One of these latter 
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multiplets must be the Cs-proton (in In), since it 
wodd be spin-spin coupled to the C-methyl protons, 
the ammonium proton, and probably one or both 
C5-protons, and being adjacent to nitrogen, must 
be a t  low field. The other low field proton is then 
one of the C5-methylene protons, the other being 
at  higher field and ovcrlapping the acctyl methylcnc 
quartet. 

The nonequivalence of these methylene protons in 
I and I1 derivatives is most readily cxplained in 
terms of the nearby amsymmetric carbon atom Cg- 
and Cs,-, respectively (21), and in this matter, thc 
precursor nitrile salts I V  and V exhibit methyleiie 
proton nonequivalence also. 

Attempts a t  further analysis ol  the methylene/ 
methine proton signals on spectra of a-niethadol 
( d l  - (Y - 6 - dimethylamino - 4,4 - diphcnylheptaii- 
3-01) (111) or of the nitrile precursors of I and 11, IV 
and V, respectively, were thwarted by overlapping 
of these signals with one another and with those of 
the diniethylaniino protons. I t  is to be noted that 
the dimethylamino proton signals in both nitriles 
IV and V fall in a high field relative to their kctorie 
analogs Ta and IIe. 

EXPERIMENTAL' 

6 - Dimethylamino - 4,4 - diphenylheptan - 3- 
one Deuterochloride (Ib).-Ten grains of conimer- 
cia1 methadon hydrochloride was recrystallizcd 3 
times from 99.8y0 deuterium oxide (Stuart Oxygen 
Co., San Francisco, Calif.) to constant rnclting point, 
m.p. 232-234". 

6 - Dimethylamino - 4,4 - diphenylheptan - 3 - one 
Sulfur Trioxide Compound (Ic).~-A mixture of 1.5 
Gin. of In ,  1.8 mi. of isopropenyl acetate, and 2 drops 
of concentrated sulfuric acid was distilled slowly over 
a 7-hr. period. The mixture was filtered from insolu- 
ble material (0.32 Gm. of recoverrd Ia, m.p. 230- 
234"), and the filtrate was concentrated. A red 
resinous precipitate formed and crystallized over sev- 
cral weeks, yielding 0.37 Gm. of product Ic. Re- 
crystallization from benzene gave crystals, 1n.p. 
139.0-141.0", and from ethanol-ether gave the 

4 Melting points were determined usina a calibrated thei-- 
mometer and a heated oil bath. Ullraviolet light absorption 
spectra were recorded on methanol solutions using a Beck- 
man model D U  spectrophotometer. 

5 T h e  minor by-product Ic was obtained in otherwise UIISUC- 
cessfiil a t tempts  at enolacetylation of la. T h e  structure of Ic 
a s  a sulfur trioxide derivative of I is supported by elemental 
analysis, ultraviolet light absorption essentially identical 
with spectra of Ia (8 ) ,  water solubility (from which water 
solutions barium chloride precipitated barium sulfate), and 
nonidentity with the  hydrogen sulfate salt I d  prepared with 
sulfuric acid in the  usual way. 

~ 
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analytical sample, m.p. 140.0-142.5". X,,,,,,. 255 nip 
( e  579, inflection), 260 m p  ( E  646), 266 m p  ( e  6291, 
292 xnp ( E 624) ; Amin. 250 mp ( E  526), 264 mp ( E 624), 
277.5 mp ( E  502). 

And-Calcd. for C,IH,NO,S: C, 64.75; H, 6.99; 
N,  3.59; S ,  8.23. Found: C, 64.89; H, 6.98; h-, 
3.57; s, 8.54. 

6 - Dimethylamino - 4,4 - diphenylheptan - 3 - one 
Hydrogen Sulfate (Id).-A solution ol 1.0 G.n. oI 
methadon in absolute cthanol was trcatcd with an 
ethanolic sulfuric acid solution. The sclution w-as 
evaporatcd under vacuum and the oily I e;idcc was 
crystallized Irom clilordorni-cther, yielding 0.30 
G i n .  of salt, m.p. 14S.O-149.O0. An additional 0.21 
Gm., m.p. 144.0-146.5", was recovered from thc 
filtrate. After further recrystallizations from 
methanol-ether and from cthanolkthcr, the salt 
melted a t  146.0-148.0°. 

Anal.-Calcd. for CP1H2,NO.H2SO1: N, 3.44; S ,  
7.87. Found: N,  3.39; S ,  8.13. 
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Identification of Pyrethrol with Taraxasterol 
By WERNER HERZ and R. N. MIRRINGTON 

The insecticidally inactive substance pyre- 
throl from pyrethrum flowers has been iden- 

tified as taraxasterol. 

HE OLEORESIN obtained by extraction of pyre- T thrum flowers ( Chvysnntkemum cinerariaefolium 
Vis.) contains not only the active insecticidal prin- 
ciples pyrethrin I and 11,' but also comparatively 
large quantities of inactive material, including such 
compounds as the monocarbocyclic sesquiterpene 
lactone pyrethrosin (2) and an unidentified sub- 
stance called "pyrethrol." The latter, first isolated 
by Fujitaiii (3) and referred to briefly by Staudinger 
and Ruzicka (4) had m.p. 199", La]n + 73", and was 
assigned (3) the molecular formula C21H3~0. More 
recently (5), pyrethrol was stated to be a triterpene 
alcohol isomeric with lupeol. 

Tlie authors received a sample of crude pyrethrolz 
isolated a number of years ago (6) during the puri- 
fication of pyrethrosin and have investigated its 
propcrtics. Purification and conversion to a num- 
ber of derivatives establishccl its identity as taraxas- 
terol. 

In this laboratory, pyrethrol had 111.p. 217-219" 
after several recrystallizations from chloroform- 
ethanol and [ a ] ~  +9Z0. 

The presence of 1 secondary hydroxyl group was 
indicated by the infrared and NMR spectra (com- 
plex signal a t  3.2 p.p.m., Ha) and confirmed by the 
formation of a monoacetate, 1n.p. 246-248", [ a ] ~  
+ 1 0 5 O ,  NMK signal a t  4.6 c (Hi), a nionobenzoate, 
m.p. 244-247O, and by mild oxidation to a ketone, 
m.p. li9-182", infrared band at  1710 em.-', positive 
Ziminer~nann test, which contained no other hy- 
droxyl groups. Furthermore, an exocyclic iiicthylene 
group was clearly indicated in all four of the above 
compounds by infrarcd bands a t  1650 and 890 
em: and, in the NMR spectra, by a broad singlet, 
WI;, 4 c/s, intensity 2 protons, a t  4.65 p.p.ni. The 
XMR spectra also indicated the presence of 7 methyl 
groups. 

The  melting points and rotations of pyrethrol and 
its derivatives bore a reasonable resemblance to 
those most widely accepted (7j  for taraxasterol. m.p. 
226 227", [ U ] D  1-97"; acetate, m.p. 256-257°, 
[a]= +loo"; bcnzoate, m.p. 242-244'; taraxas- 
tenone, m.p. 184-185". Tlie spectral data were also 
in harmony with the supposition that the 2 sub- 
stances might be identical. 

This supposition was verified by direct comparison 
(mixed rrielting point and infrared spectra) of pyre- 
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throl with an authentic sample of taraxa~terol .~ 
The 2 samples were undistinguishable. Pyrethrol 
is therefore identical with taraxastcrol and the 
former name should be stricken from the literature. 

EXPERIMENTAL' 

Pyrethro1.-Crude pyrethrol crystallized from 
chloroform-cthanol as colorless nccdlcs, m.p. 217- 
219", [ a ] ~  +92", infrared bands a t  3400, 1050 
(hydroxyl), 1650, 890 cm. -l (exocyclic methylaic), 
NMR signals a t  4.65 (broad singlet, Wij2 4 c/s, 2 
protons, exocyclic methylene), 3.2 p.p.m. (multiplet, 
1 proton, Hs). The infrared spectrum was super- 
itnposable on that of an authentic sample of taraxas- 
terol, m.p. 219-221", mixed m.p. 219-221". 

Derivatives of PyrethroL-Acetate.-Acetylation 
of pyrethrol with acetic anhydride and pyridine at 
80" for 2 hr. gave a monoacctatc which crystdllizcd 
from chloroforn-ethanol as lustrous plates, 111.p. 
246-248", [.l]D + 105", infrared bands at 1735, 1250 
(acetate), 1660, 890 cm. -1 (exocyclic methylene), no 
hydroxyl absorption, XMK signals at 4.65 (as in 
pyrethrol above), 4.5 (multiplet, 1 proton, H3), 2.02 
p.p.m. (singlet, 3 protons, acetate). 

Benzoate.-Benzoylation of pyrethrol with benzoyl 
chloride and pyridinc a t  50" for 2 hr. gave a mono- 
benzoate which crystallized from ethanol as colorless 
needles, m.p. 244-247', infrared bands at  1730, 1280 
(benzoate), 1650, 890 (exocyclic methylene), 1605, 
1595, 715, 690 em.-' (monosubstituted benzene 
ring). 

-Dehydropyethrol.-h suspension of 0.5 Gm. of 
pyrethrol in 50 i d .  of acetone was treated with Jones 
reagent a t  25" until a brown color persisted. Dilu- 
tion with water gave a flocculent precipitate which 
was collected and crystallizcd from ethanol to furnish 
0.41 Gm. of dehydropyrethrol, m.p. 179-182", in- 
frarcd bands a t  1710 (cyclohcxannne), 1650, 890 
cm. -l (exocyclic methylene), no hydroxyl absorp- 
tion, NMR signal a t  4.65 (broad singlet, 2 protons, 
exocyclic rnethylene). 
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Blood Nitrite and Nitrate Concentration After Oral and 
Intravenous Administration of Glyceryl Trinitrate in Rabbits 

By 0. J. LORENZBTTI*, ARTHUK TYE, and JOHN W. NELSON 

Blood nitrite and nitrate concentrations were measured after oral and intravenous 
administration of glyceryl trinitrate at 1.0 mg./Kg. in  rabbits. Nitrate and nitrite 
blood concentrations attained peak concentrations in 90-1 20 min. after oral ad- 
ministration and slowly returned to  control levels. Nitrate and nitrite blood con- 
centrations decreased slowly after intravenous administration of glyceryl trinitrate, 
then fell rapidly after 60 min. Blood nitrate concentrations were twice the blood 
nitrite concentrations 60 min. after either oral o r  intravenous administration of 

glyceryl trinitrate. 

HE ABSORPTION of glyceryl trinitrate from the T gastrointestinal tract has bccn questioned for 
over a half century. Most investigators believe 
the absorption to be poor on the basis of resulting 
physiological effects observed. Sollman states that 
when glyceryl trinitrate is ingested it is absorbed 
into the portal circulatio~~ and destroyed by the liver 
( 1). Oral and intravenous administration of organic 
nitrates to dog arid niau have provided evidence 
that there is no correhtion between blood nitrite 
and nitrate conceutratioii and thc observed physio- 
logical activity (2, 3). Recent investigations utiliz- 
ing the observation of the vascular bed of the rabbit 
ear have shown that glyceryl trinitrste is absorbed 
in  the gastrointestinal tract after oral administration 

The following study was undertaken to drterminc 
thc blood nitrite and nitrate levels after oral and 
intravenous administration ol glyceryl trinitrate in 
the rabbit. 

(4). 

METHODS 

White New Zealand inale rabbits weighing 3.5- 
4.6 Kg. were used in this study. The rabbits were 
lightly anesthetized with pentobarbital (25 mg./ 
Kg., i.p.). One group of rabbits received glyceryl 
tririitrate orally (1.0 mg./Kg. from a stomach tube) 
in 1.5 ml. of water. 4 second group received 
glyceryl trinitratc intravenously (1.0 rng./Kg.) 
from a needle cannula in thc nxtrginal ear vein. 
The intravenous injcction was made in 0.5 nil. of 
solution over a 60-sec. period. Blood samples were 
taken over a 2 -3-hr. time period. 

Each group of rabbits was used for only 3 suc- 
cessive blood samplcs, because of the large blood 
sample required (4  ml.) for the complete assay. 
A total of 30 rabbits was used for the assay. Blood 
samples were taken from an indwelling catheter 
(PEW) in thc fcmoral artery. 

Each 4-1d. blood sample was baked with 4 nil. of 
deionized water in a 125-1111. conical flask, arid the 
following were added: 10 ml. of 0,2yo solution of 
sulfanilamide, 2 ml. of 50c/;, concentrated hydro- 
chloric acid solution, and 2 ml. of 5<% aqueous 
solution, prepared from mercuric chloride that had 
been sublimed 3 times. The resulting brownish 
mixture was thoroughly mixed by swirling and then 
centrifuged for 15 min. a t  6000 r.p.m. in a horizontal 
centrifuge. The clear, deprotcinatcd, decanted 
filtrate was quantitatively divided into two 10-ml. 
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portions. One portion was used for the nitrite 
assay and the other for the nitrate assay (5). 

Nitrite Assay.-To the 10-ml. portion of the 
deproteinated filtrate was added 1.0 nil. of 0.17;, 
aqueous solution of A-( 1-naphthy1)-ethylene di- 
amine dihydrochloride to act as a coupling agent. 
Then the solution was allowcd to stand for 10 min. 
and the color read on a Beckman DU spectro- 
pliotometcr a t  the 540-mp wavelength. The nitrite 
Concentration was read from a previously deter- 
mined standard curve prepared by plotting ab 
sorbance z w s I i s  known concentrations of nitrite. 

Nitrate Assay.-Thc remaining 10 ml. of the 
dcproteinated filtrate was transferred to a 251111. 
test tube and hydrogen sulfide was bubbled through 
to  precipitate unreacted mercury ions as mcrcuric 
sulfide. The C X C ~ S S  hydrogen sulfide was removed 
by boiling the solution carefully to avoid bumping 
and subsequent loss 01 the solution. When all 
trace odor of hydrogen sulfide was removed, the 
murky solution was transferred to a 75-1111. conical 
flask, and 5.0 Gin. of Amberlitc IK 120 AA (Mall- 
iiickrodt No. 3323), a strongly acidic, sulfordc cation 
cxchauge resin, was added. 

The niixttire was swirled for several minutcs and 
centrifuged at 4000 r.p.m. for 10 min., or until all 
nitrite was absorbed, which was confirmed by 
placing 1 drop of coupler upon 1 drop of the decanted 
filtrate on a spot plate and by noting the absence of a 
color change. To the nitrite-free filtrate contained 
in a 125-m1. conical flask was added 5.0 mI. of 129, 
concentrated ammonium hydroxide solution and 
1.0 ml. of l:<, manganous chloride tetrahydrate to 
catalyze the rcduction of nitrate ions. The solution 
was inimediately placed in a water-ice bath 
maintained a t  14 to 15" for 10 niiu. A 0.2 Gm. 
portion of zinc dust was added arid the mixturc 
stirred on a magnetic stirrcr for 10 min. The 
slurry was filtered through a 3-in. funnel. To 6 ml. 
of the collcctcd filtrate was added 1.0 nil. of N-(l- 
naphthy1)-ethylcnediamine dihydrochloride, and 
the resulting solution was allowed to stand for 10 
min., after which the absorbance was read a t  the 
540-mp wavelength. The nitrate concentration 
was read from a previously determined standard 
curve prepared by plotting absorbance zwszis known 
concentration of nitrate. 

RESULTS 

By plotting 
the blood nitratc concentration and the blood iiitritc 
Concentration after intravenous injcction, z w s m  
time, 2 curves running similarly were obtained. 
On the othcr hand, after oral administration the 

The results arc preserited in Fig. 1. 
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ing either the intravenous or oral route of 
administration. Although the observed dilatation 
reported in the literature is said to last 60 min., 
these investigations show the blood concentration 
to  remain significantly elevated 2-3 hr. after in- 
gestion of glyceryl trinitrate at the dose reported. 
Thc possibility of buccal absorption is eliminated 
since the glyceryl trinitrate was placed directly in 
thc stomach by intubation. Recently, DiCarlo, 
Hartigan, and Phillips have shown quantitative 
absorption of pentaerythritol tetranitrate by the 
gastrointcstinal route (7).  Crandall reported the 
erizyniatic degradation of glyceryi trinitrate and 
related organic esters by erythrocytes in dogs (8). 
This enzymatic degradation mas further correlated 
to the action of glyceryl trinitrate reductase in hog 
liver and heart (9). A similar enzyme system has 
been reported for pentaerythritol tetranitrate in 
human erythrocytes (10). 

SUMMARY 
Data for the blood nitrate and nitrite conccntra- 

tion after oral arid intravenous administration of 
glyceryl trinitrate have becn prcsentcd. After oral 
glyceryl trinitrate, the peak blood co~iceritratioris of 
nitrate were approximately twice that of nitritc. 
The blood nitrate and nitrite concentrations de- 
creased similariy after intravenous administration 
of glyceryl trinitrate. 
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Fig. 1.--Micrograms of nitrate and nitrite per 
milliliter of blood in rabbits after oral and intra- 
venous administration of glyceryl trinitrate, 1.0 
mg./Kg. Key: 0-0. nitrate, intravenous; t@, 
nitrite, intravenous; 0-0, nitrate, oral; *B, 
nitrite, oral. Control blood nitrate level, 1.05 
mcg./ml. f0 .54,  as determined in 8 rabbits; con- 
trol blood nitrite level, less than 0.50 mcg./ml , as 
determined in G rabbits. 

initial nitrite concentration was higher than the 
nitrate concentration but was followcd by a higher 
nitrate-to-nitrite concentration ratio 01 approxi- 
mately 2: 1 at  90 min. 

DISCUSSION 

The fact that blood nitrate and nitrite con- 
centrations do not correlatc with the time of peak 
effect of vasodilative action is well documented for 
glyceryl trinitrate atid other organic esters of nitric 
acid (6). I t  is interesting to observe the prolonged 
high blood conceutration of inorganic uitratc follow- 
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Chlorpromazine: Effect on Food Intake and Glucose 
Distribution in Obese and Nonobese Mice 

By P. D. CULLEN*, D. C. ARNEYt,  and H. A. SWARTZ 

Chlorpromazine, in doses of 1 mg./Kg., caused a significant reduction of food in- 
take, weight loss, and oxygen consumption in  both gold thioglucose-obese and 
normal nonobese mice as compared to saline-treated controls. Tissue activities 
after glucose-1-C-14 administration were reduced, but the blood levels were in- 

creased. 

OLD thioglucose-obese mice have been cm- G ployed in numerous studies involved with the 
etiology of obesity and hypcrphagia. A summary of 
these studies, presented in a prcvious report (I), 
includcd cvidcnce of the role and relationship of the 
lateral and ventro medial hypothalarnic nuclei in 
food-intake rcgulation and satiety. The ventro 
medial nuclei, in response to blood glucose, have 
been shown to inhibit a lateral hypothalamic fccding 
center (2, 3)  which results in an inhibition of food 
intake (4, 5). Stimulation of the feeding center 
results in hyperphagia and its destruction in a 
temporary cessation of food intake or aphagia. It is 
probable that any agent that could increase or block 
glucose uptake by the ventro medial nuclei could 
influence food intake. The role of centers in the 
frontal lobes cannot be overlooked, and is discussed 
in a rcvicw by Andersson and Larsson (6). 

Selected anorectic agents were observed to reduce 
food intake in both normal nonobese and gold thio- 
glucose-obese mice, with &amphetamine and pheri- 
rnetrazine the most effective of the agents employed 
(7). Reduction was much higher in the normal 
nonobese mice. These agents also caused a signifi- 
cant incrcasc in residual hypothalamic activity 
following the administration of labeled glucose in the 
nonobese mice (1). 

Interest arose over the effects of central depres- 
sants, and chlorpromazine was selected on the basis 
of its reported actions on hypothalamic centers, 
such as depression of emotional ceuters, sedativc 
action, and tissue distribution (8-10). 

EXPERIMENTAL 

Food Intake and Weight Loss.-Gold thioglu- 
cosc-obese mice were prcparrd as previously de- 
scribed (1, 7), and the treated arid nontreated mice 
werc maintained in separate groups for 3 to 4 months 
until a weight plateau was observed. At this time 
the mice were placed into individual cages with 
free access to food and water. Food was placed in 
hoppcrs suspcndcd from the cage lid. After a 
period of 2 weeks to allow for adjustment to en+ 
roniiieut atid isolation, the normal body-weight 
change atid average daily food intake for a 7-day 
period was determined for both groups of mice. 
Food intake was determined by accurately weighing 
the food on the first and final day, and weight changes 
were dctcrmined from the initial and final body 
weights. The control values for both groups of 
mice were obtained from animals administered saline 
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i.p. daily in volumes equivalent to those employed 
for the administration of chlorprornazine. Chlor- 
promazine,I as the hydrochloride, was admiuistered 
in saline i.p. daily in a dose of 1 rrig./Kg. (2.83 p 
molcs/Kg.). The observed values for both groups 
of niice are tabulated in Tablr 1. 

Oxygen Consumption.- -Oxygen consumption for 
both groups of mice was determined by means of a 
spirometcr (Minute Oxygen Uptake Spirometrr, 
V68808 Aloe Scientific). Saline and chlorpromazine 
were administered as previously dcscribed 10 min. 
prior to placing the animals in the spirometer cham- 
ber. FoIlowing a 20-min. equilibratioti period, thc 
oxygen consumption was determitied for a GO-min. 
period, thc values correctcd to S.T.P. and the ml./ 
hr./Gm. determined. From these values the 
Gm.-cal./hr./cm.2 were calculated. The values for 
both groups of mice are tabulated in Table 11. 

Glucose-I-C-14 Distribution.--The effect of chlor- 
prornazine on residual tissue activity after the ad- 
ministration of glucose-1-C-14 was determinrd in 
both groups of micc. Saline was employed for the 
controls. The glucose-1-C-14 dose was 0.05 Hc./Gm. 
atid was administered i.p. in an aqueous solution of 
glucose 20 mg./ml., which gave a dose of 100 
mg./Kg. Chlorprornaziue and saliue were adminis- 
tered as prcviously dcscribed 30 min. prior to the 
administration of the labeled glucose. The animals 
were sacrificcd by decapitation 30 min. after the ad- 
ministration of the labeled glucose. Blood was 
collected in a porcclaiu container which was pre- 
viously smeared with a saturated solution of sodium 
citrate to prevcnt coagulation, and a sample was 
obtained by means of mieropipets. Tissue samples 
of adrenal, kidney, liver, and muscle were obtained, 
wiped free of external blood, and accurately weighed. 
The intact brain was removed, chilled in a deep 
freeze, and dissected so as to separate the cerebrum, 
diencephalon (tlialarnus atid hypothalamus), and 
the hind brain. Weighed samples of each area were 
obtained and placed, along with the blood and other 
tissuc samples, into individual counting vials coil- 
tairiing 1 nil. of 1 A!l benzethoniuin chloride2 base in 
methanol (11). The vials were sealed with screw 
caps and incubated a t  55' for 24 hr. to facilitate 
solution, then cooled to room temperature, and 10 
ml. of a liquid scintillation solvent system added 
(2,5-diphenyloxazole 0.4%, naphthalcnc 5.07& cella- 
solve 300 ml., 1,4-dioxanc 300 ml., and toluene to 
1000 ml.) (12). The vials and contents were dark- 
adapted and temperature adjusted to -20" for 48 
hr. A standard of the labeled glucose solution 
employed for the administration of the glucose-1-C- 

1 Chlorpromazine HC1 supplied by Smith Kline & French 
Laboratories, Philadelphia, Pa. 

2 p(Diisohutylcresnxyethoxyethy1) - dimethylbenzyl - am- 
monium chloi ide. Marketed as Hyamine by the Rohm and 
Haas co. 
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TABLE  WEIGHT Loss ASD DAILY FOOD INTAKE IN GOLD THIOGLUCOSE-OBRSE AND NONORESE MICE~ 

,- Obese Mice--------. -- Nonobese mice -7 

Saline Chlorpromazine Saline Chlorgromazine 
Init. wt. Gm. X 56.83 53.33 30.5 32.66 
Wt. loss Gm. X 0 1.5 + O .  83 0.72 

.SZ 1.49 0.96 0.55 0.92 
Wt. lossb 
Gni./Gm. X 0 0.028 +o ,027 0.022 

S* 0.026 0.018 0,018 0.028 

daily Gm. X 6.21 4.36 4.38 3.93 
s, 0.83 0.27 0.28 0.27 

Foodintake - 

Food intake*- 
Gm./Gm. X 0.109 0.081 
SZ 0,014 0.005 

reduction yh . . .  29.8 
Food intake" 

Gm./Gm.b X . . .  0.028 

0.14 0.12 
0.009 0.008 

. . .  10.3 

. . .  0.02 

Values are arithmetical means of ti animals for a 7-day period. Gm./Gm. values calculated from Gm. initial body weights. 
Food intake reduction values calculated from saline rontrols. 

TABLE Ti.+XYGEN CONSUMPTION AND ENERGY OUTPUTn 

7- -Obese Mice- 7 7- Nonobese Mice - 
Saline Chlorprumazine Saline Chlorgromazine 

Init. wt. Gm. x 44.3 46.08 28.5 26.1 
Body surf. X 12<7.1 128.9 93.1 88.1 
O2 nil./Gm./hr. X 3.4 2 . 8  3 . 5  2.86 
S, 0.41 0.29 0.17 0.37 

Gmy-cal./hr. /an.  ec x 5.94 
SZ 0.66 

4.93 
0.65 

5.4 4.04 
0.26 0.46 

w2/ 2 

K a Values are arithmetical means of ti animals. Body surface calculated frum A = - ( K  assumed to be 10) (15). Cal- 

culated from 
ml./Gm./hr. X init. wt. X 4.8 

body surf. in cm.2 (15)' 

TABLE III.--PER CENT RESIDUE OF ADMINISTERED 

OF DRY TISSUE AND MILLILITER OF  BLOOD^ 
RADIOACTIVE DOSE O F  GLUCOSE-1-C-14 PER GRAM 

~ __ 
Chlorpromazine 

Saline Treated' Treated - - 
Tissue X sx X 

Gold Thioglucose-Obese 
Blood 1.87 0.03 2.36 
Adrenal 8.89 1.15 7.73 
Kidney 11.53  0.4T 12.63 
Liver 19.41 0.64 18.56 
Muscle 3.86 0.75 2.14 
Cerebrum 18.25 2.25 16.31 
Hind brain 12.97 1.32 10.21 
Hypothalamus 19.92 1.33 17.20 

Normal Nonobese 
Blood 0.94 0 .1  2.16 
Adrenal 7.84 0.74 7.82 
Kidney 18.83 1.46 14.21 
Livcr 18.27 1.08 16.30 
Muscle 11.04 1.75 6.60 
Cerebrum 23.60 2.45 20.61 
Hind brain 22.73 0.98 16.87 
Hypothalamus 11.63 0.88 9.81 

s2: 

0.07 
1.43 
1.09 
0.93 
0.79 
2.41 
1.92 
2.17 

0.31 
3.80 
1.21 
1.31 
2.40 
3.12 
2.71 
1.60 

Each value is the arithmetical mean of 5 individual ani- 
hAdministered 80 min. prior to administration of glu- mals. 

cose-1-C-14. 

14 was prepared by- adding an aliquot of the solution 
to 10 nil. of the liquid scintillation solvent system. 
The activity of each blood and tissue sample and the 
glucose-1-C-14 standard was determined by means of 
a liquid scintillation dctcctor and associated p 

spectrometer (Ekco Detector model NGG4 and Scaler 
model N610A). Quenching of tlie true count rate 
of each sample was corrected by use of an internal 
standard of hexadccane-1-C-14 (13). Blank 
samples were prepared to determine the background 
count. The per cent of the administered radioactive 
dose per Gm. of dry tissue and per ml. of blood was 
calculated for each animal. The mean values arc 
tabulated in Table 111. The dry tissue weights wcrc 
calculated from the known moisture contents, drter- 
mincd as previously described (1). 

KESULTS AND DISCUSSION 

The administration of chlorprornazirie caused a 
significant ( p  > 95) loss of body weight, reduction 
of food intake, oxygen consuniption in ml./Gm./hr., 
and lowered Gm.-cal./hr./cm.z in both the gold 
thioglucose-obese and the normal nonobese mice, as 
compared to thcir respective controls. 

The actual weight loss was greater in the obese 
mice than with the nonobese mice (1.5-0.72 Gin.), 
but when calculated as Gm./Gm. of the initial body 
weight or per cent, the values were 0.028 Gm./Gm. 
or 2.8 r0 of thc obcsc and 0.022 Gm./Gin. or 2.2 yc 
for the rioriobese mice. Food intake was reduced 
1.85 Gm. (29.8%) or 0.028 Gm./Gm. initial body 
weight for the obese mice and 0.45 Gm. (10.3yo) or 
0.02 Gtn./Gm. initial body weight for the rionobese 
mice. 

Oxygcn consumption in ml./Gm./hr. was similar 
in both groups of mice, but when calculated on the 
basis of body surface and exprcsscd as Gm.-cal./hr./ 
cm.*, thc obcsc mice had higher values than tlie non- 
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obese and in both groups the administration of 
chlorprorriazine caused a significant ( p  > 95) re- 
duction in the observed values. This effect is not 
expected with weight loss aiid is indicative of a rc- 
duced metabolic rate and/or depression of the C.N.S. 
The latter was not observed, and in fact, there was 
no visual difference in activity between the saline 
controls and the clilorpromazine-treated animals 
in cithcr groups of mice. It is known, however, 
that the release of TSH to affect the. secretion of the 
thyroid hormone is influenced by hypothalamic 
centers (14), and the action of chlorpromazine to 
lowcr the metabolic rate could be due to an action 
on this sequence, and in particular on the hypo- 
thalamic nuclei involved. 

The mechanism by which chlorpromazine af- 
fected food-intake reduction was of sunicient 
magnitude to result in siguificant weight losses in 
both groups of mice even with the reduction of 
caloric output. As both the weight losses and food 
intake reduction values were similar in the obese 
and nonobese mice when coniparcd on the Gm./Gm. 
initial body weight basis, it  is probable that the 
mechanism was similar in both groups of mice. 
The effect 01 chlorpromazine on the residual tissue 
activity following administration of labelcd glucose 
was studicd as a possible clue to the mechanism of 
food-intake reduction and in general, a slight re- 
duction in residual tissue activity was observed in all 
tissues as compared to the controls, with the excep- 
tion of kidney tissue from the gold t.hioglucosc-obese 
mice. Blood levels were significantly higher 
( p  > 95) in both groups of mice. The lowered tissuc 
levcls, coupled with the increased blood levels are 
in agreement with the observed reduced oxygen 
consumption and energy output; and the increased 
blood levels, undoubtedly associated with elevated 
blood sugar, would be expected to have activated 
the ventro medial nuclei to iiihibit the latcral 
hypothalamic feeding center (4, 5) .  This action is 
not supported, however, by the brain residual tissue 
activities, as chlorpromazine was observed to cause 
lower levels in all the brain tissues examined, arid 
if activation of the ventro mcdial nuclei had oc- 
curred, the hypothalamic levels should have been 
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higher than in the controls. Furthcrmorc, the gold 
thioglucose-obese mice with destroyed or partially 
destroyed ventro medial nuclei had a similar food- 
intake reduction as the nonobesc on the Gm./Gm. 
basis. The lower tissue activities in all brain tissue 
indicate a general mild depression, and this could 
include the lateral hypothalamic feeding center or 
centers in the forebrain. Sedation would not be 
expected to cause sufficient reduction in food intake 
to  cause weight loss as observed, particularly with 
the reduction in the metabolic rate. Thus, i t  would 
appear that the action of chlorpromazine to reduce 
food intake involves a specific central action. The 
data presented do not permit a conclusion as to 
centers involved, but do exclude action through 
activation of the ventro medial nuclei and increased 
glucose uptake by these cells. Hypothalamic 
activity can be postulated, however, for both food 
intake reduction and lowering of the metabolic rate, 
on thc basis of previous reports as to the tissue 
distribution of chlorpromazine and action on other 
hypothakamic centers (8-10). 
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Nuclear Magnetic Resonance Spectra of Amines I. 
Identification of N-Methyl Tertiary Amines 

By W. E. THOMPSON, R. J. WARREN, J. E. ZAREMBO, and I. B. EISDORFER 

The effects of strongly acidic solvents on the chemical shift and spin-spin splitting 
of the methyl protons in N-methyl tertiary amines are found to  be unique for this par- 
ticular functional group. These effects provide the basis for the simultaneous 
identification of the N-methyl group and the tertiary amine structure in  compounds 

of unknown structure. 

N ANALYTICAL method using NMR has becn A dcvelopcd for the qualitative analysis of the 
tertiary A-methyl aminc function. The method is 
spccific for aliphatic tertiary A-methyl amines and 
also distinguishes aliphatic from aromatic com- 
pounds. The method is based upon the effects of 
strongly acidic solvents on thc KAMR spectra of 
tertiary N-methyl amines. 

The dependence of the NMR spectrum of N- 
methyl groups on hydrogen-ion concentration and 
the proton exchange rate in aqueous solutions is well 
known. Loewenstein and Meiboom (1) havc made 
an extensive study of metbylamine, dimethylamine, 
and triinethylamine in this regard. The splitting of 
thc NMR absorption band of the methyl group in 
methylarnine into a quartrt by the 3 protons in the 
adjacent primary amine ion has likewise been 
studied and rcportcd by Jackman (2) and Pople, 
Schneider, and Bernstein (3). 

In this investigation the effects of protonation of 
the nitrogen atom and subsequent splitting of the 
N-methyl protons in aliphatic tertiary amines are 
illustrated. The NMK spectral changes are rec- 
ommended for rapid identification of this class of 
airline. 

EXPERIMENTAL 

All spectra were recorded on a Varian A-GO 
spectrometer using Varian samplc tubes. De.ute- 
rated chloroform and trifluoroacetic acid were uscd 
as solvents. Concentrated rcageiit sulfuric acid 
was used for diamine and aromatic amincs. The 
spectra were obtained on samples a t  room ternpera- 
ture at a concentration of 50 rng./ml. 

The simple tertiary amines werc Eastnian Organic 
Chcmicals as purchased from Distillation Products 
Industries, Rochester, N. Y.  The chlorpromazinc 
base was analytical standard grade. 

RESULTS AND DISCUSSION 

Tertiary aliphatic amines containing 1 or more 
A-methyl groups show nuclear magnetic resonance 
(NMR) absorption of the Inethyl protons as a 
single peak in the vicinity of 2.2 p.p.ni. downfield 
from tctramethylsilane as reportcd by Jackman (2). 
This single peak is characteristic of iV-mcthyl ter- 
tiary amines as frcc base. The 2.2-p.p.m. cheinical 
shift occurs in solvents of low dielectric constant, 
e .g . ,  carbon tetrachloride and chloroform. In a 
strongly acidic solvent such as trifluoroacetic acid 
the amine is transformed into the tertiary amine ion. 
The positive electrostatic charge on the ion increases 
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the A-methyl chemical shift approximately 1 p.p.m. 
and the single peak is split into a doublet with a 
coupling constant of 5 to 6 c.p s. 

Figure 1 illustrates the NMR spectrum of an 
N-methyl tertiary amine as free amine in deuterated 
chloroforiii (spectrum A), and as the tertiary amine 
ion in trifluoroacctic acid (spectrum R ) .  This 
phenomenon is seldom observed for an amine salt in 
chloroform solution duc to the poor NMK spectrum 
resolution of ion dipoles and other ion aggregates in 
solvents of low dielectric constants. Solvents of 
medium to high dielcctric constant such as water, 
methanol, or trifluoroacetic acid are preferred for 
high resolution spectra of amiiie salts. 

The splitting of the methyl absorption band ob- 
served in trifluoroacetic acid solution is due to 
coupling of the methyl protons with the proton 
bound to the nitrogen in the tetrahedral tertiary 
amine ion. As mentioned previously in this paper, 
a similar effect has been obscrvcd in the case of 
primary amines. The protons adjacent to the 
&-Ha+ ion are split into a quartet (2, 3 ) .  

The obscrvations from spectra A and B are general 
for N-methyl aliphatic tertiary amines. Table I 
lists the N-methyl chemical shift data for the KMR 
spectra of 8 N-methyl aliphatic amines and 

5.0 4.0 3.0 20 1.0 , O m i i ,  
7 

300 200 100 02: 

Fig. 1.-NMR spectrum of chlorprornazine (A) in 
CDC13 (B) in CFzCOOH. 
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TABLE I -NMR CIIEMICAL SHIFTS FOR A-MmIrYL GROUP IN ALIPHATIC TERTIARY XMINES 
~~ ~- ~ ~ 

~~~~ 

Compd 
Trinicthylaminc 
2-Dimethylaminoethan ol 
12- Dodecyld imet hylaniine 
~~r-Methyldioctadecylariiirie 
A7 Methylpiperidine 
Ili- DimethylcyclohexylaIriine 
N ,  A- Dirnethylbenzylamine 
10-(3-Dimethylarninopropyl)-2 

chlorop henothidzinc 
(chlorpromazine) 

6“ in CUC13, 6“ in CF5COOH. J ”  in CFKOOII, 
p.p.m. p.p.m. C.1l.S. 
2.20 
2.28 
2.25 
2.18 
8.22 
2.32 
2 .22  

2 .17  

3.01 
3 . 0 2  
3.06 
3 .05  
3.01 
3 . 0 3  
3 . 0 5  

2.84 

5 . 5  
5 . 0 
5 . 6  
5 .5  
5 . 5  
5 .6  
5 . 5  

5 .5  
-~ -~ - 

6 = chemical shift downfield from tetramethylsilane internal standard. “ .I = coupling constant between protnn on 
nitrogen and protons on adjacent methyl. 

TABLE 11.-NMR CIIEMICAL SIIIFTS FOR TERTIARY ~’-METIIYL GROUPS 
IN AROMATIC AMINES AND ALIPHATIC DIAMINES 

6 in J in 
Compd. 6 in CDClr CIirCOOII CPICOOII  6 in ILSOI J in HzSO4 

N,~-I)imethylaiiiline 2 .83 3 . 1 2  0 3.41 5 . 0  
i~-Methyldiphenylattiirie 3 . 2 7  3 .  YO 0 3.80 5.0 
N-Methylpiperazine 2 .22  3.21 0 3.09 5 .5  
~~, , /~-Dimethylp iperaz ine  2.28 3.22 0 3.07 6 . 0 

corresponding amine ions. Aromatic amines and 
aliphatic diarniues generally require a stronger acid 
(e.g., sulfuric) to split the methyl absorption (Table 
11). In sulfuric acid the ion is stable. These 
weaker amines exchange protons in CFaCOOH at a 
high e~iough rate to effectively decouple the ion 
proton ( N H + )  resulting in a J constant o f  zero. 
Thc larger chemical shift due to  ring currents in 
aromatic amines can be used to  differentiate an 
aliphatic A’-methyl amine from an aromatic amine. 

The splitting has bcen observed for every A- 
methyl aliphatic tertiary amine examined to  date at 
room temperature in trifluoroacetic acid. The 
aminc must be added to  the trifluoroacetic acid as 
the free base. If ail aiiiiiie salt of a strong inorganic 
acid such as amine hydrochloride is dissolved in 
trifluoroacctic acid, the axnine ion-strong acid dipole 
remains unionized ill the acid. The NMR spec- 
trum in this case is usually too poorly resolved to  
:illom one to observe the 5 to 6 C.P.S. splitting. 

Chloroform and trifluoroacetic acid are much 
inore widely useful as solvents for NMR than are 

either acidic or basic water, since many large tertiary 
amines and their salts arc poorly soluble in either 
aqueous acid or basc. 

CONCLUSION 

The differences between tertiary ainine free base 
NMR spectra and tertiary anline ion spectra are an 
extremely useful diagnostic tool. The increased 
chertiical shift and splitting of the Winethyl peak in 
the case of the ion makes i t  possible to establish the 
presence of the Nmethyl  group and aliphatic ter- 
tiary amine structure in compounds of unknown 
structure. 
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Preparation of Tritium-Labeled Compounds I. Series of Sulfonylurea 
Hypoglycemic Agents by Exchange with Tritium Gas 

By RICHARD C. THOMAS and GEORGE J. IKEDA 

A series of tritium-labeled sulfonylurea hypoglycemic agents was prepared by the 
tritium-gas exposure method. Sodium salts of the sulfonylureas were found to 
incorporate stably bound tritium more effectively than did the corresponding free com- 
pounds. Exposure to  tritium gas in  the presence of an  electrical discharge was 
also found to be  an  effective method for preparing tritium-labeled sulfonylureas. 

s PART of a program to  develop improved hypo- A -  e;lyccniic agcnts of the sulfonylurca class (I), i t  
became necessary to  label a number of these com- 

R p o ?  --NH --co --NH --R” 

R‘ 
I 

pounds with tritium for use in studying their absorp- 
tion, distribution, metabolism, and excretion in 
humans. The tritium-gas exchange method of 
Wilzbach (1) was chosen because of the relatively 
low cost of tritium gas and the need for labeling a 
large number of sulfonylureas, not all of which 
would necessarily prove of suflicient clinical interest 
for continued study. i ln advantage of the Wilzbach 
niethod is that  a large number of compounds can be 
cxposed to  tritium with minimal cost and little in- 
vestment in time. If a particular compound proves 
of sufficient interest, the morc difficult task of puri- 
fication can then be undertaken without delay. 
Thus, in the present case, only 7 of a series of 10 sul- 
fonylurcas tha t  had been exposed to tritium were 
actually purified. 

Preparing this series of tritium-labeled sulfonyl- 
ureas offered au opportunity to  study not only the 
feasibility of labeling this type of compound by 
tritium-gas exposure but the cffccts of sevcral vari- 
ablcs on their incorporation of tritium. Thus, 15 
sulfonylurea samples, representing 7 structure types 
within the series, were tritiated and purified. Five 
compounds were exposed to tritium, both as the free 
sulfonylurea and as the corresponding sodium salt. 
Two additional sulfongliircas wcrc tritiatcd. both by 
conventional tritium-gas exposure and by exposure 
in the presence of an electrical discharge. 

Although exposure of a compound to  tritium is 
relatively inexpensive and easy, subsequent purifica- 
tion of thc compound to a state of radiocliemical 
purity can bc cxtretncly time consuming and diffi- 
cult. Trace impurities of very high specific activity 
are often formed by reduction of an unsaturated 
bond or by radiatiou-induced reactions, such as 
fragmentation, isomerization, and polymerization 
(1-4). Such impurities, although presmt in only 
trace amounts by  wight, may contain the bulk of 
the tritium in the crude sample. These impurities 
are often dificult t o  remove, and great care must be 
taken to  establish the radiochcmical purity of thc 
final product. Attainment of constant specific 
activity following recrystallization from several sol- 
_ _ ~  - 
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vent systems is not a sufficient criterion of radio- 
chemical purity for a compound labeled by exposure 
to tritium gas. After establishing constant specific 
activity, i t  is necessary to  confirm the radiochemical 
purity by 1, or preferably several, rnultistaFc tests 
such as thin-laycr, paper, or gas chroinatography or 
countercurrent distribution (1-4). 

Establishing chemical purity of the final product 
by elemental and spectral analysis, although of little 
value in determining the radiochemical purity of a 
compoiind labeled by exposure to tritium, is ncces- 
sary to be certain that the compound will exert its 
normal biological activity when used in metabolism 
studies, This is particularly important when the 
labeled compound is t o  bc administcred to humans. 

TABLE I.-EXPOSURE OF SULFOVVLUREA? 
TO TRITIUM 

___ 

R ~ S O ? - N H - ~ + N H - R / ~  

R!’ 

Exposure, 
Exposure wt . ,  curie 

No. Compd. Form Gm. Days 
1 I .Salt 1.00 82.5 
2 Ii Salt 2 00 184 
3” I1 Free 1.10 49 
4 I11 Salt 1.00 82.5 
5 I V  Salt 1.23 84 
ti” I\‘ Free 1.10 27 3 
P v Sd!t 1.25 42 
8 V Salt 1.25 92 
9” V Free 1.10 51 

l l h  VI Free 1.10 54.5 
12% 1711 Salt 1.25 42 
13h V l I  Free 1.10 49 

10 VI  Salt 2.00 172 

a Tolbutarnide. Chlorpropatnide. Metahexamide. 
Cycloheptolamide. Tolazamide. See R e f e y z c r  5 .  

f Glypinamide. See Rffrrcitce 5 .  .B See Kc,terence 3 .  Ex- 
pusure made by Tracerlab, Inc. % Exposure made by New 
England Nuclear Corp. 

112 



Vol. 55, N o .  1 ,  January 1966 113 

TABLE II.-EXPOSURE OF SULFONYISJREAS TO TRITIUM WITH ELECTRICAL DISCHARGE 

Tritium Exposure 
C,a?, Time, 

Exposure No. Compd.a Form Wt., Gm crtties ruin 

14 
15 

1 
I11 

Salt 
Salt 

1.00 
1.00 

2 .5  
2 .5  

20 
20 

a Scc Table I for structures. 

TABLE III.-RESULTS OF EXPOSURE OF SULFONYLUREAS TO TRITIUM 
_~__________  __ __ 

~ 

Tncorp. of 
Stably Bound 

Specific Tritium,b 
Exposutc Rerrystalli zations, Yield,!, Activity,?< pc./curie-l)ay 

NU. Compd.a No. Gm. pc./mg. Exuosure 
1 I 0.699 14.8 I65 
2 
3 
4 

I1 
I1 

111 

0.597 
0.241 
0.618 

16. I 
1.46 
7.27 

isi 
32.8 
82 

5 I 1' 4e.o 0.376 10.8 150 
G I V  58.0 0.253 2.76 111 
7 v 3" B 0.308 2.68 74 
8 v :p,f 0.509 5.3 67 
9 T i  4 C . B  0.543 0.64 13.2 

10 VI 5 e . i , j  0.934 12.6 137 
11 1'1 3 e . i  0.895 0.62 12.5 
12 VLI 4 e . j  0.095 3.36 92 
13 V J I  4 e , j  0.259 0.78 17.5 

~~ _ _ - ~ ~  _ _ ~ -  ~ - _ _ ~ . .  
a See Tahle I for structures and form exposed. Based on free sulfonylurea. ' Methanol-water. Ethyl aretate-hep- 

tane. E Ethanol-water. I Benzene. 0 Ethyl acetate. h Acetotw water. i Methyl ethyl ketouc. f Benzene-heptaue. 

EXPERIMENTAL AND RESULTS 

Preparation of Samples for Exposure to Tritium 
Gas.-Thc sodium salts of thc sulfonylureas were 
prepared by adding a molar equivalent of 1 N 
aqueous sodium hydroxide solution to a rapidly 
stirred suspension oi the finely ground c o m  
pound in water. The resulting solution was 
lyophilized to obtain the desired sulfonylurea salt 
as a finely divided solid suitable for exposure to 
tritium gas. Thc frcc sulfonylurcas werc prepared 
for exposure by grinding them to a very finely 
pulverized state in a mortar. Particle-size determi- 
nations were not made in eithcr casc. 

Exposure t o  Tritium Gas.-The samples were cx- 
posed to carrier-free tritium gas under the conditions 
noted in Table I.' When exposures were made 
in this laboratory, tritium gas was transfcrrcd by 
means of a Toepler pump into a n  ampul containing 
the material a t  a pressure of 10-j to 10 -6 mni. or 
mercury. The ampul and its contents under ap- 
proximately 0.2 Atm. of tritium were stored in thc 
dark a t  room temperature for an  appropriate pcriod 
of time, usually 2 to 4 weeks. At the end of the 
exposurc pcriod, the waste tritium gas was rcmovcd 
by means of the Toepler pump to Icave the crude 
tritiatccl material a t  a pressure of 10 -5 to 1 0 F  mm. 
of mercury. 

Exposure to Tritium Gas with Electrical Dis- 
charge.-Thc dischargc was carried out in a ccll 
similar to the ones described by Dnrfniau and 
Wilzbach (6) and Jackson et uZ. (7) at  a tritium 
prcssure of approximatcly 15 mm. using a Tcsla 
coil leak detector as a source of voltage. The 
sample was suspended in a glass cylinder between 
the 2 electrodes. Conditions used in the exposures 
:tre noted in Table I I. 

Purification.-Followitig cxposure to tritium gas, 
each crude sample was precipitated lrorn alkaline 
solution by addition of a slight excess of acid and 

1 Certain of the expostires, as  indicated in Table I. wei-e 
catried out hy Ncw England Nnclear Cory. 01- Tiaceilab, Tnc. 

then filtered and washed with water. This pro- 
cedure was carried out 3 times to remove labile 
tritium from the sample completely. During onc 
of the precipitations, the alkaline solution was 
treated with aetivatcd charcoal (Darco G-60). 
Some removal of high specific activity impurities 
was effected by this treatment. Samples wcrc 
then recrystallizcd to constmt specific activity using 
2-4 solvent systems arid 3-10 rccrystallizations. 
The state of radiochemical purity was followed by 
papcr chroinatography and by scanning for radio- 
activity as described below. The number of re- 
crystallizations rcquired, solvent systems used, 
weight yield, specific activity, and stably bound 
tritium incorporated for cach sample are presented 
in Tables 111 and 1x7. 

Determination of Chemical Purity.--Ultraviolet 
arid infrared spcctra of each purified sample cor- 
rcspondcd to authcntic standards. Elcmcntal anal- 
yses-carbon, hydrogen, nitrogen, and sulfur 
(chlorine for thosc containing this clement)--were 
satisfactory (within +0.3?, absolute or theory) in 
cach case. 

Determination of Radiochemical Purity.-Each 
sample was subjected to paper chromatography in 
the I-butauol-pipcridine-watcr (81 : 2 :  17 by vol- 
ume) system 011 Whatman No. 1 papcr atid to thin- 
layer chromatography in the chloroform-formic acid 
(95:5 by volume) system on silica gcl GP. The 
compound was located in each case by fluorescence 
quenching under short-wave ultraviolet light. The 
dcvelopcd pnpcr chromatograms wcrc scanned for 
radioactivity by means of LL 3-.ir windowless, paper- 
strip scanncr2 having a counting efficiency of ap- 
proximately l-2yo for tritium. The dcveloped thiu- 
layer ctiromatograms were first sprayed with a 
plastic dispersion3 and allowed to dry a t  room tem- 
perature to givc the silica gel a paper-likc coiisistcncy 

2 Vanguard Insti urnent Co., LaGrange, 111. 
3 Marketed as Neatan by Brinkmann Instruments, Inc., 

GI-eat Neck, N. Y .  
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TABLE IV.-RESULTS OF EXPOSURE OF SULPONYLUREAS 
TO TRITIUM WITH ELECTRICAL DISCHARGE 

Expusurc Recrystallizations, Yield,b Specific Activity,h 
NO. Cvmpd.a No Gm. rc./mg. 
14 
15 

I p ,d 0.514 3.67 
I1 5 c  .a 0.479 3.57 

a See Table I fol  stiuctuies. Bascd on lrcc sullvnylutea 

and thus facilitate its handling. The silica gel film 
was then cut into sequeutial 0.5-cm. sections (usti- 
ally 30) which were transferred to individual count- 
ing vials. One-half milliliter of dimethylformamide 
was added to each vial t o  dissolve thc plastic dis- 
p e r ~ i o n , ~  releasing the silica gel, and the series of 
vials was counted as described below. Each puri- 
fied sample showed a single radioactive zone in each 
chromatographic system corresponding to the zone 
of fluorescence quenching which in turn corre- 
sponded to  thc migration of the authentic sulfonyl- 
urca. 

Radioactivity Measurements.-All counting was 
performed with a Tri-carb4 model 314X or314EX-9A 
liquid scintillation spectrometer at - 8" under con- 
ditions suitable for measuring tritium. Suitable 
aliquots of samples were dissolved in 15 ml. of diotol 
sciiitillator( toluene-diosanc-inethaiiol[350 : 360 : 2 10 
by volume] containing '73 Gm. of naphthalene, 4.6 
Gm. of 2,5-dipliet1yloxazole, arid 0.080 Gm. of 1,4- 
bis-2-(5-phcnyloxazolyl)-benzene per liter j ,  The 
absolute counting eficieticy (usually 12 to la%,) for 
each sample was determined by addition of an 
internal standard of tritiunvlabeled toluene arid re- 
sults then expressed as microcuries. 

DISCUSSION 

As shown in 'Table 111, the sulfonylureas were 
more satisfactorily labeled with tritium by exposure 
of their sodium salts, rather thau the free com- 
pounds, t o  tritium gas. The sodium salts incor- 
porated 5 times as nirich stably bound tritium nu the 
average as did the free sulfonylureas. It is possible 
that  it1 the case of the frce sulkmylureas the tritium 
tends to  localize at the labile -NH- position, 
diluting the tritium gas with hydrogen and thereby 
decreasing the rate of exchange of tritium with the 
more stable hydroxens. Blocking the labile position 
by formation of the sodium salt may thus allow 
tritium to  exchange with stablc hydrogens at a more 
favorable rate. Other explanations, such as more 
self-destruction of the desired labeled species when 
a largc quantity of tritium is present in a labile yosi- 
tion or a larger particle size or less porous surface in 
the cases of the free sulfonylureas, although specula- 
tive, are also possible. 

Incorporation of tritium into stable positions of 
the sulfonyluren sodium salts was remarkably uni- 

Packard Instrument Co., Inc., Uowneis Grove, 111. 

c Ivlcthanol-water. d Ethyl acetate-heptzne. 

form for the series of 7 compounds, ranging from 67 
to  165 pc. per curie-day cxposurc. In thc single 
case where 2 samples of the same sulfonylurea so- 
dium salt (cotnpound V, Table 111) wcrc tritiatcd, 
the incorporations were in good agreement, 67 arid 
74 pc. per curie-day exposure, cven though substan- 
tially different exposures were made in dimerent 
laboratories. 

Incorporation of stably bound tritium into the 
free sulfonylureas did not appcar t o  be nearly so 
uniform, ranging from 12.5 to  111 pc. per curie-day 
exposure. However, except for the high value of 
11 1 pc. per curie-day exposure (compound IV, Table 
111), the range of incorporations (12.5 to  32.8 pc. per 
curie-day exposure) was no greater than that  o f  the 
sodium salts. 

Compounds I and 111 (structures in Table I )  wcrc 
also tritiated by exposure to tritium gas in the 
presence of an electrical discharge as summarized in 
Tables I1  and IV.  These tritiations were successful 
although the specific activities attained were not as 
high a s  those obtained by the conventional exposure 
method. Increasing the discharge time might havc 
increased incorporation of stably bound tritium, but  
it probably would also have increased degradation 
(6). Even with a 20-min. discharge, more degrada- 
tion appeared to  take place than was the case where 
conventional exposure conditions were used. I t  is 
intercsting to note that  the specific activities of the 
2 sulfonylureas prepared by the discharge method 
were esscntially the same, whereas the specific 
activity of I was twice that  of 111 when the convcn- 
tional exposure method was used. These results 
may be due to  a difference in mechanisms or a rela- 
tive difference in the contributions of several niecha- 
nisnis leading to incorporation of tritium by the 2 
methods as discussed by Ache et  a / .  (8). 
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Unusual Grignard Reaction of l-Acetylbenzo[~z]pyrene 
By 0. LEROY SALERNI, JAMES F. ENGEL, and JAMES J. DOWPU'S 

A unique dimeric alcohol, 2,4-bis (l-benzo[a]pyrenyl)-4-methyl-2-pentanol (IVa), 
was formed in  excellent yield by the Grignard reaction of 1-acetylbenzolalpyrene 
(I) and methyl magnesium iodide. This  unusual product was isolated when a 
hydrochloric acid solution was used in the work-up. Use of an ammonium chlo- 
ride work-up did not give the dimeric alcohol. The preparation and some prop- 

erties of other 1-substituted benzo [ajpyrenes are described. 

N TIIE course of the authors' program dealing with I the carcinogenesis of polynuclear aromatic hydro- 
carbons, it becamc of paramount importance to 
prepare some 1-substituted benzo{a]pyrene de- 
rivatives. 

Whereas methyl aryl ketones (1, 2) undergo 
Grignard reactions with methylmagnesium iodide 
to give excellent yields of carbinol or olefin, me find 
that 1-acctylbenzo[u]pyrene ( 3 )  ( I )  reacts with 
~ n e t ~ l y l n l a g ~ ~ e ~ i u ~ l ~  iodide in an unexpected manncr. 
The reaction of 1-acetylbcnzo[n]pyrenc (I)  with 
methylrnagncs~um iodide, on subsequent acidifica- 
tion with hydrochloric acid, did not yield the ex- 
pected product, either dimethyl-1-bemzo[a]pyrenyl- 
carbinol (Ira) or 1-isopropenylbenzo(a)pyrene (111) 

R 
I 

0 
I1 

I, R--C-CH, 
CH, 
I 

I 
TI, R=CH,-C-X 

0, X=OH 
0, X =H 

G I 3  
I 

111, R= CH2-C 
I 

Rather, the reaction gave a dimeric alcohol, 2,4-bis- 
(l-benzo[a] pyrenyl)-4-methyl-2-pentanul (IVa), in 
8470 yield. 

CH3 CH3 
I I 

CH?--C -CH*-k-Y 
I I 

IV, a, Y = OH 
b , Y  = H  

The nuclear magnetic resonance spectrum of the 
product is in complete agreement with the proposed 
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structure. lntegratiori of the NMK spectrum in 
aromatic and aliphatic regions shnwcd a ratio of 
22: 11 of aromatic t o  aliphatic hydrogens. An 
ebulliometric molecular weight measurement in ben- 
zene gave a value of 590, in excellent agreement with 
the calculated value of 602. The infrared spectrum 
showed a small, rather broad band, centered around 
3400 cm. -1, characteristic of a hydroxyl group (4) .  
Finally, clcmental analyses supported the structure. 

The structure of 2,4-bis( l-benzoln]pyreiiyl)-4- 
methyl-2-pentanol (IVa.) was further supported by 
chemical evidence. Reaction of 2,4-bis( 1-benzo [a] 
pyrenyl)-4-rnetliyl-2-pentauol ( IVn) with red phos- 
phorus and iodine in refluxing acetic acid (5) gave 
the corresponding hydrocarbon, 2,4-bis( 1-benzo[a] 
pyrenyl)-2-methylpentane (IVb), in 77% yield. 
The structure of I V b  was supportcd by elemental 
analyses and infrared spectrum. The infrared 
spectrum of the compound did not show a peak for 
hydroxyl. 

Mechanistically speaking, the formation of the 
dimeric compound can be rationalized by assuming 
that dimethyl-1-benzo [a]pyrenylcarbinol (Ha)  in 
acid medium forms an oxoriiurri ion which under- 
goes facile cleavage to  the Corresponding carbonium 
ion and 1-isopropenylbenzo[a.]pyrene (111). The 
1-isopropenylbenzo[e]pyrene ( I l l ) ,  in turn, com- 
bines with the carbonium ion iu such a way as t o  
give rise to  a new stable tertiary carbonium ion (V) 
which is attacked in the aqueous medium by a 
nucleophilic watcr molecule with subsequent loss of 
a proton to  afford 2,4-bis( 1 -benzo[u] pyrenyl)-4- 
methyl-2-pentanol (Scheme I). 

,4 study of molecular models clearly shows the 
dinleric carbonium ion (V) to  be sterically crowded 
so that rcaction with another isopropenyl moiety 
appears all but impossible, thus explaining why 
further polpmcrization does not occur. 

Whcn the Grignard reaction of l-acetylbenzo[a] 
pyrene (I) with methylmagncsium iodide was carried 
out with subsequent acidification with ammonium 
chloride solution, the dinieric alcohol (1Va) did not 
form. The substance isolated, on the basis of the 
nuclear magnetic resonance spectrum, was a 60 : 40 
mixture of dimethyl-(1-benzo[a]pyrenyl)carbinol 
(IIu) and 1-isopropenylbenzo[a]pyrene (111). The 
mixture was dissolvcd in glacial acetic acid and 
heated in a water bath t o  50". Almost instantly, 
bright-ycllow needles of 1-isopropenylbenzo[a] - 
pyrene (111) began to precipitate. Thc infrared 
spectrum of the collected crystalline material was 
diffcrcnt from that of the mixture. Furthermore, 
the nuclear magnetic resonauce spectrum indicated 
an 11:s ratio of aromatic to  aliphatic hydrogens 
and displayed pcaks at 6 = 5.2 and 5.6 p.p.m., 
indicative of an a-mcthylstyrene moiety (6). 
Elemental analyses supported the structure, and the 
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of 4.4 Gm. (15 mmoles) of I-acctylbenzo[a]pyrene 
(I) in 420 ml. of dry benzene was added. The 
mixture was stirred and heated under reflux for 
4 hr., cooled, and decomposed with 300 ml. of icc- 
cold 10% hydrochloric acid solution and worked 
up in the usual way. The product crystallized 
when triturated with cold ethanol and was purified 
by passing its benzene solution through an alumina 
column. In this way was obtained 3.6 Gm. (84y0), 
m.p. 200-205" (gradual decomposition). 

And-Calcd. for C I G H ~ ~ O :  C, 91.66; 13, 5.69; 
mol. wt., 602. Found: C. 91.68; H, 5.64; mol. 
wt., 592. 

1-Isopropenylbenzo[a]pyrene (III).--A Grignard 
reaction was carried out using the same procedurc 
and quantities of magnesium, methyl iodide, and 
1-acetylbenzo[a] pyrene, as above, except that the 
reaction was decomposed with 300 ml. of icr-cold 
saturated ammoniurn chloride solution. The oily 
product obtained was dissolved in 25 nil. of glacial 
acetic acid and heated t o  SO", a t  which time bright- 
yellow nccdles precipitated. After chilling, the 
solid was collected by suction filtration and re- 
crystallized from absolute ethanol, yielding 2.2 Gm. 
(joyo) of bright yellow needles, m.p. 110-112." 
[Lit. (3) m.p. 114."] 

Anal.-Calcd. for C ~ ~ H I G :  C ,  94.48; H, 5.52. 
Found: C, 94.37; 13. 5.46. 

1-Isopropylbenzo[a]pyrene (IIb).-A solution of 
2.0 Gm. (4.3 mmoles) of I11 in 100 ml. of benzene 
was hydrogenated a t  a pressure of 52 p.s.i. and a t  
room temperature using 1.0 Grn. of palladium black 
as thc catalyst. After 2 hr., the catalyst and solvent 
were removed. The crude yield was quantitative. 
Recrystallization from absolutc alcohol yielded 
1.5 Gm. (75%), m.p. 128-130'. 

Anal.-Calcd. for CzaH18: C, 93.84; II, 6.16. 
Found: C, 93.76; H, 6.21. 

2,4 - Bis - (1 - benzo[a]pyrenyl) - 2 - methyl- 
pentane (IVb).-In 125 nil. of glacial acetic acid 
ahd 10 ml. of water was suspended 1.0 Gm. (1.6 
mmoles) of IVa, 200 mg. of iodine, and 200 mg. of 
red phosphorus. The mixture was stirred and 
heated under reflux for 29 hr., cooled, then extracted 
with three 80-ml. portions of benzenc. Thc com- 
bined organic layers were washed with water and 
then dried over anhydrous sodium sulfate. Filtra- 
tion and concentration yielded a crystalline solid 
which after recrystallization from benzene-ligroin 
afforded 603 mg. ('i7%), m.p. 210-215' dec. 

Bnal.-Calcd. for Cd6H34: C, 94.16; H, 5.86. 
Found: C, 93.87; H, 6.01. 
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compound gave a 111. p. 110-112' in agreement with 
the 1iterature.l 

The isopropcnyl compound (111) was converted 
to 1-isopropylbenzo[a]pyrene (IIb) in 750/;1 yield 
by room temperature hydrogenation for 2 hr. using a 
2 :  1 ratio of substrate to  palladium black catalyst 
a t  52 p.s.i. The nuclear magnetic resonauce 
spectrum of the compound showed a characteristic 
7-line pattern for the methine proton, and was void 
of peaks a t  6 = 5.2 arid 5.6 p.p.m., indicating that 
the double bond of the a-methylstryrene moiety 
had been reduced to give the isopropyl derivativc 
(IIb). 

EXPERIMENTAL2 

2,4 - Bis(1 - benzo(alpyreny1) - 4 - methyl - 2 - 
pentanol (IV).--A Grignard reagent was prepared 
from 2.3 Gm. (83 mmoles) of magnesium, 6.4 ml. 
(100 mmoles) of methyl iodidc. and 44 nil. of dry 
cther. When the reaction was complete, a slurry 

1 See Rejevence 3, p. lfi2. Windans reported the synthesis 
of 1-isopropenylbenzo [alpyrene by heating the product 
from the reaction of methylniagnrsium iodide with l-acetyl- 
benzo[aIpyrene after an ammonium chluride workup at 
23CL28Oo under high vacuum in the presence of powdered 
zinc. 

2 All melting points were taken on a Thomas-Hoover 
capillary melting point apparatus and are uncorrected. All 
analyses and molecular weight determinations were carried 
out hy  Galhraith Laboratories, Inc., Knoxville Tenn. 
Infrar-cd absorption spectra were taken as Nnjol m h s  and 
determined on a Perkin-Elmer model 137 spectrophotometer. 
The NMR spectra were determined on a Varian A-60 spec- 
trometer with tetramethylsilane a s  the internal reference. 
Deuterochloroform solutions were used fur all spectra. 



Small Tube Method for the Evaluation of Antifungal 
and Antibacterial Activity 

By PHILIP CATALFOMO and H. WAYNE SCHULTZ 

Small tubes containing a thin layer of agar medium have been used in a method for 
screening pure chemicals for antifungal and antibacterial activity. Employing 
known agents, this method provided results comparable to those obtained by other 
methods. In  addition, the method affords the following advantages which make 
it suitable as a screening procedure: a no-growth end point which may be readily 
determined, it is effective for nonaqueous as well as aqueous solutions, it utilizes 
inexpensive apparatus, a minimum quantity of media and test agents are required, and 

a relatively small amount of working area is needed for conducting the tests. 

LTHOUGH there are numcrous techniques avail- A able to test for antimicrobial activity, none of 
them appcar suitablc for the simultaneous screening 
of a large number of agents. The various modifica- 
tions of these mcthods have becn reviewed and 
evaluated by Reddish et al. ( l ) ,  Skinner (2) ,  and 
Hcatley (3). Vanbrcuscghcni (4) recently 
considered the merits of those methods which 
determine autifungal activity. 

The in sitro methods generally are classified as 
cither dilution or diffusion methods. The former 
are best suited for assay procedures, but the methods 
arc time-consuming for screening purposes, and 
many of them are not satisfactory to determine 
antifungal activity when filamcntous fungi are uscd 
as test organisms. This is particularly so if partial 
inhibition is studied because i t  is difficult to dc- 
termine the amount ol growth of these fungi. 
Diffusion methods, such as representcd by the use of 
filter paper disks on an agar plate, find lirriited value 
with water-insoluble ageuts and with organic sol- 
vents having antimicrobial activity. Also, the 
determination of the end point, usually the 
mcasuring of clear zoiies of inhibition, is tedious and 
somewhat arbitrary, especially with filamentous 
fungi. 

The abovc factors. plus certain other innate dis- 
advantages of existing methods, prompted this 
study. A technique has becn developed which 
appears to be suitable for screcniiig. qualitatively 
and seinicluaiititativrly, large numbers of agents 
for antifungal and/or antibacterial properties. 

EXPERIMENTAL A N D  RESULTS 

Materials and Methods.-’l‘lic fungal species 
used were Candidn albicans, ATCC 10231, arid 
Trichophytun menlrcgrophytes, ATCC 9972. Thr  
bactcrial species employed were Esrhevic-hzh coli 
and StaphylococLus aureus irorri the collections 
niaintaincd a t  the Department of Microbiology, 
Oregon State University.’ 

The fungal organisms were maintained on 
Sabouraud dextrose rnedium Difco (liquid and agar), 
and the bacteria werc maintained on nrltrient 
medium Difco (broth and agar). The liquid 
cultures also served as a source of inocula. The 
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experimental studies were conducted in flatbottom, 
screw-cappcd vials (17 X 60 mm.) contaiiiing0.5ml. 
of the desired medium. This volume provided a 
layer of medium approximately 2 mm. in depth. 
ilntifurigal activity was determined on Sabouraud 
dcxtrosc agar medium aud autibacterial activity 
on nutrient agar medium. 

Actively growing 2- to 4-day-old liquid cultures 
(10 ml./culture tube) of bacteria and C. albicans 
m-crc used as inocula. The small experimental tubes 
were inoculated by adding 1 drop of a suspension of 
the respective organisms utilizing a sterile standard 
niedicine dropper (about 20 drops/ml. of water). 
To facilitate obtaining inocula with a medicine 
dropper, all organisms werc transfcrrcd to sterile 
15-1111. wide-rnoutfi containers. 

For studies using T .  mentagvophytes, transfers 
wcre made from agar slants to 125-ml. conical flasks 
containing 30 nil. of Sabouraud niedium. The 
mycelial growth from 5- to 7-day-old stationary 
cultures was homogenized in a sterile seniimicro 
Waring blender for 30 scc. and added as inocula to 
the experimental tubes as described previously. 
All incubations were conductcd a t  37”. 

Solutions of the agents to be tested were prepared 
in acetone. water, or 957{, ethanol, depending on 
their solubility, and placed in dropper bottles. 
Unless otherwise indicated, dilutions of 1 : 100, 
1 : ,500. 1 : 1,000, 1 :5,000, and 1 : 10,000 werc tested 
lor all compounds. Prior to inoculation with micro- 
organism, 2 drops (approximatcly 0.04 ml.) of thc 
various freshly prepared solutions were added to 
the tubes, and the solvent was allowed to evaporat.r 
or be absorbed into the agar medium. 

The tubes were examined for growth after 24-48 
tir. of incubation for bacteria and C. alhzcans and 
48-72 €ir. for T .  mentagrojhytes. In certain in- 
stances incubation was allowed to continue for 5-7 
days in ordcr to determine if thc Inetliod might be 
suitahle to indicate fungistatic zwsus fungicidal 
activity. 

Antimicrobial Studies.-Thc agents used to test 
antifungal activity iticludcd salicylic acid, salicyl- 
anilide, griseofulvin, nystatin, tolnaftate,2 and 
penicillin 1:. Antibacterial detcrminations were 
ninde with penicillin V, streptomycin sulfate, sulla- 
diazine, sulfathiazole, and sodium sutfdthiazole. 
The series of dilutions previously dcscribed were 
preparcd as follows : acetone-salicylic acid, sali- 
cylanilide, griseofulvin, penicillin V, and sulfadiazine ; 
water-streptoinyciii sulfate and sodium sutfdthia- 
zole; 959; ethanol-nystatin and tolnaftate. Kep- 
licates of 3 tubes per dilution for each orgaiiisrn 

L- Marketed as Tinactin by the Schering Corp. 
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to continue for 7 days. During this period, and 
commencing at 72 hr., growth of C. albirans 
developed in thosc tubcs containing the 2 lower 
concentrations. Growth of T. rnentagrophytes was 
noted at dilutions of I :500 and higher a t  72 hr., and 
which appcarcd completely uninhibited a t  the 
seventh day. Thus, i t  was shown that nystatin 
most likely acts as a fungicide against C. albituns 
in all but the extremely dilutecl concentrations and 
as a fungistat against T. mentagrughytes in all but 
the highest concentration, while having a low order 
of effectiveness. These data are in general agree- 
ment with previously recorded findings (7). 

Growth of the microorganisms in those tubes 
designated as controls arid blanks was luxuriant in 
a11 but 1 instancc. Alcohol appears to have a slight 
fungistatic action against T .  mentagrophytes. In 
those cases where alcohol was uscd as the solvent 
(nystatin and tolnaftate) readings were taken only 
after 72 hr. 

DISCUSSION 

A simplified method for the simultancous screen- 
ing of a relatively large number of pure chemicals 
for antimicrobial activity has been devised. Using 
established antifungal and antibacterial agents, 
it was demonstrated that the method provided re- 
sults consistent with those obtained by other tcch- 
niques. Thus, i t  would appear that other pure 
chemicals may be screened in a similar manner. 
Extended studies have indicated that this method is 
further applicablc to the screening of crude plant 

Since a no-growth end point is used and deter- 
mined by mere visual inspection of the small tubes, 
the tedious task of mcasuring clear zones of inhibi- 

C X t r d C t S  (8). 

'FABLE II.--ANTIBACTERIAL ACTIVITY 
~~ 

~~ 

~- 

'FAHLE  ANTIFUNG FUNGAL ACTIVITY 
~ ~~~ ~~~ ~ ~ 

~ ~ _ _ ~ _ ~  
Compd T. 

and Dilutions C. albzcans meniagrophyles 

1 300 f" 
Salicylic acid 

1 : 500 
1 : 1,000 
1 : 6,000 
1 : 10,000 

Salicvlanilide 

+ + + + 
- - 1 : ioo 

3 :w0 
1 : 1,000 f 
1 : 5,000 + 
1 : 10,000 + 
1 : 100 + + 
1 : 500 + + 
1 : 1,000 + + 
1:5,000 + + 
1 : 10,000 + + 
1 : 100 + 
1 : 500 + 
1 : 1 ,on0 + 
1:5,000 + 
1 : 10,000 + 
1 : 100 f 
1 : 600 + 
1 : 1,000 + 
1 : 5,000 + 
1 : 10,000 + 

NystatirF 
1 : 100 
1 : ,500 
1 : 1,000 
1:5,000 f 
1 : 10, 000 + + 

- - 
- 
._ 

- 
Pcnicillin V acid 

Griseofulvin 
- 
- 
- 
- 
- 

Tolnaftate" 
.- 

- 
- 
- 
- 

- - 
- - 
- - 

- 

- 
a +, growth; -, no growth; i, equivocal growth. 

'After 72 hr., growth of T. bReadings takeu a t  72 hr. 
wtcntaguofihj.tcs was noted at all dilutious except 1 :  100. 

were prcparcd. Controls consisted of tubes inocu- 
lated with the organism only, and blanks consisted 
of solvent and the respective microorganism. The 
results are summarized in Tables I and 11. Unless 
statcd otherwise, the final results are based on 48-hr. 
readings. The data reported here arc consistent 
with those well documented for the agents listed 
(*5, 6). 

A t  the higher concentrations ( 1 : 100 and 1 : 500) 
the compounds which were relatively water-insoluble 
and tested as nonaqucous solutions tended to crys- 
tallize on the surface of the medium after the 
solvent evaporated. T o  determitic if the presence of 
surface crystals affected the growth of thc organism, 
or the activity of the agent, a modified proccdurc 
w-as tested. The compounds were suspended in the 
modified agar tiledia (diluted 5074) in dilutions of 
1:100, 1:500, and I :1,000. Two drops of the sus- 
pension was added to the small tubcs providing 
them with R thin film of medium containing the uni- 
formly dispersed compound. The compounds 
tested in this manner were salicylanilidc, griseofulvin, 
aiid penicillin V, with fungi; and penicillin V and 
streptomyciii sulfate against bacteria. All exccpt 
the last one are riot soluble iu  water. Since the 
results did not vary froin those obtained in thr 
original study, they were not recorded here. 

The study utilizing nystatiti (Table I) ,  compariiig 
the effects of this agent on both fungi, was allowed 

Cornpd. 
and Dilutions E. coli S .  uurrus 

Penicillin V acid 
- ( I  - 

- 
1 : 100 
1 : 500 + 
1 : 1,000 + 
1 : 5,000 + 
1: 10,000 + 

- 
- 
- 

Streptomycin sulfate - - 1 : 100 
1 : 500 
1 : 1,000 * + 
1:5,000 + + 
I : 10,000 + + 
1 : 100 
1 : 500 + 
1 : 1,000 + f 
1 : 5,000 + + 
1:10,000 + + 
1 : 100 + 
1 : 500 + 
1 : 1,000 + 
1 : 5,000 + + 
1 : 10,000 + + 
sulfathiazole 
1 : 100 + + 
1 : 500 + + 
1 : 1 ,000 + + 
1 : 5,000 + + + 1 : 10 ,000 + 

- - 

Sulfn.diazine 
- - 
- 

Sulfathiazolc 
- 
- 
- 

Sodium 

~- 
a f ,  growth; -, no growth: k, equivocal growth. 
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tion is avoided. This factor bears particular signifi- 
carice with microorganisms that produce irregular 
defined zones, i .e . ,  mauy filamentous fungi. Ac- 
cording to Cavillito (9), complete absence of visual 
growth is the most reproduublc and satisfactory end 
point in an inhibition tcst. 

The effectiveness of most diffusion methods is 
dependent on those factors which govcm the ability 
of the agent to diffuse both horizontally and verti- 
cally throughout the medium. Cooper (10) indi- 
cates the importance of these factors in critical assay 
procedures. They are less important when appliecl 
to general screening procedures which are primarily 
designed to merely distinguish between active and 
nonactive agents. Through the use of small tubes 
and thin layers of media, thc extent of horizontal and 
vertical diffusion has been limited, thus rendering 
diffusion factors negligible. 

Thosc compounds which were highly watcr in- 
soluble and tested as nonaqucous solutions tended 
to crystallize on thc surface ol the medium after 
evaporation of the solvent. Thc occurrence of 
these crystals had no apparcnt effect on the growth 
of the microorganisms or or1 the suspected activity 
of the antimicrobial agents. For example, penicillin 
V, having the properties of low water solubility, 
antibacterial but riot antifungal a.ctivity, demon- 
strated in this experiment no effect on the growth of 
the fungi while it did inhibit grow-th of the bacteria. 
Furthermore, when griseofulvin was tested i t  was 
shown that the surface crystals had no effect on the 
growth of C. albicans, against which this agent is 
ineffective, but it did exhibit its usual inhibitory 
effect on T .  nzentagrophytes (11). Thcse findings 
were also substantiated in the experiment tvherc the 
compounds were uniformly dispcrsed and added to 
thc tubes in a thin film of the respective medium. 
In this instance the results did not vary from those 
observed i n  the original study. 

119 

A slight antifungal effect was notcd when alcohol 
was used as a solvent for those agents tested against 
T.  nzentagrophytes, but this was easily overcome by 
merely extending the incubation pcriod slightly and 
providing adcquatc control tubes for comparison. 

The method appears to distinguish between fungi- 
static and fungicidal activity. This may be ac- 
complished by extending the incubation period to 7 
days or longer but not beyond 10 days, since the 
medium begins to  show signs of drying. I t  would 
also be a simplc matter to attempt to reculture the 
microorganism to determine the nature of the 
activity of thc agcnt being studied. 

Additional advantages afforded by this method 
are a minimum of expenditure lor materials or ap- 
paratus, and that a relatively small amount of work- 
ing area is required to test a series of cornpounds 
when compared to the space nredcd if Petri dishes 
are employed. 
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Inhibition of Replication of Lee Influenza Virus in 
Tissue Culture by Puromycin 

By K. S. PILCHER and J. N. HOBBS 

Puromycin, an inhibitor of protein synthesis with general growth inhibitory prop- 
erties, was found to inhibit replication of influenza virus in tissue culture in low con- 
centrations without destroying all metabolic activity of the tissue. The amino- 
nucleoside of puromycin, reported to  be as effectite as the complete compound 
against trypanosomes, was inactive as an inhibitor of the virus. Evidence suggests 
the mechanism of the virus inhibition is probably interference with protein synthesis, 

and that the antitrypanosomal activity has a different mechanism. 

UROYYCIN (I)  is an antibiotic whose structure, P proved by total synthesis by Raker rt al. (l), 
is that of a riucleoside bound to an unusual amino 
acid. 

Puroniycin has been fouricl to inhibit the growth 
of a variety of cells, including bacteria (81, protozoa 
( 3 ,  4), and animal tumors ( 3 ) .  This compound 
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has brcn shown to inhibit protein synthesis in  
scveral biological systems, including a ccll free rat 
liver cxtract (6), Ehrlich ascites tumor cclls, and 
rabbit rcticulocytes (7). I t  was effective in curing 
cxperimental infections of mice and rabbits with 
several species of tryparlosotiles ( 3 ,  Y), and also in 
the therapy ol human trypanosorniasis (9).  

Puromycin’s mechanism of action seemed to  
offer u possihle ncw approach to the inhibition or 
virus protein formation. During thc coursc of 
this study, thc inhibition of poliovirus replication in 
tissuc culture by puromycin was reported (10). 
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tion is avoided. This factor bears particular signifi- 
carice with microorganisms that produce irregular 
defined zones, i .e . ,  mauy filamentous fungi. Ac- 
cording to Cavillito (9), complete absence of visual 
growth is the most reproduublc and satisfactory end 
point in an inhibition tcst. 

The effectiveness of most diffusion methods is 
dependent on those factors which govcm the ability 
of the agent to diffuse both horizontally and verti- 
cally throughout the medium. Cooper (10) indi- 
cates the importance of these factors in critical assay 
procedures. They are less important when appliecl 
to general screening procedures which are primarily 
designed to merely distinguish between active and 
nonactive agents. Through the use of small tubes 
and thin layers of media, thc extent of horizontal and 
vertical diffusion has been limited, thus rendering 
diffusion factors negligible. 

Thosc compounds which were highly watcr in- 
soluble and tested as nonaqucous solutions tended 
to crystallize on thc surface ol the medium after 
evaporation of the solvent. Thc occurrence of 
these crystals had no apparcnt effect on the growth 
of the microorganisms or or1 the suspected activity 
of the antimicrobial agents. For example, penicillin 
V, having the properties of low water solubility, 
antibacterial but riot antifungal a.ctivity, demon- 
strated in this experiment no effect on the growth of 
the fungi while it did inhibit grow-th of the bacteria. 
Furthermore, when griseofulvin was tested i t  was 
shown that the surface crystals had no effect on the 
growth of C. albicans, against which this agent is 
ineffective, but it did exhibit its usual inhibitory 
effect on T .  nzentagrophytes (11). Thcse findings 
were also substantiated in the experiment tvherc the 
compounds were uniformly dispcrsed and added to 
thc tubes in a thin film of the respective medium. 
In this instance the results did not vary from those 
observed i n  the original study. 
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A slight antifungal effect was notcd when alcohol 
was used as a solvent for those agents tested against 
T.  nzentagrophytes, but this was easily overcome by 
merely extending the incubation pcriod slightly and 
providing adcquatc control tubes for comparison. 

The method appears to distinguish between fungi- 
static and fungicidal activity. This may be ac- 
complished by extending the incubation period to 7 
days or longer but not beyond 10 days, since the 
medium begins to  show signs of drying. I t  would 
also be a simplc matter to attempt to reculture the 
microorganism to determine the nature of the 
activity of thc agcnt being studied. 

Additional advantages afforded by this method 
are a minimum of expenditure lor materials or ap- 
paratus, and that a relatively small amount of work- 
ing area is required to test a series of cornpounds 
when compared to the space nredcd if Petri dishes 
are employed. 
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Inhibition of Replication of Lee Influenza Virus in 
Tissue Culture by Puromycin 

By K. S. PILCHER and J. N. HOBBS 

Puromycin, an inhibitor of protein synthesis with general growth inhibitory prop- 
erties, was found to inhibit replication of influenza virus in tissue culture in low con- 
centrations without destroying all metabolic activity of the tissue. The amino- 
nucleoside of puromycin, reported to  be as effectite as the complete compound 
against trypanosomes, was inactive as an inhibitor of the virus. Evidence suggests 
the mechanism of the virus inhibition is probably interference with protein synthesis, 

and that the antitrypanosomal activity has a different mechanism. 

UROYYCIN (I)  is an antibiotic whose structure, P proved by total synthesis by Raker rt al. (l), 
is that of a riucleoside bound to an unusual amino 
acid. 

Puroniycin has been fouricl to inhibit the growth 
of a variety of cells, including bacteria (81, protozoa 
( 3 ,  4), and animal tumors ( 3 ) .  This compound 
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has brcn shown to inhibit protein synthesis in  
scveral biological systems, including a ccll free rat 
liver cxtract (6), Ehrlich ascites tumor cclls, and 
rabbit rcticulocytes (7). I t  was effective in curing 
cxperimental infections of mice and rabbits with 
several species of tryparlosotiles ( 3 ,  Y), and also in 
the therapy ol human trypanosorniasis (9).  

Puromycin’s mechanism of action seemed to  
offer u possihle ncw approach to the inhibition or 
virus protein formation. During thc coursc of 
this study, thc inhibition of poliovirus replication in 
tissuc culture by puromycin was reported (10). 
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TABLE 1.- ISHIBITIOX OF REPLICATION OF LEE INFLUENZA VIRUS IN TISSUE CULTURE BY PUROMYCIN 

7-Concn. of Puromycin in Culture Fluid or Diluent, mcg./ml.- 
8.0 4.0 2 . 0  0 

HA" units of virus/ml.btc of tissue cul- 
ture fluid 2.0 14.8 61.4 102.9 

EIDsn of viruslml.b,d of tissue culture 
fluid NT' 106.1 108.0 108.6 

8.0, E1I>,,/ml. XT 1 0 7 . 4  K T  107 .o 

cliorio-allantoic cclls in vitvo growth growth cell ccll 

lnfectivity of virusd exposed to puro- 
niycin 24 hr. a t  35' in buffer a t  pH 

Effect of puro~iiycin on outgrowth of No N o  Definitc Dcfinitc 

growth growth 

HA indicates hemagglutinating units. Virus henlagglutinin and infectivity measured after 4448 hz. incubation on 
Each value is a geometric mean of shaker at 35". 

30-32 cullures from 5 experiments. 
Initial virus concent~mliun from inuculum about 5 X 105 EIDnu/ml. 

dValues from a single representative experiment. e N T  indicdtcs not tested. 

I 1  
NH 

I - 0 OCH, 
I 

O=C --.CH-CH, 
I 

NH2 
- 

Puromycin (I)  

MAlEKIALS AND METHODS 

The Lee strain of influenza virus was employed 
in these experiments and was maintained as frozcn 
chick embryo allaritoic fluid stored a t  -60". 
Puromycin and its aminonucleoside were obtained 
from the Nutritional Biochcmicals Corp., Clcvc- 
land, Ohio. 

The tissue culture system has been previously 
described (13). Each culture consisted of about 4 
ctn.2 of chorio-allantoic tissue iron1 10-day chick 
embryos. The tissue was suspeiidcd in 2.0 ml. 
of Hanks' balanced saline (BSS) in 25 X 160 rnm. 
Pyrex culture tubes. 

The method of measuring virus concentratioti in 
culture fluids by hemagglutinin titration, and the 
method of dctcrmining toxicity for tissue cells have 
also becn dcscribed (13). For thc mcasurement 
of infectious virus, a series of decimal dilutions of 
the culture fluid was made and each dilution 
inoculated into a group of five 10-day chick embryos. 
After 48-hr. incubation, thc number of infccted 
embryos in each group was determined, and the 
number of 50',!T1 infectious closes (EIDso) per tnilli- 
liter of the undilutcd virus calculated. 

RESULTS AND DISCUSSION 
The combincd rcsults of 5 experiments designed 

to determiiic the effects of puromycin on virus 
replication arc presented in the first row of data in 
Table I. Puromycin was incorporated in the 
fluids of the tissue cultures which had becn inocu- 
lated with the Lee strain of influenza virus, and the 
concentration of the latter after incubation was 
determined by hernagglutination. It is evident that 
a concentration of 4 mcg./ml. reduced the virus 

yield markedly, and even 2 mcg./rnl. produced 
a slight reduction, which was significant in view of 
the relatively large number of replicate cultures. 
In some experiments virus concentration was 
measured by infectivity titrations in 10-day chick 
embryos. Results of a representative experimcnt 
of this type are shown in the second row of Table I. 
I n  the presence of 4 mcg. of puromy-cin per milliliter 
the titcr of infectious virus was 2 log units lower than 
in control cultures. Rclatively few virus inhibitors 
are active at  such low concentrations. 

In  vitvo experiments in which the virus was 
exposed to a puromycin conccntration of 4 mcg./ml. 
in a phosphate-glycine buffer] of pH 8.0 for 24 
Iir. a t  35" yielded rcsults which indicated that thc 
titcr of infectious virus was essentially the same as 
in control preparations similarly treated, but with- 
out puromycin. Data from such an experirnent 
are shown in the third row of Table I .  Thus, thc 
compound secrncd to  have no direct effect on the 
virus itself. It was also found to cause no interfer- 
ence with the hemagglutination rcaction, or with 
adsorption of the virus to the chick chorio-allatitoic 
tissue. These observations pointed to  an cffcct of 
the compound on the infected ccll as the basis for 
inhibition of virus replication. 

It was noted that fragments of chorio-nllantoic 
tissues exposed to a puromycin concentration of 3 
mcg./ml. for 44-48 hr. appemed very similar to  
those in control cultures, and some metabolic 
processes were still active, as indicated by cow 
tinuing acid production in such cultures. Thus, 
gross or destructive tissue toxicity was not apparent. 
However, employing a morc scnsitivc criterion, it 
was found that outgrowth of ticw ceIls from tissuc 
fragments in roller tubc cultures containing BSS, 
did not occur in the above concentration of the 
antibiotic. Ccll growth did occur, howcver, in a 
conccntration of 2 mcg./ml. I t  is of interest to 
note that the concentration of 4 mcg./rnl. is close 
to that which Uarmolinsky and dc la Haba (6) 
found necessary for marked inhibition of lcucine-14C 
incorporation into protein in a rat liver extract. 

The biological activity of the aminonucleoside 
of puromyciii or that portion of the molecule re- 
maining after splitting off the amino acid, has bccn 
studied by several workers. In the experitneutal 
infection of mice with Trypanosoma equiperdum, 
both purornycin and its aminonucleoside were found 

1 Concentrations of buffer components in final mixture 
with virus were: glycine, 0.025 M ;  NaC1, 0.025 M ;  and 
Na%HPO&, 0.0167 M. 
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Yarmolinsky and de la Haba found that while 
puromycin inhibited protein synthesis in their rat 
liver extract systcm, the aminonucleoside showed 
only slight activity in cquivalent molar concen- 
trations (6). Kabinovitz and Fisher found the 
completc antibiotic molecule a potent iiihibitor of 
protein synthesis in Ehrlich ascitcs tumor cells 
and in rabbit reticulocytes, while the aminonucleo- 
side was inactive ( 7 ) .  

Several characteristics of the influenza virus 
inhibition by puromycin suggest that the mecha- 
nism probably dcpeiids on inhibition of protein 
synthesis. The concentrations required for thc 
virus inhibition are very similar to those found 
necessary by the above investigators to inhibit 
incorporation of amino acids into protein. The 
aniinonucleoside has been found to have little or no 
inhibitory activity for either virus replication or 
protein synthesis. In the virus tissue culture 
system described, tvheii puromycin was prcsent in 
inhibitory concentrations, multiplication of the host 
cells was also inhibited, without destruction of 
metabolic activity as measured by acid production. 
The amino acid moiety of puromycin, which was 
essential for virus inhibition, is p:methyoxy- 
phcnylalanine. p-Fluorophenylalaniiie IS an anti- 
metabolite which has also been found to  interfere 
with protein metabolism ( 12). When combinations 
of puromyciri and the latter compound were studied 
in the influenza virus system as previously reported 
for other inhibitor combinations (13), it was found 
that the degree of virus inhibition was no grcatcr 
than that produced by either agent alone. This 
suggested a similar site of action for the 2 inhibitors. 

REFERENCES 

TABLE IT.- REPLICATION OF LEE INFLUEKZA VIRUS 
I N  TISSUE CULTURES COXTAINING PUROMYCIN 

AMINONUCLDOSIDE 
_~__.____ _ _  .~ 

Concn. of 
Aminonucleoside in 

Tissue Culture 
Fluid, mcg./ml. 

400 200 100 0 

tissue culture fluid 136 164 137 91 

" Virus concentration measured as hemagglutinating (HA) 
unils after 44-48 hr. incubation on shaker a t  l 3 5 . O  Each 
value is a geomet-ic mean of 15 cultures frnnl 3 experiments. 
"Initial virus concentration from inoculum about  5 x 105 
EIT)so/ml. 

HA uiiits of virus/ml.a.* of 

about equally effective on a molar basis in curing the 
disease ( l l ) ,  and the in vivo activity of each was 
reversed by administration of adenine. 

The arriinoriucleoside was compared with puro- 
mycin for its ability to inhibit virus replication in 
tissue culturc. It was found that the former corn- 
pound had no inhibitory activity in concentrations 
comparable on a molar basis to the effective levels 
of puromycin shown in Table I. Much higher 
concentrations resulted consistcntly in somewhat 
higher yiclds of virus in the culture fluid than those 
in control cultures. The results obtained are pre- 
sented in Tablc 11. I11 the experiments represented, 
tissuc culture fluids containing 200 mcg. of the 
aminonucleoside per millitcr were found to yield 
virus titcrs nearly twice that of controls. Thesc 
experiments showed conclusivcly that the amino 
acid moiety of the puromycin molecule was essential 
for inhibition of influenza virus formation. They 
also iudicated that the mechanism of action of 
puromycin against trypanosomes is apparcntly 
different from that responsible for tlie virus inhi- 
bition. A further difference was revealed by 
experiments in which attempts were made to  block 
or reversc the virus inhibition by means of adcnine, 
guanine, cytosine, uracil, and the corresponding 
nuclcosidcs and nucleotides added to thc tissue 
culture medium. In no case could any significant 
or reproducible reversal be deinonstratcd. 

Preliminary experiments were performed to 
determine the activity of puromycin in mice in- 
fected with minimal (loses of Lee influenza virus. 
These animals were given intraperitoncal injections 
of 1 rng. at 1%-14-hr. intervals for 3 days. This 
treatrncnt had no effect on the virus concentration 
in the lungs a t  tlie end of that period. Larger doses 
and more frequent injections should be tried, as 
well as administration by aerosol inhalation. 



Fractionation of the Black Snake Venom ( Walterinnesia aegyptea) 
by Sephadex Gel Filtration 

By 0. A. ZAKI* 

By the use of a column of Sephadex G-200, it  
was possible to separate from venom 7 pro- 
tein components which showed different pat- 
terns in  electrophoretic mobility. Only 2 
of the separated fractions have toxic effects 

o n  albino rats. 

NAKE VENOMS are known to contain a numbcr of S enzymes. Attempts have been made to corre- 
late the toxicity of snake venoms with their enzy- 
matic activity (1). Most of these studies have been 
carried out on whole venoms (2) or after elimination 
of some components by hcat treatment (3). A 
number of methods, such as electrophoresis, use of 
ion exchange resins such as Amberlite, and cellulose 
ion exchangers have been used for fractionation. All 
the methods used were not quite cflicient for thc 
complete separation of the different factors in the 
venom. Yang et nl. (4) used electrophoresis on 
potato starch for the separation of the components 
of Hyopoda venom, and they found that the pro- 
teases and phosphatases occurred in the same 
fractions as the toxic components. Master et al. 
( 5 )  stated that the use of paper and agar gel electro- 
phoresis did not give a sufficiently good scparation 
of the componcnts of Indian cobra and Russel's 
viper venom. 

Mohammed and Zaki (6) studied the properties of 
the black snake venom, and their chemical studies 
proved that thc vcnoin is a protein mixture. Sepha- 
dex gels act as molecular sieves allowing scparation 
of protein mixtures (7). These gels are composed of 
small granules prepared by the crosslinking of 
dextran. Sephadex G-200 retaius materials of 
molecular wcight up to 200.000. Molecules larger 
than the pore size pass directly through the gel- 
packed column, wlicreas those small enough to 
enter the grains are retained until replaced by the 
eluant. 

The present study was undertaken to see if any 
useful separation of the various protein factors in the 
black snake vcnom could be obtained by gel filtra- 
tion. 

METHODS 

For protein, Sephadex G-200 is the most suitable 
type since the available capacity is high even for 
relatively large molecules. Gel filtration was per- 
formed by the method of Porath and Flodin (8). 
A column 7.5 X 41 cm. (volume of 1800 ml.) with 
Sephadex G-200 was used. Before bcing packcd 
into the column, Sephadex G-200 was allowed to 
swell until cquilibriuni was attained. Forty-eight 
hours was allowed for swelling. The swelling of 
Sephadex was in an excess of water containing the 
buffcr. The column was filled to about one-third 
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of its height with the buffcr. This consisted of 0.163 
M KaCl in 0.0004 M trihydroxyaminoethane (Tris) 
prrviorisly adjusted to pH 7.4 with HC1. A ball of 
glass wool was placed at  the bottom of the column, 
and a layer of small glass beads, sulKcient to cover 
the glass wool to a dcpth of about 1 cm., was added. 
The suspension of Sephadex G-200 was poured into 
the column, filling an extension tube of about 20 cm. 
joined to the top of the column. The gel particles 
were allowed to sediment until a layer a few centi- 
meters thick liad fonned. The outlet of the column 
was then gradually opened, and if thc effluent was 
clear, packing was continued. When packing was 
finished, the extcnsion tube was rcmovcd and the 
buffer reservoir connected. 

The bed, stabilized by washing ovcruight, was 
rrady for use. In each experiment the column was 
washed by NaC1-buffer solution (100:20). The 
venom (10 mg. in 2 ml. of buffered solution) was 
added to the column by a tip pipet. Before intro- 
duction of the sample, all the liquid abovc thc surfacc 
of the bed was removed with care. After the sample 
had been kdycred on the bcd, the bottom outlet was 
opened. ii small volume of the buffer was added in 
the same manner and was allowed to enter the bed. 
The column was then filled with the buffcr and the 
buffer rcscrvoir was connccted. In  each experiment 
32 fractions of 2 ml. each were collected. The rate 
was that each fraction was collected in 15 min. 
Then 0.4 ml. of each fraction was dilutcd by 3.6 
ml. of buffered solution. The proportion concentra- 
tion of each fraction was estimated from measure- 
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Fig. 1.-The position of the different factors in 
the black snake venom according to  their protein 
extinction when the venom is fractionated with 
Sephadex G-200. The extinction of each fraction, 
of 32 fractions, is plotted on the curve. The sum- 
mit of each fluctuation in the curve is taken as a 
definite fraction and these fractions are represented 
on the curve as R, Fz, Fa, F1, Fa, FG, and F7. Eluant, 
0.163 M hTaCI in 0.004 &f Tris buffer. Fraction 
size, 2 ml. 
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Fig. 2.-The electro- 
phoretic pattern of the 
Egyptian black snake 
venom and that  of the 
7 fractions (FI, F2, Fs, 
Fa, Fs, Fg, and F7) ob- 
tained by fractioiiation 
of the venom using a 
column of Seyhadex 
G-200. 

ments of the extinction 280 nw using a IJnicam S.P. 
500 spectrophotometer. 

Paper strips electrophoresis was carried out  on the 
whole venom as on cach of the het ior is .  A horizoti- 
tal  Shandon tank was used, with constant current 
and cnnstaiit voltage. Oxoid 2.5 X 12 cni. strips 
were used. The volume of venom added to each 
strip was 0.003 ml. of 1 : 1000 venom solution. The 
buffer used in the electrophorcsis had pH 8.6 and 
was of the following composition : sodium acetate, 
6.5 Gm.; sodium barbital, 8.87 Gm.; barbital, 1.13 
Gm.; in 1 L. of distilled water. 

The electrophoretic run was continued for 2 hr. 
using a current slightly below 0.4 rna./cm. width of 
the strip. After electrophoresis, the strips were re- 
moved with forceps and were dried by suspending 
them in a hot air over for 20 miii. a t  100". The 
dry strips werc lcft overnight in the staining solution 
(0.00170 nigrosine in 2yc aqueous acetic acid). 
After staining, the strips wcrc washed by running 
t ap  water and then dried. 

Thr  protein fractions collected from the column 
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wcre tested for their toxicity. This was done by the 
subcutaneous injection of 0.5 ml. of the diluted 
fraction into albino rats weighing about 100 Gm. 
The fraction wliieli causcd tlie death of the rats 
within 21  hr. was assumed to  contain thc toxin. 
This cxperiment was repeated several times to con- 
firm the position of the toxic components. 

RESULTS AND DISCUSSION 

considerable separation of the protein venom 
factors was achieved by Sephadex G-200 filtratioti. 
Seven fractions showed definite protein cxtiuctions 
(Fig. 1 J By studying the electrophoretic pattern 
of tlie whole venotii, 6 separate components could 
be recognized (Fig. 2), indicating that 2 of the gel 
filtration fractions had the same electrophoretic 
mohility. The paper strips electrophoresis carried 
out on each fraction showed that  factors 2 aud 4 
( ti2 and F4) had the same mobility. 

When the toxicity of the fractions was tested. it 
was founcl that  tlie fraction corresponding to Fa 
and Fg killed the rats. The death in case of FS in- 
jection had the same typical symptoms of paralysis 
as that  which occurred when the whole venom was 
itijected (6).  This suggested that. presence of a 
neurotoxin in this fraction. 

When the animals were injected by F,, they 
showcd severe itching, excessive salivation, difficult 
breathing, and then respiratory failure followed by 
circulatory failure. There were no paralytic 
symptonis. 

The results showed that  Sephadex gel filtration 
may be of considerable value in the scparation of the 
components of the snake venoms. 

Probably the most useful application will he in the 
preparation, physiological study, and the study o f  
enzymes in each factor of the venom separately. 
Such experiments are being conducted in these 
laboratories. 
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Pharmacognosy. 5th rev. ed. By E. P. CLAUS and 
V. B. TYLER, JR.  Lea & Febiger, 600 Washington 
Sq., Philadelphia, Pa. 19106. 1965. 572 pp. 
16 X 26 CIII. 

The fifth edition is a rather cxtcnsivcly reviscd 
text. It has been brought up to date to conform 
with U.S.P. XVII and N.F. XII. Thc introductory 
material has been rewritten in many of the chapters, 
and the conteut in all chapters is in accordance 
with present day concepts. A major innovation 
has been the addition throughout the tent of coil- 
siderable information on the recent concepts of 
biosynthesis of mauy of the major plant cow 
stituents. 

The book has retained the material of valuc for 
the microscopic study of powdered drugs and thus 
can serve as a text for this purpose. The authors 
did a good job of condensing a great amount of 
knowledge of poisonous fungi as wcll as higher 
plants into a new chapter on this subject. 

A major asset of the book is thc extcnsivc numbcr 
of references cited throughout the text. Thus the 
tent can wcll scrve as an cxcellent refcrcncc book, 
although a number of the obsolete drugs had to be 
droppcd to conserve space. The authors stated the 
reader could refer to earlier editious if he wished 
spccific information about such drugs. 

I t  is 
a book that is suitable for many teaching purposes. 
The authors have a keen insight into thc modern 
developmcnt of pharmacognosy and have written 
a text which meets the needs accordingly. 

Price $15.00 

The keyword to this fine text is versatility. 

Keviewed by Jack L. Beat 
College of Pharmacy 
The  Ohio State liniversity 
Columbus 

Vi tamin A .<.ray: Tested Methods. By ROLF STRO- 
HECKER and HEINZ M. HENNING. Translatcd 
from the German by D. D. LIRMAN. Vcrlag 
Chemie, P.O. Box 129/149, Weinheim, Germany, 
1965. 360 pp. 17 X 24 cm. Price $12. 
This handsome book of 360 pages covers the great 

majority of uscful chemical and microbiological 
vitamin assay methods published in reccnt years. 
The authors stress the fact that they have selected 
only methods which thcy have found workable for 
routine assays, as well as for rcscarch purposes. 
From experience in our own laboratories, the re- 
viewer can concur with this statement. 

The methods quoted prcscnt a wealth of up-to- 
date procedures, sufficiently cxplicit to permit 
application to the reader's particular problem. 
At the same time, critical points and pitfalls are 
evaluated including detailed instructions for carry- 
ing out the procedure. Frequently the chemical 

reaction involved is outlined, as well as the prepara- 
tion of thc necessary reagents. In cases where sep- 
aration steps are needed prior to the assay, the pro- 
cedures are described in dctail, particularly with 
respect to chromatography. 

The usefulness of the text is enhanced by nu- 
merous illustrations and color photographs. Those 
depicting colored thin-layer chromatograms are 
particularly striking. The English translation by 
D. D. Librrian is distinguished by clarity, although 
some of thc abbreviations ( e . g . ,  G.R. = reagent 
grade) may not be readily familiar to the Amcrican 
reader. Rcfcrences to the literature are cow 
venieritly quoted in footnotcs. An appendix lists 
thc composition of microbiological test media in 
handy table form and is followed by a stcp-by-stcp 
description of the solutions required. This book 
should prove very useful for laboratories perform- 
ing vitamin assays. 

Krz'iewed by  Ernest C .  U'ollish 
Hoffmann-La Roche Inc. 
iliutley, N .  J .  
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Califoruia, 1965. 437 pp. Price 814.75. Ke- 
view of Vol. I,  sec J .  I'huvm. Sci.,  54, 1227(1965). 

British Medical Bulletzn. Recent Research in 
Molecular Biology. 1-01. 21, KO. 3, September 
1965. Published by the Medical Departmcnt, 
The British Council, 65 Davies St., London, W.l .  
England. 22 X 28 cni. Price $5.00. f'aprr- 
bound. 
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JAMES E. ECKENIIOPF. J. B. Lippincott en., E. 
Washington Sq.. Philadelphia, Pa. 19105, 1965. 
160 pp. 15.5 X 24 cm. Pricc $7.00. 
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V. B. TYLER, JR.  Lea & Febiger, 600 Washington 
Sq., Philadelphia, Pa. 19106. 1965. 572 pp. 
16 X 26 CIII. 

The fifth edition is a rather cxtcnsivcly reviscd 
text. It has been brought up to date to conform 
with U.S.P. XVII and N.F. XII. Thc introductory 
material has been rewritten in many of the chapters, 
and the conteut in all chapters is in accordance 
with present day concepts. A major innovation 
has been the addition throughout the tent of coil- 
siderable information on the recent concepts of 
biosynthesis of mauy of the major plant cow 
stituents. 

The book has retained the material of valuc for 
the microscopic study of powdered drugs and thus 
can serve as a text for this purpose. The authors 
did a good job of condensing a great amount of 
knowledge of poisonous fungi as wcll as higher 
plants into a new chapter on this subject. 

A major asset of the book is thc extcnsivc numbcr 
of references cited throughout the text. Thus the 
tent can wcll scrve as an cxcellent refcrcncc book, 
although a number of the obsolete drugs had to be 
droppcd to conserve space. The authors stated the 
reader could refer to earlier editious if he wished 
spccific information about such drugs. 

I t  is 
a book that is suitable for many teaching purposes. 
The authors have a keen insight into thc modern 
developmcnt of pharmacognosy and have written 
a text which meets the needs accordingly. 

Price $15.00 

The keyword to this fine text is versatility. 

Keviewed by Jack L. Beat 
College of Pharmacy 
The  Ohio State liniversity 
Columbus 

Vi tamin A .<.ray: Tested Methods. By ROLF STRO- 
HECKER and HEINZ M. HENNING. Translatcd 
from the German by D. D. LIRMAN. Vcrlag 
Chemie, P.O. Box 129/149, Weinheim, Germany, 
1965. 360 pp. 17 X 24 cm. Price $12. 
This handsome book of 360 pages covers the great 

majority of uscful chemical and microbiological 
vitamin assay methods published in reccnt years. 
The authors stress the fact that they have selected 
only methods which thcy have found workable for 
routine assays, as well as for rcscarch purposes. 
From experience in our own laboratories, the re- 
viewer can concur with this statement. 

The methods quoted prcscnt a wealth of up-to- 
date procedures, sufficiently cxplicit to permit 
application to the reader's particular problem. 
At the same time, critical points and pitfalls are 
evaluated including detailed instructions for carry- 
ing out the procedure. Frequently the chemical 

reaction involved is outlined, as well as the prepara- 
tion of thc necessary reagents. In cases where sep- 
aration steps are needed prior to the assay, the pro- 
cedures are described in dctail, particularly with 
respect to chromatography. 

The usefulness of the text is enhanced by nu- 
merous illustrations and color photographs. Those 
depicting colored thin-layer chromatograms are 
particularly striking. The English translation by 
D. D. Librrian is distinguished by clarity, although 
some of thc abbreviations ( e . g . ,  G.R. = reagent 
grade) may not be readily familiar to the Amcrican 
reader. Rcfcrences to the literature are cow 
venieritly quoted in footnotcs. An appendix lists 
thc composition of microbiological test media in 
handy table form and is followed by a stcp-by-stcp 
description of the solutions required. This book 
should prove very useful for laboratories perform- 
ing vitamin assays. 

Krz'iewed by  Ernest C .  U'ollish 
Hoffmann-La Roche Inc. 
iliutley, N .  J .  

NOTICES 

Structure and Function in Biological Membranes. 
Vol. I1 By J. LEE KAVANAU. Holden-Day, 
I n c ,  728 Montgomcry St., San Francisco, 
Califoruia, 1965. 437 pp. Price 814.75. Ke- 
view of Vol. I,  sec J .  I'huvm. Sci.,  54, 1227(1965). 

British Medical Bulletzn. Recent Research in 
Molecular Biology. 1-01. 21, KO. 3, September 
1965. Published by the Medical Departmcnt, 
The British Council, 65 Davies St., London, W.l .  
England. 22 X 28 cni. Price $5.00. f'aprr- 
bound. 

Science 3 Practice i n  Anesthesia. Editcd by 
JAMES E. ECKENIIOPF. J. B. Lippincott en., E. 
Washington Sq.. Philadelphia, Pa. 19105, 1965. 
160 pp. 15.5 X 24 cm. Pricc $7.00. 

1.966 Phavmary State Board Questions and A nswers. 
By RALPH J. MILL. Clark & Wilsori Co., Box 
3, General Post Ofice, Dctroit, Mich. 48232, 
1965. 21 X 28 cm. Price 83.00. Paperbound. 

Medical Plant Alkaloids. An Introduction for 
Pharmacy Students. 2nd ed. By STEPHEN 
K. SIM. University of Toronto Press, Toronto, 
Ontario, Canada, 1965. siii + 181 pp. 17.5 X 
24 cm. Paperbound. 

Methods of Biochemical Analysis .  Vol. 13. Edited 
by DAVID GLICK. Interscience Publishers, a 
div. of John Wiley & Sons, Inc., 605 Third Ave., 
Kcw York 16, N. Y. ,  1965. 15.5 
X 23 cm. Price $14.50. 

ix -k 488 pp. 

124 



Books 

REVIEWS 

Pharmacognosy. 5th rev. ed. By E. P. CLAUS and 
V. B. TYLER, JR.  Lea & Febiger, 600 Washington 
Sq., Philadelphia, Pa. 19106. 1965. 572 pp. 
16 X 26 CIII. 

The fifth edition is a rather cxtcnsivcly reviscd 
text. It has been brought up to date to conform 
with U.S.P. XVII and N.F. XII. Thc introductory 
material has been rewritten in many of the chapters, 
and the conteut in all chapters is in accordance 
with present day concepts. A major innovation 
has been the addition throughout the tent of coil- 
siderable information on the recent concepts of 
biosynthesis of mauy of the major plant cow 
stituents. 

The book has retained the material of valuc for 
the microscopic study of powdered drugs and thus 
can serve as a text for this purpose. The authors 
did a good job of condensing a great amount of 
knowledge of poisonous fungi as wcll as higher 
plants into a new chapter on this subject. 

A major asset of the book is thc extcnsivc numbcr 
of references cited throughout the text. Thus the 
tent can wcll scrve as an cxcellent refcrcncc book, 
although a number of the obsolete drugs had to be 
droppcd to conserve space. The authors stated the 
reader could refer to earlier editious if he wished 
spccific information about such drugs. 

I t  is 
a book that is suitable for many teaching purposes. 
The authors have a keen insight into thc modern 
developmcnt of pharmacognosy and have written 
a text which meets the needs accordingly. 

Price $15.00 

The keyword to this fine text is versatility. 

Keviewed by Jack L. Beat 
College of Pharmacy 
The  Ohio State liniversity 
Columbus 

Vi tamin A .<.ray: Tested Methods. By ROLF STRO- 
HECKER and HEINZ M. HENNING. Translatcd 
from the German by D. D. LIRMAN. Vcrlag 
Chemie, P.O. Box 129/149, Weinheim, Germany, 
1965. 360 pp. 17 X 24 cm. Price $12. 
This handsome book of 360 pages covers the great 

majority of uscful chemical and microbiological 
vitamin assay methods published in reccnt years. 
The authors stress the fact that they have selected 
only methods which thcy have found workable for 
routine assays, as well as for rcscarch purposes. 
From experience in our own laboratories, the re- 
viewer can concur with this statement. 

The methods quoted prcscnt a wealth of up-to- 
date procedures, sufficiently cxplicit to permit 
application to the reader's particular problem. 
At the same time, critical points and pitfalls are 
evaluated including detailed instructions for carry- 
ing out the procedure. Frequently the chemical 

reaction involved is outlined, as well as the prepara- 
tion of thc necessary reagents. In cases where sep- 
aration steps are needed prior to the assay, the pro- 
cedures are described in dctail, particularly with 
respect to chromatography. 

The usefulness of the text is enhanced by nu- 
merous illustrations and color photographs. Those 
depicting colored thin-layer chromatograms are 
particularly striking. The English translation by 
D. D. Librrian is distinguished by clarity, although 
some of thc abbreviations ( e . g . ,  G.R. = reagent 
grade) may not be readily familiar to the Amcrican 
reader. Rcfcrences to the literature are cow 
venieritly quoted in footnotcs. An appendix lists 
thc composition of microbiological test media in 
handy table form and is followed by a stcp-by-stcp 
description of the solutions required. This book 
should prove very useful for laboratories perform- 
ing vitamin assays. 

Krz'iewed by  Ernest C .  U'ollish 
Hoffmann-La Roche Inc. 
iliutley, N .  J .  

NOTICES 

Structure and Function in Biological Membranes. 
Vol. I1 By J. LEE KAVANAU. Holden-Day, 
I n c ,  728 Montgomcry St., San Francisco, 
Califoruia, 1965. 437 pp. Price 814.75. Ke- 
view of Vol. I,  sec J .  I'huvm. Sci.,  54, 1227(1965). 

British Medical Bulletzn. Recent Research in 
Molecular Biology. 1-01. 21, KO. 3, September 
1965. Published by the Medical Departmcnt, 
The British Council, 65 Davies St., London, W.l .  
England. 22 X 28 cni. Price $5.00. f'aprr- 
bound. 

Science 3 Practice i n  Anesthesia. Editcd by 
JAMES E. ECKENIIOPF. J. B. Lippincott en., E. 
Washington Sq.. Philadelphia, Pa. 19105, 1965. 
160 pp. 15.5 X 24 cm. Pricc $7.00. 

1.966 Phavmary State Board Questions and A nswers. 
By RALPH J. MILL. Clark & Wilsori Co., Box 
3, General Post Ofice, Dctroit, Mich. 48232, 
1965. 21 X 28 cm. Price 83.00. Paperbound. 

Medical Plant Alkaloids. An Introduction for 
Pharmacy Students. 2nd ed. By STEPHEN 
K. SIM. University of Toronto Press, Toronto, 
Ontario, Canada, 1965. siii + 181 pp. 17.5 X 
24 cm. Paperbound. 

Methods of Biochemical Analysis .  Vol. 13. Edited 
by DAVID GLICK. Interscience Publishers, a 
div. of John Wiley & Sons, Inc., 605 Third Ave., 
Kcw York 16, N. Y. ,  1965. 15.5 
X 23 cm. Price $14.50. 

ix -k 488 pp. 

124 



JOURNAL OF 

Pharmaceutical 
Sciences 

A publication of the American Pharmaceutical Association 

Published monthly under the supervision of the 
Committee on Publications with the approval of the Board of ;ri-llstees 

Editor 

EDWARD G. FELDMANN 

Associate Editor 

SAMUEL W. GOLDSTEIN 

Assistant Editor 

DURWARD F. DODGEN 

Assistant Editor 

SANDRA SUE SMITH 

Editorial Assistant 

SARA GEROW 

Contributing Editor 

RHEA LORIS TALLEU 

Committee on Publications 

LLOYD M. PARKS, 
chairman 

WILLIAM S. APPLE 
MAX W. EGGLESTON 
THOMAS J. MACEK 
HUGO H. SCHAEFER 

VOLUME 5 5  

INDEX TO AUTHORS 
INDEX TO SUBJECTS 

Editorial Advisory Board 

JOSEPH P .  BUCKLEY 
JACK COOPER 

EDWARD R.. GARRETT 
W. LEWIS NOBLES 

GORDON H .  SVOBODA 
JOSEPH V. SWINTOSKY 

JANUARY TO DECEMBER, 1966 



JOURNAL O F  Pharmaceutical 
Sciences 

Fehrztdry 1966 volume 5 5 ,  number 2 

Review Article 

A Survey of Diabetes Mellitus 
By GEORGE N. HOLCOMB 

EFERENCE to the disease known to US as 
diabetes mellitus goes back almost as far 

as recorded history itself. The Ebers Papyrus, 
an Egyptian document dating from about 1500 
B . c . .  has outlined the symptoms of diabetes as well 
as a nuiiiber of “cures” for the disease. Diabetcs 
was described in some detail by a physician 
known as Aretaeus the Cappadocian as early as 
the first century A D . ,  but it was not until the 
scventccnth century that Thomas Willis, an 
English physician, observed that the urinc of 
diabetics had an extremely sweet taste. This 
appears to have been the first evidence to connect 
diabetes mellitus with thc mctabolism of sugars. 

A recent study on the prevalence of diabetes 
(1) indicates that there are somewhat over 2,000,- 
000 known diabetics in the United States. Other 
evidence cited by the same workers (1) shows that 
the frequency rate for undiagnosed cases of 
diabetes in this country is about 8 per 1000 
persons. Taking these two figures iiito account 
leads to an estimate that there are close to 3,500,- 
000 diabetics in the 17. S. alone. This represents 
nearly 20 diabetics per 1000 population and 
qualifies the disease as a major medical and public 
health prohlcm. 

THE METABOLIC EFFECTS OF DIABETES 

Although more is known about the biochemical 
basis of diabetes inellitus than for most other 
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diseases, too little is known to give an accuratc 
dcfinition or the disease. Some of the charartcr- 
istic symptoms of diabetes are hyperglycemia, 
glycosuria. polyuria, polydipsia, and possible loss 
of weight and strength. Ketone bodies (accto- 
acetic acid, acetone. and fl-hydroxybutyric acid) 
may be present in the hlood and urine of diabetic 
subjects. 

Diabetes may be classified into at least 2 types 
(2) : the growth-onset (juvenile) type and the 
maturity-onset (adult) type of diabetes. The 
juvenile typc of diabetes which is contracted early 
in life is characterized by a greatly diminished 
capacity to produce insulin (3 )  which approaches 
zero within a few years. Maturity-onset tlia- 
betics are frequently obese and develop symptoms 
quite gradually, usually after age 40. These in- 
dividuals often have substantial quantities of 
pancreatic insulin (4) and normal or near nornial 
levels of circulating insulin (3). 

THE DEVELOPMENT OF INSULIN 

The first evidence that the pancreas is coil- 
cerned with diabetes came as early as 1889 when 
von Mering and Minkowski showed that pancrea- 
tectomy in laboratory animals produced the saiiie 
symptoms as diabetes. This led workers to 
proposc that the pancreas secretes a substance 
which regulates blood sugar as well as other fac- 
tors concerned with diabetes. In 1909 de Meyer 
coined the name insziline to refer to the then hypo- 
thetical substance secreted by the islets of Laugcr- 
hans of the pancreas. 

It was not until 1922, however, that the bio- 
logical activity of insulin was finally demoii- 
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sodium sulfte and sodium tetrathionate to pro- 
duce the S-sulfonates of A and B chains. The 
chains were separated and then recombined by 
reduction and subsequent reoxidation. The 
insulin produced in these experiments showed an 
activity of 12 I.U./mg. when measured by the 
mouse convulsion test. This represents nearly 
!joy0 of the activity of natural insulin. Zahn and 
Brinkhoff have recently combined natural A 
chain with natural B chain to produce a product 
exhibiting 40% of the activity of natural insulin 
(19). These results make it seem quite likely that 
the yields for the combination of synthetic A and 
B chains can be improved significantly in the 
future. 

T H E  BIOLOGICAL EFFECTS OF INSULIN 
It is well known that insulin exerts a profound 

effect not only on carbohydrate metabolism but 
also on the metabolism of fats and proteins. 
The biological effects of insulin have been exten- 
sively reviewed by numerous authors (20-25) and 
will not be treated in great detail here. The 
following discussion will simply summarize the 
effects of insulin on the metabolism of carbo- 
hydrates, fats, and proteins. Scheme I is in- 
cluded to allow the reader to follow the general 
metabolic pathways of these materials and to 
emphasize the interrelationship between the 
metabolism of all 3 classes of compounds. 

Effects on Carbohydrate Metabolism 
The important sites of carbohydrate metab- 

olism which are sensitive to insulin are the liver, 
where glycogen is formed, stored, and broken 
down, the skeletal muscles, where glucose is 
oxidized to produce energy, and adipose tissue, 
where glucose may he converted to fatty acids, 
glycerol phosphate, and triglycerides. An ap- 
preciable quantity of glucose is also metabolized 
in the brain, but this tissue does not respond to 
insulin stimulation The effects of insulin on 
carbohydrate metabolism are therefore different 
in the various tissues. 

Effects in Skeletal Muscle.-Insulin is known 
to increase the uptake of glucose by skeletal 
muscle. Genimil (26, 27) was the first to show 
that insulin stimulates glucose consumption in 
the isolated rat diaphragm. This system has 
been studied thoroughly by Vallance-Owen and 
has been developed as an assay for insulin in blood 
and other fluids (3 ) .  The increased glycogen 
synthesis promoted under these conditions is ae- 
counted for by Larner and Villar-Palasi (28, 29) 
by an insulin stimulation of uridinc diphospho- 
glucose glycogen transglucosylase, an enzyrnc 
which catalyzes the rate-determining step in 
glycogen synthcsis. 

stratcd by Banting and Best (5), who showed that 
a pancreatic extract could be used to alleviate the 
symptoms of diabetes. For this monumental dis- 
cox-ery, Dr. Banting received a Nobel Prize. 
Four years later Abel and his associates (6)  ob- 
tained crystalline insulin by the extraction of 
auimal pancreases, and proposed that insulin was 
n protein. 

Sanger was awarded the Kobe1 Prize in chem- 
istry in 1938 in recognition of his work on the 
elucidation of the chemical structure of the insulin 
molecule. His work involved the cleavage of 
insulin into 2 peptide chains by performic acid 
oxidation ( i)  , followed by degradation studies 
on the 2 individual chains to determine the amino 
acid sequence of each (8, 9). This work has been 
summarized by Sanger (10). As a result of the 
work of Sanger and others, it is known that insulin 
has a molecular weight of approximately 6,000 
and is composed of 2 peptide chains. The A, or 
glycyl chain, is composed of 21 amino acid residues 
while the B, or phenylalanyl chain, is composed of 
;iO. The 2 chains are connected by disulfide 
bridges between A 7 and B 7 and between A 20 
and I3 19, with a third disulfide bond found in the 

chain from A 6 to A 11. 
Thc absolute proof of the structure of insulin 

must come from the preparation of a synthetic 
insulin which exhibits a significant amount of 
insulin activity in a variety of biological assays. 
Because of this, a great deal of recent research has 
been directed toward this goal. Katsoyannis and 
his associates (11-13) prepared the A and B 
chains of sheep insulin by synthetic procedures 
requiring over 200 steps. Zahn, Meienhofer, 
and their co-workers have also reported the syn- 
thesis of A and B chains of insulin (14-16). 

It can be readily seen that the combination of 
s>-nthetic A chain with synthetic B chain to pro- 
duce insulin is no mean task. The number of 
ways in which the two chains can combine via 
disulfide bonds is extremely high, so it  is no sur- 
prise that the yields of synthetic insulin prepared 
in this manner have been extremely low. It has 
been reported (12) that Dr. G. H. Dixon, working 
in cooperation with Katsoyannis' group, was able 
to combine the synthetic A chain with the syn- 
thetic B chain to produce a product which showed 
iIisulin activity, but the details of the combina- 
tion experiments have not yet been reported. 
Zahn arid his associates (17) have combined syn- 
thetic A and B chains to produce a preparation 
containing 0.5yo of the activity of crystalline 
insuliu. Their calculations are based on a natural 
iusulin preparation containing 26.7 I.U./mg. 
-1 recent publication by a group of Chinese 

mrkers (18) describes the cleavage of insulin with 
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Scheme I 

Thc glucose uptake of most peripheral tissues 
in humans has been shown to be stimulated by 
insulin. Evidence for this has been obtained bv 
measuring the difference in glucose concentra- 
tions of venous and arterial Mood in the limbs of 
liutnans (30) 

The actual mechanism or mechanisms by which 
insulin promotes glucose utilization by skeletal 
muscle are not understood in biochetnical tet IIIS 

It does, however, seem reasonahlc to wppose thal 
since insulin appears to promote all known path- 
ways of glucose disposal and utilization (3 I ), it 
probably exerts its primary action early in the 
metabolic sequence. This observation led to a 
number of investigations concerning the effect or 
insulin on the hexokinasr reaction, a reaction 
which must occur before glucoce can be metabo- 
lized by any route (32-35) IVorkers habe been 
unable to show that insulin stimulates this re 
action, nor have they been ahle to show c o n  
si\tently that it counteracts inhibitors of the 
reaction (36) .  It is, therefore, difficult to con- 
nect this reaction with the biorhcmical mechanism 
ot action of insulin 

More recent studies have been concerncd with 
the effect of insulin on the transfer of glucose and 
othcr sugars across cell membranes. Much 
of the research in this area has been carried out 
by Levine and his co-workers and has recently 
been summarized (31). These workers studied 
the effect of insulin on the transport of galactose, 
a sugar which is transported in the same manner 
as glucose but  which is not metabolized in skeletal 
muscle. They observed that insulin definitely 
stimulates galactose transfer in most tissues. 
Karahara and Ozand (37) made similar observa- 
tions in connection with their studies on the trans- 
port of 3-O-rnethyl-o-glucose, another non- 
utilizable sugar. Park and his associates have 
found that insulin also stimulates glucose trans- 
port in isolated muscle (38). 

This evidence has led Levine (31) to propose 
that the primary effect of insulin on carbohydrate 
metabolism is a t  the level of the cell membrane. 
According to this theory, insulin increases thc 
permeability of the cell membrane to glucose, 
thus allowing glucose to pass freely in either direc- 
tion. Since the glucose inside of the cell is 
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formed, glucose-fi-phosphate may be reconverted 
to glucose under the influence of glucose-6-phos- 
phatase, an enzyme present in appreciable quanti- 
ties only in the liver, or it may be converted to 
glycogen and stored. The glucose-6-phosphate 
may also be oxidized in the liver, either by 
Enibden-Meyerhof glycolysis or via the pentose 
phosphate pathway (45). The glucokinase re- 
action limits glucose utilization by the liver (46), 
and the glucosc-6-phosphatasc reaction regulates 
hepatic glucose output (47). 

In  severe diabetes hepatic glucokinase ac- 
tivity falls to one-fifth of normal, while glucose-6- 
phospliatase activity doubles (45). Both thc 
decreased glucokinase activity (45) and the in- 
creased glucose-6-pliosphatase activity of dia- 
betics can be corrected by the administration of 
insulin over a period of time (45). The effect of 
insulin on carbohydrate metabolism in the liver 
then appears to  be to  decrease net hepatic glucose 
output. 

Initially, it was found to be quite difficult to 
demonstrate an immediate decrease in hepatic 
glucose output after the administration of insulin 
to intact animals, and many workers were unable 
to produce a prompt effect (45-50). On the 
other hand, Madison and his associates (51) 
showed that insulin has a prompt effect on 
hepatic glucose output in ttnanesthctized dogs, 
providing the insulin is administered by slow 
intravenous infusion. More recently, other 
workers have shown that insulin promptly de- 
presses net hepatic glucose output in intact 
animals quite rapidly (52-54). These workers 
have found that animals on a high carbohydrate 
diet respond better than those on a high protein 
diet, presumably because of the higher plasma 
insulin levels produced by the high carbohydrate 
diet. Their studies also indicate that significant 
hypoglycemia must be avoided in order to  produce 
an insulin effect. This may be accomplished by 
the slow intravenous infusion of insulin and by 
administering small quantities of glucose to the 
animals. 

Bishop and his co-workers have recently studied 
the effect of insulin on glucose output in intact 
dogs quite extensively (55) and have found that 
the first effect of insulin on the liver is to decrease 
glycogen breakdown, thereby decreasing the 
release of free glucose into the bloodstream. -1 
later effect (after 2 hr.) is an increased glucose 
utilization for glycogen synthesis. The over-all 
result is then an immediate and sustained de- 
pression of net hepatic glucose output. 
Effects on Fat Metabolism 

‘The presence of ketone bodies in the blood and 
urine of uncontrolled diabetics indicates that 

rapidly phosphorylated, the proccss is essentially 
unidirectional. This idea appears to be in agrec- 
ment with the available facts, but insulin might 
also h a w  a specific action on other steps involved 
with the utilization of glucose. 

Effects in Adipose Tissue.-In adipose tis- 
sue, carbohydrate metabolism is somewhat differ- 
ent than in muscle. In adipose tissue a large 
portion o f  the glucose-6-phosphate is oxidized 
through the pentose phosphate pathway and 
inuch is converted to glycerol phosphate, fatty 
acids, and triglycerides, whereas in the muscle the 
major synthetic product is glycogen. 

Insulin has been shown to increase glucose 
oxidation by rat epididymal adipose tissue in  
rlitvo (39) and also increases the synthesis of fatty 
acids from glucose in this tissue (40, 41). The 
work of Winegrad and Renold (42), who worked 
with the oxidation of glucose-U-’*C, glucose-1 -I4C, 
and gl~tcose-G-~~C in isolated rat epididymal 
adipose tissue, indicates that in this tissue insulin 
stimulates catabolism by the pentose phosphate 
pathway to the Fame extent as by the Enibden- 
Meyerhof pathway. This further suggests that 
the major effect of insulin is at a point early in 
the metabolic pathway. It is believed that the 
increased oxidation of glucose by adipose tissue 
in the presence of insulin is a result of an increased 
transport of the sugar across cell membranes (43). 

Effects in the Liver.-Less is known about 
the effects of insulin on carbohydrate metabolism 
in the liver than about its effects in skeletal muscle 
and adipose tissue. It is exceedingly difficult to 
ascertain which of these effects are direct and 
which are secondary, thus making it difficult to 
present a detailed discussion of the exact rfiects of 
insulin 011 carbohydrate metabolism in the liver. 

The liver is an important organ in the regula- 
tion ol blood sugar levels. When blood glucose 
levels are high the liver takes up glucose and when 
they are below normal it produces glucose from 
glycogen. It has been shown (44) that the rate 
01 removal or production of glucose by the liver 
is directly proportional to the degree of hyper- 
or hypoglycemia. Unlike skeletal muscle and 
adipose tissue, the cell membrane in the liver is 
freely permeable to glucose and other sugars (45) 
which indicates that transport is not rate limiting 
arid does not account for the effect of insulin on 
net glucose uptake by the liver. 

The fate of glucose in the liver must be con- 
sidered in searching further for a possible effect 
of insulin on carbohydrate metabolism in the 
liver. Glucose is first phosphorylated by =1TP 
to form glucose-6-phosphate; the enzyme catalyz- 
ing this reaction in the liver is quite specific and 
is referred to as “glucokinase.” Once it is 
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these individuals exhibit abnormal fat metabolism 
as well as abnormal carbohydrate metabolism. 
Stadie and his group (56) observed that liver 
slices from pancreatectomized cats produced 5 
times more ketone bodies than liver slices from 
normal cats. This increased production of 
ketone bodies by diabetic animals results from 
an increased oxidation of fatty acids in these 
animals. 

The work of Brady and Gurin (57) has shown 
that liver sliccs from alloxan-diabetic rats have a 
reduced ability to synthesize long chain fatty 
acids from acetate. It has also been demon- 
strated that insulin is able to stimulate the in- 
corporation of acetate into longer chain fatty 
acids in vitro (58). Insulin has been shown to 
inhibit the release of free fatty acids (FFA) 
from glyceride stores in adipose tissue (59). 
Since insulin is able to stimulate fat synthesis and 
inhibit fatty acid mobilization in adipose tissue, 
it comes as no surprise that it is able to lower the 
elevated F F A  levels observed in diabetic subjects 

The impaired carbohydrate metabolism of 
diabetics could be partially responsible for the 
decreased rate of fatty acid synthesis. This is 
indicated by the lact that fatty acid synthesis in 
liver slices is promoted by the presence of glucose 
in the medium. The problem is, however, prob- 
ably much more complex than this and insulin 
undoubtedly has some more direct effect on fat 
synthesis. Chernick and Chaikoff (61) have 
demonstrated that the diabetic liver can oxidize 
lactate, pyruvate, and acetate but cannot in- 
corporate these substrates into fatty acids. This 
malfunction in fatty acid synthesis can bc cor- 
rected by treatment of the animal with insulin for 
several days (24)? which is indicative of a direct 
effect on fatty acid synthesis. 

Effects on Protein Metabolism 

(60). 

It is well established that diabetes results in a 
loss of body weight, a depletion of body protein, 
and a negative nitrogen balance (22). This nitro- 
gen loss can be prcvented by the administration 
of insuilin (62), which suggests that insulin has 
some effect on the synthesis and/or degradation 
of proteins. 

It is difficult to study the effects of insulin on 
protein metabolism in intact animals, although 
certain pertinent observations have been made 
in this manner. It has been demonstrated (63) 
that insulin lowers plasma amino acid levels, and 
it has also been shown (64) that it promotes the 
uptake of amino acids by skeletal niuscle. 

The best evidence that insulin affects protein 
metabolism comes from studies carried out in a 
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number of in vitro systems. Numerous workers 
have used the isolated rat diaphragm to show that 
insulin stimulates the incorporation of labclcd 
amino acids into protein (65-68). These studies 
show that insulin concentrations as low as 50 
microunits/ml. will stimulate the incorporation 
of amino acids into proteins in this system. Since 
it is effective at this low concentration, the re- 
sponse is probably a physiological one. 

It was first thought that  the effect of insulin 
on protein synthesis was secondary to its effect 
on carbohydrate metabolism. It was felt that 
insulin stimulated glucose metabolism which in 
turn provided energy that could then be utilized 
for protein synthesis. More recent research, 
however, has made it appear highly unlikely that 
this is the case. Experiments carried out by 
Wool and Krahl (69) show that the effect of in- 
sulin on protein synthesis in the rat diaphragm 
in vitro is independent of the concentration of 
glucose in the medium for glucose concentrations 
between zero and 600 mg. yo. In the same study 
i t  was shown that insulin stimulates the incor- 
poration of labeled amino acids into proteins in 
diaphragms isolated from fed rats even when 
there is no extracellular glucose present in the 
diaphragm. This evidence strongly suggests a 
more direct effect of insulin on protein synthesis 
in this system. 

It was found (70) that insulin stimulates the 
uptake of a-aminoisobutyric acid, a nonutilizable 
amino acid, by the isolated rat diaphragm. This 
led to the speculation that the effect of insulin on 
protein synthesis could be a result of its facilita- 
ting the transport of amino acids into cells. 
Further studies by Wool and Krahl (il) have 
essentially ruled out the possibility that this is 
the sole effect of insulin on protein synthesis. 
In these studies, the labeled amino acid was in- 
jected into intact rats, thus allowing the amino 
acid to accumulate in the diaphragm of the intact 
animals. The animals were then sacrificed, the 
diaphragms removed and incubated with or with- 
out insulin, and the rate of protein synthesis deter- 
mined. The results showed that insulin stim 
ulates the synthesis of proteins from labeled 
amino acids even when the amino acids are al- 
ready present in the diaphragm, thus indicating a 
direct effect of insulin on protein synthesis. 

The results of subsequent studies have led 
Wool to propose that the effect of insulin on 
protein synthesis is mediated by its effect on 
messenger KNA synthesis (72). He believes that 
the effect results from insulin stimulating the 
transfer of messenger RNA from the nucleus to 
the cytoplasm, a proposal which seems to agree 
with the existing facts. 
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POSSIBLE CAUSES OF DIABETES 
The actual etiology of diabetes is not yet under- 

stood, although there are a number of factors 
which could account for the abnormal glucose 
tolerance exhibited by diabetics. The 3 most 
obvious possibilities are (a)  a decreased produc- 
tion of insulin, (h)  an increased rate of destruc- 
tion of the hormone, and (c) an inability of tissue 
to respond to stimulation by insulin. 

Juvenile diabetes is quite likely the result of the 
first. The pancreas loses the ability to produce 
and secrete insulin and the plasma insulin levels 
become very low, possibly even reaching zero 
( i 3 ) .  

As early as the 1940’s, Mirsky (74) proposed 
that diabetes could be due to an increased destruc- 
tion of insulin by an enzyme which he then re- 
ferred to as “insulinase.” Since that time num- 
erous studies have been carried out to determine 
the nature of the enzyme responsible for the 
degradation of insulin. This led to the isolation 
of a purified preparation froin acetone powders of 
livers which is capable of reducing insulin to its 
A and B chains (75-78). The reaction utilizes 
hydrogen from reduced glutathione, and the 
enzyme is therefore referred to as glutathione 
insulin transhydrogenase There is no direct 
evidence for any increased activity of this enzyme 
nor any increascd destruction of insulin in diabetic 
subjects, so its connection with the etiology of 
diabetes has not been established. 

Neither of the first 2 factors seems to explain 
the impairment of glucose tolerance in cases of 
maturity-onset diabetes since individuals of this 
type may be characterized by normal or above 
normal insulin levels (79, 80). According to 
Lacy (Sl), the ultrastructure of the 0 granules in 
maturity-onset diabetics is similar to that of the 
normal human 0 cell. This suggests that the 
pancreas has not lost its ability to produce insulin, 
and another possible cause for the disease must 
be sought. 

Maturity-onset diabetes could result from an 
inability of the peripheral tissue to respond to 
insulin. This decreased tissue response could 
very well be the result of the presence of sub- 
stances which antagonize insulin. Numerous 
insulin antagonists have been described in some 
detail, and many of these are themsclves hor- 
mones. It has been demonstrated (82) that 
growth hormone and the adrenal corticosteroids 
can inhibit the effect of insulin on glucose trans- 
port. Epinephrine, another insulin antagonist, 
increases blood sugar levels by increasing hepatic 
glucose output (83), and a similar effect on the 
liver is also produced by glucagon (83). 

Insulin is a protein of sufficient molecular 

Journal of Pharmaceutical Sciences 

weight to produce antibodies (84) which are ca- 
pable of neutralizing its action. This phenomenon 
niay also be referred to as “insulin antagonism.” 

Bornstein and IIyde (85) have described a 
pituitary peptide with a molecular weight of 
about 4,500 which is ahle to inhibit the uptake of 
glucose by the isolated rat diaphragm. ‘This sub- 
stance is also capable of inhibiting the incorpora- 
tion of acetate into fats by liver slices and the 
incorporation of amino acids into proteins in 
rat muscle (86). Its actual physiological signifi- 
cance has not been determined. 

The studies of Samaan (87) with “typical” and 
“atypical” insulin and of Antoniades (88) with 
“bound” and “free” insulin indicate that binding 
of insulin to plasma proteins antagonizes its ac- 
tion in certain in vitro systems. Antoniades (88) 
has reported that bound insulin is biologically ac- 
tive in rat epididymal adipose tissue in vi fro but is 
inactive in the isolated rat diaphragm, while free 
insulin is active in both systems. Recent studies 
(89) indicate that bound insulin increases the in- 
corporation of labeled glucose into glycogen in 
muscle and adipose tissue and into fat in adipose 
tissue in intact rats. This suggests that the bind- 
ing of insulin to plasma proteins does not antago- 
nize its biological activity in vivo. 

The insulin antagonists which are currently re- 
ceiving the most attention are the synalhumin 
antagonist and plasma FFA, either or both of 
which could contribute significantly to the cause 
of diabetes. 

The Synalbumin Insulin Antagonist.-It has 
been mentioned previously that insulin promotes 
the uptake of glucose by the rat diaphragm i n  
nitro. This system has been used as a biological 
assay for insulin and under the proper conditions 
is an accurate method of determining the amount 
of insulin present in a given sample (3). The 
assay has also been used by Vallance-Owen (YO) 
for the detection of insulin antagonism in the 
plasma of normal and diabetic subjects. His 
work on insulin antagonism has recently been 
summarized (91). 

Vallance-Owen and Hurlock (92) found that the 
assay can be carried out using plasma from humans 
as the incubation medium. If insulin is added 
in vitro to the plasma of normal, fed subjects or 
obese, nonketotic diabetics, the insulin activity 
can be recovered alniost quantitatively. In con- 
trast to this, it was found that when plasma 
from uncontrolled or insulin-requiring diabetics is 
used as the incubation medium, the action of 
insulin is definitely antagonized. 

It was subsequently shown by Vallance-Owen 
and his co-workers (93, 94) that the antagonist 
actually resides in the albumin fraction. The 
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albumin used in these studies was prepared by 
T.C.A.-ethanol fractionation, a procedure which 
has been shown by Schwert (9.5) to producc elec- 
trophoretically pure albumin. 

Similar antagonism can be demonstrated in 
plasma-albumin from normal subjects, although 
this albumin is not nearly so active as that ob- 
tained from the plasma of diabetics. Vallance- 
Owen, Dennes, and Campbell (94) found that 
concentrations of 3.5-5yo of diabetic plasma- 
albumin will completely antagonize the effect of 
1,000 microunits of insulin in the rat hemi- 
diaphragm assay and will also antagonize insulin 
in oituo at concentrations as low as 1.25%. 
Plasma-albumin from normal subjects will coin- 
pletely antagonize 1,000 microunits of insulin 
when used a t  concentrations of 3.3-5%, will show 
some antagonism a t  2.57&, but exhibits no insulin 
antagonism at a concentration of l.25Tl. These 
observations have recently been confirmed by Alp 
and Recant (96), who performed similar studies 
using a wide variety of albumin preparations. 
Thcse workers studied albumin preparations iso- 
lated by thc Cohn procedure (97) as well as a 
series of preparations isolated by the Debro pro- 
cedure (98). Insulin antagonism was observed 
in all of the,= prcparations, although the effect 
was not so great as that demonstrated by Val- 
lance-Owen and his group. All of this evidence 
suggests that excessive insulin antagonism could 
have some connection with the etiology of 
diabetes. 

Subscquent work by Vallance-Owen and his 
group (99) indicates that the antagonist is de- 
pendent on the presence of a functioning pituitary 
gland. This research involved a study of the 
plasma-albumin from 3 hypophysectomized 
patients, and the alhinnin obtained from these 
patients was found to be nonantagonistic in con- 
centrations as high as 4y0. One of the patients 
had been studied prior to  hypophysectomy and 
his albumin had been shown to be antagonistic at 
that time. 

It has also been shown ( I  00) that the antagonist 
is depcndcnt on thc adrenal steroids. I n  2 
patients with a bilatcrd adrenalectomy and with 
cortisone therapy discontinued for at least 50 
hr. prior to testing, the plasma-albumin was 
found not. to antagonize insulin in nityo. After 
1 of these patients subsequently was sustained on 
cortisone therapy, his plasma-albumin was re- 
tested and was found to be antagonistic. 

It has been demonstrated (99) that when 
antagonistic albumin is passed through a par- 
tially acetylated cellulose column, it is non- 
antagonistic when eluted. This was the first 
indication that it is not the albumin itself but 

rather something associated with the albumin 
which is responsible for the insulin antagonism. 
Because of this, the term synalbumin antagonist 
was coined. 

The synalbumin antagonist can be dialyzed 
away from the albumin after heat coagulation 
(loo), but this, however, results in some loss in 
activity of the antagonist. The antagonist can- 
not be extracted from albumin with ethanol, 
chloroform, or a mixture of n-octane and acetic 
acid, which indicates that the antagonist is not a 
lipid, fatty acid, or steroid. This suggests that it 
is not a siniple case of albumin-bound fatty acids 
inhibiting thc action of insulin as shown in the 
studies of Randle, Garland, Hales, and News- 
holme (101). The evidence shows that the 
antagonist could be a relatively low molecular 
weight polypeptide which led to  the postulation 
(91) that the synalbumin antagonist niight be the 
B chain of insulin. 

Ensinck and Vallance-Owen (1 02) have shown 
that when 1311-labeled insulin is administered to 
humans, the molecule is cleaved enzyinatically 
and some of the reduced l3II B chain becomes 
bound to the plasma-albumin. The A chain, on 
the other hand, appears to associate with the o(2 
globulin fraction. These workers (102) have 
pointed out several similarities betwcen n chain 
and the synalbuinin antagonist; for example, both 
have a molecular weight of less than 4,000, both 
are capable of binding to albumin, and both 
dissociate from the albumin at extremes in pH. 

Ensinck, Mahler, and Vallance-Owen (103) 
have recently presentcd further evidence to sup- 
port the theory that the synalbumin antagonist 
could be B chain. They performed a series of 
experinients using reduced B chain, S-sulpho-B 
chain, and oxidized B chain. Their work showed 
that S-sulpho-l3 chain and reduced B chain 
antagonize the action of insulin in the hcmi- 
diaphragm assay, while oxidized B chain does 
not. They found that their S-sulpho-B chain 
preparation contained 0.6-0.9 sulfhydryl groups 
per molc of thc chain. This, they feel, is responsi- 
ble for the antagonistic activity of the S-sulpho-B 
chain and for the lack of antagonism shown by the 
oxidized B chain which contains no free sulfhydryl 
groups. I t  is indicated that the free sulfhydryl 
groups are essential for antagonistic activity 
since the reduced B chain preparations were 
rendered nonantagonistic by prior incubation 
with alkylating agents such as iodoacetaniide or 
N-ethylmaleimide. The antagonistic activity of 
the reduced and S-sulpho-H chains is enhanced 
greatly by prior incubation with albumin which 
is probably because R chain itsell is not very solu- 
ble unless complexed with albumin. These in- 
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creased destruction of insulin by glutathione 
insulin transhydrogenase? Also, what factors 
regulate the level of antagonist present in the 
plasma of normal and diabetic subjects? Never- 
theless, these proposals merit serious thought and 
could provide answers to several important ques- 
tions i t  would certainly be advantageous to 
have a biochemical marker for the identification 
of prediabetics. This could also conceivably lead 
to fundamental knowledge about the etiology of 
diabetes mellitus and to  possible ways of treating 
the disease. 

The Glucose Fatty Acid Cycle.-it has been 
mentioned previously that the diabetic exhibits 
abnormal lipid metabolism as well as abnormal 
carbohydrate metabolism. Until quite recently, 
it  had been generally agreed t h a t  the disturbance 
in lipid metabolism was secondary to the ab- 
normalities in carbohydrate metabolism. Re- 
cent studies (107) suggest that the over-all dis- 
turbance in metabolism could result from high 
levels of FF.4 which result from an increased 
metabolism of fats by the diabetic The im- 
plication is that the relationship between carbo- 
hydrate and lipid metabolism is reciprocal, and 
good evidence has been put forth to help verify 
this (107). 

Randle and his associates (107) propose that 
the metabolism of glucose by the tissues inhibits 
the release of FFA from glyceride storcs and that 
conversely the release of FFA inhibits the me- 
tabolism of glucose, According to this line of 
thought, the diabetic is unable to  carry on normal 
carbohydrate metabolism because of elevated 
FFA levels. 

Newsholme and Randle (108) demonstrated 
that anoxia, salicylate, and 2,4-dinitrophenol in- 
crease the rate of phosphorylation of fructose-6- 
phosphate to form fructose-l,6-diphosph,hate, a 
reaction which is catalyzed by phosphofructo- 
kinase. The reaction is inhibited in hearts from 
diabetic or starved rats or in hearts from normal 
rats which are perfused with media containing 
fatty acids or ketone bodies. 

The stimulation of the phosphofructokinase re- 
action caused by anoxia is attributed (108) to 
increased concentrations of AMP and inorganic 
phosphate, which stimulate the reaction, and de- 
creased concentrations of ATP, which inhibits the 
reaction. Alloxan-diabetes, starvation, fatty 
acids, and ketone bodies have no consistent eflect 
on cencentrations of AMP, ATP,  and inorganic 
phosphate and must, therefore, inhibit the reac- 
tion by a different mechanism. It is proposed 
(IDS) that the inhibition is caused by the in- 
creased concentration of citrate which these fac- 
tors have been shown (109) to produce. 

vestigators (103) further demonstrated that B 
chain could be dissociated from albumin by pass- 
ing thc complex through an acetylated cellulose 
column or a Dowex 50 column in the sodium 
phase. The synalbumin antagonist had pre- 
viously been shown to behave in a similar fashion. 

It is proposed (103) that the B chain could rc- 
sult from the clravage of insulin by glutathione- 
insulin transhydrogenase as shown by Tomizawa 
(104) and by Katzen and Stetten (78). It could 
antagonize the action of insulin by competing 
for the insulin binding sites a t  the cell membrane. 
I t  should be emphasized that insulin B chain has 
never been isolated from human serum or any of 
its components. If this could be accomplished, 
it would certainly add credence to the hypothesis 
that the synalbumin antagonist could be B 
chain. 

Vallance-Owen (105) has shown that the 
plasma-albumin from prediabetics is antagonistic 
in vitro at a concentration of l.Z5yo. The term 
“prediabetes” may be defined as the metabolic 
state of a person a t  a period before he or she ex- 
hibits definite symptoms of diabetes. The pres- 
ence of excessive synalbumin antagonism could 
therefore develop into a method of identifying 
prediabetics before they become overtly diabetic. 

it is generally agreed that diabetes mellitus 
is hereditary in some way, although the mode of 
inheritance seems to be open to debate. Val- 
lance-Owen (105) has studied a number of families 
with regard to the inheritance of excessive synal- 
bumin antagonism, which he feels may indicate 
“essential diabetes.” His evidence indicates that 
the transmission of excessive synalbumin antago- 
nism could be by a dominant mode of inheritance, 
although the evidence is far from conclusive. 

Lowry, Rlanchard, and Phear (106) have per- 
formed experiments to  show that the synalbumin 
antagonist does not inhibit the effect of insulin on 
adipose tissue. This could point to a fallacy in 
the whole line of reasoning or it could simply 
mean that synalbumin is capable of antagonizing 
some, but not all, of the actions of insulin. Also, 
no one has yet been able to demonstrate antago- 
nistic activity for synalbumin or for R chain in 
vivo. A number of technical problems must be 
overcome before this can be accomplished; i.e., 
B chain, if it  is the antagonist, is quite insoluble 
and probably could not be administered alone, 
which would necessitate complexing it with a 
rather large quantity of albumin before infusing 
it into animals. 

There are a number of questions yet to  be an- 
swercd about the synalbumin antagonist. For 
example, if it  actually is F3 chain, does it arise from 
the incomplete synthesis of insulin or from in- 
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Randle's work (110) shows that the inenibrane 
transport of D-arabinose and a-glucose is greater 
in fed rats than in starved rats, a phenomenon 
which might bc due to the presence of higher 
insulin concentrations in the fed animals. Fatty 
acids and ketone bodies will inhibit transport in 
fed rats but not in starved rats (110). Inhibition 
of transport by fatty acids and ketone bodies was 
demonstrated in starved rats when low concentra- 
tions (0.5 milliunit/ml.) of insulin but not when 
high concentrations (0.1 unit/ml.) of insulin were 
added. These workers feel that the above facts 
are explained by the hypothesis that fatty acids 
and ketone bodies impair the sensitivity of the 
transport system to stiinulation by insulin. 

Randlc and his co-workers (110) also found that 
the phosphorylation of glucose by the perfuscd 
rat heart is inhibited by fatty acids and ketone 
bodies. A similar inhibition of phosphorylation 
of glucose was demonstrated in hearts from dia- 
betic or starved rats. 

It was found (110) that the rate of glycoly-sis 
was decreased in isolated rat hemidiaphragms and 
perfused rat hearts by fatty acids, ketone bodies, 
or pyruvatc. Thcse workers feel that the de- 
creased rate of glycolysis is a result of a decreased 
uptake of glucose. The fact that more 14C02 is 
produced from 1-14C-glucose than from 6-I4C- 
glucosc under these conditions is an indication 
that some glucose is being oxidized through the 
pentose phosphate pathway. 

Garland and Randle (109) showed that fatty 
acids, ketone bodies, and alloxan-diabetes inhibit 
the oxidation of pyruvate in the perfused rat 
heart and isolated hemidiaphragm. It is pro- 
posed (109) that this inhibition of pyruvate oxida- 
tion is the result of an increased acetyl CoA/CoA 
ratio which is produced by these conditions. 

Garland and Randle (1 11) have reported that 
the concentration of fatty acyl CoA was increased 
in the rat heart in vitro by alloxan-diabetes, 
starvation, and perfusion with fatty acids. This 
is presumably caused by the increase in concentra- 
tion of FFA which is due to an increased lipolysis 
and a decreased rate of fat synthesis. It was 
further shown (1 11) that the increased production 
of fatty acids and fatty acyl CoA could result in 
an increase in thc concentration of citrate which 
then can inhibit the phospholructokinasc reaction. 
The concentration or citrate in diabetic rat hearts 
is lowered by insulin which might account for 
some of the increased carhohydrate metabolism 
brought about by insulin. 

Garland et al. (112) illustrated that the oxida- 
tion of glucose in perfused rat hcarts is inhibited 
whcn the perfusion mcdia contains I-ally acids or 
ketone bodies. They also l'ound, however, that 
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there is no decrease in oxygen consumption under 
these conditions. This was taken to mean that 
in the presence of fatty acids and ketone bodies, 
there is an increased oxidation of fatty acids to 
compensate for the decrease in glucosc oxidation. 
This is further evidence for the reciprocal rela- 
tionship between carbohydrate and fat metab- 
olism. 

From this evidence it is postulated (111) that 
the increased release of fatty acids from glyceride 
stores in diabetic rats results in increased levels 
of FFA, fatty acyl CoA, and ketone bodies. This 
in some way causes an increase in citrate con- 
centration, and the over-all result is an inhibition 
of glucose transport, glucose phosphorylation, the 
phosphofnictokinasc reaction, and the oxidation 
of pyruvate. 

INSULIN THERAPY 

Insulin has been the mainstay of diabetes 
therapy ever since its discovery by Banting and 
Best. There are a t  least 7 different insulin prep- 
arations currently available in this country, the 
principal difference hetween these being in their 
duration of action. Crystalline insulin is effec- 
tive but has an extremely short duration of action 
(6-12 hr.) (L1.7). Longer acting preparations 
have becn obtained by combining insulin with 
higher molecular weight proteins such as prota- 
mines and globins. Further work in this area 
resulted in the discovery of the lentc insulins (114) 
in which duration of action can he controlled by 
a selective precipitation scheme. All of these 
preparations are insulin and exhibit the biological 
effects of insulin; they differ only in duration of 
action. 

Although insulin ofyers many advantages in the 
treatment of diabetes, it also has a number of dis- 
avantages. It is a protein and is capable of pro- 
ducing allergic reactions. This can be further 
complicated when insulin is combined with a 
higher molecular weight, more highly antigenic 
protein, to increase its duration of action. Insulin 
is not effective orally and must therefore be ad- 
ministered parenterally which is an inconvenience 
at best. Insulin is a potent hormone and can 
produce dangerous hypoglycemia when doses are 
not regulated to correspond with conditions of 
diet and exercise. Good control of diabetes with 
insulin does not always prevcnt the occurrence of 
complications of diabetes such as diabetic neu- 
ropathy , glomerulosclerosis, diabetic retinopathy, 
and vascular disorders (1 15 ) , illso, some patients 
arc resistant to insulin (1 lfj) and require well over 
200 units of insulin a day. This indicates a 
significant degree of resistance sincc it has been 
estimated (117) that a normal daily secretion of 
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insulin is about 55 units. Because of these num- 
erous disadvantages, a great deal of research has 
been carried out to produce an insulin substitute 
which does not have these drawbacks. 

ORAL HYPOGLYCEMICS 
The Salicy1ates.-Long before the discovery 

of insulin it was known that sodium salicylate (I) 
is capable of lowering blood sugar in diabetics. 
Ebstein in 1876 (118) and Muller in 1877 (119) 
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most part, these compounds are more potent and 
less toxic than guanidine. Hypoglycemic ac- 
tivity increases with an increase in the number of 
methylene groups and apparently reaches a 
maximum in the decamethylene derivative which 
is 150 times more active than guanidine (125). 
This substance, known as synthalin A, was in- 
troduced into diabetes therapy in the 1920's 
The dodecamethylene diguanidine (synthalin B) 
is somewhat less active than synthalin A. Nei- 
ther of these compounds compares favorably with 
insulin for effectiveness, and both also have a 
rather high tendency to cause kidney and liver 
damage (126), so their use as hypoglycemics was 
discontinued. 

The Biguanides.-Further attempts to pro- 
duce useful compounds resulted in 1929 in a series 
of biguanides which exhibited hypoglycemic ac- 
tivity (127). This discovery received little atten- 
tion at  the time, and little work was done in the 
area until 1957 when Unger and his associates 
(128) reported on the hypoglycemic activity of 
phenformin (IV) a newly synthesized biguanide. 
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As a result of these studies, hundreds of new 
biguanides were prepared and tested for hypo- 
glycemic activity, but none has been found to be 
superior to phenformin. 

A great deal of information on the effects of 
phenformin and other biguanides on various 
biological systems is available, but the exact 
mechanism by which these compounds lower 
blood sugar is not understood. Phenformin was 
shown to increase the glucose uptake of the iso- 
lated rat diaphragm (129), but this effect was 
produced by a higher dose of the drug than is 
normally found in a physiological system. It 
has been found that glucose upiake by the dia- 
phragm is accompanied by a decreased oxygen con- 
sumption and a decreased glycogen content of the 
diaphragm (130) which is opposite from the effect 
of insulin in this system. The increased glucose 
uptake of the diaphragm in the presence of phen- 
formin appears to be a result of increased 
anaerobic glycolysis in the muscle (130). This is 
consistent with the findings of Steiner and 
Williams (131), who demonstrated that phen- 
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published reports on the ability of sodium salicy- 
lateto lower blood sugar. Not all salicylates exert 
this property. Acetylsalicylic acid, for example, 
has hypoglycemic acitivity when given in suit- 
ably high doses, while sodium gentisate which is 
chemically similar has no hypoglycemic acitivity. 

The hypoglycemic salicylates cause an in- 
creased oxygen consumption in experimental 
animals (120) by the uncoupling of oxidative 
phosphorylation as shown by Brody (121). This 
uncoupling action increases aerobic glycolysis and 
increases glucose utilization, but the energy 
derived from the process is relatively little. The 
dosage of salicylates necessary to bring about a 
hypoglycemic effect is very high. It has been 
reported (122) that a daily dose of 4.8 Gni. is 
required to produce an adequate hypoglycemic 
effect. At this dosage level numerous side 
effects such as nausea, vomiting, hearing diffi- 
culties, and tinnitus appear quite frequently and 
thus the salicylates are not used clinically as 
hypoglycemic agents. 

Guanidine.-The first reports on the ability 
of guanidine (11) to lower blood sugar were in 1918 

NH 

H2N - C - NH2 
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(123). Hollunger (124) has shown that it inhibits 
respiration which leads to an increased glucose 
uptake by muscle, an increased glycolysis, and a 
decrease in blood glucose levels. Because of the 
relatively high toxicity of guanidine it was never 
widely used, although it did serve as a pattern 
for newer compounds which have been used as oral 
h ypoglycemics. 

The Diguanidines.-These compounds (III), 
may be visualized as 2 guanidine molecules 
joined by a series of methylene groups. For the 
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formin produces elevated levels of lactic acid, the 
end product of anaerobic glycolysis in muscle. 

It has becn shown (132) that phenformin in- 
creases the uptake of glucose by the rat epi- 
didymal fat pad in vitro. Daweke and Rach 
(133) used Buformin (Nl-n-butylbiguanide) to 
show an increased oxidation of glucose- LP4C by 
rat adipose tissue at rclatively low concentrations, 
but on the other hand, Wick and his co-workers 
(134) found that higher doses of phenformin in- 
hibit glucose oxidation by adipose tissue. 

Steiner and Piillisms (135) have proposed that 
the biguanides might act by inhibiting certain 
enzyme systems of the mitochondria which are 
concerncd with Krcbs cycle oxidations. This 
would lead to an indirect stimulation of the 
anaerobic glycolysis of glucose and in turn would 
cause an increased uptake of glucose. This 
theory accounts for the increased lactic acid 
production associated with biguanide treatment 
and is also consistent with the observations of 
Randle and Smith (136), who demonstrated that 
anaerobiosis can increase thc glucose uptake of the 
isolated rat diaphragm. 

The biguanides serve a useful function in diabe- 
tes therapy in that they are useful in treating cer- 
tain cases which are unresponsive to other oralhy- 
poglycemics. They affect carbohydrate metabo- 
lism directly but arenot used in the absenceof some 
supply of insulin sincc acidosis develops in such 
cases. Side effects such as anorexia, nausea, vom- 
iting, weight loss, and muscular weakness occur 
quite frequently in phenformin treated subjects 
(137), although this compound does not exhibit 
the liver toxicity of the parent synthalins ( I  38). 

The Sulfonamides. --Savagone (139) was the 
first to publish information indicating that cer- 
tain sulfonamides lower blood sugar in man. 
This lcd to  the investigation of a number of sul- 
fonamides as potential oral hypoglycemic agents. 
The work of T,oubatieres (140) showed that one 
of the sulfonaniides, 2~(p~a~tnii1iobenzenesulfon- 
amide)-5-isopropylthiodiazole (TPTD) (V) , lowers 

V 

blood sugar levels, apparently by stimulating the 
0 cells to secrete insulin. 

Relatively little research was done on the sul- 
fonamides as hypoglycemics until the advent of 
the sulfonylureas in the 1950’s. At that time 
IPTD was studied clinically in human diabetics 
(141) and was found to lower blood sugar in some 
patients. It was found effective in the same 

general type of cases as the sulfonylureas; but 
since it is somewhat less potent than most sul- 
fonylureas and has no obvious advantages over 
the sulfonylureas it never has been marketed. 

The Sulfony1ureas.--From a practical stand- 
point the sulfonylureas are currently the most 
important oral hypoglycemics. Their ability to 
lower blood sugar was first discovered by a group 
of German workers in 1951. Carbutamide (BZ 
55) was the first of the sulfonylureas to be studied 
extcnsivcly from a clinical standpoint (1 42-144). 
The discovery that this compound is capable of 
controlling the effects of diabetes in some patients 
led to thc synthesis and testing of literally hun- 
dreds of analogs and derivatives of carbutamide. 
It is beyond the scope of this review to consider 
the chemistry and pharmacology of large numbers 
of individual sulfonylureas, particularly since 
there are already numerous excellent revicws on 
the subject (145-118). This discussion will be 
concerned primarily with the pharmacological ac- 
tion of the sulfonylureas as a group. 

Some of the more familiar sulfonylurea hypo- 
glycemics are listed in Table I. Carbutamide, 
the first of the series to be studied thoroughly, was 
found to be an effective hypoglycemic but also 
exhibits liver toxicity which in some cases proved 
to  be fatal (149). Because of this, the compound 
was never marketed in the U. S., although it is still 
in usc in some European countries. Meta- 
hexamide, a somewhat newer compound, is an 

TAHLE I. - SULFONVLUREA HYPOGLYCEMICS 
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The mode of metabolism of the sulfonylureas is 
quite variable and is dependent on the structure of 
the compound as well as the species of the animal. 
The mode and rate of metabolism of these drugs 
is important since many are converted to in- 
active metabolites, thus governing their potency 
and duration of action 

Carbutamide, which is structurally similar to 
the sulfa drugs, is metabolized by acetylation of 
the 4-nitrogen to produce an inactive metabolite 
(157). The 4-methyl group of tolbutamide is 
oxidized in the body to a carboxyl group (158) and 
the metabolite is without hypoglycemic activity. 
Chlorpropamide, which has a chlorine in the 4- 
position, is not meiabolized in humans (159) and 
is excreted in the urine as the free drug Aceto- 
hexamide is metabolized by the reduction of the 
ketone to a secondary alcohol (16n) hut the metab- 
olite has hypoglycemic activity (161). 

The biological half life of these drugs is one 
of the best measures of their duration of action. 
The term “biological half-life” has been defined 
as (161) “the Lime required for the blood levels of 
the drug to decrease by 50 per cent during the 
postabsorptive, concentration dependent dis- 
appearance phase.” The biological half-life of a 
drug such as chlorpropamide, which is not me- 
tabolized, is dependent only on its rateof excretion. 
Johnson and his associates ( 1.59) determined the 
biological half-life of this drug to be 35 hr. The 
biological half-life of a drug which is metabolized 
in the body is dependent on the rate of me- 
tabolism as well as the rate of excretion of the un- 
changed drug. Baird and Duncan (162) esti- 
mated the biological half-life of carbutaniide to be 
between 30 and 60 hr. The half-life of tolbuta- 
mide has been reported by a number of authors 
(183-165), and the average value is in the 
neighborhood of 5 hr. Recent studies by Smith, 
Vecchio, and Forist (161) indicate that the half- 
life of acctohcxamide is 1.3 hr., indicating that 
the drug is metabolized very rapidly. Since the 
metabolite of this drug is an active hypoglycemic, 
the half-life of the metabolite should also be taken 
into consideration in estimating the duration of 
action of acetohexamide. The half-life for the 
metabolite is 4 6 hr. (161), which indicates that 
acetohexamide has a duration of action compa- 
rable to that of tolbutamide. 

It should be emphasized that, although the 
duration of action of these compounds is pro- 
portional to their biological half-life, the 2 values 
are not equal to each other. Tolbutamide, for 
example, has a biological half-life of about 5 hr., 
but effective blood levels of the active drug are 
maintained for 12 to 18 hr. after oral administra- 
tion (161). 

effective hypoglycemic (1 50) but also exhibits 
liver toxicity and has produced cases of obstruc- 
tive jaundice (151) so is no longer being used 
clinically. Tolbutamide, chlorpropamide, and 
acetohexamide are all effective oral hypoglycemics 
which are currently in use in this country. 
Tolazamide, which was first synthesized in 1962 
(152), is one of the newer sulfonylureas. I t  has 
been tested in animals and humans and shows 
promise of being a useful oral hypoglycemic (1 53). 

All of the sulfonylurea hypoglycemics appear 
to act by the same mechanism, produce the same 
effects, and are effective in the same general 
types of cases. They differ mainly in potency, 
duration of action, and the frcqucncy with which 
side effects occur. Of the many hundreds of 
sulfonylureas which have been synthesized, only a 
relatively few have a substantial amount of 
hypoglycemic activity and many of those are 
too toxic for clinical use. 

The relationship between chemical structure 
and pharmacological activity for this class of 
compounds has been summarized by Mahler 
(147). The benzene ring should contain a t  least 
one substituent; best results are obtained when 
it is in the 4-position. Active compounds have 
been prepared where this substituent is methyl, 
amino, acetyl, chlorine, inethylthio as well as 
several other groups or atoms. If a carboxyl, 
hydroxyl, nitro, or hydroxymethyl group is placed 
in the 4-position the resulting compound is in- 
active. 

The group attached to the terminal nitrogen of 
the urea nucleus should be a certain size and 
should impart lipophilic properties to the mole- 
cule. Simple aliphatic groups are quite fre- 
quently placed in this position. The mcthyl 
derivatives are usually inactive, the ethyl 
derivatives exhibit some activity-, and maximum 
activity is reached when the substituent con- 
tains 3-6 carbons. Activity is lost altogether if 
the substituent contains as nmny as 12 carbons. 
A number of active compounds have been pre- 
pared where this substituent is an alicyclic ring 
(154) with optimal activity usually being attained 
when this is a 5, 6, or 7 membered ring. 

Most of the sulfonylureas are poorly soluble in 
water a t  a neutral pH but because of their weakly 
acidic character are more soluble at a slightly 
alkaline pH. This facilitates dissolution in the 
intestinal juices and absorption from the intestine. 
The absorption of tolbutamide from this site is 
nearly complete in most species (155). Most of 
the sulfonylureas are absorbed quite rapidly ; 
Ridolfo and Kirtley (156) showed that car- 
butamide can be detected in the blood within 
30 min. after oral administration. 
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Since all of these compounds are metabolized by 
different routes and a t  different ratcs it would he 
expected that the blood levels of drug would vary 
from compound to compound. This would quite 
logically have an effect on the relative hypo- 
glycemic potencies of the compounds. Mc- 
Mahon and his co-workers (148) have determined 
the relative clinical potencies of a number of the 
common sulfonylurea hypoglycemics. The 
clinical potency was arrived at from considering 
the acute potency as well as the biological half- 
life of the various compounds. The clinical 
potencies of some of the more common sulfonyl- 
ureas are: tolbutaiiiide, 1 ; carbutamide, 1-3 ; 
chlorpropamide, 4-7; metahexamide, 10; aceto- 
hexamide, 1-4; and tolazamide, 5-15. 

Numerous investigations havr been carried out 
in recent years to detcrniinc the exact mecha- 
nism of action of the sulfonylurea hypoglycemics. 
A great deal of information has been accum- 
ulated and a number of facts have lxcn well 
established. Some of tlie inore pertinent ob- 
servations are mentioned here. 

Mirsky and Gitelson (166) have reported re- 
sults which indicate that these compounds might 
decrcase the activity of the insulin degrading 
enzyme in the rat liver. The decreased en- 
zymatic activity which was observed was, how- 
ever, very slight and it required an extremely high 
conccntration of the sulfonylurea to bring it 
about. On the other hand. i t  has been found 
( l e i )  that tolbutainide does not prolong the half- 
life of injected 1311 insulin. Because of this, it is 
rather doubtful that this etfect is very important 
to the action of these compounds as hypo- 
glycemics. 

Some workrrs (IGS) have shown that sulfonyl- 
ureas produce a slight increase in the glucose up- 
take of the rat diaphragm in vitro. This effect 
was not accompanied by an increased glycogrn 
synthesis by the diaphragm as is the case when 
glucose uptakc is stimulated by insulin. Most 
workers, however, have been unable to show an 
increased glucose uptake by the rat  diaphragm in 
the presence of sulfonylurea hypoglycemics ( I  69- 
171) which is in accord with the theory that sul- 
fonylureas have no direct effect on carbohydrate 
metabolism. 

The effect of sulfonylureas on the oxidation of 
labeled glucose by the rat epididymal fat pad in 
aitro appears to be somewhat confusing. Renold 
and his associates have reported that tolbutaniide 
and chlorpropaiiiide have a slight stirnulatory 
effect on the oxidation of gliicose by this tissue 
(152). Marques and Correa (173), on the other 
hand, found that acetohexamide, carbutamide, 
and tolbutamide did not incrcase glucose oxida- 
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tion by isolated rat epididymal adipose tissue. 
They found that high concentrations (50 mcg.,/ 
ml.) of chlorpropamide or tolazamide increased 
glucose oxidation slightly, but the effect was not 
nearly so great as that produced by insulin at a 
concentrat.ion of 20 microunits/ml. It is interest- 
ing to  note that even in Kenold’s studies there 
was found to he no stimulation of fatty acid 
synthesis as is tlie case when insulin is added to 
the medium. It should also be pointed out that 
a number of substances other than hypoglycemics 
are able to stimulate the oxidation of glucose by 
adipose tissue in citro. Some of these agents 
are epinephrine (li4), RCTH (175), glucagon 
( l i l i ) ,  serotonin (1 i 7 ) ,  growth honnone (158), and 
prolactin ( l i9 ) .  These observations suggest 
that evcn if the sulronylureas do stimulate glucose 
oxidation in adipose tissue the effect is not neces- 
sarily important to their action as hypoglycemics. 

It has been shown (180) that sulfonylurcas are 
able to decrease the glucose output of the liver. 
This might contribute to their action as hypo- 
glycemics, hut it is unlikely to  be their major 
action since Dulin and Johnston (181) have 
shown that sulfonylureas act as hypoglycemics in 
hepatectornized animals. I t  has been shown 
(182) that sulfonylureas are capable of inhibiting 
glucose-6-phosphatase activity in liver slices, 
but the concentration of drug required to bring 
about this response is well above the concentra- 
tion normally presrnt in blood. This makes it 
seem highly improbable that inhibition of glucose- 
6-phosphatase activity is important to the action 
of these compounds. I t  is also interesting that a 
similar concentration of sulfanilamide can inhibit 
glucose~~j-phospliatase activity ( la) ,  but this 
compound docs riot lower blood sugar in intact 
animals. 

It is generally agreed that the sulfonylureas are 
incapable of lowering- blood sugar in totally 
pancreatectomized animals (183. 184, 157). 
They also have no hypoglycemic effect in alloxan- 
diabetic animals providing there is complete /3 
cell destruction (181). This indicates that a 
functioning pancreas is essential to the action of 
these compounds. 

It has been observed that pretreatment of 
animals with growth hormone or prolonged fast- 
ing of the animals decrcdses the response of these 
animals to sulfonylurcas (1SFi). Both of these 
conditions are known to decrease the insulin 
content of the pancreas. This further suggests 
that tlie action of the sulfonylureas is dependent 
on the presence of some insulin. 

The storage and secretion of insulin by the 
pancreas has recently been reviewed by Lacy (81), 
who points out that insulin is stored in the @ cells 
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information concerning this compound as well as 
a number of similar compounds. 

This study (191) demonstrated that 3,3- 
diniethylisoxazole increases the oxidation of 
labeled glucose by fasted, intact rats, an effect 
which is shared by insulin but not the biguanides 
(129). The action of 3,5-dimethylisoxazole is 
different from that of the sulfonylurcas as it is 
effective in alloxan-diabetic rats and the sul- 
fonylureas are not The compound was found 
to be ineffective in lowering blood sugar in spinal 
transectomized, eviscerated rats, which suggests 
that the action of the compound is dependent on 
the liver and/or the intestine. 

In a subsequent study by Dulin, Lund, and 
Gerritsen (192) i t  was demonstrated that this 
isoxazole derivative also has a profound effect on 
fat metabolism as it is capable of lowering plasma 
FFA levels within 30 min. after oral adniinistra- 
tion to fasted, glucose-primed, intact rats. The 
compound had no effect on the rate of oxidation 
of labeled palinitate which was continuously 
infused into the animals, but there was an 
increase in the specific activity of plasma FF.4 
during the infusion of the labeled palmitate. 
This led the authors to suggest that the depression 
in plasma FFA was probably due to an inhibition 
of lipolysis rather than to a stimulation of fatty 
acid oxidation. 

It is interesting to note that the F F A  levels 
arc depressed within 30 min , while it requires 
about 2 hr. for blood sugar to be depressed sig- 
nificantly. This could mean that the effect on 
blood sugar is secondary to the effect on plasma 
FFA levels, although there is no proof that the 
two effects are directly related. 

The work with 3,s dimethylisoxazole has lcd 
to subsequent publications dealing with related 
compounds derived from pyrnzole (1 93, 194). 
3,5-Dimethylpyrazole (VII) was found to pro- 

in the form of p granules which are visible with 
the electron microscope. The process by which 
insulin is secreted is referred to as emiocytosis 
and involves the migration of the /3 granules to 
the cell membrane where they are libcratcd into 
the intercellular spaces. Williamson, Lacy, and 
Grisham (186) have demonstrated that tolbuta- 
midc stirnulates emiocytosis in the p cells of the 
rat. Other workers (18T) have shown a similar 
effect in the guinea pig. Vallance-Owen and his 
associates (188) have shown that a single oral 
dose of tolbutaniide will increase plasma insulin- 
like activity by a factor of 2 within 2.5 hr. 
Yalow and Rcrson (189) made similar observa- 
tions by using an immunoassay t o  measure plasma 
insulin levels. 

The above observations indicate that the 
sulfonylureas have no direct effect on the mc- 
tabolism of carbohydrates. The current feeling is 
that the primary action of the sulfonylureas is a 
stimulation of the pancreas to secrete insulin, 
but it should be emphasized that the mechanism 
by which they promote this release of insulin is 
not understood. This theory points out why it is 
essential to have a functioning pancreas for these 
compounds to be effective and illustrates why 
they cannot be used successfully to treat juvenile 
diabetics. 

The sulfonylureas are an important class of 
therapeutic agents and can be used effectively in 
a great number of cases, but proper patient selec- 
tion is an important factor in effective sulfonyl- 
urea therapy. In a recent report involving 9,214 
diabetics studied over a %year period (190) it  
was concluded that the subjcct most likely to be 
controlled on thesc compounds is one who con- 
tracted diabetes after age 40, is overweight, has a 
daily insulin requirement of less than 3 0  units, 
and has had the disease for less than 5 years. 

The Pyrazoles and 1soxazoles.-Dulin and 
Gerritsen were the first to report that 3,5-di- 
methylisoxazole (VI) is a potent oral hypo- 

VI 

glyccmic agent (191) in fasted, intact rats which 
are injected with 100 mg. of glucose at the time 
of treatment. The compound is effectix-e a t  a 
dose as low as 10 mcg /150 [hi. rat which in 
dicates that it is about 188 times more potent 
than tolbutamide and is the most potent oral 
hypoglycemic reported. l’hesc ohservations have 
opened a whole new area of research in oral 
hypoglycemics and have led to a great deal of 

VII 
duce biological effects similar to those reported 
earlier for the analagous isoxazole and was shown 
to be 50 times as potent as tolhutamidc in lower- 
ing blood sugar in glucose-primed, fasted, intact 
rats. It was also found to have a significant 
effect on fat metabolism (193). 

It was shown (1Y3) that 3,5-dimethylpyrazole 
increases the rate of oxidation of labeled glucose 
in fasted, intact rats and was also found to be 
effective in alloxan-diabetic rats. It has no effect 
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on the rate of oxidation of labeled glucose by rat 
epididymal adipose tissue in zlitro and also has no 
effect on the liberation of FFA from this tissue 
in uitro. 

As was found to be the case with 3,5-diniethyl- 
isoxazole, the pyrazole was found to lower plasma 
FFA levels in glucose-primed, fasted, intact rats. 
The administration of the pyrazole to rats con- 
tinuously infused with labeled palmitate again 
resulted in no inrrcased oxidation of the palmitate 
but did produce an incrcase in the specific activity 
of the plasma FFA. This again is suggestive 
that the FFA depression is probably a result of a 
decreased mobilization 01 fatty acids from glycer- 
ides in fat depots. The depression of plasma 
FFA occurred within 15 niin., while it required 
2 hr. to depress glucose levels significantly, which 
further suggests that the effect of these com- 
pounds on blood glucose levels could be secondary 
to their effect on fat mctabolism. 

Since 3,5-dimethylpyrazole depresses fat mobil- 
ization in vioo but not in oitro, since it depresses 
blood glucose levels in fasted, glucose-primed, 
intact rats but not in eviscerated animals, and 
since its action on blood sugar is antagonized by 
SKF 525-A, an inhibitor of drug metabolism, it 
was suggested that the action of the compound 
could be due to a metabolite rather than to the 
compound itself. A study carried out by Smith, 
Forist, and Dulin (195) has shown that 3,5-di- 
metliylpyrazole is metabolized to 5-methylpyr- 
azole-3-carboxylic acid (VIII)  in the rat. Fur- 
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ther work by Gerritsen and Duliti (194) shows 
that this metabolite is a potent hypoglycemic and 
is probably responsible for many of the effects 
which are produced when 3,5dimethylpyrazole 
is administered to animals. 

5-Mcthylpyrazole-:i-carboxylic acid is 116 
times more potent than tolbutamide in intact, 
fasted, glucose-primed rats (194). Like the 
dimethyl derivative, it also increases the rate of 
oxidation of labeled glucose in fasted, intact rats, 
is effective in alloxan-diabetic rats, and rapidly 
depresses plasma FFA. It is readily apparent 
from Fig. 1 that the depression in plasma FFA 
occurs niuch more rapidly than the depression in 
blood sugar. 

This study also points out a number of differ- 
ences between 3,5-dimethylpyrazole and 5- 

methylpyrazole-3-carboxylic acid (194). The 
carboxy compound has hypoglycemic activity in 
spinal transectomized, eviscerated rats, a property 
which is not shared by the dimethyl derivative. 
This indicates that the dimethyl derivative must 
be oxidized to the acid before it is able to lower 
blood sugar. The evidence indicates that this 
oxidation probably occurs in the liver and appar- 
ently occurs quite rapidly since blood sugar is 
depressed within 2 hr. in animals treated with the 
dimethyl compound. 

Another diffcrence between the two pyrazole 
derivatives is that 5-methylpyrazole-3-cdr~oxylic 
acid increases glucose oxidation by rat epididymal 
adipose tissue in zdro  and also inhibits the release 
of FFA by the same tissue in vitvo (194). Neither 
of these effects is exhibited by 3,5-dimethylpyr- 
azole which further suggests that it is the metabo- 
lite which is the active form of the drug. Like 
other pyrazoles and isoxazoles, but unlike insulin, 
the carboxy pyrazole derivative does not increase 
glucose uptake by the isolated rat diaphragm 

There is not sufficient information available to 
understand completely the mechanism of action 
of these compounds, although a number of points 
are quite clear. They affect both carbohydrate 
and fat metabolism in a variety of biological 
systems; but whether these two effects arc 
related or independent of each other has not been 
established. If the two effects are related, the 
effect on fat metabolism is almost certainly the 
primary effect since this effect is manifested so 
much inore rapidly than the blood sugar depres- 
sion, a point which is made abundantly clear by 
Pig. 1. Further evidence for the primary effect 
on fat metabolism is that there have been no 
instances reported where these compounds 
lowered blood sugar without first having lowered 
plasma FFA levels. 

There is good evidence to support the theory 

(194). 

25 5 I 2 3 
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Fig. 1.-The effect of 5-methylpyrazole-3-carb- 
oxylic acid on blood sugar and plasma FFB levels 
in fasted, intact, glucose-primed rats (194). Re- 
printed with the permission of the Journal of Phar- 
macology and Experimental Therapeutics. 
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lar to the sulfonylureas. It is effective in the 
presence of some endogenous insulin, but exerts 
no hypoglycemic effect in totally pancreatecto- 
mized animals (197). This led to the speculation 
(198) that the compound exerts its action by 
stimulating the B cells to secrete insulin. The 
calcium salt of this acid is on the Japanese market 
but has not been studied extensively in this 
country. 

Two compounds, hypoglycin A (X) and hypo- 

that a depression of plasma FF,4 levels could pro- 
duce a depression in blood sugar. At low F F A  
levels the oxidation of fatty acids is minimized 
thus allowing for the oxidation of relatively large 
quantities of ghicO5C for energy production which 
would result in a lowering of blood sugar levels. 
This idea is also in agreement with the work of 
Randle and his associates (107) which shows that 
high levels of FFA inhibit the utilization of 
glucose. The exact mechanism o€ action of these 
compounds is, however, probably much more 
complex than this. 

One wonders why certain barbiturate anes- 
thetics are able to inhibit the effect of these com- 
pounds on carbohydrate metabolism, but not on 
fat metabolism as shown by Gerritsen and Dulin 
(193). One possibility is that the barbiturate 
antagonizes the secondary action of the com- 
pounds on carbohydrate metabolism, but not the 
primary action on fat metabolism. Another 
question which must be answered is why the 
effect of 3,5-dimethylpyrazole on carbohydrate 
metabolism is blocked by evisceration, but the 
effect on FFA depression is not (193). There 
appears to be no ready answer to this question a t  
this titne. 

A recent publication by Wright, Dulin, and 
Markillie (196) describes the preparation of 41 
pyrazole derivatives which were tested fur hypo- 
glycemic activity. A number of the compounds 
having methyl groups in the 3 and 5 positions 
were found to bc active oral hypoglycemics, 1 of 
them being about 100 times more potent than 
tolbutaniide. It seems likely that these com- 
pounds act by the same mechanism as the original 
isoxazoles and pyrazoles, so little if any difference 
would be expected. 

In  summary, the pyrazoles and isoxazoles are 
among the most interesting hypoglycemics to be 
studied. Further study of this group of com- 
pounds could result in the discovery of important 
itiforniation concerning the causes, effects, and 
treatment of diabetes. It is also conceivable 
that an effective and useful antidiabetic drug 
could evolve from the series. 

Miscellaneous Hypog1ycernics.-Mesoxalic 
acid (IX) has been reported to decrease blood 
sugar levels in laboratory animals (197). Kela- 
tively little information has been published on the 
compound, but it appears to have an action simi- 
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glycin B, that have been isolated from the unripe 
fruit of a tropical tree (Blighia sapida) have been 
found to possess hypoglycemic activity ( 199). 
Chen and his associates (200) found hypoglycin A 
to be more effective than hypoglycin €4, but found 
both compounds to be highly toxic. 

Patrick (201) has studied the effects of hypo- 
glycin A on various biological systems. He found 
that it is effective in alloxan-diabetic rats, but its 
action is different from that of insulin. This 
compound does not increase oxygen consumption 
in intact rats nor does it increase muscle glycogen. 
It does not increase the glucose uptake of the 
isolated rat diaphragm and does not stimulate 
the oxidation of glucose by rat cpididymal adipose 
tissue in vitro. It does not appear to increase 
carbohydrate utilization greatly by any biological 
system. Patrick (201) has proposed that the 
liver is the primary site of action of the compound. 

L-Leucine has been reported to lower blood 
sugar in some children with idiopathic hypogly- 
cemia (202) and in some patients with islet cell 
tumors (203). Yalow and Berson (i104) have 
shown that L-leucine produces elevated plasma 
insulin levels in these patients which probably 
accounts for its hypoglycemic eEect. Fajans and 
his associates (205) have reported that L-leucine 
can also reduce blood sugar in normal healthy 
subjects who have been treated with insulin or 
sulfonylureas to increase plasma insulin levels. 
They have also shown that a modest but signifi- 
cant hypoglycemic effect is produced when L- 

leucine is administered to  healthy siibjccts with- 
out sulfonylurea or insulin pretreatment. Fajans 
(206) has recently summarized his findings which 
indicate that L-leucine-induced hypoglycemia 
results from a decreased hepatic glucose output 
and an increased peripheral utilization of glucose 
The stimulation of insulin release is proposed as 
the primary mechanism producing these effects. 
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TABLE II.-THE BIOLOGICAL EFFECTS OF VARIOUS HYPOGLYCEMIC ACEXTS ON \;ARIOUS ANIMAI, SYSTEMS 
~-~ -~ 

5- M cthyl- 
Sulfonyl Dimtthyl pyrazole-3- 

3,5- 

.Effect Insulin tireas Biguanidcs pyrazole carboxylic Acid 

Effective in alloxan-diabetic animals t -  + + + + f + Effective in eviscerate animals f -  
Increase glucose oxidation in intact animals + +  
Increase glucose uptake by rat diaphragm in vttro + - + Increase glycogen content of isolated rat diaphragm + - - 
Increase glucosc oxidation by rat epididymal adipose 

tissue in vitro + -  
Lower plasma FFA levels + +  

- 

- 
+ - 
- 
- - 

+ + + - - 
- 

A large number of other substances have been 
found to exhibit hypoglycemic activity, but most 
of these show no real advantages over compounds 
which are in current use. 4-Dimethylamino-N- 
methyl-2,2-diphenylvaleramide was shown to be 
4 times more potent than tolbutaniide in fasted 
intact rats (207); it is proposed that i t  acts by 
decreasing the glucose output of the liver. 
Goldner and Jauregui (208) have reported that 
certain antihistaminic drugs possess hypogly- 
cemic activity. Hultquist (209) has shown that 
iodoacetic acid and iodoacetamide exhibit hypo- 
glycemic activity in rats, seemingly by the stimu- 
lation of the p cells to secrete insulin. Tris-(hy- 
droxymethyl) aminomethane has also been re- 
ported to possess hypoglycemic properties (210). 

This is only a partial list of substances which 
have been reported to have significant hypo- 
glycemic activity. A complete list would be far 
too extensive for the purposes of this review. 

Summary.-It may be seen from Table I1 
that, although many different classes of com- 
pounds are capable of lowering blood sugar and 
counteracting certain other effects of diabetes, 
they do not all act by the same mechanism. It 
points out that the sulfonyhlreas, which are 
dependent on a functioning pancreas for their 
action, are not effective in alloxan-diabetic or 
eviscerate animals (181, 184). The biguanides, 
on the other hand, have been found to  lower 
blood sugar in alloxan-diabetic (129) and evis- 
cerate (138) animals. The biguanides do not 
increase glucose oxidation in intact animals, 
whereas insulin and the pyrazoles do (193). The 
biguanides are the only compounds in the table 
other than insulin which are generally agreed to 
stimulate glucose uptake by the isolated rat  
diaphragm (129), but even these compounds do 
not increase the glycogen content of the dia- 
phragms as does insulin (211). The pyrazoles 
(193) and the sulfonylureas (212) as well as 
insulin are capable of lowering plasma FFA levels 
in intact animals. The table also illustrates that 
5-methylpyrazole-3-carboxylic acid can be differ- 
entiated from 3,5-dimethylpyrazole by virtue of 
the effectiveness of the acid in eviscerate rats as 

well as by its effect on glucose oxidation in rat 
epididymal adipose tissue in elitro (194). I t  is 
obvious by now that none of these compounds 
qualifies as an oral insulin since none exhibits all 
of the biological effects of insulin. They are 
properly classified as “oral hypoglycemics” or 
“oral insulin substitutes.” 

CONCLUSIONS 

The above observations lead to the realization 
that although a substantial amount of informa- 
tion about the metabolic effects of diabetes has 
been accumulated, a great deal more must be 
learned before certain important conclusions can 
be reached. The etiology of diabetes is not well 
understood, nor are its hereditary aspects. The 
effects of insulin on various biological systems are 
quite well documented, but the mechanisms by 
which it produces these effects are not clearly 
understood. Treatment of diabetes with oral 
hypoglycemics must be termed only partially 
successful at this time, and more research in the 
area is required to produce new compounds which 
are more similar to insulin in their biological 
action and which are effective in treating a greater 
number of diabetic patients. Long-range goals 
should be aimed at learning more about the causes 
of diabetes so that steps can be taken to prevent 
the disease rather than simply treating the symp- 
toms. The cause is a worthy one and merits the 
vast amount of research being carried out in the 
area. 
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Research Articles- 

Spectra-Structure Correlations of Phenothiazines 
by Infrared, Ultraviolet, and Nuclear 

Magnetic Resonance Spectroscopy 

By R. J. WARREN, I. B. EISDORFER, W. E. THOMPSON, and J. E. ZAREMBO 

The infrared, ultraviolet, and nuclear magnetic resonance spectra of 2 3 phenothi- 
azines of varying structure have been recorded and analyzed. Spectra-structure 
correlations and assignments of the absorption bands are presented and discussed. 
The collection of phenothiazines includes all of the commercially available analogs 
currently in use in  the field of medicine and provides a comprehensive source for 
the identification and structure elucidation of samples from biological, forensic, and 

medical research. 

LTHOUGH the literature is replete with A publications on phenothiazines, there has 
been to date no attempt to  organize and correlate 
spectral data on this class of compounds. The 
purpose of this paper is to report the results of 
such a spectral study. Infrared, ultraviolet, 
and nuclear magnetic resonance spectra of 23 
phenothiazine derivatives have been analyzed, 
and the correlations from these spectral data 
make possible a positive identification of all of 
the commercially available pharmaceutically 
useful phenothiazines. 

EXPERIMENTAL 

The infrared spectra were recorded between 4000- 
625 em.-' with a Perkin-Elmer model 21 spec- 
trometer with a sodium chloride prism. The pheno- 
thiazines were prepared as natural films. 

The ultraviolet spectra were recorded between 
200 and 400 mp with a Cary model 14 recording 
spectrophotometer using matched fused silica cells 
with a I-mi. light path. 

The NMR spectra were rccordcd in CDCll with 
tetramethylsilane as the internal standard on a 
Varian Associates model A-60 spectrometer. 

A11 spectral data were obtained on the same 
samples. These were analytical standards with a 
purity of 98% or greater. (See Table I.) 

DISCUSSION OF RESULTS 

Infrared Spectra.-The infrared spectra of the 
phenothiazines are shown in Figs. 1-6. Seventeen 
of the 23 phenothiazines are substituted in the 

Received Octoher 8. 1965, from Smith Hline & French 
Lahoratories. Philadelphia, Pa. 

Accepted for puhlicatinn November 9, 1Y65. 
The authors ar-e grateful to Mrs. Eleanor Cherry, Mr. 
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E. R. Squibb and Sons, Wyeth Laboratories, Pitman-Moore 
Co., Sandoz Pharmaceuticals, and Schering Corp. for supply- 
ing samples of vespazine, carphenazine piperacetazine 
thiethylperazine dimaleate, acetophenaziab dimaleate, and 
perphenazine, respectively. 
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Fig. 1.-Infrared spectra 1-4. 

4000 2500 1500 1300 1100 900 300 
5000 3000 2000 1400 1200 1000 700 625 

Fig. 2.--Infrared spectra 5-8. 
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TABLE I.-SPECTRAL DATA FOR PIIENOTHIAZINES 

Compd. 

Phenothiazine 

2~chlorophenotliia- 
zine 

Chlorpromazine 
hydrochloride 

Prochlorperazinc 
dih ydrochloridc 

Trifluoperazine 
dihydrochloride 

Trifluoromeprazine 
hydrochloride 

Thiethylperazine 
maleate 

Vespazine 
hydrochloride 

Thioridazine 
hydrochloride 

Carphenazine 
maleate 

Piperacetazine 
hydrochloride 

Perphenazine 
hydrochloride 

I.R. KMR 
Spec. Spec. 
No. N o .  

T I .  V. 1)ata''- - of of 
Xrnin. FI-ee Free 

Log rnfi Log Base Base 

253 
320 

26G 
320 

256 
310 I 

CH,CH,CH,N(CH,),. HCI 

I A 
CHICH,CH,N N--CH,.BHCI 

U 

4 64 280 3 00 1 1 
3.64 

4.71 285 3 .03  2 2 
3.G9 

4.54 280 3.16 21 3 
3.60 

266 4 54 280 3.11 20 17 
3OY 3.62 

258 4.50 280 3.08 16 13 
307.5 3.50 

308 3.60 279 3.21 15 5 
258 4.55 240 4.18 
238sh 4.18 223 4.02 

316 3.69 300 3.51 8 20 
264 4.59 239 4 28 

309 3.58 279 3.23 9 19 
259 4.53 224 4.00 

314 3.66 288 3.72  10 9 
263 4.58 

280 
244 

3 10 
I n  257 

1CHg)J-N NCH,CHZOH,HCI u 

4.39 256 4.25 14 15 
4.46 230 4.36 

4.36 266 4.15 12 12 
4.40 220 4.23 

3.66 278 3.23 11 18 
4.57 225 4.06 

continued on next page 
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TABLE I.-( Continued) 

I.R. NMR 
Spec. Spec. 
No. No. 

-U. V. Datan- of of 
hmsx. hmin. Free Free 

Compd. Structural Formula m r  Loge mr Loge Base Base 

Methdilazine 
hydrochloride 

Pipamaziue 
hydrochloride 

Triflupromaziue 
hydrochloride 

Promethazine 
hydrochloride 

Acetophenazine 
dimaleate I n  

(CHZ)I-N NCH,CH,OH 
U 

304 3.61 276 3.17 7 21 
254 4.50 222 3.93 

312 3.68 280 3.22 19 10 
257 4.57 

308 3.57 280 3.21 17 6 
258 4.53 224 4.01 

302 3.58 274 3.21 4 7 
282 4.49 220 3.97 

280 4.35 255 4.19 13 14 
243 4.44 230 4.32 

310 3.66 280 3.26 18 16 
257 4.57 226 4.12 Thiopropazate uEn(’l 2HCI 0 

I It 
(CH~),-N”NC ,H,OC CH, 

hydrochloride 

LI 

4000 2500 1500 1300 1100 900 700 
5000 3000 2000 1400 1200 1000 800 625 

~- -~ 

Fig. 3.-Infrar~d spectra 9-12. 

4000 2500 1500 1300 1100 900 700 
5000 3000 2000 1400 1200 1000 800 625 

w 

60 2 40 - 20 

$ 80 2 60 
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o 80 

g? 20 

80 
60 
40 
20 
0 

Fig. 4.---Xnfrared spectra 13-16. 
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TABLE I.-( Continued) 
- 

I.R. N M R  
Spec. Spec. 
No. KO. 

Free Flee 
Lon c Base Base 

7- U. 1'. Dataa- ~ of of 

Compd. Structural Formula 

Promazine 

Mepazine 
hydrochloride 

Trimeprazine 
hydrochloride 

Chlorpromazine 
sulfoxide 
hydrochloride 

CH,CH.CH, N (CH.), 

I 
CH,CHCH,N (CH,), 

I 
CHt 

I 
CH,CH,CH,N (CH,), HCI 

0 0  

Chlorpromazine 
sulfone 
hydrochloride 

I 
CH,CH,CH,N (CH,),. HCI 

A,,:,X. 
mp 

306 
254 

304 
254 

308 
255 

240 
275 
298 
342.5 

233 
271 
294 
332 

Log I 

3.64  
4.53 

3 .59  
4 .48  

3 .67  
4 .53  

4.52 
4.03 
3.88  
3.72 

4.54 
4.16 
3 .89  
3.76 

Al i , , l l .  

m r  

277 
222 

276 
22 1 

278 
222 

3.20 3 
3 . 9 5  

3.15 6 
8.96 

3 22 5 
3.95 

22 22 

23 23 

a U.V. spectra run in 957, ethanol. 

4000 25001 1500 ' 13005 1100 900 7 700 
5000 3000 2000 1400 1200 1000 800 625 

20 
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2 60 + 40 

20 
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80 
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40 
20 
0 

5 

Fig. 5.--Infrared spectra 17-20. 
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, -  0 
Fig. 6 Infrared spectra 21-24. 
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PPM(r) 
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1.0 

! '  I 

I ,  
2 2 0  24" 

Fig. i.--Ultraviolet spectra. Key: __ , phetio- 
tliiazine; ---, sulfoxidc; . . . , sullone. 

2,lO-positions. These 2,lO-disubstituted pheno- 
thiazines have a characteristic and unique over all 
pattern in the infrared spectrum. There arc 4 
bands in the region 1000-700 cm.-' which are com- 
mon to all. These bands occur a t  915928 cm.-l, 
840-870 cm- ' ,  785-800 em.-', and 730-755 cm.-l. 
The band a t  785-800 cm.-' exhibits some splitting 
in certain cases, but it is steady in location. The 
bands listed are all strong and comprise a definite 
over-all pattern which dominates the fingerprint 
rangc of the spectrum. The bands are assignable 
to the phenothiazinc ring system and the substitu- 
tion in the 2-position. Bellamy (1) gives the range 
770-735 cm. --I for the out-of-plane bending vibra- 

PPM(r) 
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 
- - z L_-_- :, 

. I  i i  

I 
I I t  " '- - - -  
il' . 

> %  

- - - 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(a) 

Fig 8 -NMR spectra 1-4. 

I 

I '  
;,h* __._ x I _ -  ~- - . I  

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(6) 

Fig. 9.-NMK spectra 5-8. 

tion of 4 adjacent hydrogens in an aromatic ring 
and the 900-800 c m - l  for 1,2,4-trisubstitution. 

Phenothiazincs with no substituent in the 2- 
position all show very strong absorption in the 
T20-770 cm.-l range which is assignable to  the out- 
of-plane bending vibrations of the 4 adjacent hy- 
drogens of the phenothiazinc ring system (1).  

Two other characteristic bands for the pheno- 
thiazine system arc found at 1590 and 1560 cm.-'. 
These bands are quite consistent in location, al- 
though they vary as to  which is the more intense. 
'I'hcy also may be assigned to the aromatic system. 

It1 the case of phcnothiazine amine salts (spec- 
trum No. 24, chlorpromazitie HC1) a strong, broad 
band centered between 2300 and 2500 ern.-' is 
characteristic of thc R3NR+ ion combined with X-. 
The relatively small negativc ion X- can approach 
the amine cation R,NHC from only one direction, 
forming the ion pair R3hTHfX- with the hydrogen 
atom bound strongly to  the negative ion. Water 
01 hydration tends to raise thc frcqucncy and lower 
the intensity of the absorption (2). 

Two of thc important oxidation products of 
phenothiazines are the sulfoxide and sulfonc. The 
presence or absence of these may be determined 
by examining the spectra for S=O and SO2 bands. 
The single S=O band occurs a t  1000 cm.-' ( f 2 0 ) .  
The --SO2 asymmetric stretching band occurs a t  
1250-1300 crn.-l and the symmetric stretching 
band a t  1140-1160 cm.-'. All exhibit strong ab- 
sorption bands. 
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oxide decomposition products i s  easily ascertained 
by examining thc ultraviolet spectrum. The spec- 
trum of sulforie or sulfnside is quite different and 
easily detected (Fig. 7 ) .  

Nuclear Magnetic Resonance.-For NMR study 
(Figs. 8-13) and correlations the phenothiazine 
spcctra can be separated into 5 groups: 4 groups 
according to the type of sidc chain on the nitrogen 
in the 10-position, a fifth group consisting of the 
oxidation products (sulfone and sulfoxide). The 
groups to  be considered are: ( A )  those having an 
aliphatic side chain with no heterocyclic ring; 
( B )  those having a side chain containing a piper- 
azine ring; (C) those having a side chain containing 
a piperidine ring; (D) those containing a pyrrolidine 
ring; and ( E )  oxidized phenothiazincs. 

Group ,4 .-All of the compounds belonging to 
group 4 have features in common. 811 contain 
an N,N-dimcthyl group, all have a CH2 group at- 
tached to  the 10-position of the phenothiazine ring, 
and, of course, all contain aromatic protons from 
the phenothiazine nucleus itself. It is, therefore, 
not surprising that  their NMR spectra are similar in 
many respects, and have characteristic absorbance 
bands unique to tbeir general group. The N,N-  
dimethyl group is found a t  131 C.P.S. for thc com- 
pounds with straight chain arnines and at 138 
C.P.S. in the case of branched chain amines. The 
position of the branched chain arninc is influenced 
by its proximity to the ring N. The CII, group on 

! I 
I 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(6) 

Fig. 10.-NMR spectra 9-12. 
PPM(T) 

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

Ultraviolet Spectra.--The ultraviolet spectra of 
the phenothiazines are characteristic both in wave- 
length and in intensity. Two peaks are observed, 
the first and most intense in the range 250-265 nip 
and the second in the range 300-325 mp. The 
exact location of the peaks in both regions is de- 
pendent upon the nature of the group in the 2- 
position. Halogen substituents such as chloro- or 
trifluoroniethyl appear to exert a slight influence 
in the form of small bathochromic shifts of 2-4 nip 
on the more intense peak in the 250-265-mp region. 
The trifluoro effects a slightly stronger shift than 
the chloro analog. It has been further rioted that 
the alkyl side chain containing an amine group 
causes slight shifts in the peak locations, and the 
amount of shift is related to the length of the side 
chain, which is to say the proximity of the aminc 
group to phenothiazine nucleus. The amine group 
has been found to exert a slight influcnce even when 
located a t  the end of a 4-carbon chain. 

Phenothiazincs with a carbonyl group in the 2- 
position are exceptions to  the general rule regarding 
location of the 3 ultraviolet peaks. This type of 
phenothiazine exhibits strong absorption peaks in 
the range 240-245 m p  and 275-285 mp. 

BcCdUSe of the distinctive ultraviolet spectrum 
and the intense absorption detectable a t  low con- 
centrations (0.015 tng./ml.), i t  is possible to  make a 
qualitative determination quickly and with a 
minimum amount of sample. 

The presence or absence of the sulfone and sulf- 

I 

~ _ -  - I 1, r . -"- 
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

PPM(6) 
Fig. 11.-NMK spcctra 13-16. 
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the nitrogen atom in the 10-position is found to be a 
triplet a t  232 f 3 c.p.s. for straight chain amines 
and in thc same area but with more splitting in the 
case of branched chain arnincs duc to  the increased 
number of adjacent protons. All of the pheno- 
thiazine spectra show a complex pattern for the 
aromatic protons in the area 400-440 c.p.s. (3). 

Group B.-Phenothiazines having a piperazine 
ring in their side chain have coninion features 
attributable to their specific group which distinguish 
them from other phenothiazines. The 8 protons 
in the piperazine ring being equivalent are found 
as a singlc peak at 146 f 2 c.p.s. This is the 
strongest peak and thc dominant feature of a 
phcnothiazine in this group. The CHZ attachcd to  
the N in the 10-position is found at 234 f 4 C.P.S. 
I n  those piperazine derivatives whcrc the piperazine 
ring is attached directly to a CHn in the chain (6 
of the 9 shown) the CHz adjacent to the piperazine 
is located at 215 C.P.S. The cornplcx aromatic 
pattern is located a t  400-450 C.P.S. 

Group C.-The plienotliiazines containing a 
piperidine group in thc side chain have chemical 
shifts due to  the piperidine ring in the range 90-.130 
c.P.s., depending on the position and nature of the 
substitutent. The CH2 attached to  the iY at  the 
10-position is again found at 235 c.p.s. with 1 ex- 
ception, where the CH2 is the only link between the 
N and the piperidine ring. In this case the CIIZ 
is a doublet located at 220 and 227 C.P.S. The 
aromatic pattern is found a t  400-450 c.p.s. 

Group D.-.The group containing a pyrrolidine 
ring shows a chcmical shift in the range of 100-180 
C.P.S. due to  the substitution on the ring, The 
CHz which links the N a t  10-position and the 
pyrrolidine ring is a doublet a t  224 and 231 C.P.S. 

Group E.-This group contains the sulfoxide 
and sulfone of chlorpromdzine. The effcct of the 
introduction of oxygen into the systcm is an in- 
crease in chemical shift as compared with chlor- 
promazinc. The N(CH3)Z is shifted 4-6 C.P.S. to 
135-137 C.P.S. The CHI in position 10 is shifted 
to 254-256 C.P.S. and the aromatic protons show 
additional splitting and shift to  490 c.p.s. 

SUMMARY 

Infrared, ultraviolct, and nuclear magnetic 
resonance spectral data of phenothiazine compounds 
have been presented and corrclatcd. On the basis 
of the information presented here, it is possible to  
make a rapid identification with a minimum amount 
of sample of any of the commercially available 
phenothiazines used in phannaceutical preparations. 

REFERENCES 

PPM(r) 
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

~- ___- - --- 
~ 

- 1 -  
- 

- I  " 

I 
1 

I I  

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(6) 

Fig. 12.--NMR spectra 17-20. 

PPM(r) 
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

1 
I, 
! I 

' -'I 
I i 

i 
- +  __ ~ _ - - I  ~ I '  I ___ i_~ _ _  ~ - - _ I  

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(8) 

Fig. 13.-NMR spectra 21-23. 

(l),Bellamy, T,. J . ,  "Infrared Spectra of Complex Mole 
cules, 2nd ed., John Wiley & Sons, New York, N. Y . ,  1958. 

( 2 )  Warren, R. J.. Thompson, W. E., and Zai-embo, J. R., 
J. Pharm. S c i . ,  54, 1554(1965). 

(3) Craig, J. C., Green, D. E.. and Roy, S. K., J. M u d .  
Chem., 8, 392-395(1965). 



Drug Absorption from the Rectum I1 
Rates of Absorption and Elimination from 
the Blood for Various Suppository Bases 

By JOSEPH F. BORZELLECA and WERNER LOWENTHAL 

To facilitate the calculations involved in Teorell’s equation No. 2 5 ,  a program in 
Fortran with Format was used in the IBM 1410 digital computer system. Using 
plasma salicylate levels, the rates of drug absorption and elimination from the blood 
and the specific apparent body volumes were determined for salicylic acid and sodium 
salicylate administered in 4 different suppository bases. The rate of absorption for 
sodium salicylate was found to be greater than that for salicylic acid except for poly- 
oxyethylene sorbitan monostearate base. The rates of elimination from the blood 
for the 2 drug forms do not vary significantly. The specific apparent volumes for 
salicylic acid were less than that for the sodium salt, suggesting a lesser degree o; 
storage for the acid form. Since Teorell’s equation assumes apparent first-order 
rates of absorption and elimination from the blood, and this equation describes the 
data presented, this suggests that salicylic acid and its sodium salt are absorbed into 
the blood from the 4 bases tested and eliminated from the blood by apparent first- 
order kinetics. Two sets of data from the literature were also analyzed, and con- 
stants for 2 other sets could not be computed because of limitations on the computer. 

ARRETT et al. (1) used an analog computer G to solve a four-factor linear homogeneous 
equation of cxponentials to explain the disap- 
pearance of “Ca from the blood. These authors 
(2,) then programmed a distributive model on the 
analog computer to determine rate constants. 

Riegelman and Crowell (3) using a mathemati- 
cal solution for radial diffusion, derived equations 
to explain the absorption of radioactive corn- 
pounds from the rectum. From the data col- 
lected on rats using solutions of 1311 compounds 
(NaI, CHIS, and triiodophenol), thc authors 
derived an equation which in its simplified form 
is : 

log N - N,/No - Nf = - k t  (Eq. 1) 

where 
N 
N ,  = the dose detected at the end of the cx- 

periment, 
A’,, = the total dose administered, and k was 

characterized as a pseudo iirst-order cotl- 
stant wliicli included the diffusion coef- 
ficient, absorption constant, and any differ- 
ences duc to formulation. 

No rate constants to  characterize absorption 
through the rectal membrane: drug disappearance 
rate from the blood, or rates of elimination were 
determined. 

Teorell (4) originally derived a general equation 

= the  dose detected at time t ,  
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(equation No. 2 5 )  on a theoretical basis to de- 
scribe the absorption and elimination of drugs 
administered by routes other than the intra- 
venous. This equation involves 5 variables, 2 of 
which can be determined experimentally, and 3 
are unknown. Recause of the dificulty in solv- 
ing this equation, it has been used only rarely. 
This could explain why much of the recent work 
concerned with the kinetics of drug absorption, 
distribution, and excretion has resulted in deri- 
vation of specific equations with limited ap- 
plication. However, the availability of com- 
puters makes solving the equation of Teorell a 
less formidable task. 

Recently, Wiegand and Sanders ( 5 ) ,  using blood 
levels determined for 2 drugs given orally as 
solutions to dogs, or aspirin tabkts administered 
to humans, solved Teorell’s equation with a digital 
computer. A program in Fortran without For- 
mat was written to solve the equation for absorp- 
tion rate constant, drug elimination rate constant 
from the blood, and specific apparent body 
volume. 

It is the purpose of this paper to apply the 
equation and a modification of the program pre- 
sented by* Wiegand and Sanders ( 5 )  to sup- 
pository dosage form, and to show that Teorell’s 
equation combined with computer technology 
has wide application. 

RESULTS AND DISCUSSION 

In the work rcported here, the program in Fortran 
without Format was modified to Fortran with 
Format for use in the  IBM 1410 digital computer 
system. The explanation of the various steps 
were discussed by Wiegand and Sanders (5). By 
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TABLE  COMPUTER CALCULATED CONSTANTS FOR DATA PRESENTED BY LOWENTHAL AND BORZELLECA (6) 

Suppository Rase 
aud Druga k a  + (S.E.)' kd 5~ (S.E.) V d  f (S.E.) 

Cocoa butter SA 1.275 (0.487) 0.0293(0.0531) 0.542(0.108) 
Cocoa butter NaS 2.199 (0.377) -0.0368 (0.0115) 0.814(0.052) 
PEG SA 1.045(0.105) -0.0080(0.0132) 0.697(0.038) 
PEG NaS 1.970 (0.376) 0.0340 (0.0172) 3.342(0.269) 
S-55 SA 0.812 (0.166) 0.0564(0.0341) 0.359 (0.047) 
5-55 NaS 1.245 (0.195) 0.0318 (0.0160) 0.851 (0.067) 
PSMS S A  0.927(0.324) 0.0607(0.0585) 0.484(0.103) 
PSMS NaS 0.352 (0.530) 0.210 (0.351) 1.211 (1.653) 

a PEG is polyethylenc glycol mixture, S-55 is a synthetic mixture of glycerides; PSMS is polyoxyethylene sorbitan mono- 
S.E., stearate. 

standard error. 
SA is salicylic acid and NaS is sodium salicylate. Reference 6 gives a complete description of the bases. 

use of the computer program, plasma, serum, or 
blood drug levels can be used to determine ab- 
sorption rate constants, drug disappearance rate 
constants from the blood, and specific apparent 
body volumes. 

The equation to be fitted to the plasma concen- 
tration data is: 

where 

a0 = the drug dose in rng./Kg., 
C = the plasma, serum, or blood drug con- 

centration in mcg./ml., 
t = time in hours, 
k, = the apparent first-order absorption rate 

constant in hr.-l, 
k d  = the apparent first-order drug disappearance 

rate constant from the blood in hr.-l, and 
v d  = the specific apparent volume of drug dis- 

tribution in L./Kg. 

The plasma salicylatc levels presented in our 
previous communication (6) were averaged and 
used to determine k,, k d ,  and V d .  The use of 
averages has been shown to be an acceptable pro- 
cedure (5). The initial estimates for k,, kd, and 
V d ,  required as input data, were those determined 
by Wiegand and Sanders (5) for aspirin tablets, 
and were 
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1.55, 0.209, and 0.144, respectively. For 
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TIME, min. 

Fig. 1.-Plasma salicylate levels from salicylic 
acid in cocoa butter suppository base. Key: 0, 
experimental points; - , theoretical curve. 

sodium salicylate in PSMS base, using the data 
averaged for the 6 dogs, constants could not be 
calculated even after several attempts using various 
estimates of k,, k d ,  and v d .  Thc plasma Ievds of 
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Fig. 3.-Plasma salicylate levels from sodium 
salicylate in PEG suppository base (bottom) 
and from salicylic acid in PEG suppository base 
(top). Key: 0, experimental points; -, theo- 
rehcal curves. 
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0 30 60 120 180 240 300 360 
TIME, min. 

Fig. 4.- Plasma salicylate levels from salicylic 
acid in S-55 suppository base. Kcy: 0, experi- 
mental points; - , theoretical curve. 

0 1 ' '  ' ' ' ' ' ' ' 
0 30 60 120 180 240 300 360 420 480 

TIME, min. 

Fig. 5.- Plasma salicylate levels from sodium 
salicylate in S-55 suppository basc. Key: 0, cx- 
perimental points; -, theoretical curve. 

1 of the dogs were abnormally high when compared 
to the other 5 dogs. Constants were readily ob- 
tained using the averages obtained from 5 dogs. 
Thc calculatcd constants arc given in Table I. 
Figures 1-6 show the curves for the calculated 
equation and the cxperimental data used. 

Very few communications give 6 or more blood 
level concentrations with time data, so that  dem- 
onstration of the usefulnes of this equation and 
program is made more difficult. Blume and Nohara 

014 I , , , I I , I 

0 30 60 120 180 240 300 360 420 480 
TIME, min. 

Fig. 6.- Plasma. salicylate levels from salicylic 
acid (0) and sodium salicylate (0) in PSMS sup- 
pository base. Key: -, theoretical curves. 

(7) gave sodium salicylate solutions orally and 
rectally to rabbits and determined plasma salicylatc 
levels. From their data the constants were calcu- 
lated and are shown in Table 11; equation and data 
are plotted in Fig. 7. The same estimates for k,, 
ka ,  and V d  as listed above were used. Fincher 
et al. (8) administered orally to dogs capsules con- 
taining 3 different particle size distributions of sul- 
fisoxazole. The drug in experiment A had an 
average diameter of 1.7 p ;  in experiment B ,  37 p, 
and experiment C, 95 p. The constants calculated 
from these data are shown in Table I1 and the 
equations and data plotted in Fig. 8. The estimates 
of ka, k d ,  and Vd used were 2.30, 0.254, and 3.74, 
respectively. The data from Swintosky et al. (9), 
and Walkenstein et al. (10) had suf-ficient number of 
observations and appear to  follow Eq. 2. The 
computer was not able to calculate the constants 
because i t  was unable to  handle power functions 
greater than 99. In the power function ck', when 
t becomes large, k does not have to be very large for 
e to be rdkcd to thc 99th power. 

In the previous communication (6),  i t  was re- 
ported that salicylic acid resulted in highcr plasma 
levels than the sodium salt, but i t  can be seen from 
the constants listed in Table I that the salicylic acid 
is absorbed a t  a slower rate, except in the case of 
PSMS base. The rates of elimination from thc 
blood for the 2 forms do not vary significantly. 
The specific apparent volume for salicylic acid was 
less than that for the sodium salt, suggesting a 

TABLE II.-COMPUTER CALCULATED COXSTANTS FOR DATA PRESENTED IN TIIE LITERATURE 

Source 
and Ref. kn f (S.E.la kd * (S.E.) v d  (S.E.) 

(7), Oral 
(7), Rectal 
(S), Expt. A 
(S), Expt. B 
(8), Expt. C 

5.930 (2.371) 
2.767(0.741) 
0.709 (0.143) 
0.686(0.209) 

0.0965 (0.0307) 
0.179 (0.044) 
0.262 (0.048) 
0.165 (0.046) 
0.0493 (0.0249) 

134.004 (10.972) 
101.643 (10.234) 
0.598 (0.086) 
0.879 (0.172) 

(L S.E.. standard error. 
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1.0 t 0 0 

0 
0 30 60 90 1 ~ 0  180 240 300 360 4 ~ 0  480 

TIME, min. 

Fig. 7.-Plasma salicylate levels from sodium 
salicylate solutions (7). Key: 0,  oral admiuistra- 
tion; 0 ,  rectal administration; -, theoretical 
curve. 

lesser degree of storage for the acid form. This 
may be due to the slower rate of absorption resulting 
in less time for storage before excretion. The 
negative elimination rates obtaincd with sodium 
salicylatc in cocoa butter and salicylic acid in PEG 
base indicate that the plasma levels were still rising 
at the time the experiment was stopped. 

Equdtlon 2 assumes apparent first-order rates of 
drug absorption and elimination from the blood. 
This equation dc'scribes the data presented, sug- 
gesting that salicylic acid and the sodium salt are 
absorbcd into the blood from the 4 bases tested 
and eliminated from the blood by apparent first- 
order kinetics. 

The constants prcsented in Table I1 indicate 
that sodium salicylate was absorbed at a faster 
Ydte orally than rectally, and eliminated from the 
blood at a slower rate. The large V d  indicates a 
large amount of the drug is stored in tissue. The 
constants calculated from the data of Fincher et al. 
( 8 )  show that as average particle diameter increases 
there is a slight and probably nonsignificant de- 
crease in rate of absorption, a decrcase in ratc of 

60 120 240 360 480 600 720 
TIME, min. 

Fig. 8,--Plas11ia sulfonarnide levels from oral 
administration of sulfisoxazole capsules (8). Key : 
0, capsule A ;  0,  capsule B ;  A, capsule C; - and 
- - -, theoretical curves. 

elimination from the blood, and an increase in 
spccific apparent body volume. 
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Gas Chromatographic Determination of Codeine 
in Serum and Urine 

By EMANUEL SCHMERZLER, WILLIAM YU,  M. I. HEWITT, 
and I. J. GREENBLATT 

A method for gas chromatographic detection 
of codeine in serum is described. An ap- 
plication to a clinical drug evaluation study 
is given. A method for simultaneous detec- 
tion of free and total codeine and its metabo- 
lites, norcodeine and morphine, in urine is 

also presented. 

SE OF GAS-LIQUID chromatography as  a 
means of comparing serum levels in subjects 

receiving oral codeine dosages has been inves- 
tigated. Although an efficient SEBO column 
enabled detection of nanogram quantities, 
codeine was not resolved from norcodeine on 
this nonpolar phase, as previously reported by 
Anders and Manneririg ( I ) .  Elliot et uZ. (2) 
used the acetates formed inside the column (1) 
to detect higher levels present in urine of narcotic 
addicts. The authors found small interfering 
peaks present in blanks which precluded the 
use of codeine acetate for reliable quantification 
of low levels present in serum. However, there 
is a great difference in reaction rate between 
codeine and norcodeine under mild acetylation 
conditions. This was used to  remove norcodeine 
before injection on SE30 columns. The specifi- 
city and accuracy of the results were checked, 
using an XE6O column on which free codeine 
and norcodeine are well resolved. 

,4 method for the estimation of codeine and its 
metabolites in urine is also described. 

METHODS 

Codeine in Serum or Urine.-To 2.5 ml. of serum 
or urinc in a 15-ml. glass-stoppered conical centri- 
fuge tuhe is added 9 ml. of 10% butanol in freshly 
distilled chloroform (3). The tuhe is hand shaken 
5 sec. Then 0.12 rnl. of 16 N KOH is added (0.05 
ml. for urine). Again mix by hand 5 sec., then 
mechanically shake in 10 rnin. After centrifuging, 
the aqueous scrum and jell layers are aspirated. 
If jell formation is excessive, the aqueous layer 
is aspirated and the jell broken by vigorous reshaking 
before recentrifuging. A 7-ml. aliquot of the organic 
layer is transferred to  a clean centrifuge tube. 
Care must bc taken not to transfer any of the 
strongly basic aqueous layer. A quantity of 1.5 
ml. of 0.01 N HnS04 is added. Shake 10 inin. 

Received October 7,  196.5, from the Recearch Laboratories 
in Phainiacology and Toxicology, The Brookdale Hospital 
Center, Brooklyn. N. Y 

Accepted for publication November 16, 196.5. 

Mechanical shaking for 3 niin. is followed by cen- 
trifuging and transfer of thc acid layer to a new 
15-1n1. tube. Quantities of 0.04 nil. of 16 N KOH 
and 8 ml. of distilled chloroform are added. Shake 
10 min. After centrifuging, remove the aqueous 
layer. Dry the chloroform extract with anhydrous 
sodium sulfate. Evaporate to dryness with a 
stream of nitrogcn at  60' in 2-ml. conical centrifuge 
tubes. Twenty microliters (50 PI. for urine) of an 
internal standard solution, 0.1 mg./ml. of cholesterol 
acetate in ethyl acetate, is added just prior to in- 
jection of 2 p1. of this rnixturc. 

On SE 30, codeine and norcodeine are not re- 
solved and pcaks observed rcpresent any contribu- 
tions from either compound. To determine codeine 
alone, a trace amount of acetic anhydride is added 

Fig. 1.--Korcodeine removal technique (SE30). 
Key: ( la)  codeine; ( I  b) codeine injected 30 sec. after 
mild acetylation; ( lc)  codeine after acetylating 3 
hr. a t  60" with pyridine catalyst; ( Id)  norcodeine; 
( le)  norcodeine after 30 sec. acetylation; and ( I f )  
norcodeine after 3 hr. acetylation. Note the re- 
tention time of codeinc = norcodeine = 2 niin. 

T A n L E   RETENTION OF RESINATED AND NON- 
RESINATED PREPARATION s 

~~ 

XE60 SE30 

Rcteution Times mm. min. 
(2400) (24.00) 

Codeine 2 . 2  2 . 0  
Norcodcine 2 . 8  2.0 
Codeine acetate 2 . 8  2 . 6  
Morphine diacetate 5.1 3.4 
Norcodeine-N-acetamide 16.0 5 .0  
Norcodeine-N-acetamide- 

&acetate 19.0 6 .8  
Cholesterol acetate 6 .7  16.0 
Cholestdne 1 .6  5 .6  
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TABLE 11.-TOTAL CODEIXE AND NORCOUEINE, RELA~IVE UNITS (SE30) 
- ~ ~ ~ ~ ~ ~ _ _ _ _ _  . ~ ~ ~ _ _ _ _ ~ _ _ _ _ _  

Subject 
and Age 2 5 7 9 11 2 5 7 9 11 

-- 15 mz. Kesinated Codeine Time, hr,-- -15 mg. Nonresinated Codeine Time, hi-.-. 

A ,  37 3 . 6  1.6 0 . 5  0 . 3  0 . 1  1 .4  1 . 6  0 . 5  0.4 0 . 2  u,  21 6 . 4  3 .6  2.4 0 . 4  0 . 1  6 . 4  4 . 4  3 . 6  2 .0  0 . 4  c, 23 0 . 8  5.0 1 .2  0 . 6  0 . 4  3 .2  2 .0  1 . 6  0 . 4  0 . 1  
L ) ,  24 4 .8  1 . 6  0 . 5  0 . 5  0 . 3  5.6 1.2 0 . 5  0 . 2  0 . 1  
E ,  SG 5 . 2  2 . 7  0 . 9  0 .6  0 . 1  4 . 8  4 .0  1 . 9  1.0 0 . 6  

AV. 4 . 2  2 . 9  1.1 0.5 0.2 4 . 3  2.6  1 . 6  0.9 0 . 3  
- 

TABLE III.-SERURI CODEINE (mcg./100 ni l . )  AFTER NORCODEISE REMOVAL O N  SE30 
-~ 

~~ -~ - 

Codeine 
--Time, hi-.-- --Time, h,-.-- 

Suhject Medication 2 5 Subject Medication 2 5 
B Kesiiiated 2 . 8  1 . 2  B Nonresinated 3 . 3  2 . 2  
E Kesinated 3 . 6  1.2  E Nonresinated 2 .6  1 . 3  

TABLE IV.-SERTJM CODEINE (mcg./100 nil.) O N  XE60 

Codeine 

B Resinated 3 . 6  1.2 0 . 1  B Konresinated 3 ,  6 2 . 8  0 . 4  

~ ~~~~ ~~ . 
~ 

,--Time, hr. --- Timc, hr.- --- 
Subject Medication 2 5 9 Subject Medication 2 5 9 

( I  pl. of a 1/50 solution of acetic anhydride in 
ethyl acetate for serum or 1/10 for urine). The 
mixture is stirred and 2 pl. injected into the chro- 
matograph within 30 sec. (Fig. I ) .  Norcodeine 
may be estimated by difference if an injection 
before acctylation is made first. Suitable standards 
and blanks are included with each analysis. 

On XE60 the 2 alkaloids are resolved as free 
compounds, and acetylation is unnecessary. 

Codeine and Metabolites in Urine.-Three niilli- 
liters of urinc is brought to pH 9 with 0.3 Gm. of 
sodium bicarbonate and 0.3 nil. of 10 N sodium 
hydroxide. Nine millilitcrs of lo?& butanol in 
chloroform is added and, at this point, the pro- 
cedure continues as described above through the 
extraction a t  pH 2 into dilute sulfuric acid. The 
acid layer is adjusted to pH 13 with 0.05 nil. of 10 N 
sodium hydroxide. Codeine and norcodeine arc 
extracted into 8 ml. of distilled chlorolorm. The 
aqueous layer containing morphine sulfate is com- 
pletely trarisrerred to another tube, adjusted to pH 
9 with 0.2 Gm. of sodium bicarbonate and extracted 
10 min. with 8 ml. of chloroform containing ly0 
ethanol. Aftcr centrifuging, the aqueous layer is 
discarded. Both organic layers are dried with 
anhydrous sodium sulfate and evaporated to dryness 
under nitrogen at GO' it1 2-1111. centrifuge tubes. The 
codeine and norcodeine may be chromatographed 
by dissolving the extract in 50 pl. of internal stand- 
ard solution and injecting 2 pl. on the XEBO column. 

Free tnorphine tails excessively on XE60 or SE30 
and must be acetylated completely to chromatograph 
well. Acetylation of the pH 9 extract containing 
free morphine is carried out by adding 0.1 1111. of a 
mixture of acetic auhydride, pyridine, and ethyl 
acctate (1: 1 : 1) and warming about 2 lir. a t  60". 
The solution is evaporated to  dryness and dissolved 
in -50 p l .  of internal standard solution. 

Total codeint., norcodeine, arid morphine are 
obtained by first hydrolyzing with acid. Concen- 
trated HC1 (1076 by volume) is added to 3 ml. of 
urine and the sample placed in a boiling water 

bath for 1 hr. (4) .  As a check, or if the presence 
of occasional interfering compounds compel it, the 
codeine and norcodeine in the pH 13 cxtract may be 
completely acetylated as for morphine. 

Gas chromatographic data were obtained on a 
Jarrel-Ash instrument model 28-710. 

SE30 column: 6-ft., 4-flml. i d ,  silanized glass 
column with 57, (w/w) SE30 on acid washed 80/100 
mesh Gas-Chrom P. Temperatures : injector, 
260"; detector, 260'; column, 240". Nitrogen 
carrier flow rate = 70 ml./min. measured at room 
temperature. Theoretical plates = 1600. 

XE60 column: 4 ft., 4-mm. i.d., silanized glass 
column with 4% (w/w)XE60 on acid washed 90/100 
mesh Anakrom A. Tempcratures: injector, 260"; 
detector, 260"; column, 240'. Nitrogen flow = 

70 ml./min. measured at room temperature. Theo- 
retical plates = 1500. 

The liquid phases were applied by filtration 
technique (5). 

RESULTS 

The objective was to  determine if a 15-rng. 
resinatcd oral codeine preparation' would show 
either slower absorption or last longer in human 
blood when cornpared with a nonresinated codeinc 
preparation of the same composition exccpt for 
absence of resin complexing. Five healthy inale 
volunteers wcrc tested. After 10 days, those in- 
dividuals who received the resinatcd material then 
received the nonresinated material in the same 
dosage and vice versa. 

All  10 blood series were examined for total (un- 
resolved) codeine and norcodeine values oil an SEYO 
column. The peaks were calculated, arbitrarily, 
usitix codeine standards in tnirrograms per 100 ml. 
of scrum. In 'Table 11, these results are recorded 

1 :;t,ional which contains 15 mg. o f  cndeine base a s  cation 
exchar<ge resin complex, 10 mg. of rnethaqualon 
exchange resin complex. 162 mg. of acetylsalicylic 
Strioual was supplied by the Strasenbut gh Laboi-atories, 
Kochester, N. Y. 

(Table I.) 

~~ 
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TABLE \'.~- U R I N A R Y  CODEINE,  NORCODEINE, AND MORPIIINE O S  XE60 (SUBJECT I )  ___~ 
-- 

.--- Codeine -- --Norcodeine--. ---Morphine. ~ - 
Time, hr-. Vol. pH Pree Total Free Total Free Total 

tncg./100 ml. nicg./lOO ml. inrg./100 ml. 
4 35 7 40 70 70 170 5 40 
11 320 7 .5  30 90 75 330 20 101) 

Fig. 2.-Shows hydrolyzed (FV, subject I )  urine 
extracted at  pH 13 for total codeine (C) and nor- 
codeine ( N ) .  Cholcsterol acetate = internal stand- 
ard (I. s.). Key: (2a) control; (2b) 4 hr. after 
ingestion of resinatcd codeine; (Zc )  11 hr.; (2d) 

recovery. (XI360 ) 

in relative units. Thc averages obtained using 
resinatcd or nonresinated preparations are about 
the same. Thc specific determination of codeine 
at  key time periods was made in 2 of the individuals 
( B  and E )  by the technique of norcodeine removal 
on SE30 (Table 111). In one case values for free 
codeine were also checkcd on an XE60 column 
(Table IV).  Codeine levels for these individuals 
show the same essential hourly pattern as for the 
combined alkaloids. In all methods, results were 
rcad from standard curves, since these wcre not 
quite linear a t  scrum lcvels. Recoveries of added 
codeine ranged from ?O-l4O7, and averaged 1057,. 

Codeine Metabolites in Urine.-The method for 
codeine and metabolites was used to  study the 
urine of a female paticnt (Table V). After 11 hr., 
thc conjugated forms of all 3 alkaloids are present 
in greater concentrations than at  4 hr. Figurc 2 
shows chromatograph for total codeine and  norco- 
tieine in this individual. 

Thc urines oi4 patients receiving resinated codeine 
and 1 paticnt receiving free oral codeine preparation 
wcrc examined after 3.5 hr. by norcodcine removal 

T A B L E  V I . - u R I N A R Y  C O D E I N E  A S D  NOKCODEINE 
n y  NORCODEINE REMOVAL TECHSIQUE ON SE30 

r 

Nor 

Suhjecl htedication rnl. ml. 

Codeine, code i~ ie ,~  
mcg./100 mce./100 

P Resinated 570 70 
G Resinated 1 GO 90 
II Resinated 220 70 
I Resinated 30 6 5 
J Nonrcs- 260 100 

inated 

Calculated using standards made by dissolving authentic 
norcodeine in chlnr-ofoi-m. Results hased on norcodcine 
salts carried through extraction procedure give results about 
10 times greater. 

techniquc on SE30. The data presented in Tahlc 
VI indicate wide variations in the ratio of_codeine 
to norcodeine. 

SUMMARY 

Methods arc presented for gas chromatographic 
analysis of codeine in serum and its metabolites in 
urine. In  a comparison of 2 oral codeine prepara- 
tions, no significant diflererice in serum levels be- 
tween rcsinated and nonresinated codcinc was found. 
Over-all precision of the methods average 100 =t 
20'5 in serum with better precision a t  the higher 
levels in urine. 
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Toxicology of a Series of Phthalate Esters 
By DAVID CALLEY, JOHN AUTIAN, and WALLACE L. GUESS 

Certain types of plastic materials require the addition of appreciable quantities of 
plasticizers to impart specific physical-chemical properties to the final item. Pres- 
ently, many vinyl devices used with drug products may contain plasticizers of the 
phthalate type. For this reason, a series of phthalic acid esters were evaluated for 
parenteral toxicity including LDba values and hexobarbital narcosis. Experiments 
utilized in the study also included i.p. injections in mice for acute toxicity profiles, 
i.v. administration in rabbits for blood pressure and respiration effects, and intra- 
dermal injections into rabbits for irritation effects. A further study was conducted 
to note what effects repeated i.p. doses of the phthalates would have o n  mice over a 
period of time, examining the effects on  organs, weight gain, and the blood. Finally, 
tissue culture experiments were conducted to attempt to correlate certain of the toxicity 
manifestations. The most salient feature of the toxicity of these compounds was 
the central depression on  the animals and the rather low order of toxicity by the 

parenteral route of administration. 

plastic materials (e.g., polyvinyl 

preciable quantity of plasticizers to  impart specific 
physicocheniical and mechanical properties. In 
medical practice, these materials are used as 
hap ,  tubings, vehicles for administration, and 
coYe4on or storage devices. A high degree of 
safe+.y must be established and maintained in 
orJcr to prevent any adverse effect when and if 
an iqredient  from the plastic device migrates 
into a parenterally administered product. Pre- 
vious reports from this laboratory have indicated 
that ccrtain plastic devices used rnedically can re- 
lease one or more ingredients into tissue or solvent 
systems (1-3). Furthermore, these "migrated" 
ingredients, when in sufficient concentrations, can 
elicit definite pharmacological responses. One 
study by Guess, Autian, and Meyers (4) demon- 
strated that  a group of citric acid esters used as 
plasticizers for vinyl formulations produced defi- 
nite toxicological effects when administercd by 
parenteral routes. These same compounds, 1iou.- 
ever, were extremely safe even in large quantities 
when administered orally to animals. 

Presently, orieof theiriostcominonlyused jiroups 
of plasticizers is the phthalic acid esters. These 
and related compounds generally have low volatil- 
ity (j), low water solubility ((i). some degree of 
absorption through the skin, and toxicity when 
takcn into the body by the inhalation of vapors or 
by the oral ronte (7-0). Little information, 
however, is available as  to  the degree of toxicity 
or modes of actions of the phthalic acid estcrs 
when they arc introduced parenterally (10, 11). 
This paper reports a series of biological experi- 
ments in which 8 of the esters were evaluated as 

C""'"IN chloride) require the introduction of an ap-  
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to  parenteral toxicity t o  mice and rabbits and in 
vifro toxicity to  cell cultures 

EXPERIMENTAL 

Materials 
Dirncthyl phthalate, dicthyl phthalate, dibutyl 

phthalate, di-isobutyl phthalate, di-(methoxy- 
ethyl) phthalatc (Eastrnan Chemical Products, 
Inc.), butyl benzyl phthalate (Monsanto Chemical 
Co.), di-( 2-ethylhcxyl) phthalate (Eastrnan Chem- 
ical Products, Inc.), and dicdpryl phthalate (Har- 
chem Division, Wallace & Tiernan, Inc.). 

All of the compounds were commercial products. 
Thin-layer chromatography and infrared analysis 
demonstrated that each of the samples had a rela- 
tively high degree of purity. 

Methods 
Acute Toxicity.-LDjo Detcrminutions.-These 

were conducted according to the method and tables 
described by Thompson and Weil (12) and Weil 
(13). Each phthalate was administered intra- 
peritoneally in Swiss Webster white mice of uniform 
wcight and agc in 4 dosage levels ranging from 0.5 
Gm./Kg. to 16 Gm./Kg. Dosage levels were 
spaccd in geometric progression, increasing by a 
factor of 2. 

E,ffect of Phthalate on Hexoharhital Narcosis.- 
This study was conducted to measure acute CNS 
stimulation or depression following sublethal intra- 
peritoneal administration of emulsified phthalates. 
Groups of 10 white micc weighing 14 to 20 Gm. were 
administered 500-mg./Kg. doses of the phthalate 
esters and, after an interval of 30 tnin., injected 
i.p. with 60 tng./Kg. of sodium hexobarbital. A 
control group of 10 mice received an equivalent 
volume of 37:: acacia in placc of thc phthalate. 

Rubhit Intradermal Irritation Tests.- Phthalate 
emulsions in concentration of 100 mg,/ml. were in- 
jected 0.2 ml. intradermally into thc cleanly shavcn 
backs of rabbits. Inflammatory response at the 
injection site was measured by injection of 1 ml./Kg. 
of 19; trypan blue into the marginal ear vein after 
an interval of 15 rnin. (14, 15). 

Acute Intvavenous To'oricity.-Effects of phthatdte 
emulsions on rabbit blood pressure, respiration 
rate, electrocardiogram pattern, and electroenceph- 
alogram pattcrn were rccorded on the Grass Poly- 
graph. Rabbits were anesthetized with approxi- 
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mately 33 mg./Kg. of sodium pentobarbital. 
Phthalates were emulsified in buffered 39% acacia 
solution and administered in rcpcatcd doses of 50 
mg./Kg. through thc cannulated external jugular 
vein directly into the heart. Blood pressure 
changes were recorded via the cannulated common 
carotid artery with the Statham transducer. Re- 
spiratory changcs were determined from the cannu- 
lated trachea cotinected to a low pressure transducer 
(model PT 5A) through the Grass recorder. The 
EEG was taken using occipital leads, and the EKG 
taken from lcads inserted subderrnally in the limbs 
and chest. Two rabbits receiving only 3% acacia 
in equivalent volumes served as controls for record 
comparison. 

Tissue Culture.-Toxicity of the phthalates to  
strain L 929 mouse fibroblast cells and to chick 
embryo cells was tested according to a method 
developed in our laboratory (16). Porous pads 
were wet with 0.05 nil. of a 50 mg./ml. emulsion of 
phthalates. The pads wcre placed on the surface 
,of the agar and the cultures observed over a 48-hr. 
period for appearancc of cell mortality. 

Subacute Toxicity Studies.-These studics were 
conducted using 4 phthalic acid esters: diethyl, 
di-(methoxyethyl),, butyl benzyl. arid di-(2-ethyl- 
hexyl). From 20 to 30 white mice of uniform 
initial weight and age were injected daily with an 
cmulsion of each phthalate for a period of 6 weeks. 
Dosage levels ranged from 125 mg./Kg. to 500 
mg./Kg., depending on the toxicity or tolerance 
level for each. Weight gains were recorded weekly. 
Organ-to-body weight ratios for liver, kidney, lungs, 
heart, spleen, and testes mere calculated a t  the 
end of the study and compared with normal values 
of a control group receiving only 3% acacia suspcn- 
sion. Pathology studies wcrc made on certain of 

i.p. 
Phthalate Ester 

l3imethyl phthalate 
Piethyl phthalate 
Dibutyl phthalate 
Di-isobutyl phthalate 
Di-(methoxyethyl) phthalate 
Butyl benzyl phthalat e 
Di-(2-cthylhcxyl) phthalate 
Dicapryl phthalate 

L r h  in Mice, 
Gm./Ka. 

1.58 
2.83 
4.00 
4.50 
2.51 
3.16 

14.19 
14.19 

the organs using the standard formalin fixation and 
hematoxylin-eosin stains. Blood studies were made 
before injections began and again a t  the termination 
of the project bcfore sacrifice. These studies in- 
cluded white and red cell counts, white cell differ- 
ential counts, hematocrit, and hemoglobin levels. 

RESULTS AND DISCUSSION 

Acute Toxicity Studies 
LDso Determination.-The results of this study 

indicated that acute lethal i.p. toxicity of the 
phthalic acid esters studied was generally of a low 
order. LDjo values ranged from 1.58 Gm./Kg. for 
dimetliyl phthalatc to 14.19 Gm./Kg. for di-(2- 
cthylhexyl) and dicapryl phthalate (Table I). 
Although water solubility of all the compounds was 
extremely low, ranging from 1.5 Gm./100 Gm. to 
insolubility, a correlation appeared to exist between 
this factor and degree of toxicity indicated by LD6o 
values. The 3 esters with greatest solubility also 
exhibited greatest toxicity. As would be expected, 
an inverse relationship existed between toxicity and 
molecular weight of the compounds. 

Effect of Phthalates on Hexobarbital Narcosis.-- 
Sleeping time of the control group was 46 min. 
(Table 11). Only 2 compounds gave indications 
of CNS stimulation as represented by significantly 
shortened sleeping time. These were diL(2-ethyl- 
hexyl) and dicapryl phthalate, each with a sleeping 
time of 36 Inin. These averages were significantly 
different (p > 0.05) from the control average. 
All other phthalates appeared to demonstrate CNS 
depression. Notable wcrc dicthyl, di-isobutyl, and 
butyl bcnzyl phthalates, w-ith sleeping times of 88, 
72, and 62 rnin. These 3 values wcre also signifi- 
cantly diffcrent (p > 0.05) from the control group. 

FOR A SERIES OF PHTHALATR, EWERS 
~~ ~~ __ -~ ~ ~ ~ _ _ _  . ~~~ - 
Solubility in 

Water, 

100 Gm. 
95% Gm. 

1Mol. Wt. Confidence Limits 
0.98 to  1.99 194 0.45 
2.42 to 3.29 222 0 .1  
2.94 to 5.45 278 IIJSO~.  
3.36 t.o 6.02 278 0.01 
1.82 to 3 .45 282 0.85 
2.51 to 3 .98 312 Insol. 

12.62 to  15.76 390 0.01 
11.21 to 15.87 390 0 .03 

TABLE II.-HEXOBAKBITAL SLEEPIXC TIME IN MICE 
~~ ~ -~ - ~ 

~~ ~~-~ ~~__I____ - ~~~~ 

~ - - - - 
Sleeping 

Mice in Time + S.E.. ,-- CNS Effect--- 
Group, No. min. Depression Stimulation 

Control group (0.5 ml. 37, 

Dimethyl phthalate 
Diethyl phthalate 
Dibutyl phthalate 
Di-isobutyl phthalate 
Di-(methoxyethyl) phthalate 
Butyl bcnzyl phthalate 
Di-( 2-ethylhexyl) phthalate 
Dicapryl phthalate 

acacia) 10 
10 
10 
10 
10 
10 
10 
10 
10 

46 zk 1.66 
52 =!= 1.15 
88 f 2.94& 
25 =k 2.18 
12 f 2.83" 
50 f I .  71 
62 f 2.4sb 
36 f 1.  14b 
36 i 1. 14b 

-k + + + + + 
. . I  

... 

. . .  

. . .  

+ + 
- 

a Indicates significant diflerence from control value (p > 0.01). Indicates significant diff'crencr from c o n t d  value (p > 
0.05). 
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No satisfactory explanation for tlie evidence of 
CNS stimulation found for dL(2-ethylhexyl) and 
dicapryl phthalatc could bc elicited from these 
experiments, particularly in view of the lact that 
both of these showed a tendency to lower blood 
pressure a t  higher dose levels. The only supporting 
evidence of stimulation was seen it1 the EEG pat- 
terns after i.v. administration of dicapryl phthalatc 
(see below). The order of the potentiation of tiar- 
cosis followed the water solubility of the compounds. 
In view of the extremely lipid nature of the CNS, 
this order of narcosis potentiation was surprising. 
However, these coinpounds were administered as 
emulsions by thc i.p. route, and from this route, 
the degree of absorption and consequently cvidence 
of narcosis potentiation could have been due to a 
concentration a t  the site of action cffcct. 

Rabbit Intradermal Irritation Tests.-Three 
phthalates-dirnethyl, diethyl, and di-(2-ethyl- 
hexy1)-caused rapid and intense concentration of 
extravasated trypan blue a t  the injected sites (Table 
III), indicating marked inflammatory response. 

TABLE III.-IRRITATIVE RESPONSE IN RABBITS TO 
INTRADERMAL INJECTIONS OF PHTHALATE ESTERS 

. ~~~ -. . .~  .~~ .~ ~ - ~ ~~~ 

--Degree of Extravasationa- 
Phthalate Ester 10 min. 15 min. 26 min. 

Dimcthyl phthalate + + + + + +- + + 
Uiethyl phthalate +++ +++ +++ 
Dibut yl ph thalat e + + ++ ++ 

phthalatc ++ ++ ++ 
Butyl benzyl phthalate - + ++ 
Di-( 2-ethylhcxyl) 

phthalate +++ +++ +++ + + Dicapryl phthalate - 
0.85y0 XaC1 (negative 

control) - - - 
20.009, EtOII (positive 

control) +++ +++ +t+ 

- Di-isobutyl phthalate - 
Di-( methoxyethyl) 

Journal of Pharrnaceuticd Sciences 

min. duration) fall in blood pressure of about 20 
mm. Hg, or approximately a 22Yo decrease. The 
blood pressure then gradually returned to the pre- 
dose level, and no subsequent change ensued until 
administration of the next dose. A total dose of 
650 tng./Kg. was given i.v. without death or other 
significant change in tlie aninial, indicating a low 
order of toxicity. Administration of 5 doscs of 3.0 
ml. each of thc vehicle (373 acacia) in control 
rabbits elicited no changes in blood pressurc. 

Xespimtion.-All of the phthalates administered 
i.v. caused an increase in the respiratory rate of thc 
anesthetized rabbit. Since all were administered 
in a buffered (pH 7.0) emulsion over a period of 
about 2 -3 miti., the stimulation of respiration could 
not bc attributed to a pH effect on the cherno- 
receptors. In 3 cases (dimcthyl, diethyl, and di- 
isobutyl phthalate), there were significant increases 
in respiratory rate aftcr the administration of a 
total dose of 100 rng./Kg. The per cent increase 
for thcse 3 were 66.6, 71.2, and 114.3, respectively. 
The rate gradually rcturned toward normal over a 
period of about 5 mix  It is of interest to note that 
these 3 compounds exhibited the highest order of 
toxicity in the LDjo study. 

Electroencephalograms.-The electroencephalo- 
gram tracings obtained from occipital leads showed 
varying patterns after the administration of dif- 
ferent phthalatcs intravcnously. Figure 1 depicts 
several of the patterns seen both prc- and post- 
phthalate administration. The CNS depression 
pattcm, obtaincd after administration of di-(meth- 
oxyethyl) phthalate, shows decreased frequency. 
The stimulation pattcm, obtained after administra- 
tion of dicapryl phthalate shows increased frequency, 
which appcars to be a confirmation of the CNS 
stimulation exhibited in the hexobarbital narcosis 
study. It is also recognized that other influences 
such as anoxia, etc., may complicatc EEG tracings, 
but no indication of these contingencies were noted 
in our experiments. 

Tissue Culture Toxicity.-None of the phthalatc 
emulsions demonstrated toxicity to chick embryo 
cells in thc amounts uscd (0.05 nil. of a 50 mg./ml. 
emulsion). 'rhree of the phthalates did show 
toxicity to mousc fibroblast cells (L-cells) in thcse 
same amounts. Microscopic examination of the 
dead cell Z O I ~ ~ S  revealed that thc cells w-crc intact 
arid indicated absence of corrosive activity. Other 
results have shown that mousc cells arc more 
scnsitivc to liquid toxicants than chick cclls. 
Table IV shows the results of each phthalate on 
each system used. It should be noted that only the 

,ww 
ALERl  EEC P E ~ ~ P ~ I l U  EEG 

a Inflammatory response indicated hy degree of dye extra- 
vasation, - no coloi-, negative reaction; +, mild; t i - ,  
moderate, +'+ +. marked. 

Others exhibited mild to moderate itiflarrirnatory re- 
sponsc as indicated by low color intcnsitics with 
greater lapses in time before appearance of the dye 
a t  the injection site. Dicapryl phthalate was the 
least irritating according to this test, showing only 
mild tissue response during the observation pcriod. 
I t  should bc notcd that with the exception of di- 
(2-ethylhcxyl) phthalate, the activity of these com- 
pounds as irritants was rclated to molrcular wcight. 

Acute Intravenous Toxicity.-Blood PTessure.-- 
With the exceptiori of diethyl phthalate, none of 
thc intravenously administered phthalatcs had 
dramitic or significant effect on the anesthetized 
rabbit blood pressure until a minimum total dose 
lcvcl of 350 mg./Kg. had been given. A t  this point, 
4 of the phthalate compourids [diethyl, dimethyl, 
di-( 2-ethylhexyl), and dicapryl] showed somc de- 
pression of the blood pressure, indicating a vascular 
response to toxicity. In no case did the electro- 
cardiograms or vector analysis of these results in- 
dicate direct cardiac toxicity. Therefore, the 
available evidence suggests an indirect cardio- 
vascular toxicity a t  the higher i.v. dose levels. In 
the case of diethyl phthalate, each dose of 50 mg./ 
Kg. administered i.v. caused a transient (about 3 

4M$&*-y ---?- b+4r+A7" M 

!M - ;"#&M,W 

EL CNS DEPPElllON 

Sec. 

CNS SllYUUTlON 

Fig. 1.-Occipital EEG patterns on rabbit. Key: 
ordinate and abscissa of insert (L) enlarged 2 X  €or 
legibility of axis captions. 
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TABLE IV.-TOXICITY OF PHTHALATE ESTERS TO 
CULTURED CELLS 
___ ~______ .~ 

Chick 

Cells, Fibroblasts, 
Embryo Mouse 

50 50 
Phthalate Ester mg./ml.a mg./ml.a + Diinethyl phthalate - + Diethyl phthalate - 

Dibutyl phthalate - - 
Di-isobutyl phthalate - - 
I%( methoxycthyl) 

-I- phthalate - 
Butyl benzyl phthalate - - 
Di-(a-ethylhexyl) 

phthalate - - 
Dicapryl phthalate - - 

a -, no cell toxicity; +, cell death. 

compounds most soluble in water demonstrated 
toxicity to the cultured cells. This is not too 
surprising since the cell system is almost entirely 
aqueous. Two of the 3 exhibiting cell toxicity 
were also most irritating in thc rabbit intradermal 
tests. 
Subacute Toxicity Studies (Mice) 

Body Weight Gains.-After 6 weeks of niouse 
intraperitoneal injections of 4 phthalates-diethyl, 
di-( rncthoxyethyl), butyl benzyl, and diL(2-ethyl- 
hexy1)-body weight in all groups, including con- 
trols, was approximately equal. The control 
group, however, reached maximum weight by the 
end of the third wcck, while in comparison, all 
phthalate-injected mice exhibited some degree of 
weight gain rctardation, notably those receiving 
di-(2-ethylhexyl) phthalate, and, to a lesser extent, 
butyl benzyl phthalate. The diethyl phthalate 
group showed weekly wcight gains most similar to 
those of the control group, and the di-(methoxy- 
ethyl) group exhibited an intermediate pattern. 
These differences in weight gain patterns may in- 
dicate a decreased food intakc due to peritoneal 
cavity irritation caused by the repeated injections. 
I t  was observed on autopsy of each group of mice 
that some degree of peritonitis had been induced 
by the chemicals. The extent of peritonitis in the 
group of mice receiving the di-(a-ethylhexyl) 
phthalate was extreme. In nearly all of these cases, 
there was extreme adhesion formation, liver ab- 
scess, and adhesions to the diaphragm, and even 
testicle abscesses. These mice writhed and stretched 
after an injection, further supporting thc observation 
of irritation of the entire peritoneal cavity. 

Organ Weight-Body Weight Ratios.-Exarnina- 
tion of organ-body weight ratios (Table V) indi- 

cated that liver weights in the di-(Z-ethylhexyl) 
group wcre significantly greater and testis weights 
in the diL(2-rthylhexyl) and in the di-methoxy- 
ethyl) group were significantly less than the control 
group (in both groups p > 0.01). In regard to liver 
weights, howcvcr, it  is doubtful that  a genuine 
difference existed. Gross and pathological exam- 
ination of these organs, particularly in tlie di-(2- 
ethylhexyl) group, indicated that organ weights 
were likely distorted by the effects of peritonitis. 
Adhesions, lesions, and other anomalies tcndcd to 
prevent precise excision and cleaning of the organ 
before weighing. In addition, abscesses in the tissue 
changed the normal weight ratio. Testis weights 
indicated atrophy of this organ in the 2 above 
groups. 

Hematology.-The hematological pattern of the 
several groups of inice receiving daily injections of 
the phthalate emulsions over a &week period in- 
dicated no significant deviations from thc control 
group receiving only 37, acacia injections, with the 
possible exception of dib(2-ethylhexyl) phthalate. 
In this case, therc was a slight decrease from original 
values in the hematocrit and hemoglobin and a 
slight increase in the red blood cell count. In all 
cases including controls there was a slight increase 
in white cell count, but this is to be cxpectcd aftcr 
6 weeks of daily injections. 

Pathology.--In all of the test mice uscd in this 
study, there was some degree of peritonitis. Organs 
showing evidence of gross abnoriiialities were sub- 
mitted for histopathological evaluation. These 
evaluations confirmed the original observations 
indicating acute peritonitis. Some organs from the 
phthalate injected groups were far more severely 
damaged than organs from the control group I n  
the case of di-(2-ethylhexyl) phthalatc, nearly all 
organs showed presence of cloudy sedimentation 
accompanied by adhesions of the diaphragm, liver, 
and intestines and by abscess formation in the livers 
of a few. Liver and spleen of mice injected daily 
with di-(methoxyethyl) phthalate were found to 
have acute peritonitis and pcri-portal hepatitis in 
the liver and extramedullary hematopoiesis in both 
the liver and spleen. The same pattern was also 
observed in the mice receiving the butyl benzyl 
phthalate, and in 1 tcstis there was an abscess of 
unknown etiology. In view of the irritation to 
rabbit tissue caused by intradermal injection, 
these results were to be anticipated. In these 
cases, a fairly strong irritant, comparable to the 
irritating action of 207, solution of ethanol, was 
injected daily and this was apparently enough to 
cause adhesions, peritonitis, and even some abscess 

TABLE V.-EFPECT OF PHTHALATE ESTERS ON MOUSE TISUE WEIGHTS 
~ 

_ _ _ _ _ ~ ~  -_ ._ 
Dos- 

mg./ 7--- Organ Wt.-Body Wt. Ratio X lO3------ ~~~ - age, 

Group Kg. Liver Heart Lungs Kidney Spleen Testes 
Control 6 5 . 0 0 f 1 . 8 3  4 . 7 2 f O . 1 5  7 . 5 0 f 0 . 3 6  1 3 . 2 9 f 0 . 8 7  6 . 9 7 f 0 . 8 5  6 . 9 4 f O . 5 3  
Diethylphthalate 125 65 .55  + 3 . 4 5  4 . 5 1  f 0 . 1 7  8 . 7 1  f 3 . 7 8  13 .27  f 0.83 7 . 0 2  f 0 .80  7 . 0 7  f 0 . 4 1  
Di-(methoxyethyl) 

phthalate 250 6 5 . 1 2 f 3 . 8 4  4 . 2 6 z t O . 2 5  7 . 5 6 f 0 . 5 6  1 1 . 7 6 f 0 . 7 5  8 . 0 4 * 0 . 7 3  5 . 6 5 z k 0 . 3 4 "  
Di-(2-ethylhexyl) 250 76 .02  4= 2.80" 4 . 3 0  f 0.21 7 . 9 7  f 0 . 3 9  13 .16  f 0 . 3 6  7 .54  f 0 . 7 3  5 . 4 8  f 0.19' 

phthalate 
Bulyl benzyl 

phthalate 500 6 5 . 8 6 f 2 . 7 3  4 . 5 3 & 0 . 1 1  8 . 2 5 f 0 . 4 0  1 3 . 2 0 f 0 . 4 5  7 . 6 2 f 0 . 5 4  6 . 1 7 f 0 . 2 8  

a Significantly different from control group averages ( p  > 0.05). 
-. _ . _ _ ~  
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formation. The control animals in this studv REFERENCES 
showed no gross or microscopic pathology. 

SUMMARY 
A group of phthalic acid esters were studied for 

both acute and subacute toxicity in animals. The 
acute toxicity experiments included the evaluation 
of LDSo, hexobarbital sleeping time effects, rabbit 
intradermal tests, acute intravenous toxicity studies, 
and tissue culture effects. Subacute toxicity dealt 
with effect on body weight gain, organ-body weight 
ratios, effect on tissue of various organs, and effect 
on the hematopoictic system. Results of the study 
indicated that the group of phthalate esters re- 
ported in this paper had a low degree of toxicity 
when administered parenterally and that their degree 
of toxicity was parallel to their water solubility 
(greater solubility, greater activity) and to their 
molecular weight (lower molecular weight, greater 
activity). This low order of toxicity to parenteral 
administration appears to indicate that their use in 
applications implicated in this study are probably 
warranted and safe. 
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Hydrolytic Behavior of 
Some Alkyl-Substituted Succinanils 

By A. K. HERD, III*, LENNART EBERSONt, and TAKERU HIGUCHI 

The mechanisms and the relative rates of alkaline hydrolysis of succinanil and 
methyl-substituted succinanils have been investigated partly to help to elucidate the 
mechanism of carboxyl facilitated formation and hydrolysis of amides observed in  
these laboratories and also because a number of important hypnotics possess similar 
structures. As may be expected, the observed rates for the several imides roughly 
parallel those found for the corresponding anhydrides, succinanil being more re- 
active than the methyl-substituted compounds. The relative rates were in  the order: 
unsubstituted > monomethyl > mesodimethyl > 2.2 dimethyl > racemic dimethyl > 
trimethyl > tetramethyl; the first member of the series reacting 8 3  times faster than 
the last. The tetramethyl anil was found to be sufficiently stable to co-exist as the 

major species in  equilibrium with its cleaved product at pH of 8. 

LTHOIJGH a number of cyclic imides, including A glutethimide, methsuximide, phensuximide, 
etc., are widely used as drugs, relatively little has 
appeared in the literature concerning the rate of 
hydrolysis of such imides. Results of studies on 
the effect of structure on some aspects of this 
hydrolytic reaction are presented at this time. 
In particular, the  investigation has been con- 
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cerned with the influence of alkyl substitution on 
the rate of hydrolysis of A-phenyl succinimides 
(succinanils) (I). These reactions are of interest 
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formation. The control animals in this studv REFERENCES 
showed no gross or microscopic pathology. 

SUMMARY 
A group of phthalic acid esters were studied for 

both acute and subacute toxicity in animals. The 
acute toxicity experiments included the evaluation 
of LDSo, hexobarbital sleeping time effects, rabbit 
intradermal tests, acute intravenous toxicity studies, 
and tissue culture effects. Subacute toxicity dealt 
with effect on body weight gain, organ-body weight 
ratios, effect on tissue of various organs, and effect 
on the hematopoictic system. Results of the study 
indicated that the group of phthalate esters re- 
ported in this paper had a low degree of toxicity 
when administered parenterally and that their degree 
of toxicity was parallel to their water solubility 
(greater solubility, greater activity) and to their 
molecular weight (lower molecular weight, greater 
activity). This low order of toxicity to parenteral 
administration appears to indicate that their use in 
applications implicated in this study are probably 
warranted and safe. 
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Hydrolytic Behavior of 
Some Alkyl-Substituted Succinanils 

By A. K. HERD, III*, LENNART EBERSONt, and TAKERU HIGUCHI 

The mechanisms and the relative rates of alkaline hydrolysis of succinanil and 
methyl-substituted succinanils have been investigated partly to help to elucidate the 
mechanism of carboxyl facilitated formation and hydrolysis of amides observed in  
these laboratories and also because a number of important hypnotics possess similar 
structures. As may be expected, the observed rates for the several imides roughly 
parallel those found for the corresponding anhydrides, succinanil being more re- 
active than the methyl-substituted compounds. The relative rates were in  the order: 
unsubstituted > monomethyl > mesodimethyl > 2.2 dimethyl > racemic dimethyl > 
trimethyl > tetramethyl; the first member of the series reacting 8 3  times faster than 
the last. The tetramethyl anil was found to be sufficiently stable to co-exist as the 

major species in  equilibrium with its cleaved product at pH of 8. 

LTHOIJGH a number of cyclic imides, including A glutethimide, methsuximide, phensuximide, 
etc., are widely used as drugs, relatively little has 
appeared in the literature concerning the rate of 
hydrolysis of such imides. Results of studies on 
the effect of structure on some aspects of this 
hydrolytic reaction are presented at this time. 
In particular, the  investigation has been con- 
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not only because of the close relationship of these 
compounds t o  pharmaceuticals but also because 
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they shed light on possible mechanisms of bio- 
chemical reactions. 

It has been long recognized that  rnethyl sub- 
stitution generally increases ring stability. Thorp 
and Ingold and their students spent 15 years 
collecting evidence to substantiate this effect (1). 
Whether methyl substitution leads to greater 
thermodynamic stability for cyclic compounds 
than for their open-chain counterparts has not, 
however, been established with certainty. There 
is, nevertheless, evidence tha t  methyl substitution 
aids in stabilization of the cyclic structure by 
accelerating the rate of ring closure (2). It had 
not been dehnitely ascertained, however, that  
methyl groups also stabilize the cyclic forms by 
inhibiting the rate of ring opening. Studies com- 
paring anhydrides of dicdrboxylic acids with their 
methyl-substituted analogs indicate that this may 
be the case ( 3 ) .  Whether this phcnomenon is 
due to  a steric hindrance to the attacking nucleo- 
phile or a steric hindrance to  the linear separation 
of the 2 carboxylate groups is not yet clear. 

Imide hydrolysis in general has not been the 
subject of great interest in recent literature, and 
hydrolysis of cyclic imides has received even less 
attention. Edward and Terry (4) have investi- 
gated the hydrolysis of succiniinide in basic solu- 
tions and have shown that  the rate of hydrolysis 
is first order in hydroxyl ion and first order in un- 
dissociated succinimide. Zerner and Bender (5 )  
have shown that the hydroxyl-ion concentration 
is between pH 3.5 and 6.5.  
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All other chemicals used in the preparation of 
buffers, kinetic solutions, and analytical reagents 
were analytical or reagent grade. 

Kinetic Procedures for Hydrolysis of Succinanil 
and Methyl Succinani1.-The hydrolytic rate cori- 
stants for these 2 conipounds as a function of pH and 
temperature were determined in phosphate buffers 
of ionic strength 1.0 in a tliertnostated oil bath. 
Since it was found that the phosphate buffer cdtd- 

lyzed the hydrolysis of these compounds, each ex- 
periment involved determination of the hydrolysis 
rate a t  5 buffer concentrations at the same pH and 
extrapolation to zero buffer concentration. The 
reaction solutions consisted of 99 rnl. of the appro- 
priate conccntration of phosphate buffer and 1 ml. of 
a 1.2% solution of the anil in dioxane. The dioxane 
solution was added after the buffer solution had 
reached tlie required temperature in tlie oil bath. 
Five-milliliter samples were withdrawn periodically 
and quenched by diluting. to  25 inl. with 0.25 M 
phosphate buffer at pH 6.0. Thcse samples were 
analyzed spectroyhotorrietrically at 240 rnp which is 
Am,,. for the anilic acids. The appearancc of the 
anilic acid was followed in this mariner, and plots of 
log ( A ,  - A )  Z ~ ~ Y S Z L S  time yielded straight lines from 
which kobs could be calculated. Figure 1 shows 
plots of koba uersus buffer concentration for succinanil 
a t  several pH values. 

EXPERIMENTAL 

Materials.-The succinarlils used in this investi- 
gation were prepared according to the method dc- 
scribed by Fieser (6) for succinanil and were recrystal- 
lized from distilled water. Mclting points of the 
products were compared with values given in the 
literature. Since the preparative method was 
straightforward, a good correspondence with melting 
points given in the literature was assumed as suffi- 
cient evidence for the existence of the compounds. 

The dioxane used in this investigation was purified 
and made anhydrous by the treatincnt of technical 
grade dioxane as described by Vogel (7). Barium 
hydroxide solutions werc prepared from carbon 
dioxide-free distilled water and sealed under nitrogen 
in glass ampuls. These samples were standardizcd 
against standard hydrochloric acid solutions. Cor- 
rections for appropriatc ionic strength and tempera- 
ture as affecting the partial dissociation of Ra(0H) + 

were estimated frorn the data of Girriblett and 
Monk (8). 

'The nitrogen which was used in the kirictic runs on 
tlie pH stat was passed over an Ascarite plug and 
bubbled through aqueous potassium hydroxide s o h  
tiom to remove carbon dioxide and prehumidified in 
a saturator at the reaction temperature. All the 
watcr used in these kinetic studies was freshly boiled 
and carbon dioxide free. 

1 PH "p Y " 

PHOSPHATE CONCENTRATION (MOLAF11 
Fig. 1:-Plots of kuhJ as a function of buffer con- 

centration for hydrolysis of succinanil a t  40". 

Kinetic Procedures for Hydrolysis of Methyl ; 
meso-2,3-Dimethyl; 2,2-Dimethyl; Racemic 2,3- 
Dimethyl ; and Trimethyl Succinani1s.-The hydro- 
lytic rate constants for this group of compounds 
were determined by use of a Radiometer TTT 1 auto- 
matic titrator with a SBR2 type Titrigraph and a 
TTA 3 titration assembly. Twenty-flve rnillilitcrs 
of carbon dioxide-free water containing 1.45 Gm. of 
potassium chloride was placed in a water-jacketed 
beaker attached to  a constant-temperature water 
bath. When the temperature had equilibrated, 1 
nil. of a 1.27, solution of the anil in dioxane was 
added by means of a syringe and needle. The pH of 
the solution was maintained by the automatic addi- 
tion of 0.025 N sodium hydroxide solution. Since 
thc ml. of base added is directly proportional to the 
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Fig. 2.-Plot showing dependence of kobs for 

hydrolysis of methyl succinanil on dioxane concen- 
tration a t  40' and pH 8.85. 
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aniourit of anilic acid being produced, plots of log 
(ml. - ml.) versus time yielded straight lines from 
which koba could be calculated. Spectrophotometric 
analysis indicatcd that the reaction had essentially 
gone to  completion. 

Since dioxane was used in these kinetic runs, the 
influence of dioxane concentration 0x1 kaba was eval- 
uated. Figure 2 shows valucs of kobs for mcthyl 
succinanil as a function of dioxane concentratiou. 
At dioxane concentrations used in these experiments 
(3.84%7,), kobs diffcred only slightly from kobs at  zero 
dioxane concentration. 

Kinetic Procedure for Hydrolysis of Tetramethyl 
Succinani1.-Because of its slow rate of hydrolysis a t  
lower pH values and because of the liniitations of the 
pI-1 stat method at higher pH valucs, the hydrolytic 
rate constants for tetramethyl succinanil were ob- 
tained in barium hydroxide solutions and were 
carried out directly in the sample cell of a therxno- 
stated Cary model 11 spectrophotomcter. Twelve 
microliters of a 1.5% solution of the anil in dioxane 
was used for each run, along with 3 ml. of the barirun 
hydroxide solution. The formation of tetramethyl 
succinanilic acid was followed by the change in ab- 
sorption a t  240 m p .  Plots of log ( A ,  - A j versus 
time yiclded straight lines from which kobe was cal- 
culatcd. Spectrophotometric analysis a t  the end of 
each run indicated that the anil had essentially hy- 
drolyzed completely to the anilic acid. 

Identification of Reaction Products.-All reaction 
products were identifed spectrophotonietrically. 
However, it  must be mentioned a t  this time that in 
the hydrolytic cleavage of certain of the anils studied 
in this series, 2 different products are possible. For 
example, hydrolytic cleavage of methyl succinanil can 
yield the 2 isomers, I1 and 111. 

0 
0 I1 

CH2-CH CHz-C-NHr++ 
\OH I 

11 I11 

Fig. 3.-pH rate 
profile for hydrolysis of 
methyl succinanil at 
40". The solid line 
has been drawn with 
a slope of 1.00. 

Probably a mixture of I1 and 111 is actually pro- 
duced. Although one may expect purely on stcric 
and electronic considerations that compound I1 
would be the more prominent species, in this inves- 
tigation no attempt was made to isolate and identify 
the products. The same was also true for 2.2- 
dimethyl and trimethyl succinanil. 

RESULTS AND OBSERVATIONS 

The second-order rate constants for a series of 
methyl-substituted succinanils were determined at  
temperatures ranging from 25 to 55", and the kinetic 
parameters E,  and AS: were calculated. From past 
work i t  might be expectcd that the hydrolysis would 
be independent of pH a t  low values ( 5 ) ,  but at the 
pH values employed in this investigation, the reac- 
tion has becn shown t o  be first order with respect to  
hydroxyl-ion concentration. It would appear, 
therefore, that the rate constants which are to  be 
compared all stem from an identical mechanism. 
Figure 3 shows a pH-rate profile for the hydrolysis of 
methyl succinanil at 40". 

Tablc I lists all the anits studied in this investiga- 
tion and their second-order rate constants calculated 
a t  25". The apparent E,  and ASS values are shown 
also. The A S S  values were all calculated a t  25'. 
The E ,  values listed in this table for the first 6 com- 
pounds are 12.6 Kcal. less than those values calcu- 
lated from the slopes of Arrhenius-type plots for 
runs made a t  constant pH. This accounts for the 
change in K ,  with temperature. 

DISCUSSION 

The observed markedly decreased rate of hydrol- 
ysis of the succinanils induced by methyl substitu- 
tion is not altogether unexpected. Although the 
nature of the activated states involved in the cleav- 
age of these iniides differs significantly from those 
responsible for formation of hydrolysis of the amic 
acids, thcrc are some similarities. Considering the 

TABLE I.-RATE CONSTASTS FOR OH--CATALYZED 
HYDROLYSIS OF ANILS AT 25' 

Ea I 
k Kcal./ K5'], 

Compd. (l/m/sec.) mole ( E . U . )  
5.45 12.3 -15.9 

meso-2,3-Dimethyl- 4 .98 10.0 -19.5 

Racemic 2,3-dimethyl- 2.92 11.2 -20.7 
Trimethyl- 0.815 11.7 -22.0 

Succinanil 
Methyl- 5.20 12.8 -15.9 

2,2-Dimethyl- 3.57 10.6 -22.2 

Tetramethyl- 0.0669 9.4 -33.1.3 
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second-order character of the reaction, onc can write 
Scheme I. 
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than the corresponding succinic monoesters, maleic 
anhydride solvolysis proceeds about 8 times faster 
than that of succinic anhydride. Their findings do 
not actually rcfute the suggestions of Bordwell et ul., 
since maleic anhydride hydrolysis would not involve 
a rotation but would probably relieve a strain im- 
posed by the cyclic structure. 

From the prcvious discussion and from the data 
presented in this investigation, it becomes apparcnt 
that no dcfinitc conclusions can be drawn concerning 
the differences in the hydrolytic rates of methyl- 
substituted succinaiiils a t  this time. This, of course, 
is due to  the fact that the 3 possible phenomena 
which may be responsible for the change in rates 
cannot be separated. It can be suggested, however, 
that polar effects and steric inhibition to nucleo- 
philic attack are mostly responsible for the differ- 
ences in rat.es among thc lower methyl-substituted 
compounds in this series and that a “steric hin- 
drancc to  ring opcning” cffcct becomes more pro- 
nounced as rncthyl substitution is increased. This 
is based on the fact that the relative rates change 
only slightly in the lower methy-substituted mem- 
bers, while there is a greater rate change iu the tri- 
arid tetramcthyl-substituted members of this suc- 
cinanil series. 

SUMMARY 
Although hydrolytic cleavage of succinanils is not 

strictly rela.ted to  anhydride formation occurring 
during the formation and hydrolysis of the suc- 
cinanilic acids in dilute aqueous solutions, certain 
similarities are thought to exist. The hydrolytic 
rate constants were determined in aqueous buffered 
solutions for succinanil and methyl succinanil; in 
barium hydroxide solutions for tetramethyl suc- 
cinanil; and by use of a pH stat for methyl, meso- 
2,3-dimethyl, 2,2-dimethyl, raceniic 2,3-diniethyl, 
and trimethyl succinanil. 

The fact that increased methyl substitution de- 
creases the rates of hydrolysis in this series was not 
unexpected in light of previously compiled data. 
The interpretation of these results appears to  be 
rathcr complicated since there were probably sev- 
eral factors, such as polar effects, steric inhibition to  
nucleophilic attack, and stcric hindrance to ring 
opening, which would tend to decrease tlie hydro- 
lytic rate. Although it was not possible to  separate 
these effects, it is suggested that the last effect be- 
came more prominent as methyl substitution was in- 
creased. 

The findings of this investigation seem to indicate 
that not only does methyl substitution markedly 
enhance ring formation, but it is also responsible for 
increased ring stability. 

REFERENCES 

Scheme I 

Frutri this postulated mechanism, it is obvious 
that there are 3 general phcnomena which could ex- 
plain the decrease in hydrolytic rate with increased 
methyl Substitution: (a) polar contribution of tlie 
methyl groups which would teud to rcducc the S+ 
charge on the carbonyl carbon, thus reducing the 
rate uf hydroxq-1 attack; ( a )  steric inhibition by 
the substituted methyl groups to  tlie attacking 
nucleophile; and (c)  steric hiudrance to  ring open- 
ing due to the presence of the methyl groups. 

This last phenomeuou has been pointed out by 
Bordwell and co-workers (9) in their studies on 
sultones. These morkrrs show large decreases in 
rates of hydrolysis with increasing methyl substitu- 
tion; they attribute this effect largely to  steric 
hindrance of ring opening. They argue that in 
sultonc hydrolysis, thc ring opening must occur by a 
rotation about the bonds holding thc severed groups, 
and that methyl substitution restricts this rotation. 
‘This line of reasoning may be applied in the present 
invcstigation to  explain the difference in hydrolytic 
rates for the vneso and raccmic isomers of 2,3- 
dimethyl succinanil. Examination of Kcwman 
projections of these compounds indicate that in the 
’meso isomer (IV) the methyl groups arc already in an 

meso 
IV 

Raceinic 
v 

eclipsed position, ancl a rotation on cleavage would 
reduce this methyl-methyl interaction. On the 
other hand, a rotation in the racemic isomer (V) 
would increase methyl-methyl interactions. Since 
the polar effects and steric inhibition to nuclcophilic 
attack in these two isomers would be expected to  be 
similar, the steric inhibition to ring opening seems to  
be a reasonable approach for explaining the 
difference in hydrolytic rates of these 2 compounds 
(Table I ) .  

Bruice and Pandit (3)  have investigated thc sol- 
volysi? of certain cyclic anhydrides, as well as the 
solvolysis of mono esters of these anhydrides and 
concluded that a l thoa~h a restriction of rotation of 
reacting groups away from each other markedly in- 
creases the rate of anhydride formation, it does not 
decrease the rate of anhydride solvolysis. They 
point out that although certain mono-esters of 
maleic acid form the anhydride about 50 times faster 
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Interaction of Aqueous Polyethylene Glycol Solutions 
with Iodine 

By C. F. HISKEY and F. F. CANTWELL 

An experimental study of the interaction of iodine with the ether linkage of some 
polyethylene glycols was made. The conditions for producing 1 : 1 complexes of 

0 : I p  were determined. Some qualitative observations are presented on 

-CH? 
\ 
/ 

-CH; 
the effects of polymer weight, polymer-iodine ratios in solution, and on the behavior 

of these complexes in analytical reactions. 

INCE the turn of the century (1) it has been S known that iodine solutions in pure solvents 
arc either violet or brown Violet solutions are 
formed in such solvents as carbon disulfide, car- 
bon tetrachloride, and simple aliphatic hydro- 
carbons. In these solvents the iodine has an 
absorption spectrum similar to that which i t  has 
in the gaseous state with an absorption maximum 
in the vicinity of 518 to 520 m p ,  and with a 
molar absorptivity of about 1000 (2). Brown 
solutions are formed when the iodinc is dissolved 
in alcohols, ethers, ketones, organic acids, and 
basic nitrogenous solvents Hildebrand and 
Glascock (3) showed that, a t  least in alcohols and 
ethers, 1.1 complexes were formed, and later 
Mulliken (4) showed by means of molecular 
orbital argumentation, that iodine would bind 
to the oxygen of an ether a t  right angles to the 
planc of thc molecule. These solutions have 
an absorption maximum around 450 to 460 mp 
with a molar absorptivity a little bit less than that 
in the violet solution. 

The blue form of iodine which is observed in 
the starch reaction or in the reaction of iodine 
with the cyclodextrins, benzonitrile, and cou- 
marin coinplexes appears, from the X-ray dif- 
fraction studies of Cranier ( 5 )  to be due, not to 
the normal diatomic iodine form, but instead to a 
polymeric blue modification kept inside the 
channels within these inclusion compounds. 
Hence, these compounds are quite different from 
the ether-iodine complexcs discussed here. 

It is a well known phenomenon that the brown 
solutions tend to become violet whcn hcatcd, 
reverting to their original color on cooling Also 
it has been obscrvcd that in the case of the violet 
color of the carbon disulfidc solution this may be 
shifted to the brown color as the solution is cooled 
in a dry ice-ether bath. Reckman (6) by means 
of precise molecular weight determinations in 
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both the violet and the brown solutions eStdb- 
lished that the iodine is present in the diatomic 
state in both instances. Thus, the current view 
is that when the iodine forms a weak coordina- 
tion complex the brown color is observed, but 
these complexes may be easily dissociated merely 
by heating. 

In this paper i t  is our intention to report some 
phenomena which were observed when we at- 
tempted to do iodometric titrations in the 
presence of aqueous solutions of some polyethy- 
lene glycol polymers' (PEG). Their structures 
may be written as HOCH, . . (CH20CH2)n - * 

CH,OH, where the average n varies from 7.2 
to 8.1 in the case of PEG 400, from 20.1 to 22.3 
for PEG 1000, and from 67.0 to 83.0 in the case of 
PEG 4000. The authors have written the for- 
mula this way instead of the usual way, oiz., 
I-I(OCH2CH2),+IOH, because we wish to stress 
the polyether character of these molecules. 
From the work of a group of investigators and 
inventors (8), it  is well known that iodine forms 
complexes with such polymeric materials, but 
it secmed to us that a qualitative description of 
what we observed plus some of the quantitative 
measurerncnts which were made would provide 
the analyst with an understanding of what occurs 
in the above-mentioned solutions. 

EXPERIMENTAL, RESULTS, 
AND DISCUSSION 

To study the quantitative aspects of the  inter- 
action of polyethylene glycols with iodine, i t  was 
decided to  work with the higher molecular weight 
PEG 4000 which had qualitatively been obscrvcd 
to  yield solid, filterdblc precipitates with K13 
solutions It was anticipated that a PEG which 
yields a precipitate with iodine in aqueous solutions 
would permit an evaluation of the limiting molar 
ratio ITPEG in the complex. To make this evalua- 
tion it would be necessary to  form the precipitates in 
solutions with large excesses of K13 relative to the 
~~ 

I Marketed as Carbowax by the Union Carbide and 
Chemical Co , New York, N. Y. 
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PEG. For this purpose the concentration of PEG 
4000 is expressed as iriolarity of -CH-OCH- 
(mol. wt. = 44), and the contribution of the end 
-CI120H groups to  the molecular weight is 
neglected. 

In the experiment, 10.0 ml. or less of an ap- 
propriately diluted stock solution of PEG 4000 
WdS pipeted into ground-glass-stoppered flasks, 
enough water was added to make 10.0 ml., and then 
10.0 ml. of 0.0554 M K I B  solution was added. The 
mixtures wcre swirled and set aside in a dark place 
for from 3 to 6.5 hr., after which time the suspen- 
sion was vacuum filtered through a membrane 
filter. An aliquot of each filtratc mas pipeted into 
a flask, about 5 ml. of 1 A' H2SO4 and 10 1111. of Hz0 
were added, and the solution was titrated to  a 
colorless end point. The amount of unprecipitated 
iodine in the 20.0-m1. of reaction inixturc thus is 
dctcrminecl, and by difference the amount of com- 
plexed and precipitated iodine is known. 

The data obtained are plottcd in Fig. 1, with 
the ordinate representing the numbcr of nimolcs 
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0.0 0.4 0.8 1.2 11.0 
PEG, PRESENT AS --CHzOCH2--, rnrnoles 

Fig. 1.-Precipitation of JZ by PEG 4000. 

of iodinc precipitated and the abscissa representing 
the mrrioles of --CH2OCH2- added. It will be 
observcd that a t  high ratios of iodine to ether, i.e., 
where very small quantities of -CHzOCHz-- 
were added, each tnole of -CILOCH2- added pre- 
cipitated I rnolc of I?. Thus, initially the points 
fall on the straight dottcd line with a slope of unity. 
In the light of Hildebrand and Glascock's experi- 
mental observations and Mullikeri's calculations, 
cited previously, this is exactly what one would 
expect. 

As the amount of PEG added increases so that 
the iodine remaining in solution is deplctcd, a devia- 
tion from the straight line is observed, and the ex- 
perimcntal points form a curve which asymptotically 
approaches the limiting value of 0.0554. This can 
be understood in tcrms of the competing equilibria 
in these solutions, the iodine being complexed by 
both the ether and the iodide ion present in solution. 
If the iodine-ether complcxation coustant was very 
much larger than that of the triple iodide ion, the 
experimental points would remain on the straight 
line right up to the limiting value of 0.0554. The 
fact that they do not merely indicates that they 
arc approximately of thc same order of magnitude. 
The valuc for the reaction ( I -  + Iy T? TI-) is about 
725 (9) a t  25". 

In  the course of the above experiment some inter- 
es1:iug qualitative observations were made. Thcse 
observations conccrn the color and character of the 

prccipitates. I n  thosc solutions where the residual 
iodine concentration was high, the precipitates 
wcrc dense and dark black with a submetallic lustre 
rcsernbling that of iodine itself. On the other hand, 
where the mole ratio of ether to iodine was large, 
ie., 10 and higher, the precipitates were very much 
more voluminous and were light reddish-brown in 
color, becoming lighter as the ratio was increased. 

Thus, it is apparent that when cvery ether oxygen 
is coordinated with iodine, a precipitate resembling 
iodine crystals in color and lustre is observed, but 
when the coordination is made to every tenth oxygen 
or less, the color of the precipitate appears morc 
likc that of a dilutc ether solution of iodine. It 
was also evident that only a small fraction of the 
ether linkages had to  be coordinated before the 
solubility of the PEG was reduced so that precipi- 
tation occurred. 

Anuther interesting phenomenon was observed 
whcn precipitates with low iodine : --CH20CI&-- 
ratios were washed with distilled water. These 
light reddish-brown precipitates immediately be- 
came much darker in color, and their appearance 
changed to  that of the precipitates with the 1 2 :  

-CH20CHz- ratios of approximately 1. This 
occurred wbet.her thcy were washed by decantation 
or directly on filter paper. In addition it was 
observed that thcre was a substantial reduction 
in the volume of the precipitate. Furthermore, 
the filtrate or the supernatant from such a washing 
has a light but definite yellow color. A possible 
explanation of this phenomenon follows. 

The PEG 4000 precipitate can be assumed to have 
the iodine randomly distributed among its ether 
oxygens, but weighting each individual molecule 
sufficiently so that it is made insoluble. Howevcr, 
not every oxygen position is coordinated with iodine 
as evidenced by the light color of the precipitate. 
On washing, however, disproportionation occurs 
with iodine from some of the molecules being trans- 
ferred to  others, producing complexes that have a 
higher I z :  -CH20CHe-- ratio and ones which have 
a much lower ratio. The former of these which ap- 
proach the 1:l complex are dark and insoluble, 
whereas the latter having a relatively small number 
of ether oxygens complexed with iodine, are light 
colored and water soluble. The effect is indccd a 
very striking one to observe. 

Additional Qualitative Observations.-In light 
of the pheiiomena which have becn described above, 
i t  was thought appropriatc to make a qualitative 
comparison between the intcraction of the KIR 
solutions with PEGS of various molecular weights. 
Those available were PEG 400, 1000, and 4000. 
The purpose of this study was to deterininc the 
relative ease of  precipitating the lighter and heavier 
PEGs, using triiiiirnal amounts of iodine to ac- 
complish that objective. The actual experiment 
performed was to dissolve 6.0 Gm. of each of the 
PEGs in 10.0 mI. of water. This makes a solution 
which is 13.6 A t  in ether linkages. Again the 
terminal -CH20H groups arc ignored. These 10.0- 
ml. portions of PEG solutions were titrated dropwise 
with an 0.0554 A[ KIa solution with continuous 
agitation. 111 all 3 cases, as the first drop and qach 
successive drop of KIs was added, a reddish-brown 
precipitate formed in the area where the drop 
initially contacted the solution. Howevcr, it  dis- 
solved with agitation to give a yelIow solution 
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thc liquid-like product from thc lower polymcrs, 
and perhaps some aging of the higher polymer pre- 
cipitates. 

Several interesting additional observations were 
made. The first is concerned with the relative 
ease of dissociating these precipitated complexes. 
This was studied by titrating the iodine with stand- 
ard NazS203, employing moderate agitation of the 
solution during the titration. The titrations werc 
performed rapidly, i.e., in a matter of several 
minutes, to  scc how quickly thc iodine became 
available. The titrant was added until the super- 
natant was just colorless. The per cent recovery of 
the iodine is given in the fourth column of Table I. 
In the case of the PEG 400, nearly all of the iodine 
was recovered immediately, and with vigorous and 
prolonged agitation, the srnall residual amount of 
dark material could be brought into solution with all 
of the iodine being recovered. With PEG 1000, 
however, this is not so easily accomplished. The 
iodine is tenaciously retained by the precipitate and 
only 43% could bc rcadily rccovered. With the 
PEG 4000, recovery was essentially zero or very 
little, and also the precipitate interfered with the 
end point detection. 

A second observation, relating to the dissociation 
of these complexes was made when a solvent like 
propylene glycol was added. If it  was added to  
the extent of about 50 vol. %, precipitation of the 
iodincePEG complexes was avoided completely. 
If the propylene glycol was added with hcdting 
after precipitation had been effected, the precipitates 
redissolved, and quantitative recovery of thc iodine 
was achievcd. The explanation here, of course, is 
that an additional coordinating reagent has been 
added which is competing nearly as strongly as the 
PEG itself for the iodine. Consequently, the PEG 
coordinates only a small fraction of the iodine, 
insufficient in amount to achievc precipitation. 
Furthermorc, this alcohol has a greater solvent 
effect than water, for both the PEG and thc P E G  
iodine precipitate. 

Two additional observations of intcrcst were the 
following: aqueous solutions of the PEGs can 
extract, to  a degree, the iodine present in thc violet- 
colored chloroform and carbon tetrachloride solu- 
tions, arid the vapor pressure of iodinc over well- 
dried PEGiodine precipitates was significantly 
lower than that of iodine itself. If the PEG 
1000-iodine precipitate was heated on a spatula, 
the iodine could be driven off, but the reaction was 
slow and the temperature had to  be in excess of 100". 
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which becamc more and more wine-red in color as 
tnore KI3 was added. Finally, as thc titration 
continued, there came a point at which the reddish- 
brown turbidity persisted, and further addition 
of KII only increased the amount of turbidity. 
The second column of Table I lists the ml. of titrant 
required just to reach the point of permanent tur- 
bidity for each of the PEGs. 

It will be seen that as the molecular weight of the 
PEG increases, the amount of Kr3 needed decreases. 
In the third columu of Table I this is further il- 
lustrated by presenting thc mole ratio of ether link- 
ages to the KII a t  that point. After thc point of 
permanent turbidity had been reached, enough 
additional KI3 was added to  bring the volume of 
that reagent to  10.0 ml. The precipitates obtained 
were watchcd for the next 1.5 hr. to  observe altera- 
tions in their characteristics. In the case of the 
PEG 400, the solution initially had a reddish- 
brown suspension in it, but with time and oc- 
casional swirling of the flask, this prccipitate 
coalesced to give a few drops of a dark black liquid. 
When the supcrnatant liquid was decanted, these 
globules collapsed and appeared to  wet the glass. 
The thin films formed in this way were dark rcd 
by transmitted light. 

In the casc of PEG 1000, as the precipitate 
aged, a dark black portion of liquid material similar 
to that observed with the PEG 400 and some light 
reddish-brown wax-like solids werc observed. In 
the case of the PEG 4000, the changes which OC- 

currcd were not very striking, except that the very 
light brown precipitates that formed initially ap- 
peared to  get darker with time and to diminish to  
some extent in volume. After about 15 min. this 
precipitate had settled out, leaving a very lightly 
straw-colored solution above it. 

The situation obtained in these solutions after 
the rapid addition of the additional KIa to make the 
final 10.0 ml. is one where the mole ratio of ether 
oxygens to iodine is still quitc high, being about 246. 
It is evident for precipitation to  occur under such 
circumstances, that the iodine be concentrated on 
some molecules, rendering them insoluble, while 
the bulk of the remaining molecules have so few 
iodine atoms on thcm that they remain in solution. 
This is the final situation which prevails after a 
period of time sufficiently long to  bring the system 
to equilibrium. 

When the lower molecular weight PEG is used, 
the iodine concentrates on the precipitated molecules 
to  give them an iodine-ether ratio close to  unity 
as evidcnccd by their dark color. With the higher 
molecular weight polymcrs a lower ratio leads to  
precipitation. 

The changes that occurred with time are those 
associated with bringing the system to this dis- 
proportionate equilibrium and to  coalescence of 
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Preparation and Biological Evaluation of 
Some N-Amino Acid Substituted 

Derivatives of Serotonin 
By ALBERT J. FORLANO and ROBERT L. S. AMAI* 

A series of N-amino acid substituted derivatives of serotonin was prepared. The 
method entailed condensing the or-halo analogs of alanine, isoleucine, phenylalanine, 
and valine with 5-benzyloxy-serotonin using a method adapted from Fisher’s peptide 
synthesis. The activity of these compounds was compared with 5-hydroxytrypto- 
phan in an Actophotometer to determine their effect on generalized activity in mice. 
The results are presented along with some possible explanations for the biological 

observations. 

IGH cerebral levels of serotonin are known to 
produce a significant increase in central 

stimulation (1-3). Woolley (4) stated that hal- 
lucinations, agitation, and othcr signs of excita- 
tion are found in individuals with elevated cere- 
bral levels of serotonin and that decreased levels 
can lead to depressive states. There is also an 
implication that an abnormality in serotonin 
metabolism may be responsible for schizophrenia 
(4). The biosynthcsis of serotonin (I) in ani- 
mals commences with the natural amino acid 
tryptophan which is obtained from dietarysources 
(5). 5-Hydroxytryptophan (11) is produced by 
hydroxylation of the amino acid in the 5-position 
of the indole ring by an enzyme system having 
NADP as one ol the coenzymes. Thc latter 

CH2- CHZ-NHr HoyJ--iJ 
H 

I 

H O w C H z - E ; C O O H  I 

I1 

compound (11) is easily decarboxylated to the 
hormone serotonin (I) by 5-hydroxytryptophan- 
decarboxylase, which contains pyridoxal phos- 
phate as a coenzyme. Serotonin is not produced 
in animals by the direct 5-hydroxylation of 
tryptamine (5). 

Shaw and Woolley reported that exogenous 
serotonin does not pass from the blood into the 
brain very readily (6-3). Instead, tlie parenteral 
administration of serotonin produces powcrful 

H 
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intestinal contractions, increased tissue perme- 
ability, and a rise in blood pressure. Therefore, 
if one wanted to  observe the central effects of 
serotonin, a substance likc 5-hydroxytryptophan 
(11) would be necessary. This compound can 
pass through the blood brain barrier where it is 
subsequently converted to serotonin (2, 9). 
Since serotonin (I) cannot pass from the blood 
into the brain, it  appears likely that thc carboxyl 
group of 5-hydroxytryptophan may be necessary 
for its transport into tlie brain. Evered and 
Randall (10) hwe shown that it is possiblc to 
transport cytoactive drug molecules into cells by 
linking them to actively transported natural 
amino acids as carriers. Considering these fac- 
tors, i t  was believed that a scrics of compounds 
with unique properties could be produced if sero- 
tonin was linked to some natural amino acids. 
These compounds would: (a )  have the free 
carboxyl group that appears to be necessary for 
transport across the blood brain barrier and ( b )  
have natural amino acids for anchoring purposcs 
to carrier and metabolic receptor sites. The 
proposcd series of compounds are derivatives of 
structure 111, where R represents the tail por- 
tion of the various amino acids used. 

H VOOH 

111 

‘lhe synthesis of these compounds was initiated 
by treating 5 benzyloxyindole (IV) with oxalyl 
chloride to produce 5 benzyloxy3-indolegly- 
oxalyl chloride (V) The acid chloride was con- 
verted to the amide (VT] by treatment with con- 
centrated aqueous NH3 and was subsequently 
reduced to 5 benzyloxytryptamine (VII) with 
LiA1H4. The 5-benzyloxy derivatives of I11 
were produced by condensing the appropriate a- 
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H 
IV 

H v 

H 

H 

H 

VII 

I\ 
H 

I11 
IIIa, R = CHp-(alanine derivative) 
IIIb, R = (CHp)a-CH-(valine derivative) 

IIIc, K = n - C H 2 - - ( p h e n y l a l a n i n e  ~ derivative) 

IIId, R = CpHs-CH-(isoleucine derivative) 
I 
CHI 

Scheme I 

halo analogs of the amino acids with the amine 
(VII). These were debenzylated by catalytic 
hydrogenation using Pd/C catalyst. The  com- 
plete reaction is presented in Scheme I. 

EXPERIMENTAL' 

The first part of this section deals with the prep- 
aration of 5-benzyloxytryptamine (V11) which was 
used as the common intermediate for condensation 
with the a-halo analogs of the amino acids. 

5-Benzyloxytryptamine (VII).-This compound 
was produced in 41% yield based on the starting 
material using the method of Lipp et aE. (11). 5- 
Benzyloxytryptainine HCI(l2) was converted to the 
base by treatment with aqueous KOH and extrac- 
tion with diethyl ether. 
N - (5  - Hydroxy - 3 - indole - ethyl) Alanine 

(IIIa).-Compounds ( IIIa-d) were prepared by a 
modification of the method suggested by Fischer 
and Otto (13, 14) for the synthesis of peptides. 
Seventeen grams (0.064 mole) of 5-benzyloxytrypt- 
aminc was dissolved in 50 ml. of recently boiled 
and cooled N,N-dimethylformamide (DMF). In 
a separate vessel 10.85 Gm. (0.10 mole) of a-chloro- 
propionic acid (Eastman Red Label) was mixcd 
mith 20 ml. of DMF and enough 1 0 N ROH to 
neutralize the acid. The 2 solutions were trans- 
ferred to a reflux flask and water was slowly added 

I All melting points were taken on a Fisher Johns apparatus 
and arc uncorrcrted. hlictoanalvsrs weir prrfoi med hy 
Organic h1icroapaly.i~. N v q ~ i ~ ~ l ,  Ontaiiu. Canada. 

until the mixture became homogeneous. An ad- 
ditional 0.01 mole of KOH was added, and the 
solution was refluxed for 12 hr. During this time 
more base was added if necessary to maintain the 
pH slightly basic; however, large excesses were 
avoided because of the possible hydrolysis of DMF. 
The reaction mixture was diluted with twice its 
volume of 1 N aqueous KOH and any unreacted 
amine which precipitated was rcmovcd by extraction 
with ethyl ether. The solution was adjusted to 
pH 4.0 with glacial acetic acid and placed in a 
refrigerator for 24 hr. The product N-( 5-bcnzyloxy- 
3-indolethyl) alanine was removed by filtration and 
washed with hot isopropyl alcohol. It was then 
suspended in 150 nil. of ethanol and water mixture 
(1:l) which contained 2.0 Gm. of 10% Pd/C 
(Matheson, Coleman and Bell). The product was 
debenzylated in a Parr hydrogenator a t  a pressure 
of 50 psig for 1 hr. The catalyst was removed by 
filtration and the solvent was removed under 
vacuum. The residue was crystallized from an iso- 
propanol-water mixture and dried yielding 6 Gm. 
(23%yield) of N-( 5-hydroxy-3-indole-ethyl) alanine. 
lHzO, m.p. 238-243" dec. 

Anal.--Calcd. for C I ~ H I ~ N ~ O ~ :  C, 58.70; H, 
6.79; N, 10.55. Found: C, 59.00; H, 6.93; N, 
10.30. 
N - ( 5  - Hydroxy - 3 - indole - ethyl) Valine 

(IIIb).-This compound was prepared in a similar 
manner to  the alanine derivative (IIIn). Sevcn- 
teen grams (0.064 mole) of 5-benzyloxytryptamine 
was reacted with 18.1 Gm. (0.10 mole) of a-bromo- 
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0-methylbutyric acid (Eastnian Red Label). The 
~~~(j-bcnzyloxy-3-indole-ethyI) valinc dcrivativc 
had a m.p. of 225-230" after crystallization from 
an ethanol-water mixture. rZfter debenzylatioti 
and crystallization from the isopropanol-water 
mixture, 7.0 Gm. (25'3, yield) of the title compound 
was produced. m.p. 240-245' dec. 

And.-Calcd. for C1J120N20a: C, 65.20; H ,  7.30; 
N, 10.14. Found: C, 64.90; H, 7.19; N, 10.35. 
N - ( 5  - Hydroxy - 3 - indole - ethyl) Phenyl- 

alanine (IIIc).-This compound was prepared in a 
similar manner to the alanine derivative (IIIa). 
Sixteen grams (0.06 mole) of 5-benzyloxytryptamine 
was refluxed with 20 Gin. (0.086 molc) of a-bromo- 
8-phenyl propionic acid (K & K Laboratories, 
New York, N. Y.)  for 3 hr. The bcnzyloxy de- 
rivative had a m.p. CJf 200-205°. The debenzylated 
product was crystallized from an isopropanol- 
water mixture, and 6.5  Gni. (20yL yield) ol the title 
compound was produced, m.p. 235-238" dec. 

And-Calcd. for C19HpON2O3: C, 70.35; 11, 
0.21; N,8.64. Found: C, 70.03; H ,  6.54; N, 8.73. 

N - (5  - Hydroxy - 3 - indole - ethyl) Isoleucine 
@Id).-This compound was prcparcd in a similar 
manner to the alaninc derivative (IIIa). Sixteen 
grams (0.06 mole) of 5-benzyloxytryptamine was 
refluxcd with 20 Gm. (0.10 mole) of a-bromo-p- 
methyl valeric acid (K  & I( Laboratories, New York, 
N. Y . )  for 3 hr. yielding the 5-benzyloxy derivative, 
1n.p. 205- -210" dcc. The debenzylated product 
was crystallized from an isopropanol-water mixture 
and 5 Gm. (17.27i, yicld) of the title cornpound was 
produced, m.p. 212-215" dcc. 

Aml.--Calcd. for C I ~ H Z Z N ~ O ~ :  C, 66.18; H, 
7.64; N, 9.65. F o u ~ :  C, 65.39; H, 7.52; N, 
9.81. 
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BIOLOGICAL TESTING 

Thc objective of the biological testing was to 
determine whether these compounds had any central 
stimulating activity. Woolley (4) stated that 

high serotonin levels in the brain caused hallucina- 
tions and other signs of excitation. Since cerebral 
serotonin levels cannot bc raised by extracerebral 
injections of serotonin (2, 9) a precursor substance 
such as 5-hydroxytryptophan (11) was used as the 
standard for comparison of the serotonin activity 
of the new compounds. The test group consistcd 
of four 25-Gnl. white mice. All the activity meas- 
urements were conducted in an Actophotometer 
(Metro Industries, Imig Island City, N. Y.)  which 
is designed to measure thc general activity of the 
mice. Subcutaneous doses of normal saline solution, 
2 mg. of 5-hydroxytryptophan, or the molar equiva- 
lent of compounds IIIu-d (2.26, 2.40, 2.94, and 2.62 
mg., respectively) were administered, and the ac- 
tivity of the mice was determincd periodically 
during a period of 5 hr. I t  was necessary to add 
minimal amounts of 0.1 N NaOH to solubilize some 
of the compounds so that the total dose was con- 
tained in 0.2 ml. The second series consisted of the 
simultaneous injection of equimolar mixtures of 
5-hydroxytryptophan (2  mg.) and the test com- 
pounds. The results are presented in Tables I and 
11. 

DISCUSSION 

While the synthesis of serotonin and 5-benzyl- 
oxytryptamine are not nem-, the preparation of 
these N-substituted amino acid derivatives does 
reprcscnt a new concept. It is well cstablishcd that 
natural amino acids can readily pass through cell 
walls with the aid of active transport systems. 
Serotonin, howcvcr, cannot pass from the blood 
into the brain very readily (6-8); therefore, the 
joining of the hormone to an amino acid oiu a co- 
valent bond to assist in transporting it into the 
brain proposes an interesting concept. 

The biological testing of these cotnpounds sug- 
gest some reasons for their lack of central activity. 
The data in Tablc I show that a 2.0-tng. dose of 
5-hydroxytryptopliau per mouse slightly lowcrcd 

TABLE I.-A4CTIVITY OF M I C E ~  FOLLOWING SUBCUTANEOUS INJECTIONS O F  THE TEST COMPOUNDS 

F Time, min. 7 

Compd. 10 15 30 45 60 90 120 150 180 240 300 
Saline control 59 80 102 110 144 157 165 185 216 227 231 
5-Hydroxytrypto- 

phanb 19 21 59 60 74 82 82 91 91 95 140 
IIIe alaninc der.= 50 75 99 102 131 146 155 171 194 214 214 
IIIb valine der." 57 71 118 718 119 129 129 145 145 157 , . . 
IIIc phenylalanine 

der.c 70 80 85 85 85 89 94 99 111 112 . . . 
IIIdisoleucine der.c 68 66 104 . . .  149 173 173 173 175 181 1x9 

In terms of Actophotometer readings. At a level of 2 mg./mouse: 15 mg./mouse produced marked excitement, convul- 
sions, and agitation (15). ' At an equimolar dose level with 5-hydroxytryptophan. 

TABLE II.-Ac.r~vr-ru OF MICE" FOLLOWING SUBCUTANEOUS INJECTIONS OF MIXTURES OR ~-HYDROXY- 
TRYPTOPHAN AND TEST COMPOUNDS 

. 
~~ ~ --- ~ ~ ~ _ _  Time, min: ~- 

Mixture 10 15 30 45 60 90 120 150 iao 240 300 
SdlinC 59 80 102 110 144 157 165 185 216 227 231 
5-HTPb + 11Ia" 28 37 57 57 60 74 75 75 95 104 141 
5-HTPb + 1IIb  39 51 64 67 86 90 102 102 105 132 149 
5-HTPb + IIIcc 42 61 99 102 102 140 140 142 147 166 166 
B-HTPb + IIId" 31 68 100 101 118 123 151 169 174 179 185 

a In terms of Actophotomrter readings. ' 5-Hydroxytryptophan at a level of 2 mg./mouse. Test compounds at a con- 
centration equal to the molar equivalent of 5-hydroxytryptophan. 
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doses could not be used because of thc pain and tissue 
necrosis a t  the injection site. Consequently, one 
would not have been able to determine if the in- 
creased activity was due to central stimulation or to 
pain of injection. 

In conclusion, therefore, the reason for the lack 
of central stimulation is not readily apparent a t  this 
time. 

SUMMARY A N D  CONCLUSIONS 
1. The synthesis of a scrics of N-(5-hydroxy-3- 

indole-ethyl) amino acid derivatives containing 
alanine, valine, phenylalaninc, and isoleucine is 
described. 

2. These compounds were evaluated in mice to 
determine their effect on generalized activity. 
3. The results indicated that thcsc compounds 

when uscd either alone or in cornbination with 5- 
hydroxytryptophan did not produce any significant 
increase in activity over the 5-hydroxytryptophan 
standard. 
4. The results suggest that these compounds 

either are unable to enter the brain or that they 
are functioning as metdbOliC antagonists of 5- 
hydroxytryptophan. 
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5-hydroxytryptophan. Woolley ( 15) also stated 
that large doses of 5-hydroxytryptophan (15 mg./ 
mouse) produced marked excitemcnt, convulsions, 
arid agitation. I t  appears thus that the smaller 
doses are metabolized outside thc brain and pro- 
duced the classical symptoms on the gastrointestinal 
tract and blood pressurc. The administration of 
larger amounts may be partially available to the 
brain because the extracerebral mctabolism sites 
become saturated and allow some to enter the brain, 
thus resulting in central stimulation. 

The data in Tables I and I1 show that the deriva- 
tives do not produce greater stiniulation than Ti- 
hydroxytryptophan when used alone or in combina- 
tion with thc latter compound; in fact, there is a 
diminution of central activity when compared to 
the saline control. While it is possiblc that the 
use of larger closes of thc dcrivatives may have 
caused some evidence of central activity, higher 

(1) Hodge, J. V.. Oates, J. A,,  and Sjoerdsma, A., CEin. 

(2) Bogdanski, L). F., Weissbach, H., and Udenfriend, 

(3) Undenfi-iend, S., Weissbach, H., and Bogdanski, 

(4) ,Woolley, D. W.. “The Blochemical Bases of Psy- 
John Wiley & Sons, Inc., New York, K.  Y.,  1962, 

Pharmacol. ErpU. Thevap., 5,  140(1964). 

S. ,  J. Pharmacol. Enpll. Therap. ,  122, 182(1958). 

D. F., J. Bid.  Chem., 224, 803(1957). 

choses. 

p. 169. 

Marshall, 6. D., Biichem. Pharmacol., 13, 1839(1964). 
(16) Gal E. M. Mot-gan, M., Chatterjee, S. K.,  and 



Applications of Aqueous Thermometric Titration 
to Pharmaceutical Analysis 

By ALBERT B. DELE0 and MARVIN J. STERN* 

Aqueous thermometric titration with standard HCl, NaOH, or AgNOB as titrant was 
used successfully for the analyses of aminophylline (ethylenediamine and theophyl- 
line), chlorpheniramine maleate, chlorpromazine hydrochloride, hydrochloro- 
thiazide, and niacinamide. Most of the determinations were based on titration 
volumes. In cases where the curvature of the enthalpogram in the vicinity of the end 
point was severe, the quantitative result was derived from the temperature change 
due to the reaction. Exploratory studies of the applicability of simple aqueous 
thermometric titration, without prior separation of ingredients, to the analysis of 
solid and liquid dosage forms of the above compounds were conducted. With all but 
1 of the solid dosage forms investigated, no interferences from inert ingredients 
were observed. In some of the liquid dosage form systems studied, the vehicles 

interfered with the titrations, while in others they did not. 

HE POSSIBLE application of aqueous thermo- 
Tmetric titration to pharmaceutical analysis 
was reported in a recent coinmunication from this 
laboratory (I). The present paper describes the 
procedures and results of the aqueous thermo- 
metric titration of selected pure medicinal sub- 
stances and of some preliminary studies concern- 
ing the application of thermonietric titration to 
dosage form analysis. 

The large number of systems to which thermo- 
metric titration may be applied has been the 
subject of several reviews. The investigation 
described in this report was concerned primarily 
with simple acid-base and precipitation reactions 
of nitrogenous compounds. It is well known1 
that a thermometric titration will often produce 
a well-defined end point in a system where free 
energy methods such as potentionietric titration 
fail. Thus, in the first phase of this study, com- 
pounds whose official or other assay procedures 
require nonaqueous titration were chosen for test- 
ing the applicability of aqueous thermometric 
titration. 

The second phase of this study was concerned 
with the assay of dosage forms. 4 t  present, 
“inert” binder, filler, and sealer materials, re- 
quired to manufacture most solid dosage forms, 
often necessitate the use of separation procedures 
prior to the assay of the active ingredients. The 
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1 See for example: Zenchelsky, S. T., Anal. Chem., 32, 
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Analytical Chemistry Meites, L.. ed., Mcbraw-Hill Book 
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problem also exists with liquid dosage forms 
where “inert” substances in the vehicles often 
interfere with the use of visual indicators and 
electrodes. Unfortunately, most separation pro- 
cedures are tedious as well as time consuming. 

While the enthalpogram for a thermometric 
titration ol a single reacting substrate under- 
going a single-step reaction is characterized 
(ideally) by a single “break” at  the end point, 
the enthalpogram for a titration of 2 substrates 
(or a single substrate undergoing a 2-step reac- 
tion) niay or may not be Characterized by 2 
breaks. First, the free energies of the 2 reactions 
must be sufficiently different so that the reactions 
do not occur simultaneously. Second, the 
enthalpies of the 2 reactions must also be suffi- 
ciently different so that the point where one 
reaction ceases and the second commences is dis- 
cernible. One hopes then that the enthalpograrn 
of a thermometric titration of a dosage form will 
be characterized by a single end point correspond- 
ing to the reaction of the active ingredient ( i e . ,  
the other substances present do not react) or, if 
more than one substance reacts, that the thermo- 
dynamic factors are favorable, so that the entlial- 
pogram exhibits a series of end points, the vol- 
umes between the end points corresponding to 
individual reactions occurring during the titra- 
tion. If either hope is fulfilled, the need for prior 
separation of the active ingredient is eliminated. 

EXPERIMENTAL 

Materials.-Powdered samples of aminophylline 
U.S.P. (anhydrous), chlorpheniramine maleate 
U.S.P.,* chlorpromazine hydrochloride U.S.P.,3 
hydrochlorothiazide U.S.P., and niacinamide U.S.P. 

Supplied by Schering Corp., Bloomfield, h-. J. 
0 Supplied by Smith Kline & French Laboratories, Phila- 

delphia, Pa. 
Supplied by Ciba Phaimaceutical Co.  Inc. Summit 

N. J., and Mack  Sharp & Dohme Kesearkh Laboratories: 
West Point, Pa. 
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were dried according to standard procedures but 
not purificd furthcr. Dosage forms were purchased 
on the open market. Standard HCl and NaOH 
solutions were purchased as certified volumetric 
solutions. Standard AgNOa solutions were pre- 
pared from reagent grade AgP\'03. Only recently 
boiled water was used throughout. The acetone 
used in the hydrochlorothiazidc titrations was 
reagent gradc. 

Apparatus.-The titration cell assembly, which 
consisted basically of a small stoppered standard 
Dcwar flask, a 2000-ohm bead-in-glass-probe 
thermistor, a-right-anglcd titrant delivery tip, and 
a glass stirrer with 4 quadrantal blades, is shown 
in Fig. 1. The thermistor and delivery tip ex- 
tended to -3 mm. above the stirrer blades. The 
delivery tip was positioned so that the flow of 
titrant was counter to the flow of the solution in 
the flask. The stirrer was powered with a Synchro- 
Tork stirring motor (General Laboratory Supply 
Co., Paterson, N. J.). Titrant was delivered with 
a 0.6 ml./min., constant-flow Mcnisco-matic buret 
(American Instrument Co., Inc., Silver Spring, 
Md.). 

The titration cell, stirring motor, and buret were 
enclosed in a constant-temperature air bath, main- 
tained a t  25.0 j, 0.1". The air bath was a closed 
system in which air was recirculated. Cooling was 
achieved with copper cooling coils, in and around 
the air duct, through which cold water was circulated. 
A 200-w. (a t  115 v.a.c.) heating coil in the air duct 
was set, with an auto-transformer, to maintain the 
air bath a t  approximately 24.5'. A 100-w. (at 
115 v.a.c.) heating coil, also in the air duct, was 
controllcd with a Micro-Set (mercury-column) 
thermoregulator (Precision Scientific Co., Chicago, 
Ill.) set a t  25.0". The voltage to the 100-w. heater 
was adjusted with a power rheostat to give minimum 
"overshoot." The exhaust fan and air entry 
portals were diagonally opposite each other and 
were equipped with deflector vents to cause turbu- 
lent flow of air in the bath. The temperature could 
be maintained at  the desired level over extended 
periods. The bath was also equipped with a safety 
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circuit breaker which automatically shut off the 
200-w. heater in case the temperature of the bath 
exceeded 35". Switches on the air bath permitted 
the operation of the stirrer and buret from the 
outside. 

The thermistor was actually 1 arm of a simple 
bridge circuit, only slightly modified from thc one 
described by Jordan and Allemari (2). The im- 
balance potential of the bridge was rccorded with a 
5-mv. Dynamaster recorder (The Bristol Co., 
Waterbury, Conn.). In cases where thc magnitude 
of the heat change was low, the bridge signal was 
amplified by a factor of 5 with a solid-state variable 
recorder amplifier (Instruments and Conimunica- 
tions, Inc., Wilton, Conn.). 

Titration Procedure 
Pure Substances.-One-liter volumetric solutions 

were prepared and allowed to reach thermal equi- 
librium, along with the standard titrants, for 
several hours in the air bath. The slow and low 
solubility of hydrochlorothiazide in water necessi- 
tated dissolving the compound in 20 nil. of acetone 
and slowly dispersing the acetonc solution in water 
while stirring. The small amount of acetone (2%) 
appeared to have negligible effect on the titrations. 

Exactly 100 ml. of solution was placed in the 
Dewar flask which was then positioned on the sta- 
tionary titration ccll head with a laboratury jack. 
The stirrer and bridge were turned on and the system 
allowed to attain thermal equilibrium. Equil- 
ibration generally required 5-10 min. and was 
indicated by a linear base line on the recorder. 
The buret was then turned on and the titration 
allowed to proceed until well after the end point(s) 
was reached. 

Dosage Forms.-All dosage forms wcre titrated 
without prior separation procedures. A suitable 
quantity of the dosage form was dispcrscd, in the 
Dewar flask, in enough thermally equilibrated (25.0 
f 0.1') water to make -100 ml. In the case of 
hydrochlorothiazide tablets, a slurry of the pow- 
dered tablet in 5 ml. of acetonc was prcpared and 
then diluted to -100 ml. with water. Titrations 
were then performed in the same manner as de- 
scribed for pure substances. 

U.S.P. Assays 
The pure substances were also analyzed by the 

procedures (usually nonaqueous titration) given 
in the U.S.P. (3) .  

Treatment of Data 
An idealized enthalpogram for the thermometric 

titration of a single substrate undergoing a sirigle 
reaction is shown in Fig. 2. The factors contribut- 
ing to the various portions of the curve have been 
discussed. (See Footnote I.) The section of the 
curve between the start of the titration and the end 
point is called the titration branch. The extrapola- 
tion method for obtaining the titration volume, 
AV,  and the temperature rise due t o  the reaction 
(in arbitrary units), A T ,  is indicated on the curve.j 
For 1 titration system, chlorpromazine hydrochlo- 
ride versus NaOII, AV's were also determined with 

SET SCREW 

TEFLON BEIRING 

ALUMINUM 
nLoms 

Fig. 1.-Titration ccll assembly. 
5 Enthalpograms are usually recorded with a temperature 

rise reflected as an i,irrcnscrl voltage. In the present in 
vrstigation, this convention was used. 
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an accurately weighed portion of active ingredient. 
In the standard addition method, thc purities of 
the added portions of active ingredients were taken 
to bc cxact. 

Dosage form analyses were not carried out with 
AT measurements, because the results of the AT 
analyses of the purc compounds indicated that 
there are uncertainties involved in  nwasuring rela- 
tive heats without a calibration hcater. In addition, 
there is no assurance in a dosage form titration 
that all reactions have ceased after the last observed 
end point. The later condition is nccessary for 
the application of the back-extrapolation method 
for obtaining AT shown in Pig. 2.  

RESULTS AND DISCTJSSION 

Pure Compounds.-Figures 3 and 4 show typical 
enthalpograms for the 8 titration systems investi- 
gated in detail. The 3 systems represented in Fig. 
4 involve precipitate formation. 

An cnthalpogram Tor the aqueous thermometric 
titration of chlorphcniramine maleate versus HCl, 
corresponding to the official nonaqucous titration 
(3), is shown in Fig. 3,  curve A. Although the end 
point is fairly rounded, extrapolation is not difficult. 
The 1 end point observed results fro111 the protona- 
tion of the pyridine nitrogcn of the chlorphenir- 
arnine; in the official nonaqueous titration, the 

I I 

m> 

Fig. 2.- Idealized enthalpogram. 

an automatic end point determination device. 
The procedure used has been described (4). 

Pure Compounds.-Most of the analyses of the 
pure cornpounds were made by calculating the 
amount of substrate from the measured AV and the 
known concentration of the titrant. In 2 cases, 
theophylline in aminophylline versus NaOH and 
hydrochlorothiazide versus NaOH, the curvature in 
the vicinity of the end point was too severe to allow 
reliable extrapolation for measurement of AV. In 
these cases, quantitative determinations were made 
from the AT mcasurements. AT values from 
titrations of various concentrations (always 100 
ml.) of the compound under consideration and of 
hydrochloric acid versus 2.0 M NaOH were measured. 
The slopes, B ,  of plots of AT versus molarity of 
substrate, M ,  were obtained by least-square fitting 
to the equation AT = BM. The relative slope, 
B H / B c ,  where the subscripts H and C refer to 
hydrochloric acid and the compound under con- 
sideration, respectively, was evaluated. Since the 
B's were obtained from titrations of dilute solutions 
run undcr essentially the same conditions,6 the 
relative slope should be identical to the ratio of the 
molar cnthalpies of the reactions. Once Bw/Bc 
has been determined, a solution of unknown con- 
centration of the compound under consideration 
can be analyzed by performing a titration of the 
unknown and following it with a titration of known 
concentration of hydrochloric acid ruu under 
identical conditions. 

Mc = M H  ( A T c / A T H )  ( B H / ~ ~ c )  (Eq. 1 )  

where the relative temperature rise, A T c / A T I ~ ,  is 
determined from the enthalpograms, and M H  is 
the known concentration of hydrochloric acid. 

Dosage Forms.-The amounts of active inpredi- 
ents in the dosage forms were calculated by an 
absolute method and/or a standard addition method. 
In the absolute method, the amount of active 
ingredient was calculated from AV and the coii- 
centration of the titrant. In the standard addition 
method, AV for the titration of the dosage form was 
compared, in the obvious manner, to A V for a similar 
titration of the same amount of dosage form plus 

I t  is easy to show that 

6 The only condition which was purposely varied was the 
bridge sensitivity which was set a factor of 5 more sensitive 
for the theophylline in amiriophylline and hydrochlm-o- 
thiazide titratiuns than for the hydrochlol-ic acid titrations. 
A correction was applied to account for thc nonlinearity of 
the sensitivity scale. 

2 0; 1:; 
VOLUME OF TITRANT I 0 2  ml/DIVISIONl 

Fig. 3.-Typical enthalpograms. Key: A, 0.01 M 
chlorpheniramine malcatc vs. 2 Af HC1; B, 0.008 ikI 
arninophyllinc us.  2 'If NaOH; C, 0.01 it2 niacin- 
amide vs. 2 M HC1; D, 0.002'7 A 1  hydrochloro- 
thiazide vs. 1 M NaOH; E, 0.005 A4 aminophyl- 
line us. 2 M HC1. 

r I 
/-- 

Fig. 4.-Typical enthalpograms. Key: A ,  0.005 
df amiiiophyllitie us. 1 iVf R g i Y 0 3 ;  B, 0.01 izrl chlor- 
pheniramine rnaleate 2's. 2 112 XaOH; C, 0.01 dl 
chlorprornazine hydrochloride vs .  2 M hTaOH. 
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Compd. 
Clilorpheniramine 

inaleate 

Niacinamide 
Chlorpromazine 

h ydrochloridc 

Hydrochlorothiazidc 
Aminophylline 

Ethylenediaminef 
Theophyllinef 

TABLE  THERMOMETRIC TITRATIONS OF PURE COMPOUNDS 

7 Thermometric Titration Analysis- -~ -. 7 - U . S . P .  Analysis- 
Titra- Titra- 

Concn., tions, tions, 
100 ml. Titrant No. yo Found NO. ‘% Found 

0.01 M 2.0 M HC1 6“ 99.36 f 0.30 5 99.64 f 0.18 
0.01 1M 2.0 MNaOH 5 97.81 f 0.57* 

99.80 =k 0.23c 
0.01 lW 2 . 0  MHC1 6 98.62 f 0.37 5 99.03 f 0.14 
0.01 M 2 . 0 M N a O H  6 98.58 f 0.31 5 99.89 f 0.20 
0.01 M 2.0 M NaOH 50 100.15 =t 0.70d 
0.01 M 1.0 I I l  NaOH 5 99.69 f 0.33“ 
0.0027 &I‘ 1 . 0  Af XaOH 5 99.67 f 0.2OC 5 100.76 =t 0.29 
0.005 M 

2.0  M H C I  5 98.90 =k 0.25 5 100.58 f 0.11 
1.0 M AgN0a 5 99.93 f 0.80 5 99.25 f 0.40 

a One titration eliminated by Chauvenet‘s criterion. ‘ Based on first end point. 
end point determination apparatus; automatic buret; lag time taken as 0.050 min. (See Rcfevence 4.)  
determination apparatus; manual buret: lag time taken as  0.0.50 min. (See Kefevence 4 . )  
conteni in anhydrous aminophylline ( 2  moles theophylline: 1 mole ethylenediamrne). 

‘ Based on second end point. Automatic 
Automatic end point 

J Percentages based on theoretical 

bimaleate ion is titrated along with the chlor- 
pheniramine. 

,4n enthalpogram for the titration of chlorphenir- 
amine maleate zleyszts NaOH is shown in Fig. 4, 
curve B. Two true end points appear, the first 
corresponding to the neutralization of the bimaleate 
ion and the second to the neutralization of the 
protonated amine moiety of the chlorpheniramine 
ion. The false “end point” indicated by the asterisk 
has no stoichiometric relationship and is due to the 
delayed precipitation of the chlorpheniramine base. 

Aqueous titration of niacinamide versus HCl, 
corresponding to the official nonaqueous titration 
(3), resulted in an cnthalpogram (Fig. 3, curve C) 
with a rounded end point Extrapolation to the 
end point is, however, not difficult. 

Aqueous thermometric titration of chlorprom- 
azine hydrochloride verszss HCl, corresponding to 
the official nonaqueous titration (3), failed to 
exhibit an cnd point since the phenothiazine nitro- 
gen is not sufficiently basic to become protonated in 
aqueous solution. Neutralization of the protonated 
amine nitrogen with base, howevcr, resulted in an 
enthalpogram with an extremely sharp end point 
(Fig. 4, curve C). 

The official assay procedure for hydrochlorothi- 
azide requires titration in n-butylamine with sodium 
methoxide in benzene as titrant (3).  Aqueous 
thermometric titration with NaOH involves 2 
equivalents of base, since there are 2 sulfonarnide 
groups in hydrochlorothiazide. Midway in the 
titration branch of the enthalpogram (Fig. 3, 
curve D), there is a slight change in slope, cor- 
responding to the first end point. The change 
is not sharp enough to  permit precise determination 
of this end point The second end point is quite 
rounded so that extrapolation to either end point 
is subject to large errors Thus, for the hydro- 
chlorothiazide determinations, A T  rather than A V 
analyses were carried out. 

Aminophyllinc is a mixture of 2 moles of theo- 
phylline to 1 mole of ethylmediamine. The official 
assay (3) involves separate procedures for the 2 
components. Ethylenediamine is analyzed by 
aqueous titration with HC1, and theophylline is 
determined by precipitation with AgNOj and titra- 
tion of the excess silver ion with NHaSCN. Med- 
wick and Schiesswohl (5) have developed a non- 
aqueous potentiometric analysis for both com- 

ponents which uses acetous perchloric acid as titrant 
and an acetic acid-acetic anhydride solvent. 

Three aqueous thermometric titration systems 
for aminophylline analysis were investigated. 
Titration with HCl resulted in an enthalpogram 
(Fig. 3, curve E) indicating reaction with ethylene- 
diamine only. The change in slope midway in the 
titration branch is the end point for the protonation 
of 1 of the amine groups, but this point is difficult 
to determine precisely. The second end point, 
however, is extremely sharp. 

Aqueous thermometric titration of arninophylline 
wersus base is feasible due to the acidic nature of 
theophylline. The resulting enthalpogram (Fig. 3, 
curve B) is extremely curved throughout the 
titration branch so that only A T  analysis can be 
performed precisely. 

Direct titration of the theophylline in amino- 
phylline v m a s  AglUOa resulted in an enthalpogram 
(Fig. 4, curve A) with a well-defined end point. 
There is a very slight changc of slope approximately 
midway in the titration branch which is probably 
due to initial supersaturation followed by precipita- 
tion (similar to the false “end point” in the chlor- 
pheniramine maleate versus NaOH system). Keily 
and Hume havc observed similar changes in slope 
in nonaqueous thermometric titrations involving 
precipitations (6). The best stoichiometric end 
point for the arninophylline versus AgNOs titrations 
resulted from taking an average of the end points 
obtained by extrapolating segments of the titration 
branch on both sides of the slight change in slope. 
However, because the change in slope is so slight, 
little error ( ~ 1 7 ~ )  is introduced if only the final 
straight portion of the titration branch is used to 
locate the end point. 

The quantitative results of the aqueous thermo- 
metric titrations ( A  V analyses) of the 5 compounds 
under investigation are given in Tablc 1.7 Included 
in thc table are the results of the official assay 
procedures. The values obtained from the thermo- 
metric analyses are generally slightly lower but still 
in good agreement with the results of the U.S.P. 
analyses. The poor results obtained from the first 
end point in the chlorpheniramine maleate versus 
NaOH thermometric titrations can be ascribed to 
the difficulty in extrapolating the small segment 

7 All appended error limits in this paper ate average devia- 
tions unless specified. 
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0 

HYDROCHLOROTVIAZIDE 
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CONCENTRATION I M i  10’1 
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Fig. 5.-Plots of temperature rise vs.  concentra- 
tion of substrate for titrations with 2 M NaOH. 
The solid lines represent the least-square fits to 
A T  = B M ,  where the points were weighted as 
(average deviation) -z. The average deviations of 
the points generally fall within the circles. 

between the first end point and the false “end point.” 
The reasouableness of the results 01 the hydro- 
chlorothiazide versus NaOH thermometric titrations 
must be taken to be fortuitous because of the 
prcviously discusscd uncertainty in the location of 
the end point. 

Plots of A T  versus concentration for amino- 
phylline versus NaOH, HCl versus NaOH, and 
hydrochlorothiazidc versus NaOH titrations are 
shown in Fig. 5. The lines drawn through the 
points were determined by least-squarc fitting to 
A T  = B M  with each point weighted as (average 
deviation)-2. The relative slopes were found to 
be B H I C I / B ~ ~ ~ ~ ~ ~ , ~ ~ I ~ ~ ~  = 4.004 f 0.048 and BAG]/  
Bhpdrochlorothinside ~ 1.132 f 0.008, where the 
appended error limits are estimated standard 
deviations. These results indicate that the use of 
Bq. 1 to determine theophylline or hydrochloro- 
thiazide concentrations from thermometric titra- 
tioris run concurrently with HC1 versus NaOH ti- 
trations should be accurate to -1%. 

Approximately 6 months after the dcterminations 

were made, the A T  procedure was tested by per- 
forming titrations with an entirely new apparatus 
(bridge, recorder, titration cell, etc.) and calculat- 
ing the concentrations with Eq. 1. Such analyses 
yielded for theophylline (0.005 iM aminophylline; 
3 titrations) 94.97 f 0.3670 recovery, as compared 
to thc U.S.P. analysis of 98.60 f 0.17y0. Similar 
titrations for liydrochlorothiazide (0.0017 M ;  3 
titrations) yielded 95.31 +k 0.44% recovery, as 
compared to the U.S.P. analysis of 100.76 f 0.29%. 
(The U.S.P. analysis result is probably high, due 
to the broad color change of the indicator.) The 
poor agreements cast some doubt on the absolute 
values of the relative slopes. 

The proposed method of using an external stand- 
ard to  determine heat changes suffers several 

Of B H C l / ~ t h e o p h y l l i n e  and BECl/Bhydrochlorathiaside 

disadvantages, especially when it is attempted to 
translate results from one apparatus to another. 
Bridge sensitivity nonlinearities are difficult to 
determine accurately, and thcy vary, dcpcnding on 
the bridge design, with the age and voltage of the 
batteries. In addition, i t  has been found that 
bridge response changes when switches are opened 
and closed again. Furthermore, factors such as 
differences in heat capacities duc to differcnces in 
composition and volume (it is difficult to dry the 
titration cell completely between titrations) and 
distortions of the erithalpogrdms due to the dilution 
effect of the titrant can introduce errors. A more 
reliable method is one in which a calibrated heater 
immersed in the solution is used as an internal heat 
standard. This method would eliminate most of the 
possible sources of error discussed above, since the 
composition and volume of the solution could not 
change and tlie bridge nccd not bc turned off or 
adjusted between calibration and titration. The 
effects of dilution hy the titrant would still be a 
problem, but these effects should be small if the 
titrant is always much more concentrated than the 
solution to be titrated. 

Solid Dosage Forms.-l‘hermometric titration 
of niacinamide tablets veysus HC1, chlorpromazine 
hydrochloridc sustained - release capsules versus 
NaOH, hydrochloi othiazicle tablets z m w u  KaOH, 
and aminophylline tablets versus NaOH resulted in 
enthalpogranis which were almost identical to the 
enthalpograrns obtained from the corresponding 
titrations of the pure substances. Thus, the inert 
materials in the dosage forms investigated do not 
undcrgo simple acid-base reactions and therefore 
do not interfere with the titrations of the active 
ingredients. Thermometric titration of amino- 
phylline tablets versus AgN03 produced an enthalpo- 
gram which differed from that of the corresponding 
titratiou of pure aminophylline only in that the 
slight change in slope in the titration branch did not 
appear. The insoluble materials in the tablets 
probably act as “seeds” to prevent supersaturation. 
Enthalpograms for the titration of aminophylline 
tablets versus HCI are shown in Fig. 6. The curves 
are similar to that of the corresponding titration of 
pure aminophylline, and tlie end point is very sharp. 
The only difference is the fact that in the titration 
of tablets, the first end point does not appear 
(curve B) or appears as a slight change in slope 
(curve A)  of opposite direction to that observed 
in the titration of pure aminophylline. The  reason 
for this difference need not be of concern in strict 
analytical applications in which the second end 
point is used. 

VOLUME OF TITRANT (02m11D1V1S10N) 

Fig. 6.-Enthalpograms for titrations of arnino- 
phylline tablets (700 mg.). Key: A, 2 tablets 
0s. 1 iM HCI; B, 2 tablets plus 100 mg. amino- 
phylline vs.  1 M HCl. 
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Figure 8 shows typical curves for the titrations of 
tablets alone and of tablets plus added chlorphenira- 
mine maleatc. Thc high final slopes indicate that 
some reaction was occurring even after -2 nil. of 
1.0 M NaOH had been added (-3 times the amount 
needed to completely neutralize 120 mg. of chlor- 
pheniramine maleate). None of the breaks is easy 
to pick out as an end point. Attempts to obtain 
quantitative results from the first brcak with both 
the absolute and standard addition methods were 
unsuccessful. 

The results of the thermometric titrations of the 
solid dosage forms studied are given in Table 11. 
Although the curvature in the vicinity of the amino- 
phyllinc versus NaOH and hydrochlorothiazidc 
versus NaOH end points did not allow accurate 
extrapolation for absolute analyses, the standard 
addition method was feasible sincc errors tend to 
cancel if the curves are always extrapolated in the 
same manner. For the hydrochlorothiazide standard 
additional analyses, “end points” were obtained by 
extrapolating the initial portions of the titration 
branches and the final segments of the curves to 
their intersections; i.e., the fact that there are ac- 
tually 2 end points was ignored. 

Since this phase of the investigation was explora- 
tory in nature, detailed evaluations of precision and 
accuracy were not attempted. The over-all results 
are quite favorable and indicate that thermometric 
titrations of many solid dosage forms without prior 
separation of the active ingredients are fcasible. 
The rather large error limits encountered with some 
systems may be due to the fact that individual 
dosage forms were titrated. The differences between 
the results of the absolute and standard addition 
methods may also be due, a t  least in part, to the use 
of individual dosage forms as well as to the assump- 
tion of 100yo purity of the added portion of active 
ingredient. The latter may be particularly im- 
portant in the titrations involving aminophylline, 
which is not always homogeneous. 

The most interesting results of these exploratory 
studies is the fact that, with the exception of the ti- 
trations of chlorpheniramine maleate tablets, even 
the simple acid-base titrations of the solid dosage 
forms indicated negligible interference due to inert 
ingredients. 

Liquid Dosage Forms.-The general objective of 
this phase of the investigation was to determine if, 
without detailed knowledgc of the composition of a 

I I ,  I 1 I - i  
VOLUME OF T ITRANT I 0 2  mlIDIYISIONI 

Fig. 7.-Enthalpograms for titrations of chlor- 
phenirarnine nialeate tablets (4 mg.). Key: A, 
30 tablets vs. 1 M HC1; B, 30 tablets plus 100 mg. 
chlorpheniramine maleate vs. 1 M HC1. 

,d, , , , , , , , , j  
VOLUME OF TITRANT 10.2 ml/DIVISION) 

Fig. 8.-Enthalpograms for titrations of chlor- 
phcniramine maleate tablets (4 mg.). Key: A, 
30 tablets vs. 1 iM JYaOH; B, 30 tablets plus 100 
mg. chlorpheniramine maleate vs. 1 M NaOH. 

Enthalpogranis for the titration of chlorphenir- 
amine maleate tablets oersus HC1 and of a corre- 
sponding standard addition titration are shown in 
Fig. 7. The roundness a t  the start of the titration 
must be due to the reaction of some ingredient in 
the tablet with the acid. This reaction, however, 
is not “clean cut,” as evidenced by the fact that thc 
region of roundness expanded when additional 
chlorpheniramine maleate was added prior to the 
titration. The authors have found no reliable 
method of determining the initiation of the chlor- 
pheniramine reaction itself. Estimations of A V 
did not yield quantitative results for either the ab- 
solute method or the standard addition method. 

Titration of chlorpheniramine maleate tablets 
versus NaOH produced an enthalpogram quite 
different from the curve obtained in the correspond- 
ing titration of pure chlorpheniramine maleate. 

TABLE II.-THERMOMETRIC TITRATIONS OF SOLID DOSAGE FORMS 

Dosage Form 
Niacinamidc tablets, 100 mg. 
Chlorpromazinc hydrochloride 

sustained-release capsules, 
200 mg. 

Hydrochlorothiazide tablets, 50 
111 g . 

Aniinophylline tablets, 100 mg. 
Ethylenediaminec 
Theophyllinec 
Theophyllinec 

Dosage 
Units 

Ti- 
trated, 

No. 
1 

1 

1 

1, 2 
1 
1 

Deter- 
mina- 
tions, 
No. 
3 

2 

2 

2 
4 
2 

Amt. 
Added a 

in 
S.A. 

Method, 7- % Labeled Amt.- 
Absolute Std. Addition Titrant mg. 

1.0 MHC1 100 107.33 f 0.31 111.25 f 0.69 

1 . 0  M NaOH 200 103.51 =t 0.93 105.22 * 1.45 

1 . 0 M N a O H  50 b 98.76 f 0.96 

1 .0  M H C l  lood 92.48 f 0.22 92.29 f 3.16 
1 . 0  M NaOH 100d 6 109.92 f 6.78 
0 .5MAgN03 lood 96.56 f 0.55 101.63 f 0.48 

Purity of added active ingredient taken to be exact. Extreme curvature in vicinity of end point(s) piecluded direct 
analysis. dC Percentages based on theoi etical content in anhydrous aminophylline (2 moles Lheophyllitie. 1 mole ethylenedi- 
amine). Aminophylline. 
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TABLE III.-THERMOMETRIC TITRATIONS OF LIQUID DOSAGE FORMS 
~ - ~ ~ ~ 

Aniino- 
phyl- 

Ueter- line Addedn 
mina- in S.A. 

Titrated,  tions, Method, r- Labeled Amt.- ~. 
Dosage Form ml. No. Ti t ran t  mg. Absolute Std.  Addition 

Aminonhvlline e1ixiI-b 
Eth$le&liamincc 
Theophylline” 
Theopliyllinec 

Aminophylline compound 
syrupe 

Theophyllinec 
KI 

2 -4 2 1 0 M H C l  100 91 00 f 0 07 102 63 f 0 32 
10 1 1 0  M NaOH 100 97 18 
10 2 0 5 M &NO3 100 103 88 & 0 85 102 77 zk 0 40 

d 

10 2 0 5 M A g N 0 3  50 81 33 f 0 99 82 71 f 0 38 
89 87 f 0 76’ 

Cornpourid elixirs 
KI 10, 15 2 0 . 5  MAgNO3 _ _ .  98.62 f 0.15 

a Purity of added aminophylline taken t o  be exact. 12.5 rng. aminophylline and 3.125 mg. diphenhydrarnitie/rnl. 
Pet-centagcs based on theoretical content in anhydrous arninophylline ( 2  moles theophylline: 1 mole ethylenediarnine). 
Extreme curvature in vicinity of end point precluded direct analysis. e 10 mg. aminophylline 2.5 mg. diphenhydramine 

f Average of 4 titrations: 2 of 10 ml. syrup and 2 of 10 mi. syrup plus 50 mg. added 
Q 10 mg. K I ,  3 mg. thenphylline, 0.8 mg. ephedrine sulfate, 0.4 rng. phenobarbital, and 0.187 tng. isopro- 

7.5 mg. KI, and 2 rng. CHCIz/ml. 
aminophylline. 
terenol hydrochloride/rnl, 

liquid dosage form, one could correlate end points 
of enthalpograms with the reactions of individual 
active ingredients. Only a few systems were ex- 
amined and only sparse quantitative data were 
obtained. 

Titrations of a chlorpheniraitiine maleate syrup 
(0.5 mg./ml.) versus NaOH and veysus HCl produced 
enthalpograms exhibiting single end points which 
did not correlate with the chlorphenirarnitie rnaleate 
content. When additional chlorphcniramine male- 
ate was added to the syrup prior to the titrations, 
the titration volumes increased, but no correlation 
with the original chlorpheniramirie maleatc content 
could be made by standard addition analysis. The 
high final slopes of these enthalpograms indicated 
that reactions were still occurriug evcn after several 
times the stoichionietric amounts of titrant had 
been added. 

Rcsults similar to those obtained with the chlor- 
phenirarriine maleate syrup titrations were obtained 
with titrations of a syrup containing 10 mg. amino- 
phylline, 2.5 mg. diphenhydramine, 7.5 mg. KI, 
and 2 nig. CHCla per ml. (this syrup will be referred 
to subsequently as “aminophyllinc compound 
syrup”) VBYSUS NaOH and titrations of a chlorprom- 
azine hydrochloride syrup ( 2  mg./ml.) V B T S U S  NaOH. 
In the latter titration systcm, the volume to the 
c.nd point did not increase upon thc addition of 
excess chlorprotnazinc hydrochloride. Titration of 
aminophylline compound syrup versus HCI produced 
an enthalgogram, shown in Fig. 9, curve A, which 
does not exhibit any real evidence of reaction. 

Thus, in all of the above liquid dosagc form titra- 
tion systems, there is intcrference from other (inert 
and/or active) ingredients. In the absence of de- 
tailed information as to the compositions of the 
liquids, any discussion of the natures of the intcr- 
ferences would be highly speculative. 

On the other hand, titrations of an elixir contain- 
ing 12.5 mg. aminophylline and 3.125 ing. diphen- 
hydraminc per ml. (subsequently referred to as 
“atninophylline elixir”) C ~ Y S U S  HCl, NaOH, or &No3 
produced enthalpograms almost identical to those 
obtaincd in the corresponding titrations of pure 
atninophyllinr. (The end points in the HC1 titra- 
tions were slightly more rounded than in pure 
aminophyllinc versus HC1 titrations.) Quantitative 

results obtained from the titrations of aminophyl- 
line elixir are given in Table 111. 

Figure 9, curve B, represents the titration of amino- 
phylline compound syrup (content $vcn previously) 
versus AgNO3. The first end point is fairly sharp 
while the second is broadly rounded. Titrations 
with added activc ingredients indicated that the 
first end point corresponds to iodide precipitation 
and the second end point to theophylline precipita- 
tion. Quantitative results from a few titrations 
arc given in Table 111. The reason for the low 
per cent recoveries obtained may be the fact that a 
sample of syrup from a very old, previously opcncd 
bottle whose history was unknown was used for 
the analyses. 

VOLUME OF TITRANT 102rn l / i l tV IS lON1 

Fig. 9.--Enthalpngmms for titrations of amino- 
phyllinc compound syrup ( 10 mg. aminophylline, 
2.5 mg. diphcnhydraminc, 7.5 mg. KI ,  and 2 nig. 
CHC13/ml.). Key: A, 25 ml. syrup vs. 1 &I HCl; 
B, 10 nil. syrup us. 0.5 MAgN03. 

I I 

g !:I/r- 2 0  

10 

0 
I. 

VGLUME OF TITRANT I 0 2  ml/DIYISIONl 

Fig. IO.-Enthalpogram for titration of 15 ml. 
compound elixir (10 mg. KI, 3 my. theophylline, 
0.8 mg. ephedrine sulfate, 0.4 mg. phenobarbital; 
and 0.167 mg. isoprotereiiol hydrochloride/ml.) 
vs. 2 izf AgIiO3. 
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The last liquid dosage form studied was an elixir 
containing 10 mg. KI, 3 mg. theophylline, 0.8 mg. 
ephedrine sulfate, 0.4 mg. phenobarbital, and 0.167 
mg. isoproterenol hydrochloride per ml. (This 
elixir will bc rcfcrred to subsequently as “compound 
elixir”.) Since several, if not all, of the active 
ingrcdients may prccipitate silver ion, a complex 
enthalpogram for titration with AgNOs would bc 
expected The actual cnthalpogram for such a 
titration is shown in Fig. 10. Titrations with addcd 
KI indicated that the first end point corresponds to 
iodide precipitation. The volume between the first 
and second end point is quantitatively in cxccss of 
the amount neccssary for reaction with all of the 
other active ingredients combined. When KC1 was 
added to the elixir prior to the titration, this volume 
increased without introducing any new breaks in the 
curvc. This behavior indicates that the reaction 
that occurred between the first and second end 
points was precipitation of excess chloride ion 
present in the elixir. There is some indication 
from the cnthaIpogram that reactions occurred 
after the second end point, but the breaks are 
not sharp enough to pick out additional end 
points. The shape of the curve beyond the second 
cnd point was somewhat altered when titrations 
with added aminophylline were performed, but 
again no additional end points could be distin- 
guished. Table I11 includes the results of KI de- 
terminations from the first end point in the com- 
pound elixir versus AgN03 titrations. 

It appears from the rather sparse data presented 
in this section that simple thermometric titrations 
of liquid dosage forms are subject to far more 
interferences than are titrations of solid dosage 
forms. Some liquid dosage forms may be titrated 
successfully with nonspecific titrants without prior 
separation of ingredients. The applicability of such 
titrations to particular dosage forms must be dc- 
termined on an individual basis. =1 more elegant 
approach, although one requiring knowledge of the 
composition of the vehicle, would be the use of more 
selective titrants. 

SUMMARY 
Aqueous thermometric titratious of chlorphenir- 

amine maleatc versus HC1 or NaOH, niacinamide 
versus HC1, chlorpromazine hydrochloride versus 
NaOH, hydrochlorothiazidc versus iSaOH, ethyl- 
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enediamine in aminophylline uersus HCI, and theo- 
phylline in aminophylline versus NaOH or AgNOa 
yielded results with precision and accuracy sufi- 
ciently good to propose the methods as alternatives 
to the official assay proccdures (generally nonaque- 
ous titrations). In cases where the end points 
are extremely rounded (theophylline in amino- 
phylline versus NaOH and hydrochlorothiazide 
versus NaOH), the usual volume determinations 
arc not rcliable but recourse to temperature-rise 
determinations is possible. The temperature-rise 
method used in this investigation employed titra- 
tions of HCI versus NaOH as heat refcrcnces. 
Caution must be exercised if the relative heats 
determined on one apparatus arc used for analyses 
performed with another apparatus. The use of a 
calibrated heater is suggested as a more reliable 
method. 

Exploratory studies of aqueous thermometric 
titrations of solid dosage forms of the compounds 
listed above were conducted. These titrations 
employcd the same titrants used for the analyscs 
of the corresponding pure compounds. In all except 
the titrations of chlorpheniramine maleate tablets, 
negligible interference due to inert ingredients was 
observed. It appears that successful thermometric 
titrations of many solid dosage forms can be per- 
formed, either by direct volume analysis or by stand- 
ard addition analysis, without prior separation of 
active ingredients. 

Aqueous thermomctric titrations of a few liquid 
dosage forms wcre attempted. While in some of the 
systems studied successful titrations without prior 
separation of ingredients could not be performed, 
in other systems no interference from the vehicle 
was observed. In some titrations of liquid dosage 
forms with AgN03, several end points wcre observed, 
some of which could be correlated quantitatively 
with specific ingredients in the mixtures. 
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Micromeritics of Granular Pharmaceutical Solids I 
Physical Properties of Particles Prepared by Five Different 

Granulation Methods 

By DALE E. FONNER, JR., GILBERT S. BANKER, and JAMES SWARBRICK 

Granular pharmaceutical solids, prepared by 5 different granulation methods, were 
evaluated on the basis of repose angle, hardness, density, number of particles per 
gram, bulk density, shape volume factor, bulk volume, and geometrical form. 
Particular attention was given to the development of an accurate technique for 
evaluating shape volume factor as a means of characterizing the over-all shape of a 
particle. The findings indicated that repose angle was primarily a function of sur- 
face roughness and that geometrical form and shape on a volume basis were inversely 
proportional to bulk volume. The determination of these easily computed parame- 
ters is therefore of value in assessing manufacturing procedures which have as their 
primary objective the production of smooth, spherical particles suitable for pharma- 

ceutical coating purposes. 

HE STANDARDIZATION Of proCCsSing methods, 
Tto achieve uniform product specification, is 
a constant goal of the pharmaceutical industry. 
Uniformity of drug distribution and standardiza- 
tion of dosage form characteristics, both within a 
single dosage unit as well as between dosage 
units, has become increasingly important in view 
of the more potent drugs in use today and the 
continual developments in the area of controlled 
release dosage forms. 

Granulation is a key process in the production 
of many dosage forms involving the controlled 
release of a drug from coated or matrix-type 
particles, regardless of whethcr conventional 
granulation methods or the newer techniques of 
spray drying or fluidized bed processing are 
employed. 

The production of uniform tablet dosage units 
has been shown to be dependent upon several 
granular properties. Arambulo et ul. (1) found 
that as the granule size was decreased, the 
variation in tablet weight also decreased, 
reaching a minimum weight variation a t  a 400- 
800 p granule diameter. Further reduction in 
granule size led to an increase in tablet weight 
variation. The particle size distribution also 
affects tablet weight, as well as exerting a marked 
influence upon tablet hardness (2). Particle size 
distribution and other particulate properties, by 
affccting the internal flow and segregation of a 
granulation, can vary the composition of com- 
pressed tablets (3). 

Physical properties of granules, such as specific 
surface, shape, hardness, surface characteristics, 
and size, can profoundly influence the rate nf dis- 
solution of drugs contained in heterogeneous solid 
dosage rorrns. According to Wagner (4), vvlieri 
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the granule size cxcccds 10 p the rate of dissolu- 
tion is directly proportional to  the surface area. 
By using spherical inert graniiles coated with 
various thicknesses of tolbutamide, Nelson 
et al. (5) demonstrated the dependence of the 
excretion rate of the drug upon the available sur- 
face area. The effect of the granule size upon 
the dissolution of tripelenriamine hydrochloride 
(6) and aspirin (7) have hccn investigated also. 

To date, most of the physical studies of the 
properties of granular pharmaceutical solids have 
becn concerned with the evaluation of reposc 
angle (8-12) and particulate density or porosity 
(13, 14). Thc application of such physical pa- 
rameters as shape, bulk density or packing vol- 
ume, ibc number of particles per gram, and partic- 
ulate hardness to the charactcrization and utiliza- 
tion of granular pharmaceutical solids has ap- 
parently gone unreported. With the develop- 
ment of thc many new processing methods de- 
signed to produce granular particles (15-21), 
the need to apply physical measurements of a 
quantitative nature to pharmaceutical granula- 
tions to achieve a rational selection of a partic- 
ular process or piece of equipment is greater 
than a t  any previous time. The purpose of this 
report is to present simple, reproducible proce- 
dures which may be used to estimate certain 
physical parameters of granular pharmaceutical 
solids, and to compare, on this basis, granules 
prepared using 6 different granulation methods. 

EXPERIMENTAL 

Preparation of the Base Formula and Granulating 
Solution.-A basc formula of 90%. lactose and 107, 
starch was selected as the model system for this 
study. The powders were passed through a 6O-rnesh 
screen in batches of 10 Kg. and mixed in a model c-10 
Hobart mixer' for 15 rriin. Portions of this mixed 

1 Hobart Manufacturing Co., Troy, Ohio. 
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One hundred milliliters of 20/30-mesh material 
was introduced into a copper cylinder, 16.5 cm. in 
length and 3.8 CIIL internal diameter, which then 
was raised vcrtically through a pulley drive a t  the 
rate of approximately 0.2 mm./sec. The height, 1, 
of the deposited granular cone was determined using 
a ~nicrocathetoineter~ and the base diamctcr, d ,  of 
thc cone obtained by noting the cone base dinlensions 
on the graph paper and averaging 2 detcrmindtions 
taken 90" apart. The repose angle, 8, was calculated 
as follows: 

TABLE  GRANULATION METHODS AND 
CONDITIONS EMPLOYED IN THE MAXUFACTURE OF 

GRANULES 

'70 v:w 
Granu- 

Batch lating 
Granulation Size, S o h .  

Method Gm. Used 
Oscillating 2000 11.25 

Hand screen ZOO0 12.50 
Colton uprightb 2000 12.50 

granulator" 

Liquid-solids 3100 17.74 

Fitzpatrick 2000 18.75 
V-blenderc 

coIriminutord 

Operating 
Conditions 

No. 12 screcn 

No. 12 screen 
Circular openings 

equivalent to 
12-mesh screen 

Knives forward, 
high speed, no 
screen 

"Stokes oscillatox model 43A, F. J .  Stokes Machine Co., 
Philadelphia, Pa. b' Cnlton upright granulator, type BWG, 
Arthur Culton Co., Division of Cherry-Burrell COI-p., Cedar 
Rapids, Iowa. Liquid-solids V-blender, type LB 2501, Pat- 
terson-Kelley Cn., East Stroudsburg, Pa. a Pitzpatrick 
cornminutor, model M, W. J. Fitzpatrick Co., Chicago, Ill. 

powder were massed with the granulating solution 
and separately proccssed by each granulation method 
(Table 1). The granulating solution had the follow- 
ing composition : 

Gelatin powder. . . . . . . . . . . . . . . . . . .  .480.0 Gm. 
Acacia powder. . . . . . . . . . . . . . . . . . .  .16O . O  Gm. 
Distilled water. . . . . . . . . . . . . . . . . . .  .4OOO.O Gm. 
Mcthylparabeti.. . . . . . . . . . . . . . . . . . . .  10.0 Gni. 
Propylparaberi.. . . . . . . . . . . . . . . . . . . .  .2 .0  Grn. 

The granulating solution was prepared by dissolv- 
ing the solute components in the hot distilled water. 
The granulating solution was employed at  a tcmpcra- 
turc of 47'. Each granulation was air dried for 72 
hr. at about 26" and 15% K.H. and was then 
sized through a 12-rriesli hand screen. The granula- 
tions were stored in air-tight jars a t  room tcmpera- 
ture until required. 

Sufficient granulating solution was used to makc 
the granules as hard as possible, and so minimize 
particulatc fracture during the evaluative pro- 
cedures. 

In order to niininiize variations of those physical 
parameters dependent upon particle size, a 20/30- 
mcsh sieve fraction of each granulation was used, 
except where otherwise stated. The sieve fractions 
were obtained when required by processing 300-400- 
Gm. samples of the granulation through a nest of 
sieves shaken for 15 min. on a Cenco-Meinzer sieve 
shaker2 operating on speed setting 5. 

Thc moisture content of cach granulation was 
determined using a Cenco moisture balance2 op- 
erating a t  a tempcrature of 115". The rclative 
humidity was recorded using a Serdex relative 
humidity indicator, model 122-7005.3 

Physical Measurements.-Kefiose Angle, 0.- 
Measurements of repose angle were obtained using 
an apparatus similar to that described by Pilpcl 
(121, except that thc cones were formed on a piece of 
arithmetic grid graph paper rather than on a brass 
plate. 

B = arctan (&) 
Humidity conditions and the moisture contcnt of 
the granules were rechecked after repose angle deter- 
mirmtions. 

Granule Density, pg.-A pycnometer method was 
chosen for thc determination of particulate or granule 
density due to its ease of operation and reproducibil- 
ity (22). The capacity of tlie pycnorrieter was 30 
ml. and approximately 2 G I ~ .  of 20/30-mcsh mate- 
rial was used. Benzene, specific gravity 0.879, was 
employed as the itnmersion fluid. Due to thc rapid 
evaporation of benzene. thc pycnometer stem was 
marked half way down and the weight rccordcd as 
the meniscus reachcd this mark. 

Particulate Hardness.-Many procedures for eval- 
uating hardness were studied. The final selection 
made on the grounds of simplicity and the sample 
size used, involved shaking the granules in a closed 
container for a constant period of time and then 
measuring the percentage by weight of material re- 
tained 011 a 30-mesh sicvc. Twenty grams of 20/30- 
mesh material was placed in a dry 3-oz. square bottle 
and shaken on an Eberbach6 power shaking unit, 
model 6000, for 5 min. A 3-in. stroke was used with 
the reciprocating rate set a t  216 c.p.ni. The con- 
tents of the bottle were then placed on a No. 30 
sieve and the fines removed by shaking for 15 see. on 
the shaker unit. The hardness index, h, was cal- 
culated as the weight fraction of matcrial retained as 
30-mesh oversize following shaking. 

Number of Particles per Gnz., A'.-Onc hundrcd 
particles of 20/30-mesli material were weighed and 
the numher of particles/Gm., N ,  computed. 

Bulk Density, pa.-The bulk density determination 
proccdure developed by Butler and Ramscy (23) 
was employed, with the exception that thc cylindrical 
graduate was dropped 20 timcs instead of tlie 3 
originally proposcd. This modification was found 
to produce significantly more uniform results. A 
30-Gm. sample of 20/30-mesh material was placed 
in a 100-1111. cylindrical graduate arid dropped from a 
height of 0.75 in. onto a hard wooden surface a total 
of 20 times. Two seconds were allowed to elapse 
between each drop. If I' is the volume in nd. 
of W Gm. of material in the cylinder, then Pb, 

the bulk density in Gm./tnl., is given by: 

(Eq. 2) 

Shape Volume Factor, a,.-By definition (24): 

Central Scientific Co., Chicago, Ill. 
a Eacharach Industrial Instrument Co., Pittsburgh, Pa. 

4 Gaertner Scientific Corp. Chicago Ill. 
6 Eherhach Carp., Ann A&, M i d  
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TABLE II.-XTALUES FOR VARIOUS PHYSICAL PARAMETERS OBTAINED FOR 20/3O-MESIi PARTICLES 
PREPARED USING 5 DIFFERENT GRANULATION METHODS 

Colton Oscillating Hand Fitzpatrick Liquid-Solids 
Granulation Method Upright Granulator Screen Comminutor V-Blender 

Repose angle, 0, in degrees 35.78 34.65 35.77 36.23 35.28 
Granule density, pB, in Gni./ml. 1.51 1.54 1.50 1.42 1.45 
Hardness index, h .974 ,977 .955 .945 ,912 
No. of particles/Gm., N 5759 6748 7753 6405 5527 
Bulk density, p b ,  in Gm./rnl. .375 ,395 .400 .428 , A08 
Shape vol. factor, C K ~  .1520 .1757 . I634 .2163 ,2495 
Bulk vol./comstant vol. of 

granules, Vh', ml. 80.05 77.97 75.00 66.36 57.09 
Geometrical form, k. .I809 ,2144 ,1912 ,2639 .3019 
Interspace porosity, ei ,752 ,744 ,733 ,699 ,650 
Equivalent projccted diam., 

de, P 910 820 810 800 790 

whcrc a, is the shape volume factor, V is the volume 
of the particle, and d. is the equivalent projected 
diameter. d, is defined as the diameter of a circle 
having the same area as the particle when the latter 
is placed in its most stable position on a horizontal 
plane and is viewed from above. 

A scries 10 Micro Star6 microscope, equipped with 
a projection screen, was used to vicw the particles, 
the outlines of which were traced onto paper. The 
areas of the traced particles were dctermined using a 
compensating plani~neter.~ 

Extending Eq. 3 to tlie case of many particles: 

where V,  is the volume of n particles. If p is the 
power of magnification, then d, can bc obtained 
readily in tcrms of the projected area, A .  Thus, 

and 

Substituting Eq. 6 into Eq. 4: 

or 

Since more than 600 particles were traced, Eq. 8 
was programmed in Fortran and the results com- 
puted on an IBM 1620 computer. 

About 20 granules of 20/30-mesh material were 
placed on a microscope slide and thc projection of 
each traced. The particles then were transferred to 
a tarcd weighing bottle. This procedure was rc- 
peated until approximately 150 particles from each 
granulation had been traced. The weight of the 
particles was obtained and their total volutnc cal- 
culated as follows: 

American Optical Co Buffalo N. Y. 
' Keuffel and Esser Co.: Germ&. 

where is the volume, in ml., of n particles, M i s  
the mass, in Gm., of n particles, and po is the granule 
density as determined by benzene displacement. 
The magnification, p, of the microscope used was 
30.5X. 

Bulk Volume per Constant Volume of Granules, Vb'. 

-The bulk volume for a constant granule volume 
was computed, for each granulation, from a knowl- 
edge of pa and pb. Thus: 

where Ti*' is the bulk volume in ml. of a fixed par- 
ticulate volume V (in this instance, 20 ml.), ps is the 
granule density, and Pb tlie bulk density. The bulk 
volume per constant volume of granules represents 
a term comparable to bulk density but which is freed 
from particulate dcnsity values, which varied from 
granulation to granulation. 

Geometrical Form, k,.-By definition (25) : 

k, = atnznf1/2 (Eq. 11) 
where k ,  is the geometrical form, m is the ratio of the 
particle breadth to its thickness, and n' is the length 
of tlie particle divided by its width. Since these 
granules were made by forcing them through square 
or spherical openings, the breadth can be expected 
to approximately equal the thickness. In this case, 
nz = 1 and: 

k ,  = oIYn1'/* (Eq. 12) 

Values of n' for particles from each granulation were 
calculated using 20 randomly selected granulcs. 
The longcst dimension was takcn as the length and a 
line perpendicular to its midpoint was taken as the 
width. 

RESULTS AND DISCUSSION 

Physical Methods.- ReposP Angle, 8. -The repose 
angle values listed in Table I1 are the averages ob- 
tained from not less than 11 determinations run on 
particles from each granulation. Thc averagc stand- 
ard deviation was 0.74'. The relative humidity 
ncvcr exceedcd 15% during the determinations. In 
all cases, the moisture content of thc granulcs was 
less than 2%. 
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Analysis of variance and contrast techniques (26) 
were used in the statistical analysis of the data. 
Thc repose angle of particles prepared using the 
oscillating granulator was found to be significantly 
lower than those values for particles produced using 
the other 4 methods, when a significance level of 1% 
was uscd. Since particles with smooth and even 
surfaces generally have a low angle of repose (27), 
thc rcsults obtained suggest that particles prepared 
from the oscillating granulator have the smoothest 
surface. 

The repose angle was unaffected by static charge. 
Qualitative observations showed that the particles 
from the liquid-solids V-blender and the Fitz- 
patrick comminutor posscsscd a great deal of static 
charge. However, as shown in Table 11, the repose 
angle of these granulcs did not vary significantly 
from those particles produced by the use of the 
Colton upright and the hand screen granulation 
methods, which were observed to have a lower static 
charge. These findings are in agreement with the 
predictions of Pilpel(l2) who deduced, on theoretical 
grounds, that the magnitude of a static charge is too 
small to affect the repose angle. 

The repose angle for the different granulations was 
found to be independent of particle shape. This was 
brought out in the study of shape volume factors. 
Thus, particles from the liquid-solids V-blender were 
found to be the roundest (highest m r ) ,  yet their 
repose angle was quite high in relation to  the repose 
angle of the irregularly shaped particles from the 
oscillating granulator. It would appear that, for 
particles of this size, the repose angle is mainly a 
function of surface roughness, as predicted by Pilpel 

Granule Demzty, p,.-The density values listed 
in Tablc I1 are the average of 2 determinations. 
The average standard deviation for the reported 
values was 0.008 Gm./rnl 

Since particles containing crevices or entrapped 
air give low density readings (22), the data in Table 
I1 indicate that granules prepared using the liquid- 
solids V-blcnder and Fitzpatrick cornminutor have 
pitted surfaces or entrapped air, or both. These 
particles have very irregular surfaces, since many air 
bubbles were observed to rise to thc surface of the 
benzene during the preliminary stages of the density 
determinations carried out using these granules. 
This was found not to be the case for thc particles 
prepared by the other granulation methods. 

Hardness Index, h.-Each of the hardncss index 
values listed in Table I1 is the average of 3 or 4 
determinations. The hardness index increased 
directly with the granule density, with the exception 
of those particles prepared from the Fitzpatrick 
comminutor. 

Number of Particles per Gm., N.-Each value of N 
in Table I1 is the average of 5 determinations. 
Analysis of variance and contrast tcchniques (26) 
showed that the granules prepared using the Colton 
upright and the liquid-solids V-blender had N values 
which were significantly lower than those particles 
produced from the other 3 methods. Granules pre- 
pared using the hand scrcen method wcrc found to 
have a value of N significantly higher than the other 
granules. In all cases, the significance level used 
was 1%. 

Assuming that  the samples consisted of spherical 
particles having a normal size distribution over the 

(12). 
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20/30-mesh range, N would have a value of approxi- 
mately 3500 particles/Gm. Deviation of the size 
distribution from normality cannot, alone, explain 
the high values of N obtained, implying that the 
particles are not sphcrical. The validity of this 
conclusion was confirmed by microscopic examina- 
tion of the particles and a consideration of the cal- 
culated shape volume factors given in Table 11. 
For perfect spheres, me is equal to ~ / 6 ,  or 0.524. 

Bulk Density, po.-Bulk densities were determined 
twice for 20/Wmesh fraction of each granulation. 
In all cases, the 2 values were identical. 

It is apparent from the results in Table I1 that the 
packing arrangements for particles prepared by the 
various granulating methods are quite different. 
The packing arrangements, in turn, are mainly deter- 
mined by the shape of the granules in this size range 
(28), leading to the conclusion that the particles 
from the different granulations have very dissimilar 
shapes. This fact will become more apparent in the 
following discussion on shape volume factors. 

Shape Volume Factor, a,.-The shape volume 
factors shown in Table I1 were computed from Eq. 8 
using 100-150 particles of each granulation. Since 
ayv is dependent upon the geometrical form and pro- 
portions of a particle (25) ,  the shape volume factor 
was plotted against bulk density to establish the 
existence of a correlation between these parameters 
(Fig. 1). The linear correlation coefficient was 
0.952, indicating that the bulk densities of the par- 
ticlcs studied are related to their respective shape 
volume factors. 

Since the densities of the particles from the 
various granulations differ, the bulk density values 
are not only a function of the void spaces but also a 
a function of the granule densities, pa. Therefore, 
the bulk volumes per constant volume of granules, 
Vb', were calculated since, as seen from Eq. 10, thcy 
are independent of granulc density. Figure 2 is a 
plot of values for V b '  given in Table I1 versus shape 
volume factor. The correlation cocfficient in this 
instance was 0.965. 

In  an effort to obtain even better correlation for 
terms rcprcsenting particle shape and packing 
volume, a factor for the geometrical form, k, ,  was 
cdlcUldtcd. These values, also listed in Table 11, 
have been plotted against the hulk volume per con- 

0.3 - 
0.15 0.17 0.19 0.21 0.23 0.25 0.27 
SHAPE VOL. FACTOR, au 

Fig. 1.-Relationship between bulk density and 
shape volume factor of 20/30-mesh particles pre- 
pared by 5 different granulation methods. 
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Fig 2.--Kelationship between bulk volume per 
constant volume of qranules and shapc volume 
factor of 20/30-niesh particles prepared by 5 dif- 
ferent granulation methods 
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Fig. 3.-Relationship bctwccn bulk volume per 
constant volume of granules and geometrical form 
factor of 20/30-mcsh particle5 prepared by 5 dif- 
ferent granulation methods. 

GEOMETRICAL FORM FACTOR, k, 

stant volume of granules in Fig. 3. The linear 
correlation coefficient was 0.961. 

The interspacc porosity, ei, is defined as: 

Pb e , = l - -  
Pa 

(Eq. 13) 

When this parameter was plotted as a function of the 
shape volume factor, a correlation coefficient of 
0.914 was obtained. 

Thus, the best correlation was obtained when the 
bulk volume was plotted against either the shape 
volumc factor or its analog, the geometrical form, 
indicating that the volume of a packing of particles 
is a function of their geometrical form and progor- 
tions. This finding is important since the easily 
computed values of Vr3‘ may be used to quickly 
evaluate procedures in which attempts are being 
made to obtain spherical particlcs or granules for 
coating and/or sustained-release requirements. 

To check the accuracy of the computed an values, 
the number of particles per gram, N ,  was calculated 

for 20/30-mesh particles from thc various granula- 
tion methods and compared with those values of N 
obtained experimentally by counting and weighing 
techniques. From Eq. 3,  and since N = l / V p o  
then : 

where hT, a%, d,, and p,, arc as previously defined. 
A comparison of the values for N from the 2 

techniques is given in Table 111. I t  is readily ap- 
parent that the 2 sets of data are in excellent agrcc- 
ment. 

TABLE II I . - cOXPARISON OF EXPERIMENTAL AND 

Gm , FOR 20/30-MESH FRACTION 
COMPUTED VALUES OF N ,  h T ~ ~ ~ ~ ~  OF PART~CLIXS/ 

Bxptl Computed 
Granulatiun Method N U  N 

Liquid-solids V-blcndcr 5527 5606 
Colton upright 5759 5782 
Fitzpatrick cornminutor 6405 6359 
Oscillating granulator 6748 6703 
Hand scrccn 7753 7677 

“These values were obtained from Table 11. 

Characterization of Granulation Methods.--On 
the basis of the repose angle studies, those particles 
prepared from the oscillating granulator wcrc found 
to have the smoothest surface and can therefore be 
cxpected to possess the best flow properties. In 
addition, these particles wcre the hardest, even 
though the percentage of granulating agent used was 
relatively low (see Table I), indicating that the force 
of compaction produced by this granulator is high. 
Due to their relatively high density, thc inlruspace 
porosity of these particles is low in comparison to 
granules produced from the other pieces of gran- 
ulating equipment. Thcse particlcs are asytn- 
metric, as cvidenced by their low shape volume 
factor. 

Since granules posscssing smooth surfaces can be 
uniformly coated more easily than those with un- 
even surfaces, the oscillating granulator might be 
expcctcd to produce particles well-suited for film 
coating purposes. Furthermorc, since these were 
also the hardest granules of those studied, particlc 
breakdown during the coating opcration would be a t  
a minimum. 

Granules produced from the liquid-solids V- 
blender and the Fitzpatrick comminutor are rela- 
tively porous as evidenced by their granule densities. 
This was confirmed by the hetcrogencous “optical 
density” of the particles when viewed with the pro- 
jection microscope. On the basis of shape volume 
factors, granules from the liquid-solids V-blender 
and the Fitzpatrick comminutor were the most 
symmetrical on a volume basis. As a rcsult, these 
particles assume a vcry close packing arrangement 
which is reflected in their high bulk density and low 
bulk volume. However, bccause of their surface 
irregularities, these particles can be expected to have 
only from average to poor flow properties, since this 
latter factor is more depcndcnt on surface character- 
istics than general shape factors. From a considera- 
tion of the low density and hardness values for the 
granules produced by the liquid-solids V-blender and 
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the Fitzpatrick comminutor, it  is apparcnt that the 
force of compaction in these 2 pieces of equipment is 
less than that produced by the oscillating granulator. 

Particles produced by use of the hand screen 
method werc intcrmcdiate between the 2 groups of 
granules previously discussed, with respect to rcposc 
angle, density, hardness, bulk density, and bulk 
volume. The number of particles per gram for this 
granulation was thc highest of the 5 granulations; 
this was due to the low average volume for thcsc 
particular granules. 

Particles produced from the Colton upright were 
found to be the least spherical, an observation con- 
firmed by the low value for the shape volume factor. 
These granules, not unexpectedly, also had the low- 
est bulk dcnsity of those studied. The fact that 
these particles had the highcst value for the equiv- 
alent projccted diameter over the size range of 
particles studied, accounts for their low degree of 
symmetry. 

SUMMARY 

Five standard granulation methods mere compared 
on thc basis of the following physical propertics of 
the granules they produccd: ( a )  repose angle, ( b )  
granule dcnsity, ( c )  hardness, ( d )  number of par- 
ticles per gram, (e) bulk density, (f) shape volume 
factor, (g) bulk volume per constant volume of 
granules, and ( h )  geometrical form. 

Uscful techniques were developed for obtaining 
some of the more important physical parameters of 
pharmaccutical granular solids. Particular atten- 
tion was focused on developing an accurate tech- 
nique for evaluating the shape volume factor, a 
parameter important in characterizing the over-all 
shape of a particle. 

The repose angle was found to bc primarily a func- 
tion of surface roughness; in addition, the bulk vol- 
ume was inversely proportional to particle shape. 
Thus, the researcher is provided with 2 easy tech- 
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niques for assessing procedures aimed a t  producing 
smooth, spherical pharmaceutical particles. 
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Interfacial Properties of Antimicrobial Long-Chain 
Quaternary Ammonium Salts I1 

Soluble Films at the Oil/Water Interface 

By NORMAN D. WEINER, HELIO C. PARREIRA*, and GEORGE ZOGRAFIt 

The adsorption of 3 quaternary ammonium salts, dodecylpyridinium chloride, do- 
decyltrimethylammonium chloride, and dodecyldimethylethylammonium chloride, 
has been measured at the hexane-, octane-, decane-, dodecane-, and tetradecane-0.1 
M KC1 interface. Adsorption appears to be influenced by interaction between the 
oil and both the nonpolar and polar portions of the surface-active agents, even 
though the surface-active agents are not soluble in the oils. The relative effect of 
chain length of the oil on surface concentration is a function of the bulk concentra- 

tion of the quaternary ammonium salts. 

i~ A PREVIOUS publication (I) a study was re- I ported concerning the adsorption of 3 quater- 
nary ammonium salt.s, dodecylpyridinium chlo- 
ride (DPC) , dodecyltrimethylammonium chloride 
(DTAC) and dodecyldimethylethylammoniuni 
chloride (DEAC), a t  the airjwater interface. 
The present study is concerned with the 
properties of these compounds at a number of 
different oillwater interfaces. 

It is well recognized that  the interfacial prop- 
erties of surface-active agents at the airlwater 
surface are quite different than their properties 
at the oil/water interface (2-6). Hutchinson 
(3) has suggested that  oil molecules are present a t  
the interface along with adsorbed surface-active 
molecules, and that  a competition exists at the 
interface between the nonpolar portions of like 
molecules and the nonpolar portions of the oil 
and surface-active agents. He came to this 
conclusion by comparing the n-A characteristics 
of fatty acids adsorbcd at various oil/water inter- 
faces and their relative solubility in the oils. 
Schulman et al. (7) have studied the effect of the 
oil phase on microemulsion formation, and have 
concluded that oil molecules associate a t  the 
interface with surface-active agents. The 
presence of oil at any particular surface pressure 
was said to  depend on the oil’s ability to  interact 
with film molecules and thus resist ejection with 
increasing film pressure. Zisman (8) has re- 
ported that  mineral oil molecules appear to pene- 
trate long-chain alcohol monolayers adsorbed at 
the oil/water interface, and remain as part. of the 
surface film up to surface pressures of about 30 
dynesjcm. 

Received November 8, 1966, fi-om the College of Pharmacy, 
Columbia Univetsity, New York, N. Y .  

Accepted foi- publication December 17, 1965. 
Ahstracted in part from a thesis submitted by Korman D .  

Weiner to Columbia lrniversity, New York, N. Y.,  in partial 
fulfillment of Doctor of Philosophy degree requirements. 

The authors acknowiedge the Ciba Pharmaceutical Co., 
Summit, N. J., for support of this pi-oject. * Present addvess: 

t Present address: College 01 Pharmacy, University of 
Michigan. Ann Arbor. 

Interchemical Corp., Cliftun, pi. J. 

navies (9) has suggested that compounds 
having the same polar group, but differing in 
chain-length, should have the same n-A relation- 
ships at an oiljwater interface since interactions 
between hydrocarbon chains of the compounds 
do not exist or are very weak. Brooks and 
Pethica (10, 11) have recently compared n-11 
curves at heptane-water interfaces for dodecyl, 
octadecyl. and docosyltrimethylammonium bro- 
mides. These *-A curves were obtained by 
applying thc Gibbs adsorption equation in the 
case of the dodecyl compound, and by spreading 
insoluble monolayers of the other compounds. 
The n-A curves for these compounds were in good 
agreement, thus apparently verifying navies’ 
conclusions. Since the eirect of changing the oil 
phase has not heen considered in these systcms, 
the authors chose to measure adsorption from 
aqucous solution in the presence of a series of 
straigh t-chain hydrocarbons, ranging from hexane 
to tetradecane. Since the quaternary am- 
monium salts are not soluble in the oils, i t  was 
felt that any effect on adsorption, due t o  changing 
oils, must be due to changes occurring in the 
interfacial region. The use of the 3 compounds 
under consideration also allowed the authors t o  
observe differences due to the polar group, since 
chain-length and counter-ion were the same in  
all cases. 

EXPERIMENTAL 

Materials.-Hexame, octane, 2 decane, dodec- 
ane,2 and tetradccane2 were purified as follows: 
25 ml. of fuming sulfuric acid was added to 500 tnl. of 
oil, and the mixture was shaken in a separator for 
5 niin. The fuming sulfuric acid layer, which dark- 
ened considerably, was then discarded. This pro- 
cedurc was rcpcated until 3 successive additions of 
fuming sulfuric acid produced no visible darkening 
of the acid layer. The oil phase was then washed 

1 Hexane (spectroanalyzed, certified reagent) was pur- 

2 Each of these hydrocarbons (practical grade) was pur- 
chased from Fisher Scientific Co. 

chased fi-om Rastman Organic Chemicals. 
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with water 5 timcs, with 5y0 sodium bicarbonate 
solution 5 times, and with water again 5 times. 
Charcoal and anhydrous sodium sulfate were then 
added to the oil, and the mixture was allowed to 
stand overnight. The oil was then filtered and dis- 
tilled under vacuum. Only the middle SOY, was 
collected. The surface tension of each oil agreed 
with reported data (12, 13). 

Interfacial Tension Measurements.-The drop- 
volume method was used for all interfacial tension 
measurements. The apparatus used is the same as 
that described previously (1). It is a modification 
of one described recently by Parreira (14). 

Calculations of interfacial tension from the drop- 
volume method were carried out with the Harkins 
and Brown equation (15), 
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volume of a drop was independent of time if the 
drop was allowed a t  least 5 min. to form. All inter- 
facial tension measurements wcrc, thereforr, con- 
sidered to be equilibrium measurements. 

Interfacial tension versus concentration data were 
obtained for DPC and DEAC a t  the hexane-O.1 M 
KCl and dodecanc-0.1 M KCI interfaces, and for 
DTAC at the hexane-O.l M KCl, octane-0.1 M 
KCI, decanr-0.1 M KCl, dodecane-0.1 M KCI, 
and tetradecane-0.1 A& KCI interfaces. -411 meas- 
urements were carried out a t  25 f 0.1". 

RESULTS 

In order to obtain values for the surface concen- 
tration and the surface area of each compound at  the 
various interfaces, the Gibbs adsorption equation 
was applied Since all measurements were made in 
the presence of excess electrolyte, the following form 
of the equation (16) was uscd: 

r = 1/A = ( l / k T ) ( d K / d  In C) (Eq. 2) 

where 

1' = surface concentration (moleculcs/cm.*) 
A = surface area (cm 2/molecule) 
k = Boltzmann's constant (ergs/degrcc-mo1:- 

cule) 
T = absolute temperature 
T = surface pressure (ergs/cm.2) 
c = bulk Concentration (molcs/L ) 

The .;lopes of the surfaec pressure versus log bulk 
concentration plots were estimated with polynomial 
equations using the least squares method (1). An 
IBM 7090 digital computer was utilized to obtain 
the required data. Fourth-order polynomial equa- 
tions gave the best fit to experimental data; a 
typical set of interfacial pressure z'ersus logarithm 
molar concentration curves are shown in Fig. 1. 
The lines represent the empirical polynomial curves 
and the points represent experimental data. 

V(d - d' )g  
2T10 7 = 

where V = volume of the drop, ~ 3 1 1 . ~  
g = gravity constant (980.3), cm./sec.2 
d = density of the aqueous phase, Gtn . /cn~.~  

d' = density of the oil phase, Gm. /cr~ i .~  
K = 3.142 
r = radius of the syringe tip, cm. 
0 = correction factor obtained from the 

data of Harkins and Brown (15) for 
various values of ( r /  V'/s) 

A syringc tip having a radius of 0.1895 cm. was 
used for all interfacial tension measurements. A 
0.1895-cm. tip allowed a t  least 3 drops to form 
without refilling the syringe, even for the most 
dilute solutions. As with studies at the airlwater 
interface (I), all values for r /  V'/3 that resulted from 
interfacial tension measurements with this syringc 
tip were within the range that allow-ed a second- 
order polynomial expression to be uscd for the cal- 
culation of 8 .  

The densities of hexanc, octane, decane, dodecane, 
and tetradecane are 0.6595, 0.6986, 0.7258, 0.7459, 
and 0.7610 Gm./ml., respectively. These values 
do not change, within experimental error, if the oil 
is saturatcd with water. The density of water was 
also unaffected by saturation with oil. 

It was observed that, if the syringe was not 
thoroughly cleaned between fillings, the volumes of 
the drops varied considerably, even with the same 
solution. This phenomenon did not occur in pre- 
vious surface tension studies. It was possible that, 
if the syringe was not thoroughly cleaned between 
runs, a small amount of oil remaining on the tip 
might have been drawn into the syringe with the 
sample. If proper technique was used, however, the 
precision of the measurement was always within 0.2 
dynes/cm., and in most cases to within 0.1 dynes/cm. 
In regions of very low interfacial tension, ie., below 
7 dynes/cm., thc results were erratic, apparently due 
to nonuniform wetting of the tip. A change in the 
size of the tip or the use of a stainless steel tip did not 
alleviate this difficulty. 

It is interesting to note that the interfacial tensions 
of DPC, DTAC, and DEAC solutions, at all con- 
centrations, were unaffected by the lack of mutual 
saturation of the aqueous and oil phases. All inter- 
facial tension measurements, therefore, were made 
in solutions that were not saturated, with frequent 
checks being made on saturated systems. All solu- 
tions were preparcd in duplicate. The volumes of 
a t  least 3 drops werc measured for each sample; the 

L O G  MOLAR E D I I C T ) I I R L I I O N  

Fig. 1.-Surface pressure ( K) vs. logarithm molar 
concentration of DT.4C a t  various interfaces a t  25". 
(Lines represent rmpirical polyrio~nial curves.) 
Key: . . .--, hexane-0.1 MKC1; --, octarie- 
0.1 M KCl; -.-.-., decane-0.1 M KC1; - -  --, 
dodecane0.1 M KCI; . . . . . . , tetradecane0.1 hl 
KC1. 
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Fig. 2.-Surface pressure ( x )  us. surface area ( A )  
Key: ~ 

. . . . . . , dodecane-0.1 M KClf 
for DPC a t  various interfaces at25’. 
air-0.1 M KCl; 
- - - -  , hexane-0.1 &’ KCl. 

! I 

I . .. . . .. ........ .. .... . .. . 

Fig. 3.-Surface pressure (T) vs. surfacc area ( A )  
for DTAC a t  various interfaccs at 25’. Key: 
_ _ - -  , air-0.1 M KCI; -. 9 . , hexane-0.1 M KCI; 
-, OCtdnC-0.1 L?& KCl; .- , decane-0.1 &f 
KC1; ---- , dodecane-0.1 il.1 KC1; . . . . . . , tetra- 
decane-0. I M KCI. 

The P A  curves of DPC, DTAC, and DEAC a t  
the various interfaces are shown in Figs. 2-4. 
These rurves generally indicate that more “con- 
densed” films occur with the lowcr molecular weight 
oils (ie., a marked increascd in the surface pressure 
for a small change in the area per rnolecule) particu- 
larly in regions of high area. The x-A curves fur the 
quaternary ammonium compounds a t  the air-0.1 M 
KCI, hexanc-0.1 M KCl, and dodecane-0.1 M KC1 
interfaces are shown in Figs. 5-7, respectively. 
Whereas the T-A curves of the 3 quaternary ammo- 
nium compounds are quite similar at the air/water 
surface, the T-A curvcs of DPC appear to be mare 
“condensed” than those of DTAC and DEAC at 
the oil/water interfaces, particularly at the hexane - 
0.1 M KCl interface. 

A region where surface pressure changed linearly 
with concentration (Traube region) was not ob- 
served a t  any of the oil/water interfaces tested. 

Fig. 4.-Surface pressure ( T )  vs. surface area ( A )  
for DEAC at various interfaces a t  25”.  Key: 
----, air-0.1 A1 KCI; . . . . , ,, dodecane-0.1 M 
KCI; - - - -, hexane-0.1 M KC1. 

This observation appears to substantiate Hutchin- 
son’s hypothesis ( 3 )  that, cven for low concentrations 
of surface-active agents, the hydrocarbon group is 
immersed in the oil phase, rathcr than lying parallel 
to the interface. 

DISCUSSION 

The greater complexity of the oil/water interface 
as compared to the air/watcr surface and differences 
with different oils is to be expected when one con- 
siders the possible interactions bctwcen the bydro- 
carbon portion of the surface-active agent and the 
oil. Furthermore, it  appears that interactions be- 
tween the polar group of the surface-active agent 
and the oil are responsible for markcd changes in the 
nature of the surface film. This aspect has not 
been considered previously. 

In order to evaluate the effect of the oil phase, as 
observed in this study, it will bc worthwhile looking 
a t  2 extreme situations. First, the oil does mot 
interact with the hydrocarbon portion of the surface- 
active agent, and the ouly ititeractions of interest are 
those between thc hydrocarbon portion and water 
a t  high surface areas, and those between surface- 
active agent hydrocarbon portions a t  low axeas. 
In thc second case, the oil strongly interacts with the 
hydrocarbon portion of the surface-active agent and 
there is minimal hydrocarbon-water interaction at 
high surface areas, as well as little or no cohesive 
interaction between surface-active molecules. 

If the first case occurs, the hydrocarbon portion 
of the surface-active agent should be aligned approxi- 
mately parallel to the interface a t  high surface 
areas. This would result in a linear change in sur- 
face pressure with conccntration (Traube region), 
as observcd a t  the &/water interface (l), and would 
mcan that the oil phase does not affect the nature of 
the film. This, of course, is contrary to what is 
seen in Figs. 3 and 4. At lower areas interaction 
between the hydrocarbon portions of surface-active 
agent should result in T-A curves which are the same 
as those observed at the air/water interface. Again, 
Figs. 3 and 4 indicate that this is not the case, al- 
though a t  very low areas, expulsion of oil molecules 
from the surface may be occurring to some extent. 
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3D 011 

A l A R E 4 1 M C L r c u L E . ~ e 1  

Fig. 5.-Surface pressure (T) 21s. surface arca 
Key: ( A )  for the air -0.1 M KCl interface a t  25’. 

-, DPC; ----,  DEAC; . . , _ _ _ ,  DTAC. 

30. 

2 20 

E 
. YI 

t 

I0 

3 150 

A ( A R E A  / M O L E C U L E . ~ I  

Fig. 6.-Surface 
pressure ( T )  vs. sur- 
face area ( A )  for the 
hexane-0.1 M KCl 
interface a t  25”.  Key: 

DEAC; . . . . . . . . . . . . I  

- DPC. 

DTAC. 

I 
5D 150 250 350 

I ( A R E A I M O L E C U L E . ~ ~ I  

Fig. 7.-Surface pressure (T) vs. surface area ( A )  
for the dodccane-0.1 M Kclinterface at2.5’. Key: 
-, DPC; ---- , DEAC; _ .  . . . ., DTA4C. 
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Fig. 8.-Surface 
concentration ( r )  at  
the 0.1 iM KCl-hydro- 
carbon interface a t  25’ 
vs. chain length of hy- 
drocarbon for various 
bulk concentrations of 
DTAC (expressed as 
log of molarity). 

If the oil interacts strongly with the surface-activc 
agent, the strong interaction between the hydro- 
carbon portion of the surface-active agent and the 
oil should result in an alignment of surface-active 
moIeculcs approximately perpendicular to  the inter- 
face, even at high surface areas. It would then be 
reasonable to expect that the most “condensed” 
film would result in the dodecanc/watcr interface, 
since the dodecanc-dodecyl quaternary ammonium 
compound interaction would allow stronger attrac- 
tive forces than would the other oils tested. Figures 
2-4 indicate that this is not the case. In fact, the 
hexane/water interface results in the most “coii- 
densed” films for all 3 quaternary ammonium com- 
pounds tested. This extreme would also necessitate 
the absence of a transition from an “expanded” re- 
gion (a region where hydrocarbon-water inter- 
actions arc predominent and small changes in surface 
pressure produce large changes in area per molecule) 
to one of saturation adsorption (a region where 
hydrocarbon-hydrocarbon interactions are pre- 
dominant and changes in pressure do not produce 
significant changes in area). Figures 2 4  show that 
this transition does not always occur, and, in fact, 
whereas the dodecane/water interface does show 
such a transition for DTAC and DEAC, the hexane/ 
water interface, at the pressures tested, does not. 
It therefore appears that the nature of the film is 
intermediate between the 2 extremes cited. The 
alignmelit of the surface-active molecules at the oil/ 
water interface is neither parallel nor perpendicular 
to the interface, but intermediate between the two. 

Plots of the chain length of the oil versus the sur- 
face concentration of DTAC a t  various bulk con- 
centrations (Fig. 8) appear to give some indication 
as to the role of the oil. At low bulk concentrations 
the surface concentration of DTAC is inversely pro- 
portional to the chain length of thc oil. At higher 
bulk concentrations, the octane/water interface 
contains the highcst surface concentration of DTAC. 
At even higher bulk concentrations, the decane/ 
water interface contains surface concentrations of 
DTAC which are of equal magnitude to that of the 
octane/water interface. It seems possible, there- 
fore, that as the bulk concentration of DTAC in- 
creases, there is a tendency for the higher chain 
length hydrocarbons to interact to a greatcr extent 
with the DTAC film. 

This trend could be accounted for by the fact that, 
at low bulk concentrations, the DTAC molecules are 
not aligned perpendicularly to thc interface duc to 
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some interaction with water, coiling of the hydro- 
carbon chains, or both. The size of hexane, as com- 
pared to the other hydrocarbons, could make it best 
suitcd to interact with the DTAC film a t  these low 
concentrations. As thc surface concentration in- 
creases, it is reasonable to expect that the hydro- 
carbon portions of the surface-active agents will 
orient in a more perpendicular direction to the inter- 
face. This should improve the chances for the 
longer-chain hydrocarbons to interact with the ex- 
posed groups of the surface-activc agents. 

The preceding discussion considered only the inter- 
actions between the oil and the hydrocarbon group of 
the surface-active agent. It is imporeant, however, 
not to neglect the possibilityof an interaction between 
the polar group of the surface-active agent and the 
oil. Figures ,5-7 show that, although the PA 
curves of DPC, DTAC, and DEAC are quite similar 
a t  the air/watcr surface, differences between the 3 
quaternary arnmnnium compounds at an oil/water 
interface do cxist. The n-A curves for DPC are 
“compressed” to a greater extent than those for 
DTAC and DEAC a t  the oil/water interfaces, 
especially a t  the hcxanc/water interface. This effect 
may be due to a dipole-induced dipole interaction 
between the planer aromatic pyridinium ion and the 
oil, which is less possible in the case of DTAC or 
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DEAC. Once again, the steric nature of the hexane 
molecule probably makes it best suited for this inter- 
action. 

It appears, therefore, that the nature of the oil 
phase influences adsorption of water-soluble sub- 
stances, such as quaternary aninionium salts, and 
that the oil used in such studics must be considered 
in any discussion. 
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Solubilizing Properties of Bile Salt Solutions I 

Effect of Temperature and Bile Salt Concentration on Solubilization 
of Glutethimide, Griseofulvin, and Hexestrol 

By THEODORE R. BATES, MILO GIBALDI and JOSEPH L. KANIG 
Data on  the micellar solubilization of the poorly water-soluble drugs, griseofulvin, 
hexestrol, and glutethimide, in  0-0.6 M aqueous solutions of the sodium salts of 
cholic, desoxycholic, taurocholic, and glycocholic acids at 3 temperatures are pre- 
sented. Employing the pseudo two-phase model for micellar solubilization, the 
thermodynamic functions, A P ,  ASO, and AH0 of partitioning of the drug molecule 
between the aqueous phase and the micellar phase have been determined for hex- 
estrol and griseofulvin. The physical-chemical ramifications and biological im- 

plications in  these systems are considered. 

QLJEOUS solutions of surfactants exhibit a A more or less abrupt change in their physical 
properties over a narrow concentration range. 
This distinct change in properties is geiierally 
accepted to  be due to  the formation of oriented 
aggregates or niicelles. The narrow surfactant 
concentration range at which micelles begin to  
rorm is referred to  as the critical concentration 
for inicelle formation or CMC. Among the more 
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interesting properties of micellar solutions is their 
ability t o  solubilize water-insoluble materials. 

Micellar solubilization has been defined by 
McBain (1) as “the spontaneous passage of solute 
molecules of a substance, insoluble in water, into 
a n  aqueous solution of a surfactant in which a 
thermodynamically stable solution is formed. ” 
This process essentially involves the diffusion of 
the added solubilizate molecules ( i e . ,  the water- 
insoluble material being solubilized) from the bulk 
phase into the surfactant micelle. The solu- 
bilized system is in  a state of equilibrium. 

Micellar solubilization has been broadly classi- 
fied into 3 types (1-3). (a )  Nonpolar (non- 
specific) solubi1,izatioa: the  solubilizate is in- 
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especially a t  the hcxanc/water interface. This effect 
may be due to a dipole-induced dipole interaction 
between the planer aromatic pyridinium ion and the 
oil, which is less possible in the case of DTAC or 
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DEAC. Once again, the steric nature of the hexane 
molecule probably makes it best suited for this inter- 
action. 
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phase influences adsorption of water-soluble sub- 
stances, such as quaternary aninionium salts, and 
that the oil used in such studics must be considered 
in any discussion. 

REFERENCES 
(1) Weiner, P;. U., and Zografi, G., J. Pharm. Sci., 54, 

436(196.5). 
( 2 )  Hutchinson, E., J .  Colloid Sci., 3, 219(1948). 
( 3 )  Ibid. ,  3, 235(1948). 
(4 )  Hutchinson, E., and Randall, D., ibid., 7 ,  151(1952). 
(5) Hutchinson, E., Monomolecular Layet-s Symposium, 

Amel-ican Association for the Advancement of Science, 1951. 
p. 161. 

(6) Askew, F., and Danielli, J., Trans. Fai’odny Soc., 36, 
785( 1940). 

(7) Schulman, J. H., Stoeckenius, W., and Prince, I-. M., 
J .  l’hrs. Chem.,  63, 18ii(lY59).  

(8) Zisman, W. A., J .  Chem. P h y s . ,  9, 789(1941). 
(9) Uavies, J. T., J .  Colloid Sci., 11,  398(19.56). 

(10) Brooks, J .  II., and Pethica, B. A,, Tvnns. Pnraday 

(1’1) i h id . ,  6 2 ,  571(1965). 
(12) “Inte*national Critical Tables,” vol. 4, McGraw- 

i-y,” Reinhold Publish- 

(14) Parretra, H .  C., J .  Colloid Sci., 20, 44(1965). 
(IS) Harkins, W. ,  and Brown, F., J. Ani. Chem. Soc., 16, 
(16) Pethica, B., Trans. F a r a d a y  Soc., 50, 413(1954). 

Sor.  60 208(1964). 

ing Co., New,York, N. Y. .  1982. 

4Y9(1919). 

Solubilizing Properties of Bile Salt Solutions I 

Effect of Temperature and Bile Salt Concentration on Solubilization 
of Glutethimide, Griseofulvin, and Hexestrol 

By THEODORE R. BATES, MILO GIBALDI and JOSEPH L. KANIG 
Data on  the micellar solubilization of the poorly water-soluble drugs, griseofulvin, 
hexestrol, and glutethimide, in  0-0.6 M aqueous solutions of the sodium salts of 
cholic, desoxycholic, taurocholic, and glycocholic acids at 3 temperatures are pre- 
sented. Employing the pseudo two-phase model for micellar solubilization, the 
thermodynamic functions, A P ,  ASO, and AH0 of partitioning of the drug molecule 
between the aqueous phase and the micellar phase have been determined for hex- 
estrol and griseofulvin. The physical-chemical ramifications and biological im- 

plications in  these systems are considered. 

QLJEOUS solutions of surfactants exhibit a A more or less abrupt change in their physical 
properties over a narrow concentration range. 
This distinct change in properties is geiierally 
accepted to  be due to  the formation of oriented 
aggregates or niicelles. The narrow surfactant 
concentration range at which micelles begin to  
rorm is referred to  as the critical concentration 
for inicelle formation or CMC. Among the more 

Received November 1,1965, from the College of Pharmacy, 
Columbia Llniveisity, New York, N .  Y. 

Accepted lor publication December 16, 1983. 
The authors express sincere thanks to Ciba Pharmaceutical 

Co.,  Summit, N. J. ,  for their genetous financial support of 
this investigation. The authors are also grateful to D r .  
Iiornian 1). Weiner for his assistance and advice during the 
cuurse of this study. 

interesting properties of micellar solutions is their 
ability t o  solubilize water-insoluble materials. 

Micellar solubilization has been defined by 
McBain (1) as “the spontaneous passage of solute 
molecules of a substance, insoluble in water, into 
a n  aqueous solution of a surfactant in which a 
thermodynamically stable solution is formed. ” 
This process essentially involves the diffusion of 
the added solubilizate molecules ( i e . ,  the water- 
insoluble material being solubilized) from the bulk 
phase into the surfactant micelle. The solu- 
bilized system is in  a state of equilibrium. 

Micellar solubilization has been broadly classi- 
fied into 3 types (1-3). (a )  Nonpolar (non- 
specific) solubi1,izatioa: the  solubilizate is in- 
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important role in the physiological processes of 
digestion and absorption of dietary lipids. The 
most modern theory for fat digestion and absorp- 
tion is the one proposed by Borgstrom (20). 
Sccording to his theory, the breakdown products 
of fat digestion (i.e., fatty acids and monoglyc- 
erides) are absorbed across the intestinal mucosa 
from a mixed micellar solution composed chiefly 
of fatty acids, monoglycerides, and conjugated 
bile salts. In connection with this theory of fat 
absorption, several in nitro investigations have 
appeared in the literature demonstrating the 
marked solubilizing ability of conjugated bile salts 
for fatty acids and monoglycerides (21-24). 

Although considerable evidence has appeared in 
the literature concerning the effects of bile salts 
on endogenous materials, little work has been 
done to determine the effects of bile salts on drug 
molecules. Accordingly, little consideration has 
been given to the possibility that insoluble drugs 
may be absorbed by a mechanism involving pre- 
liminary solubilization of the drug by the bile 
salt micelles normally present in the intestine. 
This consideration prompted an extensive phys- 
icochemical investigation of the solubilization of 3 
water-insoluble pharmaceuticals in dilute bile salt 
solutions as well as some of the factors which may 
influence the extent of their solubilization. 

This paper reports some of the findings on the 
effect of temperaturc and bile salt concentration 
and structure on the degree of solubilization of the 
water-insoluble drugs, griseofulvin, hexestrol, and 
glutethimide, in dilute aqueous solutions of the 
sodium salts of cholic, desoxycholic, taurocholic, 
and glycocholic acids. 

THEORY 
Micellar solubilization of a poorly water-soluble 

material can be treated as a process in which t h e  
poorly water-soluble material is partitioned between 
an aqueous phasc and a micellar phase formed by 
the surfactant above its CMC (1). The partition 
coefficient associated with this process is expressed 
by the equation: 

corporated into the hydrocarbon center of the 
micelle, away from the polar head groups. (b) 
Polur-nonpolar (specific) solubilization: the solu- 
bilizate is incorporated by penetration into the 
palisade layer of the micelle with the solubilizate 
molecule oriented in approximately the same 
manner as is the surfactant molecule in the 
micelle. (c) Adsorption solubilization: in this 
type of solubilization, the solubilizate is adsorbed 
onto the polar surfaces of the mirellc. 

In 1936, Hartley (4) predicted that bile salts, 
like soaps, should form micellar solutions above 
their CMC. Equivalent conductivity-concentra- 
tion (5-7), freezing point ( 5 ) ,  dye solubilization 
(S), and small angle X-ray scattering (9) experi- 
ments, as well as the solubilization of 20-methyl- 
cholanthrene (lo), are some of the numerous 
investigations that conclusively demonstrate that 
colloidal aggregates form in conjugated and un- 
conjugated bile salt solutions at  a certain mini- 
mum concentration. 

Numerous investigations have demonstrated 
the solubilizing properties of bile salts for water- 
insoluble materials. Verzar (1 1) showed in 1933 
that bile salts were capable of solubilizing aniline, 
calcium carbonate, calcium phosphate, camphor, 
quinine, strychnine, paraldehyde, quinoline, and 
benzaldehyde. McBain and co-workers (8) 
studied the equilibrium solubility of the dye, 
Yellow AB, in 1% aqueous solutions of the sodium 
salts of cholic acid, desoxycholic acid, taurocholic 
acid, and dehydrocholic acid a t  25O. Merrill and 
McBain (12) compared the solubilities of the 
dyes, Yellow AB and Orange OT, in 1% aqueous 
solutions of the same 4 bile salts uscd in the 
previously cited study (8). Ekwall (13) reviewed 
some of the solubilization work done by himself 
and co-workers with a wide varicty of insoluble 
substances in bile salt solutions. This paper in- 
cludes : (a) solubilization of various carcinogenic 
polycyclic hydrocarbons a t  40° (10, 14, 15); (b) 
solubilization of p-xylcne in solutions of sodium 
cholate and desoxycholatc ; (c) solubility of cholic 
and desoxycholic acids in aqueous solutions of 
their respective sodium salts (16) ; (d) solubiliza- 
tion of cholesterol in sodium desoxycholate, 
cholate, and taurocholate ; and (e) solubilization 
of CsClS  fatty acids, lecithin and glyceryl mono- 
stearate, in 0.09 M sodium taurocholate solutions. 
Ekwall and Sjoblom (17-19) have studied the 
solubilization of various steroid hormones in bile 
salt solutions. The solubilization of the non- 
steroidal synthetic estrogen, hexestrol, in 5,  10, 
and 20% solutions of sodium cholate, desoxy- 
cholate, dehydrocholate, and glycocholate a t  40’ 
was also considered by these investigators. 

Bile salts have been shown also to play an 

where [Dm] is the concentration of drug in the 
micelle and [L),v~M] is the concentration of drug 
in the nonmicellar phase.’ The brackets denote 
concentrations expressed in terms of the individual 
phase volumes, rather than the total volume of the 
system. 

Multiplying the numerator and denominator of 
Eq. 1 by the total volume of the system, V (i.e., 
VNM + VM) ,  yields the expression, 

It was assumed that the activity coefficient of the drugs 
in the nonmicellar phase closely approximated the activity 
coefficient in the micellar phase. 
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where the parenthesis denote concentrations ex- 
pressed in terms of total volume. VATM and V/.M re- 
present the norlrriicellar and micellar volumcs, rc- 
spectively. 

Expressing Eq. 2 in terms of micellar volume 
yields 
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process of solubilization would follow from thc 
e quat io t i  

However, V M /  1' may be represerlted as M ,  where 
M is defined as the volume lraction of surfactant 
(25, 26) Substituting this rclationship into Eq. 
3 gives the expression, 

Assuming Af is sinall as compared to  the total 
volume (25, 26) then (1 - M) is approxinmtely 
equal to unity and Eq. 5 is obtained. 

Above the CMC of a surfactant an equilibrium 
exists between monomers and micellar aggregates 
The solution is saturated with respect to monomers, 
and further addition of suriactant molecules results 
in further aggregation. It has been theorized that 
additional molecules of surfactant produce an in- 
crease in the number rather than in the size of the 
micelles. Accordingly, micellar volume is a direct 
function of surfactant concentration. Over a 
limited range, this is considered to be a reasonable 
approximation (4, 27). This concept may be ex- 
pressed as Eq 6 

where Cis the molar concentration of the surfactatit. 
The subscripts, 1 and 2, refer to diffcrcnt concentra- 
tions above the CMC of the surractant. 

Inserting the relationship between C and M, 
as expressed in Eq. 6, into Eq. 5 yields the final 
equation: 

AU,M = R D A w A C  0%. 7) 

It can be sccn readily from the form of Eq. 7 
that a plot of (U,) versus C should yield a straight 
line above the CMC of the surfactant. The slope 
o f  this linear plot divided by ( D N M )  will givc the 
value of K ,  from which the thermodynamic constants 
can be calculated. 

The free energy of partitioning ( A F " )  may be 
calculated from 

AF" = -2.3RT log K (Eq. 8 )  

The heat of partitioning ( A H o )  can be determined 
with tlie aid of the relationship 

by plotting log K a t  various temperatures versus 
1/T  ( O R . ) .  From the slope of this linear plot, 
AH0 can be obtained. This method of acquiring 
AHo requires that AH remain reasonably constant 
over the temperature range studied. 

The change in entropy ( A S o )  associated with this 

EXPERIMENTAL 

Materials.--Hexestrol,* griseofulvin,3 arid 
glutethimide4 were used as recieved. The pure bile 
salts, sodium c h o l a t ~ , ~  sodium de~oxycholate,~ 
sodium glycocholate,G and sodium taur~chola te~  
were dried in ZYZCUO for 36 hr. prior to use. 

Equilibration.-- The solubility of each drug was 
measured in a series of aqueous solutions containing 
various concentrations of the individual bile salts. 
IIexestrol and griseofulvin were studied a t  27, 37, 
and 45'. The solubility of glutethimide was dc- 
termined a t  27, 32, and 37". 

In each case an excess amount of drug was added 
to bile salt solution contained in suitably sealed 
tubes. The tubes were placed in a shaker-incubatori 
and equilibrated for periods usually not less than 
1 week's duration. Equilibrium was determined by 
repetitive sampling. 

Assay Procedure.-Each time the tubes were 
sampled the shaker was turned off to allow most of 
the excess solid to settle to the bottom of the tubes. 
The supernatant liquid thcn was filtered through a 
filter (Millipore, 0.45 M pore size) to insure that no 
undissolved solid was present in the sample taken 
for analysis. To eliminate any temperature dif- 
ferential during the filtration and sampling steps, 
precautious were takeu to maiiitain tlie filtration 
equipment and pipets a t  the same temperature as 
that employed for the equilibrium experiments. 

Aliquots of the clear drug solutions were diluted 
with anhydrous reageut methanol, and the drug 
concentration was dctcrmined spcctrophotornet- 
rically using a Becknian DB recording spectropho- 
tometer. Methanol-water (10: I) servcd as the 
blank for hexestrol and griseofulvin, and methatiol- 
water (8: 1) was employed for glutethimide. Thc 
peak absorbaiice of griseofulviu and hexestrol (in 
1 : 10 water-methanol solvent mixture) a t  292 mp 
and 278 mp, respectively, and glutethimide (in l:t( 
water-methanol solverit mixture) a t  257.6 mM 
was used to prepare Beer's law plots. In the 
dilutions required for spectrophotometric analysis, 
no shifts in absorbance maxima were observed as a 
result of the presence of surfactant. However, the 
bile salts do absorb slightly at the wavelength of 
maximum absorbance of these drugs. Therefore, 
the absorbance of varying concentrations of the bile 
salts, a t  the 3 previously mentioued wavelengths, 
was plotted versus bile salt concentration, arid a 
calibration curve was thus constructed. 

To determine thc amount of drug that had been 
solubilized, the absorbance value corresponding to  
tlie concentration of bile salt in the final dilution 

2 Obtained from (:allard~Sclilesincer Chemical Mfz. Co. 
- 

New York, N. Y. 
3 Generously supplied by Schering Co., Bloomfield, K. J. 

Marketed as Fulvicin. 
4 Generously supplied by Ciba Pharmaceutical C o . ,  

Summit, N. J. 
5 Obtained from Mann Research Laboratories, lnc., N. Y. ,  

special enzyme grade. 
6 Obtained from Southeastern Biochemicals, Morristown, 

Tenn. Reported to be 98-997, pure by thin-layer cht-u- 
matography. 

7 Gyi-atory incubator- shaker, model G-25, New Brunswick 
Scientific Co., N. J. 

Marketed as Uoriden. 
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employed in this study, as determined from the 
solubilization of griseofulvin and hexestrol, respec- 
tively, a t  37", are: sodium cholate (0.014, 0.016), 
sodium desoxycholate (0.005, 0.010), sodium tauro- 
cholate (0.008, 0.014), and sodium glycocholate 
(0.010, 0.015). Thcse values arc in good agrecmcnt 
wit11 those obtained by other investigators employ- 
ing various solubilizates (9, 13). It should be borne 
in mind that CMC values determined from solu- 
bilization data are only approximate, since the pres- 
ence of solubilized material may exert an effect on 
the process of micelle formation (1, 2). 

The slope of the linear portion of the solubiliza- 
tion curve, after the CMC, is termed the saturation 
ratio or capacity, ie., the ratio of niicellar drug to 
micellar bile salt. The saturation ratios, cxpressed 
as moles ol solubilized drug per mole of bile salt 
as well as the inverse of thcsc ratios for griseofulvin 
in each of the 4 bile salts employed in this study, 
are presented iii Table I. The saturation ratio a t  
27 and 37" in decreasing order are: cholate 2 
desoxycholate > glycocholatc 2 taurocholate. 
This scquence also indicates the order of solubility 
of griseofulvin in a particular concentration of 
thcsc colloidal electrolytes. At 45" the order of 
cholate and desoxycholatc is rcvcrsed, suggesting 
that a t  this higher temperature sodium dcsoxy- 
cholate miccllcs have a higher allinity for griseofulvin 
than do sodium cholate micelles. 

Figures 2 and 3 show the solubility of the syn- 
thetic estrogenic hormone, hexestrol, in sodium 
glycocholate and sodium taurocholate solutions a t  
27, 37, and 45". Similar curves were obtaincd in 
sodium cholate and sodium dcsoxycholate solutions. 
The saturation ratios as well as the inverse of thcsc 
ratios are listed in Table 11. As with griseofuloin, 
the solubility of hexestrol a t  all 3 tcmperatures 
increases linearly with bilc salt concentration above 
the CMC. The saturation ratios for hexcstrol 
are many times grcater than those of griseofulvin, 
illustrating the well-established fact that the 
structurc of the solubilizate is a critical factor in 
governing the extent or dcgrcc of micellar solubiliza- 
tion (1, 2). The saturation ratios for hexestrol, 
in decreasing order, a t  any one temperature, are: 
glycocholate 1 taurocholate > cholate > desoxy- 
cholate. Thus, in thc case of hexestrol, the conju- 
gated bile salt micelles (i.e., sodium glycocholate 
and sodium taurocholate) show a greater affinity 
for the solubilizatc molecules than do the uncoiiju- 
gated bile salt micelles. The reverse was found to 
be true for the solubilization of griscofulvin. 

Representative solubilization curves for glutcthi- 
mide in 0-0.06 M solutions of sodium cholate a t  
27, 32, and 37" are shown in Fig. 4. The cor- 
responding saturation ratios (moles of solubilized 
glutethimide per mole of bile salt) and the inverse 
of these ratios are reported in Tablc 111. The 32"- 

15.0 - 

1 2 3 4 5 6  
MOLAR CONCN. OF SODlUM 

DESOXYCHOLATE ( X  lo2) 

Fig. 1.-Solubility of griseofulvin as a function 
of sodium desoxycholate concentration and tcm- 
peraturc. Key: 0,  27"; A, 37'; 0, 45'. 

was subtracted from the observed absorbance values, 
and the corrected absorbance values were converted 
to concentrations by the use of the Beer's law plots. 

RESULTS AND DISCUSSION 

Effect of Bile Salt Type and Concentration on 
So1ubilization.-The solubilization curves for 
Griseofulvin in varying conccntrations of sodium 
dcsoxycholate solutions a t  27, 37, and 45" are 
shown in Fig. 1. These data are rcprcsentative of 
the type of curves obtained with sodium cholate, 
sodium glycocholatc, and sodium taurocholate 
solutions. It can be seen from each of these curves 
that the solubility of griscofulvin increases linearly 
with bile salt concentration, after a certain minimum 
concentration of bile salt has been exceeded, i . e . ,  
the CMC. 'The CMC values for the 4 bile salts 

TABLE I.--MAXIMUM SOLUBILIZINC POWER OF BILE SALTS FOR GRISEOFULVIN 
- 

~~~ 
- ... ~ 

~ . .  - 
Saturation Ratio" x 1 0 3 ,  moles of 

Griseofulvin/mule of Solubilizer 
Inverse of Satuiation Ratio, moles of 

Bile Salt/mule of Griseofulvin 
Solubilizer 2 7 O  370 450 27 ' 370 450 

Watcr 4.59 x lo-* 7.14 x 10-,i 10.2 x 1 0 - 4  . . . . . .  . . .  
Sod. cholate 5.36 6.18 6.80 187 162 147 
Sod. desoxycholate 4.68 6.18 7.54 214 162 133 
Sod. taurocholate 3.77 4.90 6.15 265 204 183 
Sod. glycocholate 3 .85 5.13 6.29 260 195 159 

--- 

a Slope of linear portion of suluhilization cur-ve determined by the method of least squares. 
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1 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5 6  
molar CONCN. OF SODIUM TAUROCHOLATE (X 102) 

Fig. 2.-Solubility of liexes- 
trol as a function of sodium 
taurocholate concentration at 
27" (left), 3 i 0  (middle), and 
45" (right). 

Fig. 3.--Solubility of hcxcs- 
trol as a function of sodium 
glycocholatc concentration at 
2i" (left), 37" (middle), and 45' 
(right). 

temperature study was included since a t  45" the 
solubilization curve for glutethimide was not linear, 
suggesting a possible change in the solubilization 
mechanism a t  this higher temperature. All ex- 
periments wcrc pcrformed in duplicate, and rcason- 
able replication was obtained. Thus, spurious cx- 
perirnental factors were ruled out as contributing 
to  the nonlinearity. In addition, no change in the 
Ii.1;. spectra of glutethimide was observed. The 
saturation ratios in decreasing order are: desoxy- 
cholate > cholate 2 taurocholate > glycocholate. 

The differences in the order of the saturation ratios 

obtained in the various bile salt solutions with each 
drug used in this study are probably due to  dif- 
ferences in the arrangement of the bilc salt molecules 
in the micelle as well as differences in the degree 
and/or type of interaction betwccn thc drug molecule 
and the bile salt micelle. The penetration of the 
solubilizate may alter significantly the actual 
organization, shape, and even the size of the re- 
sultant bile salt micelle (13) This would explain 
not only the differences found iu the afinity betwccn 
these bile salts and the individual drug, but also 
the djfferenccs found in the saturation ratio se- 

TABLE II.-MAXIMUM SOLUBILIZINC POWER OF BILE SALTS HOR HEXESTROT, 
- -. 

Saturation Ratio" X 103, moles u l  
Hexestrol/mole of Solubilizer 

Inverse uf Saturation Ratio, moles of 
Bile Salt/mole of IIexestrul 

2 7  370 4.50 270 37' 450 Soluhilizei 

4.66 X lW4 6.66 X 9.32 X lo-' . , . . . .  . . .  

184 167 179 6.10 5.99 5.59 
220 225 223 4.55 4 .44  4 . 4 8  

Watcr 
187 19.5 197 5.35 5.13 5 .08  Sod. cholatc 

Sod. desoxycholatc 
Sod. taurocholate 
Sod. glycocholate 22 1 23 1 251 4.52 4 . 3 3  3.98 

" Slope of linear portion of solubilization curve determined by the meihod of least s q ~ ~ a r e s .  
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structure of the solubilized molecules influence in 
various ways the arrangement of the surfactant 
moleculcs in the micelle (9, 13). Experiments pres- 
ently being conducted in our laboratories, dcaling 
with the effects of amphiphilic and nonpolar addi- 
tives and inorganic electrolyte on the solubiliza- 
tion characteristics of these drugs should yicld an 
insight to  thc location of the solubilized drug mole- 
cules in the bile salt micelle. 

Effect of Temperature on Solubi1ization.-Tern- 
perature is an important factor which has a varying 
effect on the extent of micellar solubilization. The 
structure of the surfactant and/or the solubilizate 
will dictate whether there is an effect and whether 
it is positive or negative. 

Inspection of the saturation ratio values for 
griseofulvin, presented in Table I, shows that as 
the temperature of the system increases from 27 to 
45" there is a corresponding increase in the degree 
of micellar solubilization. This positive tempera- 
ture effect is observed in all of the bile salt solutions 
studied. Similar temperature effects were observed 
for both hexestrol (Table I1 ) arid glutethirnide 
(Table 111). However, tcmperaturc appcars to  have 
less of an influence on the solubilization of hexestrol 
in comparison to  the other 2 solubilizates. 

A positive temperature effect is contrary to  the 
theory proposed for micellar solubilization in solu- 
tions of fatty acid soap-type surfactants (3). Ac- 
cording to this theory, in a homologous series of 
fatty acid soaps, below 25", as the temperature is 
increased, the ChlC of the surfactant decreases, 
due to an increase in the entropy of the structured 
water molecules around the hydrocarbon portion 
of the surfactant molecule. As the temperature is 
increased above 25", the kinetic motion of the 
surfactant molecules in the micelle is enhanced and 
overshadows this entropy effcct. The thermal mo- 
tion causcs a slight incrcase in the CMC of the sur- 
factant and thus increases the difficulty with which 
micelles form. Based on these facts, one would 
expect that a t  higher temperatures solubilization 
should decrease. 

Although a number of studies have been coil- 
ducted to examine the effect of temperature on the 
solubilization process in typical ionic surfactant 
solutions, relatively few temperature studies have 
been conducted in bile salt solutions. Merrill and 
McBain (12) observed a positive temperature co- 
efficient (ix., the ratio of the saturation ratio a t  a 
highcr tcmperature to that a t  a lower temperature 
exceeded unity) for the dye Yellow AB in 0.1 N 
sodium desoxycholate solutions. Hofmdnn ob- 
served a similar temperature effect on tlie solubiliza- 
tion of azobenzcnc in sodium glycochcnodcsoxy- 
cholate solutions, but observed no effect on the 
solubilization of the monoglycericle, I-monoolein 
(24). 

- 

- 
- 
- 

- 

- 

- 
- 

3 0.8 
2 0.6 1- L - 

1 2 3 4 5  6 

Fig. 4.-Solubility of glutethimide as a function 
of sodium cholate concentration and temperature. 
Key: 0, 27'; 0, 32'; A, 37". 

molar CONCN. OF SODIUM CHOLATE (X 102) 

quences of these bile salts and each of the drugs. 
Unfortunately, a t  present, very little is known 
about the structures of the bile salt micelles. How- 
ever, they are thought to be considerably different 
from the classical spherical micelles formed by the 
more common surfactants. A dctailed explanation 
for these observed differences must await a more 
complete understanding of the molecular arrange- 
ment of the bile salt micelles, as well as knowlcdge 
of the uature of tlie interactions that are important 
in causing micellar aggregation of both the un- 
conjugated and conjugated bile salts. 

It can readily be seen from both the saturation 
ratio and inverse saturation ratio data, presented 
in Tables 1-111, that the solubilities of hexestrol, 
glutcthimidc, and griscofulvin in the same bile 
salt differ greatly. For these solubilizates, the 
solubilities increase in the following order: griseo- 
fulvin < glutethimide < hexestrol. It would ap- 
pear, based on the higher saturation ratios observed 
for both hexestrol and glutethimide as comparcd 
to griseofulvin, that they are being incorporated 
prcdominatcly into thc "palisade laycrs" of the bile 
salt micelle as would a relatively polar solubilizate 
molecule (1-3). On the other hand, griseofulvin 
is probably more closely associated with the hydi-o- 
carbon region of the micelle, similar to a nonpolar 
solubilizate molecule (1-3). 

As previously indicated, knowledge of the exact 
structure of the bile salt micelles is lacking. In 
view of this insufficiency, the mechanism by which 
the molecules of the solubilized substances are in- 
corporated in the miccllcs must rcmain speculative 
until furthcr investigations in this area. I t  should 
also be noted that the chemical nature, size, and 

TABLE III.-MAXIMUH SOLUBILIZING POWER OF BILE SALTS FOR GLUTETHIMIDE 
~ - -. . ..-. . - - 

Saturation Ratioa X 102, moles of Inverse of Saturation Ratio, moles of 
p l e  Salt/mole of Glutethimide Glutethimidejmole of Soluhilizer 

Solubilizer 27" 32" 370 27 320 370 
Water 7.13 x 1 0 - 2  8.38 x 10-2 9.94 x 1 0 - 2  . . . . . .  . . .  
Sod. cholate 59.8 96.2 104 16.7 10.4 9.62 
Sod. desoxycholate 103 119 163 9.71 8 .40  6.13 
Sod. taurochokdte 61.2 100 108 16.3 10.0 9.26 
Sod. glycocholatc 54.3 92.0 71.8 18.4 10.9 13.9 

a Slope of linear portion of solubilization cui ve determined by the method of least squares. 
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TABLE IV.-PARTITION COEFFICIENTS FOR (>RISEOFULVIN, HEXESTROL, A S D  GLUTETHIMIDE BETWEEN THE 
MICELLAR AKD NOSMICELLAR PHASE AT 3 TEMPERATURES 

Solubilizer 

Sod. cholate 
Sod. dcsoxycholate 
Sod. taurocholatc 
Sod. glycocholate 

Sod. cholate 398 
Sod. desoxycholate 352 
Sod. taurocholate 472 
Sod. glycocholate 475 

270 
Partition Coefficient, K X 10-3 

320 37“ 450 
Griseof ulvin 

11.7 . . .  8.66 6.67 
10.2 ... 8.66 7.39 
8.21 . . .  6.86 6.03 
8.39 . . .  7.18 6.17 

Hexestrol 
. . .  294 
. . .  251 
. . .  338 
. . .  347 

Glutethimide 
Sod. cholate 0.840 1.15 
Sod. desoxycholate 1.45 1.42 
Sod. taurocholate 0.859 1.20 

1.05 
1.64 
1.09 

211 
192 
240 
269 

Sod. glycocliolate 0.762 1.10 0.722 . . .  

Since micellar solubilization is closely related to 
niicellc formation, onc possiblc explanation for the 
positive temperature effects observed in the present 
study is that as the tempcraturc of the system is 
increased the CMC of the bile salt decreases. 
However, values determined from the solubilization 
curves for thc individual bile salts show that the 
CMC values of the bile salts are mot significantly 
altered in the ternperaturc range cmployed in this 
study. Thus, the observed temperature efiects 
cannot be explained on the basis of CMC values. 

A morc plausible explanation has been proposed 
hy McBairi arid Hutchinson (1). According to  
these investigators, it may be assumed that the 
principal effect of temperature is to  “change the 
solubility of the solubilizatc in thc micelle.” Hof- 
mann (24), in his investigations of the effect of 
temperature on the solubilization of azobenzene 
and 1-monoolcin in sodium glycochetiodesoxy- 
cholate solutions at  23 arid 37’, states that, “the 
1iight.r saturation ratio obscrved for the former 
solubilizate a t  37’ ueed uot indicate any change in 
the state of micellar aggregation.” This vicw is in 
agrecmcnt with Hofmann’s observations that 1- 
nionooleiri had the same saturation ratio at 23 and 
8T”, thcrcby indicating that temperature has little 
effect on the rriicellar organization. 

Thermodynamic Evaluation.-The results of this 
investigation are consistent with the hypothe 
that temperature primarily influences the “solu 
i ty”  of the solubilizatc molecule in the bile salt 
micellc. Thercfore, one would expect that as the 
temperature of the system is increased so should 
the degree of interactitrn between the solubilizatc 
molecule and the hilc salt molecules comprising the 
micellc. In vicw of this consideration, it was 
decided to determine the thermodynamics of these 
bile salt-drug systems so that an appreciation for 
the magnitude of the energics involvcd in thc pro- 
cess of micellar solubilizatiou in bile salt solutions 
could bc obtaincd. 

In ordcr to determine the thermodynamic con- 
stants associated with the solubilization of griseo- 
fulvin and hexestrol in bile salt solutions, a pseudo 
two-phase model was selected. According to this 
model, the sohbilizate molecule is partitioned 
between an aqucous phase and a micellar phase. 

solvcnt and water. The partition coefficient, K ,  
associated with this process was detcrmincd by the 
use of Eq. 7. The valucs obtaiucd for griseofulvin, 
hexestrol, and glutethimide a t  3 temperatures arc 
listed in Table IV. The magnitude of these values 
shows that the poorly water-soluble drugs arc 
preferentially partitioned to the micellar phase. 

The data in Tablc I I: also indicate that a decrease 
in the partition coefficients of both griseofulvin and 
hexestrul occurs with an increase in temperature. 
No definite conclusion could be niadc for thc cffect 
of temperature on partition coefficient for glutethi- 
midc. A similar decrease in partition coeflicicnt 
with temperature was observed by Rippic and co- 
workers (25), in considering the solubilization of a 
methylprednisolone-21-liemiester in aqueous solu- 
tions of polysorbate 80. Thcsc investigators par- 
tially attribute this negative effect to micellar size 
changes. In conducting this investigation it ‘cc.as 
decided to consider thc phcnomenon on the basis of 
thermodynamic factors. The heats of solution of 

t 4.05 t 

3.1 3.2 3.3 
7-1 (“K.-’) X 10% 

Fig. 5.-Plots of log K us. 1/T for griseofulvin 
Key: 0, sodium glycocholatc; 0, sodium tauro- 

This partitioning is similar to that observed for a cholate; 0, sodium desoxycholate; X, sodium 
poorly water-soluble drug between a nonpolar cholate. 
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should be linear. From the slope of such a plot 
the standard enthalpy change, A H n ,  associated 
with this partitioning process can be obtained. 
Typical van't Hoff-type plots for griseofulvin (Fig. 
5 )  and hexestrol (Fig. 6) show the exccllcnt lin- 
earity observed over the temperature range studied. 
Treatment of the glutethimide data in a similar 
manner produced plots which were nonlinear. 
This suggests the possibility that glutethimide is 
solubilized by a diffcrent mechanism than are 
hexestrol and griseofulvin. 

\'alucs for the standard free energy changes 
( 4 F 0 )  and entropy changes ( A S n )  associated with 
the solubilization process were determined with the 
aid of Eqs. 8 and 10, respcctivcly. The values of 
4P, A i l o ,  and 4Su for the solubilization of griseo- 
fulvin in t h e  4 individual bile salts are presented in 
Table V,  and those for hexestrol in Table V T .  

The negative AFU values obtained is indicative 
of the spontaneity of the solubilization process. 
Thc standard cnthalpies, AHO, for each drug in 
all of the bile salts are quite similar. However, 
thcre is a significant difference betwceii the AH" 
values for hexestrol and for griscofulvin. This in- 
dicates that the enthalpy function is more dependent 
on the nature of the drug molecule than on the 
nature of the bile salt molecule. The negative 
enthalpy changes obtained are consistent with the 
hypothesis that micellar solubilization is an cxo- 
thcrmic process (1, 25, 26). 

It has been proposed that because of the loss of 
frccdom cxperienced by the drug molecule in going 
from the aqueous phase to the micellar phase a 
negative entropy change should accompany the 
solubilization process (26). The small positive 
entropy values obtained in this investigation in- 
dicate that other factors must be taken into con- 
sideration. A possible explanation for the positive 
entropy values is that loss of water structure in 
the system counterbalances the restrictioti placed 
on thc drug molecule when it is solubilized by the 
bile salt micelle. 

Biological Implications.-A coniparison of thc 
equilibrium ratio of thc amount of drug solubilized 
by a 0.04 iZI bile salt solution to that in watcr for 
the 3 solubilizates at 37" shows that the ratios in 
decreasing order are: hexestrol > griscofulvin > 
glutethirnide (Table VTI). A bile salt concentra- 
tion of 0.04 M is considered to be the approximate 

5.30 

~~~ 

3.1 3. ? 3.3 
T-1 ("K. -1) x 103 

Key: 
0 ,  sodium glycocholatc; 0, sodium taurocholate; 
0, sodium desoxycholate; X ,  sodium cholate. 

Fig. 6.--Plots of log K us. 1/Tfor hexestrol. 

griscofulvin and hexestrol in water and in each of 
the bile salt solutions was dctcrmined from the slope 
of a Clausius-Clapeyroti-type plot ( i .e . ,  a plot of 
log solubility versus l /T).  The heats of solution 
(AHs01".) in the bile salt micelle ranged from -2.5 
to  -5.0 Kcal./molc for griseofulvin and from ap- 
proximately zero to - 1.4 Kcal./mole for hexestrol, 
as cornparcd to  -7.3 Kcal./mole for griseofulvin 
and -8.4 Kcal./mole for hexestrol in watcr. This 
indicates that thc solubility of the drugs in the 
aqueous phase is affected by temperature more than 
it  is in the bile salt solutions, resulting iu the ob- 
served decrease in the partition coefficient. 

According to  Eq. 9, a plot of log K versus 1/T 

TABLE V-STANDARD THERMODYNAMIC FUNCTIONS FOR GRISEOFULVIN IN BILE SALT SOLUTIONS 
~~~~~~ 

~~~ 

A W , a  ---- AFO. KcaI.;moI--- . ,-- -as0. Entropy unit.+-- 
Bile Salt Kcal./mole 300°K. 310'K. 318OK. 300'K. 310'K. 318'K. 

Sod. cholate -5.9 -5.61 -5.61 -5.59 -1 -1 -1 
Sod. desoxycholate -3 .4  -5.53 -5.61 -5.66 +7 +7 +7 
Sod. taurocholate -3.2 -5.40 -5.47 -5.53 +7 +7 +i 
Sod. glycocholatc -3.2 -5 .42 -5..50 - 5 . 5 4  +7 +7  +i 

a Slope of the linear plot of log K P I S .  1/T determined by the method of least squares 

TABLE VI.-STAXDARD THERMODYNAMIC FUNCTIONS FOR HEXESTROL IN BILE SALT SOLUTIONS 
__ 

4Hn,n --- 4FO. K c a l . / m o l v -  -. ,--4.q0, Entropy units--. 
Bile Salt Kcal./mole 300'K. R l O O K .  318'K. 300°K. 310'K. 318°K. 

Sod. cholate - 6 . 6  -7.73 -7.80 -7.79 i - 4  +4 +4 
Sod. desoxycholate -6.4 -7.65 -7.70 -7.73 +4 $4 +4 
Sod. taurocholate -7 .1  -7.83 -7.88 -7.87 $- 2 + 3 +2 
Sod. glycocbolate -6 .2  -7.83 -7.90 -7.93 1-5 +6 +5 

a Slope of the linear plot of log K DS. 1 /T  determined by the method of least squares 
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rriolarity of the total bile salts prescnt in the small 
intestinc during fat absorption (21, 24, 28). These 
values show that  the bile salts display a significant 
effect in incrcasing the solubility of these poorly 
water-soluble drugs. 
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TABLE VII.-RATIOS O F  THE SOLUBII.ITIRS OF 

IN 0.04 l!-!f SOLUTIONS O F  CONJUGATED AND US- 
HEXESTROL, GRISEOFULVIN, AND GLUTETHIMIDE 

CONJUGATED BILE SALTS TO THAT IN WATER AT 37’ 

- Drug-- 7 

Ctiseo- Gluteth- 
Bile Salt Hexestrol fulvin imide 

Sod. cholate 122 5 .7  1 .6  
Sod. desoxycholate 139 6.7 2.1 
Sod. taurocholate 148 5 . 6  1 . 6  
Sod. glycocholatc 147 5 .7  1 . 5  

Drug absorption across the gastrointestinal barrier 
takcs place almost exclusively from a solution of the 
drug (29). Therefore, the drug must be in solution 
before it can be absorbed. In  the case of extremely 
water-insoluble drugs, dissolutioii of the drug usually 
becomes the slow rate-determining step in the ab- 
sorption process. 

Poorly water-soluble drugs will partition be- 
tween the aqueous phasc and a liquid phasc, with 
a relatively large lipid-water partition coefficient. 
From a physicochernical point of view, one can draw 
an analogy between these poorly water-soluble 
drugs and a dietary lipid. Based on this aualogy 
it would be interesting to  spcculatc that  thc gastro- 
intestinal tract handles these drugs in the same 
manner as i t  handles dietary lipids. In view of the 
in vitvo evidence i t  is quite conceivable that  rela- 
tively water-insoluble drugs may be absorbed by 
a mechanism involving preliminary solubilization 
of the drug by bile salt niicelles present in the s~riall 
intestine. 

Relative dissolutiom rate studies indicate that bile 
salts significantly increase the dissolution ratcs of 
griseofulvin and hexestrol over that  in water (30). 
These findings serve to  strengthen further the 
possibility that  physiologic surfactants play an  
iiiiportaiit role in the dissolution step of thc ab- 
sorption process. 

Lecithin and cholcsterol, which arc normal com- 
ponents of bile, as well as fatty acids and mono- 
glycerides, which are the normal breakdown products 

of fat digestion, have been shown to  form mixed 
micelles with the conjugated bile salts in the small 
intestine. Extensive studies curreutly are being 
conducted to  determine the effects of these, as 
well as other additives, on the degree of solubilizatiou 
of water-insoluble drugs under conditions simulating 
those existing in the human small intestine during 
fat digestion and absorption. 
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Technical Articles- 

Steroid Tablet Assay Involving Automated Sample 
Preparation and Blue Tetrazolium Reaction 

By WILLIAM F. BEYER 

Automated homogenization, chloroform extraction, and blue tetrazolium assay 
of hydrocortisone, methylprednisolone, and prednisolone tablets are described. 
The  coefficients of variation for the determination of the three steroids were 1.39, 
1.51, and 2.33 per cent, respectively. Tablets are analyzed at  a rate of 20/hr. with 
Technicon’s solid preparatory unit and proportioning pump in conjunction with 

a commercially available spectrophotometer and a strip chart recorder. 

HE MANUAL assay of steroid tablets by  the 
Tblue tetrazolium procedure requires some- 
what time-consuming techniques. Directions of 
U.S.P. XVII (1) and N.F. XI1 (2) require dis- 
integration of tablets in water and extraction 
with chloroform. Aliquots of chloroform are 
then evaporated, and steroids are redissolved in 
alcohol. Color is developed by  the reduction of 
blue tetrazolium to form the formazan in a 
solution buffered with tetramethylammonium 
hydroxide. After standing 90 min. in the dark, 
color is read at about 525 mp. Automation of 
certain aspects of this procedure was described 
by Greely et nl. at the New York Academy of 
Science Conference on Automation in January 
1963 (3). The need for a system capable of 
doing many single tablet assays and the require- 
ment of tablet content uniformity by  U.S.P. 
XVII and N.F. XI1 for specified tablets led to  
the development of a completely automated 
system. Details of the procedure and assay 
data are the subject of this report. 

EXPERIMENTAL 

Equipment.-Solid preparatory unit (Solid- 
prep) proportioning pump and 37O water bath.’ 
Spectrophotometer and recorder. 

Reagents.-3A alcohol ;3 blue tetrazolium, 0.1 % 
in 3 h  alcohol; chloroform, analytical grade; dis- 
tilled watcr with 0.5 ml. of polyoxyethylene lauryl 

Received August 28, 1965, from Control Research and 

Accepted for publication October 2.5, 1965. 
Presented in pat-t t o  the lY6.j Technicon Symposium, 

1 Technicon, Chauncey, N .  Y .  
2 IIitachi, Perkin-Elmer 139 spectrophotometer with 1.0 

r m .  Thomas flow cell No. Y120-NO5, Sargent SRL recorder, 
A. H. Thomas Co.,  Philadelphia, Pa. 

3 One hundred gallons of ethanol denatured with 5 gal. of 
methanol (U. S. Industrial Chemicals Co.,  New Yolk, 
N. Y.) constitutes 3A alcohol. 

Development, The Upjohn Co., Kalamazoo, Mich. 

‘Automation in Analytical Chemistry,” N e w  York, N. Y .  

ether4 added to each 5 gal. ; tetratnetliylatnmoriiu~n 
hydroxide, 10% aqueous solution diluted 1 : 10 with 
3A alcohol, filtered before use. 

Standards.-Accurately weighed quantities of 
hydrocortisone, mcthylprcdnisolonc, and prednis- 
olone reference standards are dissolved in 75yo 
3-4 alcohol so that each 10.0 ml. contains an amoutit 
of steroid equivalent to each tablet. 

Tablets.-Stcroid tablets arc placed in sample cups 
with 10.0 ml. of 75Yo 3A alcohol. Cups are covered 
and allowed to stand for 1 hr. or until tablets dis- 
integrate. 

Procedure.-Reagents are pumped using the 
manifold flow system shown in Fig. 1, and instru- 
mental units are standardized to give a zero base 
line. The Solidprep is adjusted to deliver 75 
ml. of distilled water with polyoxyethylene lauryl 
ether and mixer spccd positioned a t  No. 4 setting. 
Approximately 4 cups of the appropriate standard 
arc placed in thc sampler head, followed by cups of 
disintegrated tablets. Standards are placed there- 
after a t  regular intervals to minimize reagent 
changes and instrumental variation. Samples are 
automatically homogenized in thc blcndcr assembly 
of the Solidprep. Steroids contained in dilutc 
alcohol arc then automatically cxtractcd with chloro- 
foriu using 3 (6  iu.) extraction coils. Blue tetra- 
zoliurn and tetramethylatnmonium hydroxide are 
added directly to the chloroform, and the reactinn 
mixture passes through 2 small mixing coils placed 
in a 37” water bath. Absorbance of the solution 
is measured a t  524 mp using a 1.O-cm. flow cell 
and automatically recorded on a strip chart recorder. 

Calculations are made using corresponding ab- 
sorbances of standards and tablet samples. 

RESULTS AND DISCUSSION 

Preliminary studies were made indicating that 
chloroform solutions of steroid could be used satis- 
factorily in the blue tetrazoliutn reaction. Aspira- 
tion of sample directly from the blender of the 
Solidprep and extraction with chloroform was 
carried out initially; how r, owing to irregular 

1 Marketed as Rrij  35 by Atlas Chemical Industries 
Wilmington, Del. Technicon r-eagent, No. AR-110-62. 
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Fig. 1.-Man- 
ifold - flow dia- 
gram for steroid 
tablets using 
ilu t o A 11 a 1 yz er 
Solidprep, sol- 
vent extractors 
and separator, 
and proportion- 
ingpump, in con- 
junction with a 
spectropho t om- 
eter arid strip 
chart recorder. 
T r a n s  in i s s i o !I 
lines carrying 
air or aqueous 
solutions con- 
sist of Tygon 
tubing, those 
carrying alco- 
hol or chloro- 
form are acid- 
flex. 

sampling, a clcbiibbler was iutroducecl, and a 
bubble-free sample was withdrawn and extracted. 
The use of the first two extractors in a horizontal 
position and the last vertical produced au even 
pumping actiou and bubble pattern. Attaching a 
small horizontal mixing coil to the last extractor 
permitted satisfactory separatiori of chloroform 
and water phases. 

On occasion. small acidflex lines would not 
aspirate rcagcnts until primed with a syringe con- 
taining the same solution. Minimal ditfculty was 
encountered when the tubes were placed exactly 
as shown in Fig. 1. Positioning polyethylene end 
blocks of the manifold so that the tubes were secured 
by the rounded ends of the tracts iustead of uuder 
thc projcctions prevented the acidflex tubes Irom 
bcirig shearecl. With acidflex tubiug larger than 
0.090 in., Tcchnicon N-4 nipples had to be used, 
since pressure from pumping arid the actiou of 
chloroform on thc lines caused a separation of the 
acidflex tubing from smaller nipples. Wherever 
possible, acidflex tubing was attached directly to  
glass fittings. 

Following construction of a satisfactory manifold 

Fig. 2. -Absorb - 
ancc - concentra- 
tiou recording of 
hydrocortisone us- 
ing automatic ex- 
traction and blue 
tetrazolium reac- 
tion. Steroid is 
contained in 10.0 
ml. of 75% alcohol, 
absorbance is mcas- 
ured a t  524 mp, and 
a 1.0-cm. flow cell 

? 
0 7  

G I  

60 

Fig. 3.-Beer's 
law plot for methyl- 
prednisolone. 

20 

TABLE 1 -PERCENTAGE RECOVERIES OF STEROIDS 
USING ACTOMATED EXTRACTION AND BLUE TETRA- 

ZOIJUM REACTION 
~~~~~ ~~ ~~- 

~~ ~ 

Methyl- 
Hydi-ocortisnne, prednisolone, I'rednisolone, 

5.0 tnz. 4.0 mx. 5.0 rng. 

97.6 98.3 100.9 
100.4 100.6 102.6 
100.6 99.2 98.9 
100.0 101.1 95.1 
98.4 102.0 9B.X B c  I / 

1no 4 102.0 101.9 I / ~ . .  

Fig. 4.-Beer's 
law plot for pred- 
nisolone standard. 

100 0 100.3 100 0 
I00 0 Y9.2 101.1 
10% 6 98.1 100.4 
101 0 YX T 101.1 
98.1 102.2 

Coefficients of Variation 

Ub P E I I J N I S 3 L O V E I C " P  
1.3YT; 1.51'7; 2.33'z 

- 
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and optimizing conditions for the blue tetrazolium 
reaction, the precision or the automated procedure 
was determined. Replicate standards of hydro- 

Journal of Pharmaceutical Sciences 

cortisone, methylprednisolone, and prednisolone 
in 75% 3A alcohol were analyzed, giving coefficients 
of variation of 1.39, 1.51, and 2.33% for the respec- 
tive steroids. Table I gives results of this study. 
The precision for thc procedure is considered quite 
satisfactory, considering that this represents the 
entire assay error from sample preparation, addition 
of water diluent, homogenization, cliloroforni ex- 
traction, blue tetrazolium reaction, to recording of 
absorbance peaks. The entire procedure is com- 
pleted in approximately 8 min. After the first 
samplc, however, additional results are recorded 
every 3 min. 

Figure 2 shows a recording of various quantities 
of hydrocortisone standard in 75% 3A alcohol. I t  
can be noted that absorbance is a linear function 
of concentration. Figures 3 and 4 show that Beer's 
law is obeyed for ~riethylprednisolorie and prednis- 
olone. 

To test the recovery of hydrocortisone from varp- 
ing amounts of 5.0-mg. tablets, 50 tablets were 
weighed and reduced to a fine powder. Accurately 

MG WYDROCORl ISONE/CUP 

Fig. 5.-Beer's law plot for hydrocortisone origi- 
nating from standard and tablets. Key: 0, hydro- 
cortisone standard ; ., hydrocortisone in pulverized 
ta  blct . 

TABLE 11 -RhCOVERY O F  STEROtnS  FROM VARIOUS QUAXTITIES O F  POWDERED TABLETS 
USING AUTOMATED EXTRACTION AYD BLUE TETRAZOLIUM REACTION 

-~ -~ 
Steroid Added from Amt of Std Total Amt of Amt of Steroid 

Powdered Tablet, mg Added, mg Stelold Present, mg Recovered, mg Recovery, Yo 

Hydrocortisone Tablets + Std. 

0.98 4.00 4.98 5.00 
1.99 3.00 4.99 5.18 
3.01 2.00 5.01 5.00 
4.00 1.00 5.00 4.73 

0.78 
1.58 
2.15 
3.19 

1.05 
2.17 
3.19 
4.28 

Metbylprednisolone Tablets + Std. 

3.20 3.98 3.87 
2.40 3.98 3.94 
1.60 3.75 3.75 
0.80 3.99 3.87 

4.00 
3.00 
2.00 
1.00 

Prednisolone Tablets + Std. 

5.05 
5.17 
5.19 
5.28 

4.81 
4.98 
5.09 
5.16 

100.4 
103.8 
99.8 
94.6 

97.2 
99.0 

100.0 
97.0 

95.2 
96.3 
98.1 
97.7 

TABLE III . - sTEROID T A B L E r  ASSAYS U S I N G  .kUTOMATED EXTRACTION AND BLUE 
TETRAZOLIUM RXACITOX A N D  COMPARISONS WITH A MANUAL BLUE TETRAZOL~UM PROCEDURX 

,~~~ ~ --Automated Procedure----- 
mg. Steroid/Tablet 

Lot Tablets, KO. (+ Coeflicieiit of Variation) Manual Methodu 
Hydrocortisone Tablets, 5.0 mg./Tablet 

G 
7 
8 
9 

10 

11 
12 
13 
14 

10 
15 
15 
15 
12 

4.79 f 3.14% 
4.93 f 4.25% 
5.22 f 3.910/5, 
5.08 f 4.230/, 
4.52 f 1.74y0 

Methylprednisolone Tablets, 4.0 mg./Tablet 

15 3.91 f 2.5370 
10 3.99 f 4.27y0 
15 3.90 f 3.28% 
12 4.00 f 2.25%, 
12 3.91 i 1.79"j1, 

Prednisolone Tablets, 5.0 mg./Tablet 

16 
10 
10 
10 

4 89 f 3.93% 
5.08 f 2.9.5'30 
5.19 f Y.RSy" 
5.20 f 3 . 1 l C z  

4.93 
5.04 
5.10 
4.75 
4.90 

3.96 
4.10 
3.85 
3.90 
4.03 

4 83 
5 . 00 
6.12 
5.17 
4.96 

- 
15 10 5.14 f 1.95% 

In some instances, the AutoAnalyzer was used for the blue tetrazolium reaction. 
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weighed quantities of the powdcr were placed in 
10.0 1111. of 75y0 3A alcohol and allowed to stand 
approximately 1 hr. Hydrocortisone standards 
approximating the stcroid content of powder samples 
werc also prcpared and analyzed. Whcn absorb- 
ances of hydrocortisone standard arid powdered 
tablcts are plotted, a single line (Fig. 5 )  can be 
drawn through absorbance values for both standard 
and tablets. Covariancc analyses of the data were 
performed, and no significant differences in results 
were found. 

Studics were perforrued to determine the efi- 
ciency of the automatcd procedure by adding vary- 
ing amounts or powdered tablets to a particular 
standard. Table I1 sliows that recoveries were 
good. 

Assays of steroid tablets werc carried out for 6 
lots of each particular steroid by the automated 
procedure and compared to the method essentially 
as dircctcd by 1T.S.P. XVII. The data in Table 
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111 show good agreement. The automated pro- 
cedure is suggested for singlc-tablct assays and 
should be of value when complying with conterit- 
uniformity tests of U.S.P. XVII  and N.F .  SII. 

-4fter completion of this report, several rriodifica- 
tions in the automated procedure were made that 
are considered worthy of reporting. Tetrabutyl- 
ammonium hydroxide is substituted for tctra- 
methylammonium hydroxide, and filtratioti of this 
reagent is 110 longer a requircmcnt. h small glass 
wool iii-line filter is placed in the flowing stream 
just prior to the cell debubbler, eliminating thc 
possibility of eroded tubing and other particles 
entering into the cell. 
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Design and Operation of a Laboratory 
Glass Spray Drier 

By JOHN D. TOPHAM 

A spray drier made from borosilicate glass is described, which has been used 
to dry streptomycin without loss of activity and also other pharmaceuticals. Its 
advantages over other spray driers are: low cost, complete vision of the drying 

process, and its ease of adaptation to produce sterile powders. 

ANY PAPERS have been published on the 
spray drying of pharmaceuticals (1-5) since 

the erection of a spray drier a t  Manchester Uni- 
versity in 1939 (6). So far, to  the author’s knowl- 
edge, no work has been published on the spray 
drying of antibiotics, although one manufacturer 
has installed a spray drier for this purpose. All 
the spray driers which are used in industry are 
made of metal, which is not a satisfactory ma- 
terial when solutions of substances, ivhich are 
very scnsitivc to  oxidation, are to  be dried. Since 
glass is used to  replace metal in the apparatus de- 
scribed, oxidative discoloration does not take 
place when streptomycin is dried in the appara- 
tus. Also, it is difficult to observe the drying pmc- 
ess if metal apparatus is used. Thcsc 2 considera- 
tions, plus cheapness, persuaded the author to 
design a spray drier made of borosilicate g1ass.l 

~~ ~ 
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1 An application bas been made to patent the allpal-atus. 

Temperature.-Borosilicate glass softens at 
i O O o  and will crack as a result of thermal shock, if 
suddcn temperature fluctuations take place 
Consequenlly, at no time during the operation of 
the drier should a temperature o f  500° be cx- 
ceeded. In  fact, 320° is the maximum tcmpera- 
ture to  which the apparatus, described in this ar 
ticle, has been subjected. The temperature range 
within which the spray drier has been used is 
140-220O The  normal operating temperature 
was 160O. 

Wetting.-The contact anglc between glass 
and water is zero. Consequently, any drops of 
solution which come into contact with the walls 
of the apparatus will adhere. This difficulty has 
been overcome by silicone coating the apparatus, 
using a 2% solution of dimetliyldichloro silane in 
carbon tetrachloride. 

Sealing of Joints.--A film of silicone grease 
was applied to  most joints which were then 
clipped together using simple metal clips 

Spray.-After considerable experimentation 
i t  was found tha t  the best spray was produced 
using a n  atomizer device constructed from stand- 
ard laboratory glassware (Fig. 1). This was con- 
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weighed quantities of the powdcr were placed in 
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approximating the stcroid content of powder samples 
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tablcts are plotted, a single line (Fig. 5 )  can be 
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ing amounts or powdered tablets to a particular 
standard. Table I1 sliows that recoveries were 
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Temperature.-Borosilicate glass softens at 
i O O o  and will crack as a result of thermal shock, if 
suddcn temperature fluctuations take place 
Consequenlly, at no time during the operation of 
the drier should a temperature o f  500° be cx- 
ceeded. In  fact, 320° is the maximum tcmpera- 
ture to  which the apparatus, described in this ar 
ticle, has been subjected. The temperature range 
within which the spray drier has been used is 
140-220O The  normal operating temperature 
was 160O. 

Wetting.-The contact anglc between glass 
and water is zero. Consequently, any drops of 
solution which come into contact with the walls 
of the apparatus will adhere. This difficulty has 
been overcome by silicone coating the apparatus, 
using a 2% solution of dimetliyldichloro silane in 
carbon tetrachloride. 

Sealing of Joints.--A film of silicone grease 
was applied to  most joints which were then 
clipped together using simple metal clips 

Spray.-After considerable experimentation 
i t  was found tha t  the best spray was produced 
using a n  atomizer device constructed from stand- 
ard laboratory glassware (Fig. 1). This was con- 
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make possible the continuous production of sterile 
products. 

Originally the hot air inlet tube was madc of 
coplier, but it was found that, when streptomycin 
was spray dried, oxidative discoloration took 
place, which was due presumably to the catalytic 
effect of the metal. Hence, the copper tube was 
replaced by one of fused alumina, although other 
tubes, constructed of materials which do not con- 
tain heavy metals, could be used. 

Cleaning.-Each section can be washed in a 
normal-size sink. The cyclone separator presents 
some difficulties, but if steel ball bearings are 
used, the dirt can be “rumbled” away. 

EXPERIMENTAL. 

A 500-ml. quantity of double strength nutrient 
broth was spray dried in the previously sterilized 
apparatus. The dry product was collected in 8 
sterile containers and sterile water was added to 
each. Thcsc wcre then incubated at 37” for 3 days, 
and observed daily for growth. The experiment 
was duplicated. 

Of the 16 containers holding the reconstituted 
broth 15 were sterile. Growth in the sixteenth 
container presuniably was due to accidental con- 
tamination during the  trarisferencc of the sterile 
water to  the spray-dried product. 

After the %day incubation period, each sample 

1;iS. 1.-Atomizer unit. 

nected to  an Edwards compression and vacuum 
punip model RB4, which ga\-e a maximum pres- 
sure of 18 lb./sq. in. 

Sterilization.-When sterile powders were rc- 
quired, all connecting tubing was sterilized in an 
autoclave. Sterile filters of nonabsorbent cotton 
wool 4 cm. thick, supported in calico, were placed 
at each of the air inlets. The atomizer device and 
receiver were sterilized by heating in a hot air 
oven a t  160’ for 1 hr. The rest of the apparatus 
was sterilized by passing filtered hot air through 
the apparatus for 1 hr. a t  180-200’. 

Method of Operation.-A domestic suction 
cleaner is used to produce a stream of air at a dis- 
placement of approximately 240 L./min. This 
flows through 4 parallel tubes, each containing a 
firelighter element of 1.8-ltw. capacity. The hot 
air then enters the drying chambcr from above 
through a fused alumina pipe (Fig. 2). The spray 
enters the drying chamber alongside the hot air 
inlet and is dried as it passes through the chamber 
in the air stream. 

The drying temperature can be controlled by 
switching on and off the heating elements, but 
greater temperature control i s  brought about by 
regulating- the rate of flow of the solution through 
the atomizer. 

On leaving the chamber, the dried product and 
steam pass into a cyclone separator, where the 
product falls into a previously warmed receiver, 
and the excess hot air and steam pass out through 
a dust bag. The receiver must be warmed 
initially; otherwise water vapor will condense on 
its inner surfaces, causing the product to become 
damp. 

A positive pressure is required above the sur- 
face of the solution to be dried, otherwise air from 
the atomizer section will blow up the capillary 
when the feed vessel is almost empty. The rate of 
drying is 1 L./hr. for concentrated solutions. 

Design Considerations.-Ideally, the ap- 
paratus should operate from a compressor capa- 
ble of supplying sterile, oil-free air. This would 

F i g .  2.-Ap- 
pendages A and 
B were part of 
the  original 
design but are no 
longer used. 
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TADLE II.-PENICILLIN ASSAY RESULTS (ZONES OF 
INHIBITION MEASURED IY mm.) 

_ _ _ _ ~  _ _ _ _ ~  -_ 
-Std.----- ---Spray Dried- 

Plate Sl 52 TI T2 

1 26.5 28.5 26 29 
2 26 28 26 28 
3 25.5 28.5 26.5 27 
4 26 28.5 26 29 

Total 104 113.5 103.5 113 
Av. 26 28.375 25.875 28.25 

- -___- 

TABLE ~.-STREPTOMYCIN ASSAY RESULTS (ZONES 
OR INHIBI r ION MEASURED I N  mm.) ~ _ _  

7- Std. 7 --Spray Dried? 
P la te  SI Sa TI T Z  

1 16.5 19.5 16.5 20 
2 17 20 16.5 20.5 
3 17.5 19.5 17.5 19.5 
4 17 19 17 19 

Total 68.0 78.0 67.5 79.0 
Av . 17.0 19.5 16.875 19.75 

was inoculated with a loopful of a culturc of 
Micrococcus pyogenes, Every sample became 
opalescent within 18 hr., indicating that the broth 
was capable of supporting growth of microorganisms. 

Streptomycin sulfate has bcen spray dried without 
loss of activity as shown by the assay laid down in 
the “British Pharmacopoeia,” 1968. Four Petri 
dishes containing seeded nutrient agar were used 
for each assay. In each dish 4 X 8 mm. holes were 
bored and the solutions TI, Tt, S1, and SI  added to 
each plate. The strengths of the standard and test 
solutions were 5 and 10 uni t s /d .  (Table I ) .  After 
spray drying, the potency was 100.3% of the original 
(limits of results 86.7-115.3x)). 

A similar assay was carried out on sodium benzyl 
penicillin. The strengths of the test and standard 
solutions were 3 and 6 units/ml. (Table 11). 
After spray drying, the potency was 96.6% of the 
original (limits of results 83.9 t o  119.1yo). 

Seaweed extract, coffee, aluminum hydroxide gel, 
arid an aluminum hydroxide complex have also been 
dried to produce fret-flowing powders, which (except 
for the alumina) readily redissolved in water. 
Spores of Bacillus suhtilis have also been dricd with 

a 50% mortality. The powders, when viewed 
under the microscope, all showed the hollou~ spheres 
characteristic of spray-dried powders. 

SUMMARY 
1. The apparatus permits the drying process to 

be observed continuously; consequeutly, auy ob- 
struction to flow is readily noticed before damage to 
the product occurs. 

2. It can be used to produce sterile powdcrs more 
rapidly thau freeze drying. 

3. I t  is suitable for drying solutions and sus- 
pensions of materials which are prone to oxidation 
in the presence oi metals. 

The dried products are free flowing and leucl 
thernselvcs to aseptic transfer into sterile containers. 
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Notes- 

Dissolution Rate-Solubility Behavior of 3- (1-Methyl-2-pyrrolidinyl) - 
indole as a Function of Hydrogen-Ion Concentration 

By W. E. HAMLIN and W. I. HIGUCHI* 

An investigation of the hydrogen-ion dependence of the dissolution rate of 3-(1- 
methyl-2-pyrrolidinyl)-indole (U- 11028) is reported. Theoretical equations are 
develo ed which are in good agreement with the experimental data. This agree- 
ment stows clearly that it is the much greater diffusion coefficient of hydrochloric 
acid (DH = 3.1 DB) that is responsible for the deviation from the Noyes-Whitney 

theory. 

PONSIDERABLE evidence has been Dresented to 
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TABLE I . -~OLUBILI  IIES AND DISSOLUTION RATES OF 3-( ~-METHYI.-~-PYRROLIDINYL)-INDOLE AS A FUNC- 
TION OH pH O F  THE DISSOLUTION MEDIUM AT 37" 

~ 

~ ~ ~ ~ 

Dissolution 
Fluid 

0 . 1  N HCI 
0.05 1%' HC1 
0.01 N HCI 
0.002 N HCl 

( ~Oi-frce)  
0.001 N HCl 

( COz-free) 
I>istillcd H?O 

(CO?-frec) 
Phosphate 

buffer 

Initial pH 
1 . 2  
1.3 
2 .0  

2 . 8  

3 . 1  

7.0 

7 .2  

Soliibility 
at  37O, 
ma./ml. 

1)issolution Rate 
&!457* C.I. of Rate, 

ma./cm.z/hl. 

Kate to- 
Solubility 

Katio - .  . 
21.0 146 f 17 6.95 
10.3 89.5 f 20.5 8.69 
2 .35  18.9 f 1 . 9  8.04 

1.02 5.07 f 0.74 4.97 

0,837 2.93 f 0.64 3.50 

0.703 1.89 f 0.21 2.69 

2.36 6.35 f 0.38 2.69 

not in phosphate buffer (pH 7.2),  tlie reason may be 
the much greater diffusion coefficient for the HCl. 
The test of this hypothesis is reported. 

EXPERIMENTAL 

Therefore, the total solubility is 

Cs = (B)o + x 
or 

C, = (B)u + (HI0 + [(H)oZ + 4KdB)ol'/~ (Eq, 7 )  The procedures for determining the initial rate of 
dissolution and solubility of U-11028 in the test 2 
fluids of varying hydrogen-ion concentration were 
reported previously ( I ) .  All tests were run a t  
37'. Thc test fluids listed in Table I all have the 
same ionic strength ( p  = 0.1) by adjustment with 
sodium chloride. Assays were made by ultratinlet 
spectrophototnetry using a Cary model 11 recording 
spectrophotometer. 

The rate of dissolution and solubility data are rc- 
corded in Table I as a function of the pH of the test 
fluid. The rate-to-solubility ratio, cquivalent to k 
in Eq. 1, for each set of data serves as a measure of 
the deviation from the reference value of 2 69. 

An apparcnt pKa value of 8.9 for this compound 
was determined by potentiomctric titration of a 
dilute solution in C02-free deionized water a t  room 
temperature. 

RESULTS AND DISCUSSION 
Solubility of U-11028 as a Function of Initial 

H+.-The important reactions are: 
K B  

B = BH+ + OH- (Eq. 2 )  
and 

1 
K w  
- 

OH- + H +  = HzO (Eq. 31 
Let (B)o be the unionized base concentration in 

equilibrium with the solid, and let (H)o be the initial 
hydrogen-ion concentration, i.e , the H + concentra- 
tion before addition of any solid base. Let x = 

moles/L. of BH+ formed by the rcaction given in 
Eq. 2, and let y = the moles/L. of the reaction in 
accordance with Eq. 3. 'Thercforc, x - y would 
bc equal to the moles/L. of remaining OH- a t  
equilibrium and - y the concentration of 
the remaining H +. 

Therefore, 

and 
Kw = [(H)o - Y] (2 - 4') (Eq. 5) 

Neglecting K w / K H  (B),, as cornpared to unity, 
one obtains from Eqs. 4 and 5 

Since RA for U-11028 is about 6 X 10-'O, and 
since KW for water is around 2 X 10-14, KH * 3 X 
lo+. (B)o may be calculated by taking this value 
for Kn and the solubility, C,: = 3 5 X 10-3M, for 
U-11028 in pure water. Noting that (H), cv 1 X 
10-7ilf is negligible compared to KB(B)o, one obtains 
from Eq. 5 

( B ) ~  = 3.2 x 1 0 - 3 ~  
Therefore, Eq. 7 becomes 

c, = 3.2 x 10-3 

(Eq 8) 
( H h  + [(H)02 ~ + 3 8 X 10-7]1'2 - 

2 

In Fig. 1, Eq. 8 is plotted (smooth curve) and 
compared with the experimental data. The agree- 
ment of the data with theory is very satisfactory. 

Dissolution Rate of U-11028 as  a Function of 
Initial H+.-Consideration of simultaneous dif- 
fusion and chemical reaction leads to tlie following 
equation for the initial dissolution rate of a base, 
B, in HCI solutions (SCC Appendzx for derivation). 
The initial rate, G,  is 

(Eq. 9) 

Here h is the diffusion layer thickness, (B)o is the 
free base concentration in equilibrium with the 
solid, (H)" is the initial hydrogen-ion concentration 
in the dissolution medium, and the D's are the 
rcspective diffusion coefficients of the species (indi- 
cated by subscripts). 

Equation 9 niay be written 
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Fig. 1.-Solubility of 3 - (  1-methyl-2-pyrrolidiny1)- 
indole as function of initial H + concentration. 
Key: 0 ,  experimental data; , theory, Eq. 
8. 

It is apparent by comparing Eq. 10 with Eq. 7 
that if all of the diffusion coefficients were equal, the 
dissolution rate would always be directly pro- 
portional to the solubility. Howevcr, the rate-to- 
solubility ratio for U-11028 is not constant (Table I )  
over the range of HCI concentrations. Therefore, 
consider the possibility that DII  is much greater 
than D R .  

In Fig. 2, thc rcsults of tlic rate-to-solubility ratios 
cdculated employing Eq. 10 with D H  = 3.1 DB arc 
plotted as the smooth curve. In thcsc theoretical 
calculations, the rate-to-solubility ratio value of 
2.69 in distilled water was used to fit the theory to 
data a t  this one point. 

It is worthwhile to point out that the term in- 
volving DOH and DBE in Eq. 10 is small cornpared to 
unity, cxccpt for the case involving distilled water. 
Therefore, the choice of values for DOH and DBH is 
not critical. In the distilled water casc, the square 
root term contributes less t h a n  10vo to the rate. 
So again, the choice of values for DUE and D B A  is not 
critical. Therefore, in thesc calculations, DOH and 
DBR werc taken to be equal to LIB, the diffu- 
sion coefficient for the uriprotonated base. 

The good agreement of theory with data taken 

from Table I clearly shows that i t  is the much 
greater diffusion coefficient of HCI that is responsible 
for the dcviation from the Noyes-Whitney law. 
The value of DH = 3.1 DB is reasonable. The 
diffusion coefficient for IICl in water is about 3.0 X 
10-j an.* S C C . - ~  a t  room temperature ( 3 ) ,  whilc 
that for U-11028 is expectrd to bc as much as 5 times 
smallcr according to Stokes’ law. Thcrcfore, al- 
though the 3.1 factor appears to be a little low, it is 
of the right order of magnitude. 

,4s discusscd previously (4) where electrolytes are 
involved, the effective diffusion cocfficient of an ion 
is appreciably influenced by the nature and thc 
concentrations of othcr ions in the solution. In this 
regard the primary effect is often the diffusion 
potential effect which is caused by the greater 
inhcrcnt mobility of 1 ion in the presence of morc 
slowly moving ions of thc opposite charge. Thus, 
the effective diffusion coeficient of thc hydrogen 
ion in an HC1 solution is not determined entirely by 
the inlierent mobility of the hydrogcn ion, but is 
influcriccd greatly by the restraining effect of thc 
chloride ion. Despite the rctarding cffect of the 
chloride ion, the diffusion coefficient of HC1 is still 
relatively large. The effcctivc diffusion coeficient 
of the protonated U-11028 also is influenced by the 
chloride ion, but, in this instance, the relatively large 
size of the U-11028 molecule should be the main 
factor. 

It is reasonable then to expect LIE to be relatively 
large compared to Dn and Dim, with the latter 2 
being about thc same order of magnitude. While 
DOH would be expected to be also significantly 
greater than DB or DBH, i t  can be seen from con- 
ccntration considerations that the OH- does not 
play an important rolc. 

APPENDIX 

Derivation of Eq. 9.-Consideration of the phys- 
ical situation allows one to writc 2 independcnt 
equations for G, the dissolution rate, 

and 

A s  boundary conditions, a t  X = 0: (B)  = (B)o, 
( R H )  = (BH)o’, (1%) = ( I ~ ) r , ’  and (OH) = (OH)o’, 
and a t  X = h: (H)  = (HIo and all other species 
are a t  0 concentration. With these boundary con- 
ditions and with the approximation that A,,, << 
RE Eqs. I n  and 2a may be solved by elimi- 
nating (H)o’, (BH),,’, and (OH)u’ to  give Eq. 9 in the 
same manner as was done previously for similar 
problems (4, 5 ) .  
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Alkaloids of Thdlz'ctrum VI. 
Isolation of Obamegine from Thdlictmm rugosum 

By TOSHIAKI TOMIMATSU* and JACK L. BEAL 

A description is given of the isolation of a 
phenolic tertiary base from the roots of T. 
ragasum and the identification of this base 

as obamegine. 

H E  PRESENCE of magnoflorinc and berbcrine in T the roots of Thalictrum rugosurtz Ait. ( 1'. glaucum 
Desf.) has been reported in thc previous paper of 
this series (1). The present report describes the 
isolation of a phenolic tertiary base from the roots 
of T .  rugosum and thc identification of this base as 
obaniegine ( I ) .  

'The tertiary basc, m.p. 172" dec., [ a ] ~  + 241' 
(chloroform), was obtained in crystalline form from 
the crude tertiary basc fraction referred to in the 
previous paper (1) .  The U.V. spectrum suggestcd 
a henzcnoid nucleus, A,,,,,. 285 mp, while in the I.R. 
spectrum 2 hydroxyl peaks were dctectcd, 3450 
cm.-' and 3260 cm-'. The hTMR spectrum indi- 
cated the presence of 2 mcthoxyl and 2 N-methyl 
groups. In addition, the NMR spectrum showed 
the presence of benzene of crystallization. The 
molecular formula, C36H38~~0~ .2CsH6, was assigned 
on the basis of thc clcmental analysis which also 
suggested the presence of a benzene adduct. 

On trcatment of the phenolic base with diazo- 
methane, a product was obtained which posscsscd 4 
methoxyl and 2 N-mcthyl groups thereby verifying 
that the base contains 2 phenolic hydroxyl groups. 
Analytical data indicated the phenolic base to be of 
the berbamirie type. Since obameginc (2, 3) has 
been described as a phenolic base possessing 2 
hydroxyl groups and belonging to thc berbamine 
type alkaloids (4), this base was compared with an 
authentic sample of obamegine. 

The phenolic basc was shown to be identical with 
obamegine by cornparision of I.K. spectra and a 
mixed melting point dctermination. Finally, this 
basc and its O,O-dimethylether and O,O-diethyl- 
ether gave NMR spectra idcntical with the NMR 
spectra of obameginc, O,O-dimcthylobame~ne, and 
U,O-dietliylobaniegiiie. 

This is the first report of the isolation of obame- 
Sine from a Thalictrum species. Previously, aronlo- 
line (thalicrine) was isolated from Thalictrum thun- 
bergii D.C. by one of the authors (5-7). Aromoline 
belongs to the oxyacanthinc group of alkaloids. 
Thus, both the berbamine and oxyacanthine type of 
alkaloids have becn isolated from the gems Thalic- 
tvum. Both obamegine ( I )  and aromoline (11) have 2 
hydroxyl groups in the 7 and 4' or 4" positions. 
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EXPERIMENTAL' 
Material. -Roots of T .  rzqosuwi were obtained 

from Wayside Gardens, Mentor, Ohio. A iriinitmim 
of I00 plants arc being cultivated in Thc Ohio 
State University College of Pharmacy Medicinal 
Plant Garden. In  addition, herbarium specimens 
have been made and are on file. 

Isolation and Identification of Obamegine from 
T. Rugosum.-Milled roots, 6.2 Kg., were extracted 
with methanol in a continuous extractor until a 
ncgativc test of thc cxtrdctant for alkaloid wits 
obtained with Valser's reagent. The methanol 
extract was conccntrdted almost to dryness, in zfucuo, 
and poured while stirring into warm 556 acetic acid. 
The insoluble material was extracted repeatedly 
with 5y0 acetic acid until a negative test was oh- 
tained with \Taker's reagent. The acidic solution 
was freed from acidic and neutral substances by 
extraction with ether, and then made alkaline with 
ammonium hydroxide solution and cxtracted ex- 
haustively with ether to remove ether-soluble bases. 
The ether solution was extracted with 50/;, potassium 
hydroxide to remove the phenolic base. The solu- 
tion containing thc phenolic basc was made weakly 
acidic by adding hydrochloric acid and then basic 
with ammonium hydroxide solution. The alkaline 
solution was extracted with benzciie which was thcn 
dried over anhydrous sodium sulfate, filtered, arid 
evaporated to dryness to yield 4.8 Gm. of colorless 
crystallinc residue. Rcpeated recrystallization from 
benzene gave colorless needles, m.p. 372' dcc. 
[a]: + 241' (chloroform), ultraviolet A,,., 
(ethanol) 285 mp. The infrared spcctrum (chloro- 
form) showcd 3450 cm.-', 3260 crn.-l (OH). The 
KMR spectrum (CDClp) showed 7 7.60. 7.73 (AT- 
methyl), 6.27, 6.36 (O-methyl), 2.72 (benzene). 

H,  6.66; N, 3.73. Found: C, 76.52; IT, 6.59; N,  
3.76. 

The melting point was not depressed on admixture 
wit11 an authentic sample of obameginc, m.p. 172" 
dec. In addition, tlie infrared spectrum in potds- 
sium bromide of the sample was identical with that 
of an authentic sample of obamegine. 

0,O-Dimethyl Ether. - ~ A  (1.1-Gm. quantity of the 
above phenolic base was dissolved in 15 rnl. of 
methanol arid added to an ethereal solution of di- 
azomethanc which was rnade [rum 1.3 Grii. of p -  
tolylsulfonylmethylnitrosamidc and 0.8 Gm. of 
potassium hydroxide in 20 ml. of cthanol. 
After standing 3 days, the ether and the exccss 
diazornethanc were evaporated on a steam bath. 
The residue was dissolved in 20 i d .  of 5Oj, acetic 
acid solution which was then made basic with 
aqueous sodium hydroxide and extracted cx- 
haustively with ether. The ether solution was dried 

Ad-Calcd  for C ~ ~ H ~ ~ K Z O ~ . ~ C ~ H G :  C, 76.80; 

2 Melting points were determined with a Thomas-Hoover 
melting poini apparatus. lnfi aied spectra were obtained 
using a Perkin-Elnicr lnlracord spectlophotonieter, model 
237. The XMR spectra were obtained using a Val-ian 
Associates 60 megacycle spectroyhotometer. The authors 
thank Dr. David Dalton, Department of Chemistiy, for 
the NMK interpretations and valuable suggestions. 
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over anhydrous potassium carbonate and the ether 
then evaporated on a steam bath. The residue was 
dissolved in benzcne and chroInatographed on a 
column of ploelm, grade 1, neutral alumina (10 Gm., 
column 1 cm. X 6 crn.) using benzene as the solvent. 
A single compound was obtained in the eluate. The 
NMR data (CDCl3) indicated 7 7.46, 7.76 ( N -  
methyl), 6.12, 6.29, 6.41, and 6.87 (0-methyl), and 
was identified with that of O,O-dimcthylobdmegine. 

0,O-Diethyl Ether.-A 0.l-Gni. sample of the 
phenolic base was dissolved in 10 ml. of methanol 
and added to an ethereal solution of diazocthane 
which was made from 7 Cm. of nitrosoethylurea 
and 40 Gm. of 60% potassium hydroxide solution. 
After standing 4 days at  room temperature, the 
solution was treated by the usual method and the 

I1 
residue crystallized from acetone as colorless rosette 
crystds (0.098 Gm.), m.p. 203-204." The NMR 
spectrum (CDC13) showecl T values a t  7.39, 7.71 
(N-methyl), 6.22, and 6.40 (0-methyl). The 
NMK spectrum was superimposable with that of 
known 0,O-diethylobamegirie. 
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Tosyfation of N-Phenyf-N'- (3-hydroxypropyl) urea 
By ARTHUR F. FERRIS*, 0. LEROY SALERNI, and BEVERLY A. SCHUTZ 

Two unexpected products, N-phenyl-N'- (3- 
chloropropy1)urea (11) and 2-phenylimino- 
2,4,5,6 - tetrahydro - 1,3 - oxazine (111), are 
formed from the reaction of p-toluenesulfonyl 
chloride and N-phenyl-N'- (3-hydroxypropyl) - 

urea (I) .  

5 PART of a program dealing with the synthesis A of potential antiradiation drugs, it  became 
necessary to carry out the reaction of p-tolucne- 
sulfonyl chloride and N-phenyl-N'-(3-hydroxy- 
propy1)urea ( I  ). The authors have found that this 
reaction in pyridine solvent gives 2 unexperted 
products: iV-phcnyl-N'-( 3-chloropropy1)urea ( 11) 
and 2-phenylimino - 2,4,5,6 - tetrahydro-1,3 - oxazine 
(111) in total yield of 86y0. 

Addition at 0-10" of an equivalent of p-toluene- 
sulfonyl chloridc to the hydroxypropyl urea ( I )  
(prepared from 2 equivalents of phenyl isocyanate 
with 3-aminopropanol and subsequent basic hy- 
drolysis of the product) , I  followed by acidification 
gavc a white solid. The infrared spectrum of the 
solid revealed a tosylate ester band at 1340 cm.-' 
(2), and was totally void of tosylate anion absorp- 
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* Deceased. 
1 The procedure uwd for the tosylation reaction was 

escentially that of Marvel and Sekera ( I ) .  

tion. When dried in a vacuum oven a t  55" or 
allowcd to stand at room teniperaturc for 3 days, 
the solid decomposed. The resulting syrup did 
not crystallize on cooling, and its infrared spectrum 
showed intense tosylate anion bands at  1006 
and 1020 ern.-' ( 3 ) .  When dissolved in a minimum 
of ethanol and poured into water, a white solid 
precipitated ; its infrared spectrum did not show 
tosylate anion bands. -4 sodium fusion of this 
material rcvraled the presence of chlorinc, and 
elemental analysis for C, H ,  N, and C1 agreed with 
that calculated for N~phenyl-iV'-(X-chloropropyl)- 
urea. The yield was 48'5. 

The conversion of -OH to --C1 during a tos- 
ylation reaction is not unprecedented. Under 
certain conditioiis and with phenols bearing nitro 
groups in the nucleus, an abnormal reaction (4, 5 )  
tdkcs place in which the 011 group is replaced by 
chlorine. 

The filtrate from t h e  chloro-urea was made 
strongly basic with 107; sodium hydroxide, and 
additional white solid precipitated. Again, the 
infrared spectrum was void of tosylate anion bands. 
A sodium fusion for sulfur and chlorine was negative 
arid rlemcntal analysis agreed w-ith that calculated 
for 2-plienylimino-2,4,5,6-tetrahydro-l,3-oxazine. 
The yield was 38:h. 

These observations can be rationalized in the 
following way. The tosylation reaction gives a 
mixture of the chloro-urea (11) and N-phcnyl- 
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column of ploelm, grade 1, neutral alumina (10 Gm., 
column 1 cm. X 6 crn.) using benzene as the solvent. 
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which was made from 7 Cm. of nitrosoethylurea 
and 40 Gm. of 60% potassium hydroxide solution. 
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formed from the reaction of p-toluenesulfonyl 
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5 PART of a program dealing with the synthesis A of potential antiradiation drugs, it  became 
necessary to carry out the reaction of p-tolucne- 
sulfonyl chloride and N-phenyl-N'-(3-hydroxy- 
propy1)urea ( I  ). The authors have found that this 
reaction in pyridine solvent gives 2 unexperted 
products: iV-phcnyl-N'-( 3-chloropropy1)urea ( 11) 
and 2-phenylimino - 2,4,5,6 - tetrahydro-1,3 - oxazine 
(111) in total yield of 86y0. 

Addition at 0-10" of an equivalent of p-toluene- 
sulfonyl chloridc to the hydroxypropyl urea ( I )  
(prepared from 2 equivalents of phenyl isocyanate 
with 3-aminopropanol and subsequent basic hy- 
drolysis of the product) , I  followed by acidification 
gavc a white solid. The infrared spectrum of the 
solid revealed a tosylate ester band at 1340 cm.-' 
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tion. When dried in a vacuum oven a t  55" or 
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the solid decomposed. The resulting syrup did 
not crystallize on cooling, and its infrared spectrum 
showed intense tosylate anion bands at  1006 
and 1020 ern.-' ( 3 ) .  When dissolved in a minimum 
of ethanol and poured into water, a white solid 
precipitated ; its infrared spectrum did not show 
tosylate anion bands. -4 sodium fusion of this 
material rcvraled the presence of chlorinc, and 
elemental analysis for C, H ,  N, and C1 agreed with 
that calculated for N~phenyl-iV'-(X-chloropropyl)- 
urea. The yield was 48'5. 

The conversion of -OH to --C1 during a tos- 
ylation reaction is not unprecedented. Under 
certain conditioiis and with phenols bearing nitro 
groups in the nucleus, an abnormal reaction (4, 5 )  
tdkcs place in which the 011 group is replaced by 
chlorine. 
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strongly basic with 107; sodium hydroxide, and 
additional white solid precipitated. Again, the 
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A sodium fusion for sulfur and chlorine was negative 
arid rlemcntal analysis agreed w-ith that calculated 
for 2-plienylimino-2,4,5,6-tetrahydro-l,3-oxazine. 
The yield was 38:h. 

These observations can be rationalized in the 
following way. The tosylation reaction gives a 
mixture of the chloro-urea (11) and N-phcnyl- 
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N'-(3-p-toluenesulfonyloxypropyl)urea (IV). Such 
a mixture would explain the lack of tosylate anion 
absorption in the infrared spectrum of the crude 
reaction product. On standing or warming in a 
vacuum oven, the tosylate ester ( IV)  undcrgoes 
cyclization to the oxazine salt as illustrated, thus 
accounting for the intense tosylate anion bands in 
the infrared spectrum of the decomposed material. 
(Scheme I.) 

H:O:&H? 

OTosQ 
Scheme I 

When dissolved in ethanol and poured into water, 
the insoluble chloro-urea precipitates and the soluble 
oxazine salt remains in solution. On basification 
of the filtrate, the frec base is liberated from its 
salt and precipitates. 

EXPERIMENTAL' 
The N - phenyl - N' - (3  - N - phenylcarbamoyl- 

propy1)urea was prepared by the method of Dyer 
and Read (6). 

(I).- 
To a solution of 117.4 Gm. (0.375 mole) of N- 
phenyl - N' - ( 3  - N - phenylcarbamoylpropyl) urea in 
700 rnl. of 95% ethanol was added a snlutinn of 
60.0 Gm. (1.5 moles) of sodium hydroxide in 200 
ml. of watcr. The resulting solution was refluxed 
for 14 hr. with mechanical stirring. A solid (sodium 
carbonate) separated during the reflux period. 
The ethanol was removed under reduced pressure, 
and 500 ml. of watcr was added to the residue. An 
oil (aniline) and some solid separated. The mixture 
was made acid (pH 3-4) by the cautious addition of 
hydrochloric acid with cooling and stirring. The 
oil disappeared (aniline hydrochloride was formed) 
and carbon dioxide evolved. A tan solid separated 
and was recovered and dried. The yield was 56.0 

3 All melting points were taken on a Thomas-Hoover 
capillary melting pnint apparatus and are uncorrected. All 
elemental analyses were carried out by Galbraith Labnta- 
tories, Inc., Knoxville, Tenn. 

N - Phenyl - N' - (3 - hydroxypropy1)urea 

Iv 

Gm. (77y0), m.p. 106-112". After 2 recrystal- 
lizations from acetonitrile, the compound gave a 
m.p. 111-113'. This sample was identical to the 
N-phenyl-N'-(3-hydroxypropyl)urea prepared by 
the method of Dyer and Read (6) from phenyl 
isocyanate and 3-aminopropanol. 
N-(3-Chloropropyl)-N'-phenylurea (11) and 2- 

Phenylimino - 2,4,5,6 - tetrahydro - 1,3 - oxazine 
(III).-To a solution of 46.0 Gm. (0.237 mole) 01 
iV-phenyl-A~'-(3-hydroxypropyl)urea in 127.5 Gm. 
(1.61 moles) of pyridine was added 50.5 Gm. (0.266 
mole) of p-tolucnesulfonyl chloride. The acid 
chloride was added in portions, with stirring and 
cooling, keeping the temperature below 20". After 
the addition was complete, the reaction mixture 
was stirred a t  20" or less for 4 hr. A solution of 240 
ml. of concentrated hydrochloric acid dissolved in 
560 ml. of water was thcn added with stirring. 
The temperature was kept below 30". White 
solid separated and, after rccovcry and drying in 
vucuo a t  room temperature, it  amounted to 87.6 
Gm., m.p. 84-86'. The solid was then heated in 
vucuo a t  50-60" for about 1 hr. It meltcd3 and 
did not solidify on cooling. The syrup was taken 
up in 125 ml. of warm 9570 ethanol and poured into 
about 1 L. of ice and water. White solid separated 
which, after drying, amounted to 24.3 Gm. (48%) 
of 1-(3-chloropropyl)-3-phenylurea (II), m.p. 
115.5-121°. Thrcc recrystallizations from acetoni- 
trile afforded an analytical sample, m.p. 128-129.5". 

The filtrate from the chloro-urea was made 
strongly basic with 10% sodium hydroxide. The 
solid which Separated was recovered and dried in 
uacuo. It amounted to 15.7 Gtn. (38y0) of 2- 
phenylimino-2,4,5,6-tetrahydro-l,3-oxazine (IIJ), 
m.p. 131-134O. Two recrystallizations from ace- 
tone gave an analytical sample, m.p. 132--133.5". 

Anal.-(11) Calcd. for CloHlaClNzO: C, 56.47; 
H, 6.16; CI, 16.67; N, 13.17. Found: C, 56.60; 
H, 6.27; C1, 16.41; N, 13.01. 

AnuZ.-(III) Calcd. for CloHl&ZO: C, 68.15; 
H, 6.87; N, 15.90. Found: C, 68.16; H ,  6.90; 
N, 15.80. 
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NMR 1,3-Diaxial Deshielding Effect of the Hydroxyl Group on 
Ring Hydrogens Studied from Partially Deuterated Six-Membered 

Ring Compounds 
By ALAIN C. HUITRIC, JOHN B. CARR, and WILLIAM F. TRAGER* 

The deshielding effect of the hydroxyl group o n  axial ring protons through 1,3- 
diaxial spatial interaction has been studied in  truns-~-o-tolyl-truns-5-hydroxycyclo- 
hexanol-3,3,6,6-d4 (11) and truns-2-o-tolyl-cis-4-hydroxycyclohexanol-3,3,6,6-d~ (HI) 
in  deuterated chloroform, acetone-& methanol-&, acetic acid, and pyridine; in 
4-tert-butyl-trans-~,4-cyclohexanediol-3,3,5,~-~~ (VI) in m e t h a n o l 4  and pyridine; 
and in 4-tert-butyl-cis-1,4-cyclohexanediol-~,3,~,5-d4 (VII) in  pyridine. A con- 
sistent downfield shift of about 0.50 p.p.m. was found for the signal of H-1 of If in 
the first 4 solvents, but a considerably larger shift of 0.90 p.p.m. was obtained in 
pyridine. A downfield shift of about 0.58 f 0.05 p.p.m. was found for the signal 
of H-2 in  I11 in the first 4 solvents while a shift of 0.97 p.p.m. was obtained in pyri- 
dine. The deshielding effect of the tertiary hydroxyl groups in  VI and VII was 
found to  he smaller than that of the secondary hydroxyl in I1 and 111 in a given sol- 
vent, hut the magnitude of the pyridine solvent effect was about the same in the 

2 series. 

HE DBSIIIELDISG effect of the hydroxyl group T through 1, 3-diaxial spatial interaction is well 
established in NMR spectroscopy of 6-membered 
ring compounds. The effect was obscrvcd on the 
NMR signals of angular methyl groups in steroid 
molecules by Shoolery and Rogers in 1958 (1) and 
has since been the object of systematic investigations 
by several authors (2-6). Much of thc work has 
centered around the effect on angular methyl groups 
in steroids, where the average downfield shift for a 
large number of stcroids measured in chloroform was 
found to be in the neighborhood of 0.23 p.p.m. (2) 
but examples of deshielding of axial protons arc also 
known ( 6 ) .  Bhacca and Williams give tabulatcd 
data covcring both cases (7). 

A number of partially deuterated 6-membercd ring 
compounds have been synthesized in this laboratory 
in recent years (8, 9). Some of these compounds 
provide exccllcnt models for the investigation o f  the 
deshielding effect of an axial hydroxyl group on ring 
protons in 1,3-diaxial oricntation to the hydroxyl 
group. Remote deuteration greatly simplifies the 
spectra and often allows more rcliablc chemical 
shifts and coupling constants. This is demonstrated 
in Fig. 1. The deshielding was investigated by 
comparing the chemical shifts of H-1 in compounds 1 
and 11, and H-2 in I and 111 in 3 differcnt solvents, 
and by comparing the chemical shifts of the axial 
protons at positions 2 and 6 in I\' and V 1  in pyridine 
and deuterated methanol, and V and V1I in pyridinc. 
The results are given in Tables I and 11. 

The origin of the magnetic anisotropy responsible 
for the 1,3-diaxial long-range deshielding by a 
hydroxyl group is not clearly understood. Early in 
the course of this investigation a large difference was 
observed in the deshielding effcct in compounds I1 
and I11 in pyridine compared to deuterated chloro- 
form. Additional solvents were therefore selected in 
ordcr to determine if a pattern of solvent effects 
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Fig. 1.-NMR spectra of tvans-2-o-tolyl-trans-5- 
hydroxycyclohexanol and the corresponding 
3,3,6,6-tetradcutero analog; 60 me., about 1 M in 
pyridine with TMS as intcrnal rcfercnce. 

could be found on the deshielding effects of the axial 
hydroxyl group in solvents that cau associate with 
the hydroxyl group through hydrogen bonding only 
by acting as proton acceptors vewus solvents which 
can hydrogen bond by acting as proton donors as 
well as proton acceptors. KO such pattern was 
found in comparing the shift in acetone with that in 
methanol, acetic acid, and chloroform. In cotn- 
pound I1 the shift is identical in these 4 solvents; in 
111 there is a slightly larger shift in acetone than in 
methanol and acetic acid, but the variation is not 
very large. A much larger difference in the shift was 
found between pyridine and all other solvents used. 
I t  is interesting to note that the downfield shift is not 
so large in V I  and VII as in 11 or 111 in the corre- 
sponding solvents, but that the difference in the shift 
betwcen pyridine and methanol is of similar magni- 
tude for VI  as for I1 and 111. The smaller shift 
caused by a tertiary hydroxyl group in the cis and 
trans isomcrs of 4-lert-butylcyclohexanediol com- 
pared to the shift caused by a secondary hydroxyl 
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TABLE I.-cHEMICAL SHIFTS (v) I N  C.P.S. AT 60 mC. AND DESHIELDJNG EFFECT O F  AXIAL HPDROXYL GROUP 
ON AXIAL HYDROGENS 

_. 

Y, C.P.S. at 60 mc. Deshielding 
Solvents H- 1 H-2 CH3 by Axial OH 

CH3 HZ CDCla 220 161 138 
Acetone-ds 225 165 138 
Methanol-& 222 163 138 

232 168 139 
232 173 140 

AcOH 
Pyridine 

H1 

1 
(YII - P I )  for H-1 

CDCli 249 162 140 29 c.p.s. 
Acetone-ds 255 167 140 30 
Methanol-d4 252 165 140 30 

HO H AcOH 261 171 140 29 
Pyridine 285 184 148 53 Hl OH 

I1 
( ~ 1 1 1  - YI) for H-2 

CDCb 228 198 143 37 
Acetone-db 232 203 140 38 
Methanol-& 226 196 141 33 
AcOH 236 200 140 32 

H Pyridine 24G 23 1 145 58 

HO 

111 

group in I1 and I11 in a given solvent could possibly 
be the result of a greater restriction to rotation about 
the C-0 bond in the 4-tevt-butyl compounds, 
causing the OH group to have a different preferred 

H I  $$& D H i  OH 

D 
IV, cis, OH axial VI ,  trans-diol, OH-l 

V, trans, OH equatorial VII, cis-diol, OH-1 

T A B L E  II.-CHEMICAL SHIFTS ( v )  IN C.P.S. AT 60 mr. 

GROUP O N  AXIAL HYDROGENS 

axial 

equatorial 

AND DESHIELDINC EFFECT O F  AXIAL HVDROXYL 

Y, C.P.S. at 60 mc. 
Equa- 

Sxial  torial 
H 2  H-2 Ileshielding 

Solvent and H-6 and H-6 by Axial 011 
I V  Pyridine 86 119 

Metl-ranol-dr 85 109 
V Pyridine 83 128 

(VVI - Y W ) ,  

axial H-2 and 
H-6 

V I  Pyridine 132 112 46 
Methanol-da 110 95 25 

(vvrr  - vv), 
axial H-2 
and H-6 

VII  Pyridine 127 121 44 

conformation on a time average than in I1 and 111. 
Any deshielding effect resulting from the anisotropy 
of the 0-H bond or of the unshared electrons of the 
oxygen atoms will be affected by the orientation of 
the hydroxyl group. 

Comparison of chemical shifts in Table I indicates 
that the introduction of an axial hydroxyl group a t  
C-5 in I1 has a negligible effect on the chemical 
shift of H-2, and the introduction of an axial 
hydroxyl group on C-4 of I11 has a negligible effect 
on the chemical shift of H-l in 111 in all but the 
pyridine solvent. The chemical shirt of the aro- 
matic methyl group shows very little variation in all 
solvents for all 3 compounds. .4lthough not given in  
Table I, the chemical shift of H-5 in 11 was found to 
be 251, 254, 252, 260, and 270 c.p.s. in deuteratcd 
chloroform, acetone-&, methanol-da, acetic acid, and 
pyridinc, respectively, and that of H-4 in  I11 was 
246, 244, 238, 248, and 257 c.p.s. in the respective 
solvents. 

The spectra of the dcuteratcd compounds I1 and 
111 allow the determination of accurate coupling 
constants between H-l and H-2 frotn simple A X  
systems. Compound I1 gave J12 values of 10.5, 
10.3, 10.3, 10.4, and 10.5 c.p.s. in chloroform-d, 
acetone.de, methanol-dr, acetic acid, and pyridine, 
respectivcly; compound I11 gave J I ~  values of 10.0, 
10.2, 10.3, 10.5, and 10.5 C.P.S. in the same respective 
solvents. These constant values of J12 indicate that 
there is practically no difference in conformation of 
these 2 compounds in the various solvents used. 
The coupling constants of about 10 C.P.S. indicate 
that H-1 and H-2 have a diaxial orientation and 
that I1 and 111 exist almost exclusivcly in a chair 
conformation with the aromatic group in an rqua- 
torial orientation in thc 5 solventsused (8). 
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-4-60 spectrometer using tetrametliylsilarlc as inier- 
nal reference. 

EXPERIMENTAL 

trans-2-o-Tolylcyclohexanol ( I )  is a known com- 

tr~ns-2-o-Tolyl-tmn~-5-l~ydroxycyclohes~~ol-3,3,- 
pound (10). REFERENCES 

(1) Shuoleiy, 5. K., and Rogers, M. T., J. A m .  C'hem. 

G,G-da (11) and trans-2-o-tolyl-cis-4-hydroxycyclo- (2) Kawazoe, Y . ,  Sato, p., Natsume, M., Hasegawa, 
hcxanol-3,3,6,6-d4 (111) were prepared by  the H.,  Okamoto, T., and Tsuda. K., Chem. Pharm. Bull. 

method previously reported for the corresponding (3) Oka.moto, T. ,  and Kawazoe, Y . ,  dbid., 1 1 ,  G43(1Yli:3). 
nondeutrrated compounds (11 ) except that  buts- Tori, K., and Kondo, B., Telrahcdroz I.rlievs, 1963, 

diene-1,1,4,4-& (12) was used in the Diels-Alder ( 5 )  Tori, K., and Kondo, E., S t w o i d s ,  4, 71:3(1964). 
(A) Tori, K., and Konieno, T., Tulrahedron. 2;. :30Y(1965). 
(7) Bhacca, N. S., and Williams, TI. H., Applications 

condensation step. 
cis-4-tel-l-Butylcyclohesanol-3(axial)4,4-~~ (I\') of NAIR Spectroscopy in 01-ganic Chemistry," Holden-Day . 

and the corresponding trans isomer ( V )  have heen 
(8) Huitlic, A. C., Carr. J. B., TI-age,-, W. F., and Nist, 

reported in a previous communication (13). De- 
tailed synthesis of these 2 compounds will be re- (9) Tl-ager. W. F., Nist, B. J.,  and Huitric, A. C., Trfun- 

ported in a subsequent publication. (10) Huiti-ic, A. C., and Carl-, J. B., J. Org. Chum., 26. 
4-tert- Butyl- trans - 1,4-cyclohexatiediol -3,3,4,5-d4 

( 1 1 )  Carr, J. B., and Huilric, A. C., i b i d . ,  29, 2,50A(I!Wl). (\/I) and the corresponding cis-diol (VII) have been 

(13) Tiagci, W. F., Nist, B. J. ,  and Huitric, A. C., Tefva-  
reported previously (9). 

The NMR spectra were determined with a Varian 

Soc., 80, 5121(11)58). 

Tokyo, 10, 338(1Yti2). 

Sari Francisco, Calif., 1964. PP 19.185. 

B. I., Telraheiirn,z, 19,2145(1063). 

hedvon Lelfrrs ,  1965, 267, 2931. 

2648(1961)- 

J. A m .  Chrm. Sac., 83,  3859(1961). 
(12) cope, A. c., ~ e , - c h t d d ,  G. A., and K ~ ~ ~ ,  D .  I,., 

hedron ~ ~ l t ~ ~ ~ ,  1965, ZY:~I. 

Elucidation of the Configuration of an Intermediate 
in the Synthesis of cis-p-Acetoxystyrene I1 

By BIPIN B. CHAUDHARI*, DONALD T. WITIAKf, and ROGER M. CHRISTIANSEN$ 

The configuration of erythro-a-hydroxy-p-toluene-~-sulfonyloxypropionic acid (111) 
was proved through conversion to the known methyl er~~~ro-p-phenyl-Q,~-ditoluene- 
p-sulfonyloxypropionate (VIII). Compound 111 represents the key intermediate 
in the conversion of trans-p-phenylglycidic acid (11) to cis-p-acetoxystyrene (I) 
and elucidation of the erythro configuration for 111 substantiates the original proposal 
that decarboxylative elimination of the probable acetate derivative (IV) occurred 

trans. 

0 Ph., OAc ph., / \ ,,H 
ECENTLY, tlie authors reported (1) a stereo- 

selective synthesis for cis-p~acetoxystyrene 
(1) from trans-p-phcnylglycidic acid (11). The 
key intermediate in the synthesis involvcd forniation 

reaction of tvans-8-plienylglycidic acid with p- 
tolucncsulfonic acid in dry ether. 

Assignment of tlie erythro configuration to  com- 
pound 111 was originally based on the stereoselective 

C=C,' 
H" bH H ~ C - C ~ i o o H  

R 
o f  thc cu-hydroxy-8-tosyloxy compound (111) through I I1 

OR" 
H I  

iormation of cis-P-acetoxystyrene ( I )  which was Ph. p 
proposed to have formed by trans decarboxylative t"c-%OOX 
elimination of the corresponding wacctoxy deriva- 
tive (I\'). Since the a-acetoxy derivative (IV) was OR ' 
not isolated when compound 111 was treated with 

openings of benzylic epoxides with various Bronsted 

with retention of corifiguration (2) independent 

I H  

111. R = R" = H, R' = Ts 
acetic anhydride in pyridine (1)' and sirice some I V ,  K = H, R' =n, K~~ = 

L', K = R' = R" = H 
acids in nonpolar medium have been shown to occur 

evidence for the configuration of the 8-tosyloxy-a- 

VII ,  K = CH3, R' = Ts, K" = H 
VII1,R = CH,, R' = R" = TS 

IX,  R = CIL, R' = R" = H 
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1 cis-0-Acetoxystyrene was formed directly from compound 

111. Formation of the enol acetate was rationalized on the 
basis of the instability of the ~-carboxy-~-toeyloxy system. 
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hydroxy acid (111) was desirable Such evidence 
would confirm our original proposal that the dc- 
carboxylative elimination did indccd occur trans. 

Our earlier attempts (1) to prepare stable deriva- 
tives of compound I11 which could subsequently be 
compared to derivatives of the known erythro (V) 
and threo (VI) diols (3) were unsuccessful. This was 
probably due to the iustability of the a-carboxy-(3- 
tosyloxy system which readily decomposed under 
relatively mild conditions. In order to obtain stable 
derivatives, intermediatc I11 was converted to its 
methyl ester ( V I I )  through treatment with ethereal 
diazornethane. Subsequent reaction of compound 
VII with p-toluenesulfonyl chloride in pyriditie 
afforded the ditosyl derivative (VIII) which was 
identical in all properties to the ditosylated methyl 
ester which we prepared according to the method of 
Linstead and co-workers (4) from the known erythro 
diol methyl cster ( IX).  

Admixture of VIII and the ditosylated methyl 
cster (X) prepared from the known threo diol mcthyl 
ester (XI) gave a depression in melting point while 
admixture with thc known erythrn diol methyl ester 
gave no such depression. In addition, the infrared 
spectra of the erythro and threo ditosylated methyl 
esters (VIII and X) diffcrcd in thc region bctween 
8 and 16 p. The erythro ditosylates prepared by 
either method had additional peaks a t  9.70, 10.92, 
and 11.89 p, while the threo ditosylate exhibited 
peaks at  10.96 and 12.01 p. These data prove that 
the a-hydroxy-0-tosyloxy intermediate has the 
erythro configuration and that decarboxylative 
eliminatiou of the probable acetate intermediate 
occurred trans. 

EXPERIMENTAL' 

Erythro - a,@ - dihydroxy - p - phenylpropionic 
Acid (V).-A suspension of 28 Gm. (0.15 mole) 
sodium trans-p-phenylglycidate in 420 ml. of 107, 
sodium hydroxide was heated a t  rcflux for 1.5 hr. 
After cooling to room temperature, the mixture 
was acidified with hydrochloric acid and extracted 
with cther. The ether solution was dried over 
anhydrous sodium sulfate, filtered, and the solvent 
was removed under reduced pressure affording a 
yellow oil. The oil crystallized affording 7.2 Gm. 
(32.8';1,) ol white crystalline solid. Kccrystalliza- 
tion from acetone-ether-skellysolve B yielded 6 Gm. 
(287,) of product, m.p. 121-121.5". [Reported m.p. 
122' (3).] 

Threo - a,p - dihydroxy - p - phenylpropionic 
Acid (VI).-Utilization of the above procedure with 
sodium cis-8-phenylglycidate (5 j aff ordecl the threo 
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dihydroxy acid in 67y0 yield. Recrystallization 
from ether yielded a white crystalline compound, 
m.p. 140-141". 

Methyl Erythro - a - hydroxy - p - phenyl - p- 
toluene - p - sulfonyloxypropionate (VII) from 
Erythro - - hydroxy - p - phenyl - p - toluene - p- 
sulfonyloxypropionic Acid (III).-A suspension of 
5 Gm. (0.016 mole) of erythro-a-hydroxy-p-phenyl-p- 
toluene-p-sulfonyloxypropionic acid in 200 ml. of 
anhydrous ether was cooled to 0'. To this susperi- 
sion was added an ethereal solution of diazomethanc 
(6) until evolution of nitrogen ceased and the solu- 
tion acquired a pale yellow color. Excess diazo- 
methane was destroyed by dropwise additioii of 
glacial acetic acid. Removal of the solvent under 
reduced prcssure afforded 3.5 Gm. (67%,) of oil which 
could not be crystallized in our hands but which was 
converted directly to the erythro ditosylate (VIII). 

Methyl Erythro - p - phenyl - C U , ~  - ditoluene - p- 
sulfonyloxypropionate (VIII) from Methyl Erythro- 
a-hydroxy-p-phenyl-p-toluene - p - sulfonyloxy- 
propionate (VII).-Methyl erythro-a-hydroxy-p- 
toluene-p-sulfonyloxypropionate (1.75 Gm., 0.005 
mole) was dissolved in 6 ml. of pyridine and the 
solution was cooled to 0'. To this solution was 
added 1.5 Gm. (0.005 mole) of p-tolucnesulfonyl 
chloride with vigorous stirring. The mixture was 
shaken and allowed to stand for 30 min. a t  25", 
poured onto 50 Gm. of ice, and extracted with two 
100-ml. portions of ether. The cthcr layer was 
washed with two 100-1iil. portions of 57, hydro- 
chloric acid and with 100 ml. of watcr. The ether 
solution was dried over anhydrous sodium sulIate, 
filtered, and the solvent was removed undcr reduced 
pressure. A white, solid residue remained weighing 
1.5 Gm. (59Y0), Recystallization from methaiiol 
yielded white needles, m p .  129-131'. Mixed 
melting point with an authcntic sample of erythro 
ditosylate prepared from the known erythro diol was 
129--131". Mixcd melting point with the known 
threo ditosylate 110-112O. 

And-Calcd. for C Z ~ H ~ ~ O ~ S ~ :  C, 57.1; H, 4.8; S, 
12.4. Found: C, 56.9; H, 4.5; S, 12.5 

[Reported m.p. 141-142' (3).] 
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Inhibition of Isolation-Induced Attack Behavior of 
Mice by Drugs 

By EDWARD T. UYENO 

Three dose-response experiments indicated that psilocybin, mescaline, and 2-brom- 
lysergic acid diethylamide (BOL-148) inhibited isolation-induced attack behavior 
of 11-week-old Swiss-Webster mice, tested at the time of peak effect. The 3 
dose-response curves show that the per cent inhibitory effects of these compounds 
are increasing monotonic functions of dose. The ED% and confidence limits for 
psilocybin, mescaline, and BOL-148 are 2.096 mg./Kg. (1.334-3.291), 5.413 

mg./Kg. (2.904-10.090), and 1.183 mg./Kg. (0.676-2.069), respectively. 

N A PREVIOCS study it was found that the per cent I inhibitory effect of 0.1- -1.6 mg./Kg. of d-lysergic 
acid diethylamide (LSI>-85) 011 the attack behavior 
of mice, tested 5 min. after intraperitoneal injection 
(i,p.) was an increasing monotonic function of dose 
(1). 

The present experiment was conducted in order to 
compare the results of the LSD-25 study with those 
obtained with 2 other hallucinogens: psilocybin (an 
indole derivative like LSD-25) and mescalinc (be- 
longing to the phenylethylamine group). Moreover, 
it was deemed important to compare the effects of 
2-hrom-lysergic acid diethylamide (BOI,-148), a 
congener of LSD-25, reported to produce LSD-25- 
like psychic effects (2). More specifically, the effects 
of psilocybin, mescaline, and BOL-148 on isolation- 
induced attack behavior of Sw-iss-Webster male mice 
were investigated. 

METHOD 

Six-week-old Swiss Webster male mice werc 
socially isolated for 5 weeks in 18 X 10 X 12 cm. 
metal cages which had wire mesh fronts and floors. 
Another group was housed together (30/eage) in 
44 X 26 X 16 cm. metal cages, constructed in the 
similar rriariner as the smaller cages. All animals 
werc fcd ad libitum some standardized dietetically 
optimum pellets.’ 

After 5 weeks, a 5-min. pretest was initiated by 
placing a “group-housed” mouse into the cage of an 
isolated mouse until attack behavior was observed. 
An attack was defined as an aggressive contact 
involving biting. When an attack occurred, the 
attack latency was recorded and the “group-housed” 
mouse was returned to its cage. (The group-housed 
animals did not attack, and hardly any of them 
retaliated when they were attacked.) On the basis 
of their attack latencies, the attackers were matched 
and assigned to control and 3 cxpcrimental groups 
( 3  drugs). Each experimental group was divided 
into 4 subgroups (4 subgroups/drug). 

The Time of Peak Effect.-Expcrimcntal animals 
( n  = 20 or 30/subgroup) werc tested a t  5, 15, 30, 
or 45 min. after i.p. injection of 4 nia./Kg. of psilo- 
cybin, 20 mg./Kg. of mescaline base, administcrcd 
as the sulfate, or 2 mg./Kg. of BOL-148 in saline 
solution. The control animals wcrc injccted with 
0.9%, saline solution and were tested for attack 
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behavior 30 min. latcr. A standard volume of 10 
ml./Kg. of drug-saline and saline solution was 
administered to the expcrimental and control ani- 
mals, respectively. Each attacker was paired with 
the same group-housed animal with which it had 
been paired in the pretest. The test was conducted 
in a manner similar to the pretest. 

Dose-Response.-Dosc-response experiments were 
conducted with 6-week-old Swiss-Webster male mice 
that were essentially similar to those uscd in thcpcak 
time study. At the end of a 5-week isolation period, 
the pretest was given. On the basis of attack 
latencies, they were assigned into a control and 3 
experimental groups ( 3  drugs) with 4 graded dose 
groups per drug. ( N  = 20 or 30/subgroups.) 
As before, the control animals were injected with 
0.9yG saline solution. After injection, the control 
aiid experimental animals were tested for attack 
behavior a t  the time of peak effect as determined 
lrom the earlier studies. 

RESULTS AND DISCUSSION 

111 the time of peak effect and dose-response ex- 
periments, all control animals attacked the group- 
housed animals, but many experimental animals did 
not attack. In the peak time study, the sum of non- 
attackers in each time group was expressed as a 
percentage of all the animals in that group (per cent 
effect). Per cent effect was plotted against post- 
injection time (Fig. 1). The time of peak inhibitory 
effects of 4 mg./Kg-. of psilocybin and 2 mg./Kg. of 
ROL-148 was 30 min. after the i.p. injection. For 
20 mg./Kg. of mescaline, the peak time was between 
15 and 30 min. after the injection. 

In the dose-response study the sum arid per- 
centage of nonattackers in each dose group were cal- 
culated for each compound (Table l) .  Per cent 
cffcct was plotted against dosc on logarithmic proba- 
bility paper (Figs. 3 and 3 ) .  The data show that 
the per cent inhibitory effect of each conipound is an 
incrcasing monotonic function of dosc. Probit 

POST I N’I-RAPER ITONEAL 
INJECTION TIME-minutes 

Fig. 1 -Timc of 
peak inhibitory ef- 
fect of 20 rng./Kg. 
of mescaline ( N  = 

Kg. of pdlocybiu 
( N  = 20/plot), and 
2 mig /Kg. of BOL- 
148 ( N  = 20/plot) 
on attack behavior. 
Key: A, BOL-148; 
0 ,  psilocybin; 0, 
mescaline. 

30/plot), 4 mg./ 
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TABLE  PERCENTAGE OF NONATTACKERS IN EACH 
DOSE GROUP 

Dose, Non- 
Compd. mg./Kg. 2%‘ attackers 70 Effect 

Psilocybin 8 20 16 80 
4 20 14 70 
2 20 11 55 
1 20 5 25 

Mescaline 30 30 24 80 
20 30 21 70 
10 30 16 53 
1 30 8 27 

Journal of Phaurnacertlicul Scieicces 

In general, experimental mice withdrew to the rear 
of the cage, remained inactive [as LSD-25 mice (l)] , 
and did not attack. The latencies of a few that 
attacked were longer than their pretest latencies. 
In contrast, the latencies of the control animals wxe  
shorter than during the prctcst. The inactive renc- 
tion of the psilocybin mice appeared t o  be consistent 
with that observed by Cerlctti (4), who reported that 
this compound produced a distinct rcduction of 
motor activity in mice, rabbits, and monkeys. 
Moreover, in humans, Hollister (5) and Dclay et al. 
(6) found that an oral dosc of 150 mcg./Kg. and 130 
mcg./Kg., rcspectively, induced physical responrcs 
indicative of depressant behavior, such as drowsi- 
ness, fatigue, and weakness. The results of the 
mescaline experiment corroborate those of Saxena 
et al. ( 7 ) ,  who found that in fish (colisa lalia) the 
fighting response to another malc was completely 
blocked by intramuscular injection of 0.1. 0.2 mcg. 
of mescaline sulfate. Thc hwcrcd activity and 
withdrawal reaction of the mescaline mice in the 
present study are consistent with results rcportcd 
for cats given 0.3-1.0 mg./Kg. of this compound (8). 
The depressant effect of mescaline was also observed 
in a pole climbing performance of rats that increased 
their latencies when they were injcctcd 20 mg./Kg. 
i.p. of this compound 15 min. before test (9). 

The results indicate that the times of pcak effect 
of 4 mg./Kg. of psilocybin, of 20 mg./Kg. of rnes- 
caline, and of 2 mg./Kg. of BOL-148 were later than 
that (5 min. after the i.p. injcction) of 0.4 nig./Kg. 
of LSD-25 ( l ) ,  suggesting that the 3 former com- 
pounds may have slower rates of passage into the 
brain. Like LSD-25, the 3 compounds made most 
of the animals inactive and inhibited their isolation- 
induced attack behavior. Mescaline with the highest 
ED60 (5.413 mg./Kg.) and LSD-25 (1) with the 
lowest BDsa (0.265 mg./Kg.) seem to suggest the 
former is the least and the latter the innst potent 
inhibitors of isolation-induced attack behavior. 
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HOL-148 2 .0  20 13 65 
1 . 5  20 10 50 
1 . 0  20 9 45 
0.6 20 7 35 

LSD -2 3- 0.8 20 20 100 
0.5 20 17 85 
0 . 4  20 15 75 
0 .3  20 10 50 
0 . 2  20 6 30 
0 .1  20 4 20 

a Data obtained from Refcrencc I .  

0.5 1.0 1.5 2.0 
BOL-148 DOSE- rng/kg 

Fig. 2.-Dosc re- 
sponse curves. 
Key: 0,  1.0-8.0 
mg./Kg. of psilo- 
cybin (N = 20/ 
dose); 0, 1.W30 
mg./Kg. of mesca- 
line ( N  = 30/ 
dose). 

Fig. 3.-Dose re- 
sponse curve. Ef- 
fect of 0.5-2.0 mg./ 
Kg. of BOL-148 
on attack behavior 
( N  = 20/dose). 

analysis of the data was conducted by an electronic 
computer (3). The ED50 and the confidence limits 
for psilocybin, mescaline, and BOL-148 are 2.096 
mg./Kg. (1.334-3.291), 5.413 mg./Kg. (2.904- 
10.090), and 1.183 rng./Kg. (0.676-2.069), respec- 
tively. The equations of the 3 curves are: 
psilocybin, Y1 = 4.469 + 1.652 (XI); mescaline. 
YI = 4.314 + 0.935 (Xz); 
1.160 (X3). 

BOL-148, 1’3 = 4.916 + 
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Antifungal Agents I. 
5 -Substituted-3 - (trichloromethyl) - 1,2,4-thiadiazoles 

By V. L. NARAYANAN, JACK BERNSTEIN, and J. WILLIAMS 

Some 5-substituted-3- (trichloromethyl)-1,~,4-thiadiazoles were synthesized by the 
nucleophilic displacement of the C1- ion of 5-chloro-3- (trichloromethy1)- 1,2,4- 
thiadiazole for evaluation as soil fungicides. An interesting 0 -f N migration of 
the p-hydroxyethyl substituent was observed during the synthesis of 5- (2-hydroxy- 
ethoxy)-3-(trichloromethyl)-1,2,4-thiadiazole. All these compounds retained 
60-80 per cent of the over-all fungicidal activity of the analogous 5-ethoxy-3- (tri- 

chloromethy1)- 1,2,4-thiadiazole. 

HE DISCOVERY of 5-ethoxy-3-(tricl-iloromcthyl)- T 1,2,4-thiadiazole as an cffcctive soil fungicide 
( 1, 2)  led the authors to synthesize the compounds 
listed iu Table I (compounds lIl-VIII). The ob- 
jectives wcre to dccrease the volatility of the parent 
compouud and to  determine the structure-activity 
relationships in this series. 

NH XIV 
CC1,SCI 

.HC1 - 
'NH~ 

XI11 

I1 
Trichloroacetaniidine hydrochloride (XI11 ) was 

r-acted with trichloromethanesulferlyl chloride 
(XIV) to  give a 56r0 yield of I1 (3). 'I'he displace- 
ment of the C1- ion or I1 by the appropriate nucleo- 
philes gave compounds 111 through 1'111. The 
reactions were achieved by the slow addition of thc 
appropriate nucleophilcs, dissolved in suitable sol- 
vents, to a solution of 11, and stirring for several 
hours a t  room temperature. The above general 
procedure is necessitated because of the instability 
ol the allylic chlorincs toward strong bases, especially 
a t  elevated temperatures. Furthermore, it takes 
advantagc of the high reactivity of the chlorine at  
the 5-position toward nucleophilic displaccmcnts. 

Conipouud VIII was obtained in almost quanti- 
tative yields following the general procedure out- 
lined. A v.p.c. analysis' indicated the material to 
be of 90-95y0 purity. However, distillation of 
V I I I  in wacz60 led to extensive desulfurization, and a 
30% yield of an isomeric mixture (X) was obtained. 
On the basis of the spectral data,2 the mixture was 
estimated to  contain approximately 75% of VIII,  
the major component of thc remainder being the 
i\7-alkylatcd product (XI). The thermal isotueriza- 
tioii could procccd through the mechanism shown in 
Scheme I. 

'The fact that the propoxy derivative (VI1)  dis- 
tilled unchanged and that it could not be issuierizcd 
by heating a t  155165" suggests that the transition 
-~ 

R w e i w d  October 27. 1965. from the Souihh Institute for ..... ~~ . . 
Medical Research, Ne& Bruriiwick, N. J. ~ 

Accepted for publication December 10, 1965. 
1 The V.P.C. analysis was determined by Mr.  A. Nieder- 

mayer. 

Ur. A. Cohen. 
2 The spectral data were furnished by Miss R. Keeler and 

st&c ( X I )  for thc formation of XI  may have some 
ionic character, being stabilized by the polar -OH 
group. 

Attempts to obtain IX by rcacting I1 with the 
anioii - P-(OCaH5)2 (4), following t.he general pro- 

I/ 
0 

cedure, failed. Although its formation was indi- 
cated [I.K., X CHCI? 9.7 p (aryl phosphate)] (5). 
isolation proccdures led to extensive decomposition, 
and a mixture of unidentified products was obtained. 
The nature of this reaction was not studied further. 

EXPERIMENTAL 

All melting points were taken on a Thomas- 
Hoover melting point apparatus and are uncor- 
rected. Tlie V.P.C. separation was performed on 
K-22A column at  142" and 30 ml./min. gas flow. 
The infrared spectra were determined with samples 
in the form of Nujol mulls, and NMR spectra in de- 
uteriochloroform in thc presence of dcuterium oxide 
with tetramethylsilane as the internal standard. 

Substituted Thiadiazoles (Table I; 111-VIII). 
General Procedure.-The appropriate nucleophile 
(0.1 molc) dissolved in a suitable solvent (chloroform 
or the alcohols from which the uucleophiles wcre gcn- 
erated) was addcd dropwisc with stirring to a solu- 
tion of 0.1 mole of 5-chloro-3-( tric1ilorornethyl)- 
l,Z,4-tliiadiazolc ( I  I )  dissolved in the samc solvent. 
The mixture was then stirred for 4-6 lir.. and allowed 
to  stand overnight a t  room temperature. After rc- 
nioval of the solvent in vacuo, the product was iso- 
lated either by distillation under rcduccd pressure 
or by crystallization. 

Pertinent data are listed in Table I. 
5 - (2 - Hydroxyethoxy) - 3 - (trichloromethyl) - 

1,2,4-thiadiazole (VIII).-Sodium methylate, 2.83 
Gm., was dissolved in 3U ml. of absolute meth- 
anol, and to this solution 31 Gni. of ethylene glycol, 
dissolved in 20 nil. of absolute niethanol, was added. 
The mixture was concentrated to remove the meth- 
anol, and the reniaining solution was: then added 
dropwise at  room ternperature to a solution of 11.9 
Gm. of I1 in 100 ml. of ether. The reaction mixture 
was stirred overnight, washed with water, and then 
dried over MgS04. Krnioval of ethrr gave 12.1 
Gm. (92.4y0) of the product as a thick pale yellow 
viscous oil. X 2.95 p, broad (bonded OH), arid 6.55 
p (C==N), 7 5.25 ( t ,  0-CH,) and T 5.95 ( t ,  CH2). 

.~lnnZ.-Calcd. for C5H;C13Na02S: C, 22.51; H, 
1.88; N, 10.84. Found: (2.21.87; H, 2.09; N, 10.99. 

A V.P.C. analysis indicated the material to be 9& 
95% pure. 
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TABLE I.-COMPOUNDS SYNTHESIZED 

hl- 6, 
4 3 CC13 

_ _ ~ _ _ _ _  
~ 

~ _ _ ~  _ ~ _ _ _ - ~ ~ ~ -  -~ 

M.p. or b.p., -Anal., 70 *-- 
Compd. I< “C. (mm.) Formula Calcd. Found 

I -0CHsCH3 

I11 -OCH(CHa)r 
I1 --C1 

IV -NII-A-H? 

V --NH--OH 

5&-55/0.05 
70/0.02 CsH?ClaN?OS C1.40.66 40.68 

N.‘ 10.71 10.96 
S,’ 12.26 12.61 

182-183 C3HaC13N4S C1,45.57 45.50 
N, 24.00 23.76 

170-171 C3HKlsN30S C1.45.37 45.36 
N,‘17.92 17.60 

N, 12.95 12.97 

N. 10.71 10.88 

VI --NH--O-CH2-6 153-155 CioHsClSNaOS C1,32.78 32.94 

VII  -0-CH-CH2-CH3 103.5-104/1,4 C,HClaN>OS C1,40.66 40.99 

V I I1 -0-CH2-CII2-OH 
I X  --P-(OC2115)2 

I /  

S,’ 12.26 12.49 

8 
a The microanalyses were conducted by Mr. J. Alicino. 

C-N CHzCH20H 
N-.. A-O 1 -  II ll+ 

S 
XI1 

C C l q  CHzCH20H 
C-N’ 
II I 
N\ ,C+ s o  

XI 

Schcme I 

Isomerization of S-(Z-Hydroxyethoxy)-3-(tri- 
chloromethyl)-1,2,4-thiadiazole (VIII -+ XI).-Ten 
grams of 17111 was distilled in oacuo under nitrogen, 
and the fraction that distilled a t  153 158O/0.6-0.7 
mm. was collected as a thick yellow liquid, weighing 
2.8 Gm. X 2.95 p broad (bonded OH), 5.85 p (C=O) 
and 6.55 p (C=N);  T 5.25 (t, 0-CHz), T 5.51 ( t ,  
N-CH?), and T 5.95 ( t ,  CHr). 

And-Calcd. for CsHsClaN2O?S: C, 22.51; €1, 
1.88; C1, 40.48; N, 10.84. Found: C, 22.79; 
H, 1.92; C1, 40.37; N, 10.63. 

An attempted V.P.C. separation on K-122A column 
WRS not successful. 

On the basis of the relative intensities of the C=N 
band a t  6.55 ,u, XI was estimated to be present to the 
extent of about 25%. 

BIOLOGICAL TESTING 

Compounds 111-VIII were screened as soil fungi- 
c i d e ~ ~  against 3 different pathogenic fungi, Fusarium, 
Rh,izoctonzzrm, and Pythium. Although no definite 
pattcrn of structure-activity relationships was dis- 
cernible, all these compounds retained about 60- 
80% of the over-all activity of the analogous 
5 - ethoxy - 3 - (trichloromethyl) - 1,2,4 - thiadiazole. 
However, in general, they were more phytotoxic 
than I. 
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Quantitative Analysis of Anhydrotetracycline on 
Microcrystalline Cellulose 

By D. L. SIMMONS, C. K. KOORENGEVEL, R. KUBELKA, and P. SEERS 

A quantitative TLC method for the determination of anhydrotetracycline alone and 
in the presence of tetracycline has been developed o n  microcrystalline cellulose. It 
is a rapid and precise method for determining small amounts of this compound in  
tetracycline samples, provided one works within the range of 10-40 mcg. of anhy- 

drotetracycline per spot. 

N GEKERAL, the separation of tetracycline anti- I biotics has been performed by chromatographic 
methods based on pH control of the adsorbent. 
Early investigators employed complex solvent 
systems with buffered paper (1, 2) or paper impreg- 
nated with sequestering agents (3). The quantita- 
tivc scparation of these antibiotics using a column 
of powdered cellulose impregnated with tartrate 
buffcr was reported in 1961 by Hrdy and TTesely 
(4). In 1962 Addison and Clark (5) described a 
method for the scparation of tetracycline from 
cpitctracycline and anhydrotctracyline using a 
modified Whatman cellulose phosphate cation ex- 
change papcr. Kelly (6) employed a column of 
silicate containing a buffered EDTA solution to 
effect the resolution of anhydrotetracycline and epi- 
anhydrotctracycline in the presence of large quanti- 
ties of tetracycline. 

The application of microcrystalline ccllulose to 
th idayer  chrotnatography has only recently been 
investigated (7> 8). Wolfrorri and cu-workers (9) 
reported that TLC on a microcrystalline form of 
cellulose1 has bcen more efficient than papcr chro- 
matography in resolving certain water-soluble 
sugars, sugar derivatives, amino acids, and rclatcd 
compounds. This material has almost completely 
displaced the papergram in their laboratory, and 
in most cases was found to he superior to silica gel 
where both systems were applicable. Thcsc results 
combincd with the published data on the resolution 
of tetracycline on paper led the authors to  invcsti- 
gate thc behavior of anhydrotetracycline on niicro- 
crystalline cellulosc. 

EXPERIMENTAL 
Preparation of Anhydrotetracycline.-A solution 

of tetracyclinc hydrochloride (15 Gm.) in  0.1 N 
hydrochloric acid (.500 ml.) was warmed on a steam 
bath at  70" for 1 hr. After cooling, the precipitate 
was collected by filtration and suspended in water 
(500 nil.). The suspension was adjusted to  pH 4.6 
with 5 N sodium hydroxide solution and extracted 
with ethyl acetate (2  X 400 nil,). The dried or- 
ganic extracts were concentrated to approximately 
50 nil. and cooled. The product (5.0 Gin.) was 
collected by filtration and recrystallized from bcn- 
zene as yellow needles, m.p. 217.5". [Lit. m.p. 2 1 5  

And-Calcd. for C22H22N07: C. (il.90: H, 
5.19. Found: C, 62.18; II,  5.08. 

Preparation of Plates.-Microcrystalline cellulose 
(50 Gm.) was passed through a 100 mesh sieve and 
mixed in a mortar arid pestle for 2 min. w-ith 0.05%, 

tories, Frank U'. Hornet Ltd., Montreal, Quebec, Canada. 
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ammonium chloride solution (180 ml.). Since 
microcrystalline cellulose is commonly used in the 
pharmaceutical industry as a gelling agent, it was 
decided to  employ a dilute salt solution such as 
ammonium chloride instead of water alone so that 
the gelling process was minimized. This rnodifica- 
tion permitted easier inanipulatiori of the cellulosr 
slurry. A 0.25-mm. Iaycr of this homogeneous 
slurry was then applied to 5 clean glass plates (20 X 
20 cm.) with a Desaga variablc applicator. Prior 
to spotting, the plates were allowed to dry at room 
tcmperature for 10 min. and then heated in an oven 
at 90" for 30 min. Unlike silica gel plates, no 
special storage conditions were necessary. 

Plate Development and Recovery of Anhydro- 
tetracycline.-The plates were spotted by applying 
aliquots (10, 15, 20. . . 60 pl.) of a freshly prepared 
standard solution of anhydrotetracycline in meth- 
anol (1 mcg./pl.) approximately 3 crn. from the 
edge of each chromatoplatc. These quantities arc 
equivalent to 10-60 nicg. of anhydrotetracycline per 
spot. The plates were then placed in a developing 
chamber containing 0.1 aqueous ammonium 
chloride solution (160 ml., pH 5.6); filter papcr 
saturated with thc rluant lined the interior chamber 
walls. The plates were allowed to develop for 20 
inin., removed from the chamber, and dried for 10 
min. under ambient conditions. An area (4 X 6 
cm.) was marked off around the visible yellow spot 
(A', 0.35), and the surrounding adsorhent was re- 
moved by a straight cdge spatula and discarded. 
Individual spots were scraped off and collected in 
3-ml. sintered-glass filter funnels, and the anhydro- 
tetracycline was recovered from the adsorbent by 
washing the contents of the funnel with hot methanol 
dircctly into a 10-nil. volumetric flask under vacuum 
in a vacuum bell jar. The absurbances of the re- 
sulting filtrates were cleterrriined at  428 mp against a 
methanol hlank an a Beckman DU spectropho- 
tometer. It was not ncccssary to employ a methano- 
lic extract of cellulose for blank determinations at 
this wavelength. The procedure was repeated 5 
times for each concentration. 

Similar aliquots of the standard solution were 
transferred directly to 10-ml. volumetric flasks, ad- 
justed to  volume with methanol, and the absorb- 
aiices read at 428 rnp. 

Rcsults are surnrnarized in Table I. 
Estimation of Anhydrotetracycline in Tetra- 

cycline Standard Mixture.- -Tetracycline hydro- 
chloride (80 mg.) was dissolved in  8.0 ml. of anhydro- 
tetracyclinc standard solution in a 10-mi. volumetric 
flask, and the contents were adjustcd to  volume with 
methanol. A n  aliquot (0.04 ml., equivalent to 32 
mcg. of arihydrotetracyclinc and 320 rncg. tctra- 
cyclirie hydrochloridc) was rctnoved by micrometer 
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TABLE I.-ANALYSIR OF ABSORHANCES~ FOR DILU- 
TIONS OF ANHYDROTETRACYCLINE STANDARD SOLU- 

TION ( I  mcg./pl.) 
.~ ~ 

Concn., Absorhances 
mcg./lO ml. Direct Dilution Dilution After TLC 

Journal of Pharmaceutical Sciences 

tatively in this range by extracting the cntirc cellu- 
lose area between origin and spot. 

An interesting feature of the procedure describcd 
is that significant changes to the pH (1.57.8) of the 
solvent system did riot alter the behavior of the 
chromatogram. This is in contrast to the exacting 
pH requirements of previous methods. 

Initially this chromatographic procedure helped 
to demonstrate the purity of the anhydrotctracycline. 
Aftcr each rccrystallization from benzene, a standard 
solution (1 mcg./pl.) was prepared and subjected to 
'TLC on ccllulosc. When the absorbance readings 
of the direct dilutions of the standard were identical 
to the dilutions obtained following TLC, the con- 
pound was judged to be of analytical purity. Sub- 
sequent elemental analysis substantiated this judg- 
ment. 

Additional evidence for the purity of the anhydro- 
tetracyclinc standard was obtained by detnonstrat- 
ing the absence of epianhydrotetracycline, an antic- 
ipated contaminant, by subjecting the compound 
to a chromatographic mcthod established for this 
p q o s e  (3). This method also showed that 
epimerization of the anhydrotetracycline did not 
take place under the TLC conditions dcscribcd in 
this paper arid is in agreement with the findings of 
Addison and Clark ( 5 ) .  These investigators found 
that tetracycline it1 solution in aqueous ammonium 
chloride rcEained stable over several hours. 

A mixture of anhydrotetracyclinc and tetracycline 
did not have an adverse effect on the chromatogram. 
The authors' demonstrate that the anhydro-dcriva- 
tive can be quantitatively isolated and determined 
from a test mixture containing anhydrotetracycline 
and a large quantity of tetracycline. 

Since the foregoing mcthod for the quantitative 
determination of anhydrotetracycline in tetracycline 
mixtures was cstablished, the authors have cle- 
veloped procedures for the separation and detcr- 
mination of anhydro- and epianhydrotetracyclines in 
standard tetracycline mixtures and degraded tctra- 
cyclinc products. These procedures will be re- 
ported in a future paper. 

REFERENCES 

10.0 0.020 f 4.470 0.021 + 4.0% 
1.5.0 0.029 i 4 . 9  0.031 + 3 . 2  
20.0 0.041 i 1.6  0.041 f 1 . 9  
25.0 0.052 =!= 1.2 0.052 + 1 .4  
30.0 0.062 + 1 . 2  0.063 f 2 . 1  
35.0 0.072 f 2 . 4  0.071 iz 2 . 4  
40.0 0 . 0 8 2 i 0 . 5 4  0 . 0 8 l i  1.8 
45.0 0.093 It 0 0.088 f .0 .71 
50.0 0 . 1 0 2 i O . 9 8  0.0963=0.78 
60.0 0.122&0.82 O. l l6zk2 .0  

a iz = per cent standard deviation. 

syringe and spotted on a cellulose coated platc. 
The development and recovery of anhydrotetracy- 
cline from the mixture was performed in triplicate 
according to the procedure described previously. 
Anliydrotctracyclinc u-as visible as a yellow spot a t  
R, 0.35, whereas tetracycline required ultraviolet 
light for detection at  the solvent front. The 
quantity of anhydro-derivative recovered from the 
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Ao X Cst 
Ast 
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Results indicate that quantitative isolation ol 
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_____ -__- - ____  ~~~ 
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Structure and Activity in the 
Schistosomicidal Thiaxanthone 

and Xanthone Derivatives 

Sir: 

1-(2-Diethylaminoethylamino)-4-methyl thia- 
xanthone (I) possesses schistosomicidal and anti 
tumor activity. Also its analog, 6-chloro-l-(2- 
diethylaminoethylamino) -4-methyl xanthone (11) 
shows similar but less potent activity (I, 2). 

In both areas of application, the activity de- 
pends mainly upon the presence of the methyl 
group a t  the 4-position para to an amino side- 

chain a t  the 1-position of ring C. Changes in 
these groupings caused loss of activity (3). 

In previous communications, it  was reported 
that both of the groupings attached to ring C 
could undergo dehydrogenation through the 
enzymatic action of pcroxidase in the presence of 
hydrogen peroxide (4). Also, the 4-methyl group 
could undergo chlorination (5) and Mannich (6) 
reactions under the appropriate experimental 
con clitions. 

This particular reactivity may be explained by 
the prcsencc of the polarizable carbonyl group 
adjaccnt to the 1-position and the heteroatom 
(oxygen or sulfur) neighboring the 4-position. 
As both heteroatoins bear 2 pairs of free electrons 
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and the structures of both molecules (I and 11) 
permit, to different extents, extensive delocaliza- 
tion of these free electrons to be involved in the 
resonance hybrids I, I a ,  Ib ,  Ic, and 11, IIa, IIb, 
IIc with ring A, the delocalization of the free 
electrons on the heteroatom preferentially ex- 
tends toward ring 9 as ring C bears electron- 
donating substituents, and this would not favor 
the resonance hybrids to involve ring C. 

This tendency is more pronounced with the 
sulfur present in I than with the oxygen present 
in 11 since oxygen is more elcctronegative than 
sulfur. Also, oxygen has an atomic radius of 
0.66 PI., which would allow more orbital overlap 
with the attached carbon atom (atomic radius 
0.7'7 A,) ,  and this would inhibit to an extent the 
electron delocalization tendcncy. This might ex- 
plain the difference in the biological activity 
between I ,  11, and the structural analog, 1- 
(2-diethylaminoethylamino)-4-methyl xanthone 
(111) which does not show any noticeable bio- 
logical activity. In 11, the chlorine atom, 
through its inductive effect, helps to overcome the 
inhibiting €actors of the delocalization of the 
electrons on oxygen. This effect is missing in 111, 
and thus it is deprived of activity. 

In these resonance hybrids, the heteroatom 
acquires positive charge and ring B becomes 
loaded with positive charges a t  both poles, which 
is electrostatically unfavorable. It tends to 
compensate for these positive charges by with- 

Journal of Phavrnaceiitical Sciences 

drawing electrons in this direction, thus increas- 
ing the acidity of the hydrogens attached to the 
4-methyl group and the dissociability of that 
attached to nitrogen a t  the 1-position of the 
amino side-chain. 

In confirmation of this hypothesis, the KMR 
measurements of I and I1 showed that the hydro- 
gens of the +methyl group appcared a t  7.5 T which 
is a t  the lower part of the field. Aromatic methyl 
usually appears a t  8 T ;  thus, slight acidity is 
implied. In 111, i t  appeared a t  7.88 T, which is 
a t  a higher part of the Geld. -41~0, the dipole 
moment of thiaxanthone itself is 5.4 /I whilc that 
of xanthone is S.11 D. 

From the biological standpoint, when the car- 
bony1 group in any of the drugs was reduced to 
the corresponding hydrol, then the activity was 
lost. In addition, when the sulfur in I was oxi- 
dized to sulfone, the drug was no longer active (3). 

(1) Kikuth, W., Gonnert, R., and Mauss, H., NalurwiTsen- 
schuften, 33, 253(1946). 
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(3) Mauss, H., Kolling, H., and Gonnert, K., M e d i z i n  zi. 

Chemie 5 185(1956). 
(4) hacih ,  I., and Elsheikh, M.,  Abstracts of papers prc- 

sented to the American Chemical Society, Atlantic City meet- 
ing, September 1966. 

(5 )  Nahih, I. ,  and Elsheikh, M., J. Pharm. Sci., 54, 1672 
(1966). 

(6) Ibid., 54, 1821(1965). 
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Role of Sulfate Formation 
in Biotransformation of 

Salicylamide in Man 

Sir: 

Salicylamide is eliminated in man mainly by 
biotransformation to the ether glucuronide and 
the ester sulfate (1, 2) .  Studies of the kinetics 
of salicylamide sulfate formation as a function of 
dose, which will be described in detail in a sub- 
sequent report ( 3 ) ,  have shown that this process 
reaches a maximum rate and exhibits characteris- 
tics of apparent zero-order kinetics in the usual 
dose range. This preliminary report is presented 
in view of the theoretical and practical 
importance of such unusual kinetic characteristics 
in the elimination of a commonly used drug. 

Salicylamide was administered to  healthy 
adult males as an aqueous solution on empty 

stomach after an overnight fast. It was given in 
single doses of 150 and lo00 mg. In addition, a 
single dose of 1000 mg. salicylamide was given 
with L-cysteine which was administered every 
hour for 7 doses starting 3 hr. before salicylamidc 
administration. Total urine collections were 
made every 0.5  hr. for 4 hr., then every hour for 
4 hr., finally at convenient intervals up to 24 hr. 
after drug administration. Total salicylamide, 
salicylamide glucuronide, and salicylamide sul- 
fate in the urine were determined by a coiiibina- 
tion of chemical and enzymatic methods ( 3 ) .  
The results of these experiments in 2 representa- 
tive subjects are shown in Table I. Essentially 
all of the administered drug was recovered in the 
urine in the form of salicylamide metabolites. 
About *50% was excreted as salicylamide sulfate 
after administration of 150 mg. of drug; this 
fraction decreased to about when the dose 
was incrrased to 1000 mg. The maximum 
excretion rate of salicylamide sulfate increased 
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TABLE L-EFFECT OF DOSE AND CYSTEINE ADMINISTRATION O N  SULFATE CVNJUCATI~N OF SALICYLAMIDE 
_____-_ -- _ _ -  - - - ~~ 

Subject 2- ~ -- 7 --Subject I ~ ~ ~ ~ - - - -  
1000 ,+ Cystcme 1000 ,+ 

now, mg 160 1000 Cystetnc I50 1000 
Urinary recovery, 96 

of dose 101 95 99 99 92 98 
Per cent excreted RS 

Max sulfate excre- 
sulfate" 53 28 92 49 32 49 

tion rate, mq /hr 5 43 109 268 45 321 241 

Per cent of atuount iecuvered in urine. ' Expressed in  terms uf salicylamide; based on 0.5 hourly urine cullectiuu. 

less than threefold despite the 6.7-fold increase in 
the administered dose. The peak excretion rate 
(or salicylamide sulfate after administration of 
1000 mg. salicylamide represents a maximum 
which is not increased by use of larger doses 
:and apparently reflects the maximum capacity of 
the body for this conjugation process. Co- 
administration of L-cystcine with 1000 mg. of 
salicylamide had a pronounced effect on the for- 
mation of the sulfate conjugate. The fraction 
excreted in the form 01 this metabolite increased 
to the value found with the lowcr dose, and the 
inaxiinum excretion rate became essentially 
proportional to the administered dose when 
compared to the lowcr dose. Apparently, L- 

cysteine serves as a precursor for sulfate and 
t.hereby increases the capacity of the process 
I cspnsible for salicylamide sulfate synthesis in 
the body. The results of these experiments 
show that man has a liniited capacity for salicyl- 
aiiiide sulfate formation and suggest that the 
limiting factor is the availability of sulfate. 

Some important implications of these findings 
are: (a) the relative rate or salicylamide elimi~ia- 
tion decreases with dose, (b)  pharmaccutical 
dosage form characteristics which affect thc 
absorption rate of salicylamide will also affect 
the metabolic fstr of this drug, (c) studies of 
salicylamide metabolism for which urnusually 
large doses are employed for assay conveniencc 
yield quantitative results which do not apply to 

lower doses, (d)  the eliniination rate of salicyl 
amide in high doses may be increased by 
administration of 1,-cystcine (and proliably by 
absorbable sulfate or other sulfate precursors). 

Cntil recently, ethanol was the only drug 
known to be metabolized in man by apparent 
zcro-ordcr kinetics in the therapeutic dose range. 
Salicylate (4) and salicylamide (specifically, 
glycine conjugation of the former and sulfate 
formation of the lattcr) can now be added, and 
there is preliminary evidence that a t  least 1 other 
type of biotransformation process exhibits saturrt- 
tion kinetics in man (5). The general implica- 
tions of these findings, particularly as reflected in 
items ( a )  to (6)  in the preceding paragraph, re- 
quire therefore serious consideration. 

(1) Becher, A,,  Miksch, J., Rambacher. P., and Schafer, 
A , ,  Klin. Wochrchr., 39, 913(1952). 

(2) Foye W. 0. Duvall R. X. 1,ange W. E. Talhot 
M. H . ,  and'Prieu, E. L., J.'Pharmacol. E x i l l .  Thc;ag., 125; 
lUXilUAUi ~ . - ~ ~ .  ,-,. 
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Interpretation of N M R  Spectra: An Empirical Ap- 
proach. By ROY H. BIBLE, JR. Plenum Press, 
227 West 17th St., New York, N. Y. 10011, 1965. 
x + 150 pp. 15.5 X 23.5 cm. Price $12.50. 
The aim of the author is ( a )  to teach organic 

chemists to interpret their proton NMR spectra and 
( b )  to provide handbook data for the job. In 
the latter aim he has done excellently. As to the 
first aim, his success is relative to the depth of the 
interpretation envisioned. He has given little more 
than recipes for thc assignment of chemical shift 
values and spin-spin coupling constants. There is 
almost no discussion of physical interpretation. 

Though it consists almost exclusively of empirical 
generalizations, the book is easy to read, owing to 
the author's lucidity and his use of a generous 
number of examples. Most of the points discussed 
in the text are ultimately summarized in tabular 
form. There are adequate references to  the litera- 
ture. 

The earlicr chapters describe the variation in 
chemical shift and coupling constant with structure, 
with numerous tables and graphs summarizing the 
experimental data. A wall chart of characteristic 
chemical shift ranges is furnished. The intensity 
patterns of first-order splitting comprises one chapter, 
which is follomed by a discussion of the complica- 
tions arising from higher order splitting. This 
chapter includes the method of numerical analysis 
of the ABX spectrum. Methods for simplifying 
complex spectra for interpretation are presented, 
and a final chapter outlines an over-all analysis of 
the spectrum. The appendix includes a glossary 
to the jargon of the field, which has largely grown out 
of electronic engineering and quantum physics. 

This book will have its best application by those 

whose primary interest is the routine use of NMR in 
structural problems. It will also scrvc a beginner in 
the field by making easier the reading of Pople, 
Schneider. and Berustein. As a virtual summary of 
the 500 pages of the latter, it is curious that i t  comes 
at almost the same price. 

Reviewed by L. D. Tuck 
School of Pharmacy 
Unia~ersity of Cal$ornia 
Sun Francisco 

Handbook of Ultmuiolet Methods. By ROBERT G. 
WHITE. Plenum Press, 227 W. 17th St., Xew 
York, N. Y. 10011, 1965. 356 pp. 17 X 26 cni. 
Price $17.50. 
This book contains more than 1600 references to 

ultraviolet nietliods of analysis which have appeared 
in technical journals during the past 25 years. The 
references cited deal primarily with substances of 
biological significance. Emphasis is placed on the 
material or compound being analyzed rathcr than on 
instrumentation or techniques. All entries describc 
the subject treated and some contain considerable 
detaiI. The items are arranged alphabetically by 
senior author; specific substances arc indexed by 
chemical name with cross-indexing to generic and 
trivial names. Chemists may find some of the 
abbreviations used, particularly ASTM CODEN 
for reference citations, unfamiliar initially. How- 
ever, this volume should prove a useful and rapid 
reference to available literature on ultraviolet spec- 
trophotometric methods of analysis. 

Reziiewed by Carolyn Damon 
D r u ~  Standards Laboratory 
A .  Ph. A .  Foundation 
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bined are available at $2.50 postpaid. A listing - -  
of previous issues w-ith prices is available upon 
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Price $2.75 postpaid. 

Complement. Ciba Foundation Symposium. 
Edited by G. E. W. WOLSTENHOLME and J. 
KNIGHT. Little, Brown and Co., Boston, Mass. 

Drug Presenlation and Prescribing. By W. R. L. 
BROWN and J. W. HADGRAFT. Pergamon Press 
Inc., 44-01 21st St., Long Island City, N. Y.  
11101, 1965. Viii + 118 pp. 13 X 19.5 cm. 
Price $3.00. Paperbound. 

Laboratory of the- Swiss Pharmaccutical Society, 
Zurich. Publishers: Swiss Pharmaceutical So- 
ciety, Sihlstr. 37, 8001 Zurich, Switzerland. (To 
bc inscrted in place of the 1964 supplement.) 
135 pp. 17 X 24 cm. Price: Swiss francs 
22.-. Price of the entire Index Nominum 1963/ 
65, Swiss francs 95.--, binders I and I1 included. 
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INTRODUCTION 

HE IMPORTANCE of plant-derived mediciiuli T in modern medicine is often underestimated 
Suchuseful compounds as digitoxin, rutin, papairi. 
morphine, codeine, papaverine, atropine, scopol- 
amine, quinine, quinidine, reserpine, ergotaminc, 
ergonovine, cocaine, vincaleukoblastine, leuro- 
cristine, d-tubocurarine, protoveratrines =1 and 13, 
ephedrine, sparteine, physostigniine, pilocarpinc, 
colchicine, and cafleine-to mention a few- 
present a broad and representative range of 
pharmacologic activities. In addition, crudc 
drugs such as Digitalis purpurea leaf and Rau- 
wolfia serpentina root are still preferred by marly 
physicians in their practice; whereas extracts 
from Podophyllum peltatzrm (podophyllin), Rham- 
nus purshiana (anthraquinones), Cassia specics 
(anthraquinones), and Plantago species (muci- 
lage) are widely utilized for their medicinal 
activity. In fact, a recent survey has pointed 
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out that 47”/L o f  some 300 million new prescrip- 
tions written by physicians in 1961 contained, as 
one or more active ingredients, a drug of natural 
origin. Further, between 1950 and 1960, pre- 
scriptions containing drugs of natural origin in- 
creased by 7.7% (1). 

A knowledge of the biological activities and/or 
chemical constituents of plants is desirable, not 
only for the discovery of new therapeutic agents, 
but because such information may be of value in 
disclosing new sources of such economic materials 
as tannins (a), industrial oils (3-9), gums (lo), 
precursors for the synthesis of complex chemical 
substances (111, etc. Also, a novel chemical 
structure, isolated from plant sources, often 
prompts the chemist to a successful series of 
modified semisynthetic compounds, e.g., atropine 
-+homatropine, reserpine+syrosingopine, mor- 
pliine-tiV-allylnormorphine, which may have 
some medicinal or otherwise useful economic 
value. On the other hand, attempts a t  modifica- 
tion of model natural compounds to enhance 
their activity have, of course, been unsuccessful 
(1 2). A knowledge of the chemical constituents 
of so-called “toxic” plants could place the treat- 
ment of plant poisonings of both humans and 
animals on a more rational and specific basis. 
The possibility of discovering new research tools 
lor use in pharmacology, e.g., as has been served 
by the hallucinogens, should not be discounted. 
A knowledge of the chemical constituents of 
plants would further be valuable to those in- 
terested in thc expanding area of chemotaxonomy 
(biochemical systematics), to those interested in 
biosynthesis, and to those interested in decipher- 
ing the actual value of folkloric remedies. 

This review is intended to present the various 
approaches used by investigators primarily 
interested in the discovery of new biologically 
active plant principles. Phytopharmacologic Ap-  
proaches will consider those methods which in- 
volve, as a first step, the observation or detection 
or  biological activity induced by plant products. 
Phytocheminal Screening Approaches will describe 
arid evaluate methods used for the detection of 
~)hytochernical classes of compounds, examples 
(if which are known to elicit some desirable bio- 
logical response. 

The problems of the natural product investiga- 
tor interested in biologically active compounds 
are complex and differ distinctly from those of the 
orpnic chemist who synthesizes or manipulates 
molecules using structure-activity relationships 
as his theoretical motivation to design. Natural 
product investigators must initially select their 
plants to investigate from a total number of 
available species that has been estimated to be 
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as high as 750.000, excluding the bacteria and 
fungi (Table I). When this selection has been 
made, whether it be on theoretical grounds or on 
the basis of preliminary experimentation, the 
problems of acquisition and the variability of 
investigational plant material become complicat- 
ing factors. These problems have been discussed 
recently in relationship to drug plants (14) 
Next, the natural product investigator must en- 
list the aid of a cooperative pharmacologist, or 
make othcr arrangements to insure a suitable 
biological evaluation for his extracts and isolated 
compounds. The problems inherent in the bio- 
logical evaluation of crude plant extracts are in 
themselves unique, and several will he delineated 
in this review Many of these problems remain 
to be solved, and the personal experiences of this 
author cause him to believe that those who are 
concerned with biological evaluations have little 
interest in crude plant extracts In effect, 
priority is usually given to the biological evalua- 
tion of crystalline, water-soluble compounds. 
However, it should be remembered that in natural 
product studies, these pure compounds are 
realized only after initial biological tests on crude 
extracts provide justification for a phytochemical 
investigation. This lack of interest in the bio- 
logical evaluation of crude plant preparations 
will probably continue as the niajor block to 
progress in the study of natural products. 

The selection of research plant material by the 
investigator interested in the discovery of new 
biologically active phytoconstituents is a real 
problem. Approaches outlined in this review 
are representative of those which have either 
been used in the past, or are currently in pro- 
gress. Each has obvious advantages as well as 
disadvantages, and the final method or combina- 
tion of methods to he used hy an individual will 
necessarily reflect his own background, training, 
interests, and available research facilities. 

PHYTOPHARMACOLOGIC APPROACHES 
Medicinal Folklore Evaluation 

From about the 11th to the 18th centuries a 
dogma known as the Doctrine of Signatures was 
almost the sole means by which man attributed 
medicinal value to certain plants. This dogma 
held that the color, shape, habitat, or other 
physical characteristics of a plant were indicative 
of its medicinal value. Thus, the worrr-shaped 
embryo of chenopodium (wormseed) suggested 
it to be of value as an anthelmintic, the yellow 
color of saffron served to point out its value in 
liver disorders, the serpentine shape of rauwolfia 
roots (snakeroot) indicated that they should 
be use€ul in treating snakebite, etc. Obviously, 
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TABLE I.-ESTIMATED NUMBER OF PLANT SPECIESa 

Thallophyta 
Bacteria 1,500 
Fungi 100,000 
Algae 19,000 
Lichens 20,000 

Bryophyta 14,000 
Pteridophyta 10,000 
Spermatophyta 

Gymnosperms 700 
Angiosperms 

Monocots 200,000 
Dicots 500,000 

=As put forth by Schultes in 1963 (13) 

227 

no rational justification for the use of drugs 
selccted in this manner can be made. However, 
as man experimented, he found by trial and error, 
certain plants useful for the treatment of some of 
his myriad illnesses. Many of the uses of these 
plants were, in the course of time, documented 
in various herbals, books 011 medical botany, in 
ethnobotanical manuscripts, and even as notes on 
herbarium specimens. Uses of other alleged 
medicinal plants remain undocumented in the 
literature and exist only in the lore of primitive 
people. Let us consider some of these sources of 
medicinal folklore. 

Herbals.--Space will permit only a token 
mention of the hundreds of herbals available for 
scrutiny by those interested in pursuing this ap- 
proach to uncover new leads to plants with 
potential medicindl attributes. “The Herbal,” 
by k b e r  (15), tabulates many of those which are 
known. A further list of herbals and related 
works, many of which are rare, has been prepxed 
for the holdings of the Hunt Botanical Library 
(lti, 17). The use of such materials as sources of 
ideas for new drug plants has been discussed 

Medical Botany.-One could spend a life- 
time surveying the available published books and 
periodicals describing the native flora of various 
regions and the medical uses ascribed for each 
plant. De Laszlo (20) has compiled a list of some 
1500 references on books, journals, and periodicals 
concerning phytotherapy and Dragendorff-s “Die 
Heilpflanzeri der Verschienden Volker und 
Zeiten” (21) should not be overlooked as a source 
of new leads. Steinmetz’s “Codex Vegetabilis” 
(22) also lists hundreds of plants together with 
their synonyms, constituents, and reported uses; 
however, references to source material are not 
included in this work. Perhaps because of the 
Indian system of Ayurvedic medicine, the plants 
of that country have been reported medicinally 
useful more often than perhaps those of any 
other country. i\t least one gains this impression 
from the host of available references (23-28). 

(13, 18, 19). 

Other countries represented by books or rc\-icw 
publications 011 medical botany are Mexico 
(29, 30), Poland (31), New Guinea (32), the Phil- 
lippines (331, Nigeria (341, the U.S.S.R. (93, Xi), 
China (37-39), Burma (40), Puerto Iiico (11). 
Malaya (42), Africa (43), Greece (44), Australia 
(45), New Zealand (4+49), Taiwan (50, 51), and 
Haiti (X), as well as others (ti3-57). These ref- 
erences are to be taken only as ?elected exatnples 
illustrating the type of source material available 
to the interested investigator. Schultes has 
recently pointed out, in an excellent article, the 
opportunities for investigation through an apprc- 
ciation of medical botany ( I ? ) .  

01 course, simply reading through these works 
will not automatically assure one of success in his 
selection of plants for investigation. .4 great 
deal or common sense, a broad background in the 
medical sciences, and some knowledge of plant 
constituents and of chemotaxonoinic relationships 
are all necessary for one to select the most prom- 
ising plants for study. 

Ethnobotany.--An evaluation of those pub-  
lications by persons who have studied plants in 
their relationship to human affairs could uncovcr 
many species with pntcntial biological activity. 
The papers by Train et d. (.V- 61), which describe 
plants used by the Nevada Indians, are certainly 
worth examining for new leads. Any person 
interested in the discovery of tiew biologically 
active compounds in plants would do well to 
become acquainted initially with thc ethnohotani- 
cal writings on narcotic drug plants by Schultes 
and others fCi“-i(i). sinw they contain a wealth oi 
information found in few other references. 

An intcrcstin,g ethnohotanical report has dc- 
scribed 3 plants, all inernhers of the Anicetie, 
that are used by natives in Colomhia as oral con- 
traceptives (77). Several years ago, we had 
occasion to invcstigate Dicffenbachia Pic& ( A R -  
cecce) because reports forwarded to our laboratory 
indicated that natives in South America were 
known to utilize this plant as an oral contracep- 
tive. Our animal experiments failcd to confirm 
this use for D. picfo ,  hut  subsequently an excellent 
review article on the toxicity of DieJenb(ic/zia 
species was located which described in detail 
many caws wherein these species had been 
utilized for their antifertility effects (78) .  Es- 
tracts of D. seguine were shown to produce steril- 
ity in both male and female rats after 30 to 90 
days of either oral or subcutaneous administra- 
tion. On histological examination it was re- 
vealed that complete or partial atrophy of the 
entire male or female genital apparatus had been 
induced in the treated animals, thus rendering 
them sterile (79). This ohviously is an undesir- 
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were not performed, presumably due to an in- 
adequate supply of petaline. To my knowledge, 
additional pharmacologic evaluations of this 
alkaloid have not been reported. 

Other ethnobotanical manuscripts that offer 
similar possibilities, or give interesting back- 
ground material on this approach to the dis- 
covery of new drug plants, have been written by 
Tantaquidgeon (82), Gunther (83), Grover 
(a), and Schultes (85, 86). 

Herbaria.-A rather unusual approach to  
the search for new leads to biological activity in 
plants is being pursued a t  IIarvard IJniversity. 
This involves a search of individual herbarium 
specimens for field notes entered by the botanist 
making each particular collection. In many 
instances, as pointed out by von Reis (8T),  in- 
formation appears on some specimens that 
indicates a particular medicinal use for a plant 
as observed by the collector. The project con- 
sists of a sheet by sheet study of the entire collec- 
tion of flowering plants in the Harvard liniver- 
sity Herbarium, which includes some 2,200,000 
specimens from the collections of the Arnold 
Arboretum and the Gray Herbarium. Ad- 
vantages to this type of study have been sum- 
marized by von Reis (87). I n  the f i s t  6 months 
of the study, li families had been searched, i .e.,  
Apocynaceae, Asclepiadaceae, Convolvulaceae, 
Lythraceae, Myristicaceae, and Rubiaceue. About 
400 species of interest were recorded and 
separated into several categories, i.e., medicinal 
uses (40%), suggested medicinal applications or 
possible physiological activity (33%), substances 
eaten, but not as normal staples of the diet (13%), 
poisons (8’33, plants collected expressly for the 
purpose of chemical analysis and possible drug 
use (3’%), and plants which animals were said to 
be attracted to or that they especially avoided as 
food or contact substances (1%). It has been 
conservatively estimated that the study, when 
completed, should yield some 360 notes concern- 
ing new potential medicinal applications for 
plants. 

The only other study of this type which has 
been publicized is that being conducted by Perry 
involving a compilation of medicinal flora of 
southeastern Asia. Included as a part of this 
effort is a study of field notes on herbarium speci- 
mens (88). 

Field Exploration.-Throughout history, bo- 
tanical collecting expeditions have been 
organized for the specific task of discovering new 
drugs. In  1716, Peter the Great requested the 
botanist Breynius, in Danzig, to organize an 
expedition to explore the botanical resources of 
Russia for new drugs. The botanist Messer- 

able effect for an oral contraceptive drug and 
interest in Dieffenbachiu species for this purpose 
appears to have been curtailed. In retrospect, 
however, it  is unusual that natives in South 
America and in certain of the Caribbean islands 
chew the leaves of D. seguine to impart a 24- to 
48-hr. period of sterility, whereas in laboratory 
anirnals, extracts of this plant must be ad- 
ministered for several weeks in order to obtain the 
m11e effect (78) 

Perhaps a specific example, pointing out the 
value of ethnobotanical studies in the search for 
new biologically active compounds, would be in 
order During early 1956 this author had oc- 
casion to review an ethnological manuscript, 
representing the doctoral dissertation of Philips 
(go), for possible publication in the form of a 
hook by the University of Pittsburgh Press 
The manuscript was concerned, in part, with 
Lebanese folk cures, the idea for the dissertation 
ariqing from contacts with people in Lebanon as 
~ w l l  as Lebanese immigrants in Brooklyn. The 
author found, as her investigation progressed, 
that the cugtoms of the Lebanese people were 
greatly influenced by the use of plant drugs as a 
facet of their culture. Information was derived 
Trom personal interviews with 843 people and 
resulted in a rather extensive list of plants used 
as drugs. Many of the native uses for these 
plants could be accounted for on rational grounds 
through a knowledge of chemical compounds 
existing in the plants which had known bio- 
logical activity. Others could not be explained 
on these bases and seemed worthy of future 
investigation. As I read the manuscript, a list 
was prepared of those plants which appeared to 
be used by the greatest number of people for 
specific, well defined, disease conditions. The 
completed list included 1 5  plant names, thealleged 
uses for which I could not explain at the time. 
Several months later an article was noted con- 
cerning the isolation and pharmacology of an 
alkaloid named petaline chloride, in addition to 
others, from Leontice leontopetalum (Berberi- 
h c e a e )  (81). Ironically, this plant headed my 
list taken from the ethnobotanical manuscript as 
being most likely to yield interesting and bio- 
logically active entities. Leontice leontopetalum 
had been used as a folk medicine in Lebanon for 
years as an aid to the treatment of epilepsy. 
Petaline chloride was shown to be a central 
nervous svstem depressant in mice and rabbits, 
arid the investigators claimed antiacetylcholine 
activity on isolated frog skeletal muscle. 
.ldditional studies to indicate more clearly 
antiepileptic activity, i.e., effect on chemically 
ur  electrically induced convulsions in animals, 



Schmidt from li20-1727 made vast collections in 
Siberia of plants reputed to  have medicinal value 
(89). In 1602 Bartholomew Gosnold, in a ship 
chartered ~ J Y  Sir Walter Raleigh, sailed thc coast 
of New England specifically to obtain the bark of 
.S~zss(ifrus ulbidum for export to England (89). 
Parke Davis and Co. sponsored expeditions into 
South America in I885 which led t o  the discovery 
of Xhnmrtzrs ~ i i ~ s h i t r n i ~  (cascara) and Guareci 
riisbyi (cocillana), 2 drugs still in use today (89). 
In 1942, when the quinine source of the world was 
cut  off by the invasion oC the Dutch East Indies 
~ J J -  the Japanese, American botanists Steere, 
Fosberg, Camp, and others relocatcd and identi- 
fied several quinine-yielding species in South 
America (89). More recently, the Strophnnthus 
hunt in Africa, as well as thc search for new 
steroidal sapogenin and alkaloid-bearing plants 
of the world, testify to  the value of field explora- 
tion for new plant products of medicinal and/or 
ecoiioinic value. These, along with accounts of 
the  most striking plant explorations of the p s t ,  
have recently been docurnented by Kreig (YO). 

There is controversy regarding the optimal 
approach to plant exploration if one is to  un- 
cover information on drug plants o f  potential 
value. Some believe that  a semirandom collec- 
tion of plants which contain specific types of 
chemicals, e.g., alkaloids, will be most rewarding 
(91-94). Others consider tha t  a random selec- 
tion of plants in combination with subsequent 
broad pharmmhgica l  screening will lead to new 
therapeutic agents (95-98). Still others feel that  
recording the names of plants used in native 
medicine by witch doctors, medicine men, etc., 
directly from the individuals who use the pro- 
ducts, will give a greater insight to  the selection 
of plants for subsequent biological cvaluation 

Schultes, who spent some I 2  years in the 
Amazon, feels that natives are more apt to  reveal 
their secrets (drug plants) only after acquaintance 
with an invading investigator for a long period 
of time (1 3j. ITe has cited several examples froin 
personal experiences that  bear out this point (13). 
Furthermore, Schultes is of the opinion that  the 
most successful explorations for new plant drugs 
will not be those set up with the express purpose 
of looking for medicinals and nothing else, but 
rather those primarily designed to  acquire new 
botanic and ethriobotariic knowledge (IS). In 
the course of such investigations, information re- 
garding new drug- plants and related materials 
should be uncovered during the normal course of 
events. 

Recognizing that  the latter approach has merit 
:~nd could well he thr  most effective method 

(99. 100). 

presented. the n e r d  for an inception of such a 
program is immediate. That  is because, as 
civilization spreads into primitive areas, the first 
aspect oi primitive culture to be lost is know- 
ledge on the use of plants as medicine (I:<). 
Schultes, with respect t o  this matter, has stated, 
“The rapidity of this disintegration (know- 
edge of medicinal plants) is frightening” (13). 
Uiifurtunately , trained manpower to  carry out 
this type oi’ field exploration program is not 
available for an extensive undertaking at the 
present time ( 1 3 ) .  

Poisonous or Toxic Plants 

A documentation of toxicity for any plant 
material is usually evidence for the presence of  
1iiologicallJ- active material in the plant cited. 
’The terms “poison” and “toxic” are, of course, 
often relative where biological activity is con- 
cerned. If one discounts reports concerning 
contact poisons and considers mainly plants re- 
ported to  cause systemic toxicity, i t  is possible 
that  proper dose administration of extracts from 
the particular plant iii question will uncover 
knowledge of pharrriacologic activity worthy of 
further study. =1 nurnber of books and other 
periodicals are available which point out plants 
that  have been reported to  cause toxicity. 
Interestiiig historical background information on 
this subject has been published by Kingsbury 
( 101) and an excellent review of the toxic plants 
o f  the IJnited States and Canada, which is 
thoroughly referenced, is found in Kingsbury’s 
recent book (102). Other references to toxic 
plants and fungi of the IJ. S. are those of Muen- 
scher (103), Duncan et id., (104, 105),  Morton 
(106, 107). and O’Leary (108). African (43), 
Australian (45) , Indian (109, I lo),  British (1 ll), 
Venezuelan (112), and the Pacific region (113) 
toxic plants, have been similarly docurriented. 
Again, the references cited above are not meant to  
constitute a complete listing of all available ref- 
erences to  toxic plants. Rather, they are 
offered as an introduction to  the person interested 
in studying toxic plant constituents arid the 
relationship of these constituents to possi1)Ie 
therapeutic applications. 
Phytopharmacological Surveys 

A number of interesting surveys have been cori- 
ducted in which plant extracts have been evalu- 
ated for various biological activities. -4lthough 
the data  presented in certain of these surveys 
must be considered as negative, i.e., those re- 
garding antineoplastic evaluations published by 
the Cancer Chemotherapy National Service 
Center (114-118) as well as by others (119), 
these reports are quite helpful to investigators 
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treatment of Hodgkin’s disease (133) and for 
choriocarcinoma (133), whereas leurocristine is 
effective in the treatment of acute leukemia in 
children (133).’ Noble et al. (131) were the first to 
publish on the antineoplastic and leukopenic 
activity of C. roseus and the isolation of crude 
vincaleukoblastine. Their studies were initiated 
by reports that C. roseus was used extensively as 
an oral hypoglycemic agent in folk medicine. 
Furthermore, the discovery of anticancer activity 
was made during their blood sugar work, only on 
the basis of followup studies on a toxicity ob- 
served in C. roseus-treated animals. Antitumor 
activity of C. roseus extracts also was noted by 
Svoboda in his laboratory a t  about the same time 
that Noble and co-workers made their observa- 
tions of this activity. Svoboda’s observations 
came about through a routine screen for anti- 
tumor activity, as his initial interest in this plant 
was a potential source of hypoglycemic coim 
pounds (134). Subsequcnt studies by Svoboda 
(129) led to the isolation of leurocristine, as well 
as leurosine (132) and leurosidine (129), 3 
additional C. roseus dimeric antineoplastic alka- 
loids ( I  33). However, in another laboratory, 
an alcoholic extract of C. roseus (Lochnera rosea) 
whole plant provided negative results when 
screened against the sarcoma 180 and the L-1210 
leukemia (114). Further negative results have 
been reported for an aqueous extract of C. roseus 
( Vinca rosee) seeds on testing against the sarcoma 
180, the adenocarcinoma 75.5, and thc Jd-1210 
leukemia (114). 

Hartwell (13.5) has discussed the role of the 
Cancer Chemotherapy National Service Center 
(CCNSC) in screening plant extracts, as well as 
other compounds, for antineoplastic activity. 
A comprehensive plant collection program by the 
U. S. Department o f  Agriculture (USDAj as 
wcll as by others, serves to supply plant material 
to the CCNSC for evaluation. Most plants are 
semirandomly selected for testing, but home 
remedies alleged to be useful for thc treatment of 
cancer are not discounted (135). Since its in- 
ception, the CCNSC has screened about 26,090 
plant extracts. Yo figures are available to 
indicate the number of species represented by this 
number, but i t  has been estimated that an 
average of 2 plant parts for each species are 
tested, and for most plant materials, 2 extracts 
(i.e,, water, ethanol) are prepared. Therefore, 
one could estimate that about 6500 species have 
been evaluated to date by the CCNSC. About 

1 Dr. Gordon Zubrod, Director of Intramural K esearch, 
National Cancer Institute, Bethesda, Md.,  told a Fountain 
Subcommittee hearing on April 23, 1964, that leurocristiue is 
the . . . “Most effective antileukemia agent that has been dis- 
covered in the last 5 or 6 or 10 years.” [ P  D-C Ruporfs-- 
The Pink Skeet, 26 (17) (April 27, 1064).] 

engaged in similar studies who might not m a r i t  to 
duplicate negative efforts. Biological evaluation 
of plant material presents certain inherent and 
apparently uncontrollable problems. If one 
considers the well known fact that phytocori- 
stituents can vary based on climate, habitat, 
soil nutrients, and time of  harvest, in addi- 
tion to other factors (120-122), and that dis- 
tinct chemical races of plants are known to 
exist (12:3-127), variation in results from one lot 
of plant material to the next must be expected. 
Furthermore, the selection of an appropriate 
extraction solvent, when the chemical nature of 
the potentially active phytoconstituents is un- 
known, presents a problem. Also, the conditions 
to be used in preparing the extracts of plant 
material could be the difference between dem- 
onstration of biological activity and obtaining 
essentially negative results. The presence of 
antagonistic substances, as regards to biological 
activity, could result in a failure to detect either 
of the 2 or more individually active materials. 
Since many plants are known to accumulate 
rather large quantities of toxic inorganic con- 
stituents, i e . ,  selenium, nitrates, copper, etc. 
(lW), the predominant action of any one of 
these in a plant extract containing organic com- 
pounds with potentially interesting biological 
activity could lead to the dismissal of further 
interest in the plant. It is interesting to note 
that we recently isolated leurosine, an alkaloid 
with a high ordcr of activity against the P-1534 
leukemia in DBA/2 mice, from a crudc fraction of 
Catharanthus Zanceus alkaloids that by itself was 
shown to be devoid of activity (128). Svoboda 
(129) also has pointed out that leurocristine and 
leurosidine, both highly active against the 
P-1534 leukemia, have also been isolated from 
crude alkaloid fractions that were devoid of 
activity against the same neoplasm. 

There appears to be a great race to determine 
the biological activity of plant extracts, but little 
is being done to investigate the problems men- 
tioned above. When, and if these problems are 
solved, all negative data obtained with present 
methods may have to be re-examined, and per- 
haps duplication of similar studies will be war- 
ranted. 

Antineoplastic Activity.-The plant kingdom 
should be a prospective and fruitful hunting 
ground for new tumor inhibitors. This has been 
illustrated by the isolation, characterization, and 
structure elucidation (130) of vincaleukoblastine 
(vinblastine) (131, 132) and leurocristine (vin- 
cristine) (1 29) from the apocynaccous shrub 
Catharanthus roseus ( Vinca rosea, Lochnera rosea). 
Vincaleukoblastine is used clinically for the 
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l(lyO of these species have been found to be 
“active” against one or more tumors and are 
considered candidates for phytochemical isola- 
tion work. The CCKSC expects that this pro- 
gram will be continued a t  about its present rate 

L41thot~gh the CCNSC program is still in its 
infancy, on the basis of the nuniber of coin- 
pounds and plants that are available for evalua- 
tion, rcports in the current literaturc arc bc- 
ginning to identify some of the antitumor and/or 
cytotoxic constituents of plant extracts that have 
bceri dctcrmincd active in this screening sequence. 
Kupchan ei al. (137) have isolated aristolochic 
acid, active against the adenocarcinoina 755, 
from il ristolochia indica ( A  ristolochiaceae) . Aris- 
tolochic acid has been found to exert a high order 
o f  renal toxicity which will prcclude its use in 
clinical studies (138). Undoubtedly, structural 
relatives of this compound will be prepared in an 
attempt to reduce toxicity and yet maintain a 
high order of antineoplastic activity. Mono- 
crotaline, from Cvotabria speclabilis (Legumino- 
sae) has also been found to be an active tumor 
inhibitor (AC-755) (1 39). Phytocheniicals which 
are cytotoxic lor the 9-KB cell culture have been 
isolated and found to be apocannoside and cy- 
mai-in from Apocynitnz cannabinunz (Apocy- 
naceae) (140), podophyllotoxin from Juniperus  
zlirginiana (Pinaceae) and other Juniperus 
species (141), calotropin from Asclepias curas- 
saoica ( A  sclepiatleceae) (112), cissampareine from 
L‘issampelos paveira (Menispermaceae) ( I  43), 
eupatorin from Eupatorium semiserratum (Com- 
positae) (144, and gaillardin from Gaillardia puZ- 
chella (Composihe) ( 14.5). Scrnipurified frac- 
tions from Kumex hymenosepalus (Polygonaceae) 
exert significant activity against the Walker 256 
tumor and the sarcoma 180 in mice (146). The 
active material is thought to be a polyphenolic 
Ilavonoid tannin. A proteinaceous fraction from 
Gutiervezia stsrothrue (Compositae) is inhibitory 
for sarcoma 180 in mice (147). rllthough many 
other examples concerning the isolation of active 
antitumor or cytotoxic plant principles could be 
cited, the above should serve to point out the 
broad distribution of  antitumor activity in the 
plant kingdom. Table IT lists the names of some 
400 plant species in 315 genera and 97 families 
reportcd in thc literature to be appreciably active 
as tumor inhibitors. A great variety of chemical 
classes arid structurc types are also represented in 
the known active plant principlcs, i .e.,  alkaloids 
(vincaleukoblastine, leurocristine, tylocrebrine, 
lochnerinine, cissampareinc, monocrotaline), car- 
denolides (apocannoside, caloptropin, cymarin), 
lignans (podophyllotoxin), flavonoids (eupatorin), 

(136). 

2?1 

tannins (Rumex hymenosepalus), proteins 
(Gutierrezin sarothrae), sesquiterpene lactones 
(gallardin), tetracyclic triterpenes (elatericin A, 
elatericin B, elaterin), as well as others (Fig. 1). 

If one examines negative as well as positive 
screening data from plant extracts, it  becomes 
apparent that active antineoplastic compounds 
are not usually distributed throughout related 
taxa. The problem or screening plant extracts is 
further compounded through a knowledge that 
active inhibitors are often localized in one plant 
organ arid riot distributed throughout the plant. 
Thus, the fruits or seeds of one species could well 
contain active material, yet evaluation of the 
whole plant, containing few if any fruits or sccds, 
would probably give negative results. ,Seasonal 
variation has bccn shown to affect the amount of 
active material present in certain species (148). 
Also, the selection of a proper solvent for prepara- 
tion of extracts to be evaluated could be an 
important factor. Furthermore, most of the 
active compounds isolated from higher plants to 
date, as well as the extracts themselves, are 
often quite spccific in their action for a given 
tumor or set of test conditions. Additionally, 
correlation of in vitro and in oioo testing results, 
with those of the clinical effects of antitumor 
agents, remains to be established. 

I t  appears, however, in the light of present 
knowlcdgc and experience, that a random selec- 
tion and testing 01 plants selected from a broad 
cross section of families and genera will prove of 
greatest value in attempts to discover new 
entities for the treatment of clinical malignancies. 
It is ititcrcsting to note that the efforts to arrive 
a t  new antitumor agents by chemical synthesis 
appear to be no more productive than those of the 
natural product researcher. Even though the 
net result of these tedious procedures involving 
thc search, collection, identification, processing, 
and biological evaluation of the flora of the earth 
docs not yield additional compounds of clinical 
value, the new structures evolving from these 
efforts should prove of use to the chemist Tor his 
work involving structural modifications. 

Recent findings (140, 142, 145, 149) that cyto- 
toxicity is associated with the unsaturated lactone 
of cardenolides and related compounds, attached 
either to position 17 of the nucleus by a C-C 
bond or fused to ring D across the 16, 
17-position, offer insight to the minimum 
qualifications for cytotoxicity. Medawar et al. 
(150) were the first to suggest that unsatu- 
rated lactones exert a specific inhibitory 
effect on the growth of tissue. Subsequent 
investigators confirmed this interesting relation- 
ship (151-152). Pike et el. (153) synthesized 130 
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'TABLE II.--1>ISTRIBUTION OR ANTINEOPLASTIC ACTIVITY I N  PLANTSs 
~- ~- 

Plant Name" 

Acanthaceae 
Andrographis panic- 

Jacobinia corcinea 

i l r e r  negundo 
A cer rubrum 

A gave nnzericann 
Agaz'e expansa ('4. 

americana) 
Agave micrar:antha 
Cooperia pedunrulata 

Galanthus nivnlis 
haemanthus punireus 
Hymenocallis sp. 
Hymenocallis caribaen 
Hymenocallis oc-riden- 

ulata 

Aceraceae 

Amaryllidaceae 

talis 
LeuLojum aestivum 
LYL oris incarnata 
L$mis sprengeri 
Lyroris spuamigera 
Manfreda rnnca~lata 
Narcissus poetaz var. 

Narcissus tuzettu 
Polianthes tuberosa 
Rhodophiala chilensis 
Zephyranthes carinutu 

Zephyranthes texanu 

geranium 

Anacardiaceae 
Anacardium sp. 
Lmopterygium huus- 

Afelanovrhoea woods- 
sango 

iana 
PistaLia chinensis 
Pista~iu lentiscas 

Pistaciu vera 
Khus glnbra 
Rhus jnvanica 
Rhzis toxirodendron 

Khus  typhinu 

A nnona cherinzola 
i l  rtubotrys suaveolens 

Afiocynum andro- 
suernifolium 

d pocynum canna- 
binum 

Catharunthus lanceus 

Catharanthus pusillus 
Catharanthus roseus 
Ervatumia dichotomu 
Funtumia sp. 
Nerium oleander 
Plumeriu obtusa 
Strophanthus hispidus 
Trachelospermum 

Annonaceae 

Apocynaceae 

usiaticum 

Neoplasm Ref. 

S-4 (176) 

C-1, 5-4 (166, 176) 

€1-2, s-1 (160) 
c- 1 (165) 

s- 1 
s-1 (160) 

s- 1 s- 1 
S-1 
S-1 (160) 
c-1 (165) 
s-1, s-2 (160) 

(2-5, S-13 (171) 
s- 1 (160) 
s-1 (160) 
C-5, S-4. (171) 

$10, S-13 
c-1, s-12 

c-1 
c-1 

s-4 

c-1 
C-1 

c-l 
c-1, c-2 
C-7 
c-1, c-2 

C-2 

c-1 
s-4 

s-1 
C-3, E-l 

C-2, E-1, 
L-2 

E-1 
L-2 
E-l 
c-1 
c-1 
5-4 
C-1 
c - 5  

(148, 164, 
167) 

(165) 
(158) 

(176) 

(158, 162) 
(158, 161, 

162, 165, 
166) 

(161) 

( l i l )  

(166) 

(161) 
(176) 

($4) 

(148, 163, 
167) 

(155) 

(140, 161) 

(128, 377) 

(341) 
(133, 134) 

(167) 
(176) 

i%:! 173) 

jgi 165) 

Plant Name 

Aquifoliaeeae 
Iiex corincea 

Symplocarpus foeti- 
Araceae 

dus  
Araliaceae 

Eleutherococcus senti- 

Punax ginseng 
Panax repens 
Te tmpnnax  papyri- 

COSUS 

ferum 
Aristolochiaceae 

d ristolochia sp. 
'4 ristolochia indica 
Asarum canadense 
Asarum rej'lexum 

Asclepiadaceae 
Bsclepias curassavica 
A sclepias decumbens 
Marsdenia cundurango 
Tyloplzora crebrij'lora 

Berberis apu$olium 
Podophyllum emodi 
Podophyllum peltaturn 

Betulaceae 
il lnus serrulata 
Carpinus caroliniana 
Corylus amevican.a 
Ostrya virginaana 

Bixa  orellana 

Alkanna sp. 
Lithospermum ardense 
Symphytum oficinale 

Berberidaceae 

Bixaceae 

Boraginaceae 

Bromeliaceae 
Bromeliu pinguin 
Pitcairnia cornllina 
Tillandsiu usneoides 

OQu?ztiu sp. 
Opuntiu maxima 

Cannabis sutiou 
Humulus j ~ p o f i i c ~ s  

Forchhummeria 

Cactaceae 

Cannabinaceae 

Capparidaceae 

rvntsoni 
Caprifoliaceae 

Sanibucus simpsonii 
Viburnum ncerifolium 
Viburnum macro- 

Viburnu m prunifoliu fi? 

Caryophyllaceae 
.3 renaria carolininnu 

Celostrus scundens 
Chenopodiaceae 

Beta vulgaris 

cephal u m  

Celastraceae 

Neoplasm 

c-1 

s-1 

s-9, s-10 

5-9, s-10 
C-5 
C-5 

c-l 
C-4 c- 1 c-l 

E-1 
c-1 c- 1 
L-1 

C-2 s- 1 
s-l 

c- 1 c- 1 c- 1 
c-1 

C-2 

c-5 
c- 1 
c-1, c-2, 

C-3 

C-I 
C- 1 
c-2, s-2 

c-l 
CIT 

c- 1 
c- 1 

c- 1 

c-1 
c-1 
c-1 
c-l 

c-2 

c-4, C-6 

c-1, c-2 

(157) 

(380) 

(380) 
(173) 
(172) 

(142) 

(157) 
(381) 

(148) 

(161) 

(382, 383) 
(383) 

(166) 
(166) 
(161) 
(161, 166) 

(167) 
(386, 387) 

(164) 
(158) 

(376 j 

(167) 

(Continued on next page.) 



Seoplasm RPf. 

c - 5  

s- 1 

c- 1 

c-1, c-2 

c-2 
c-5 

c-T, 

s- 1 
c-5 

C-2 

C-1 
c- 1 
c- 1 s- 1 

c- 1 
C-5 
C-5 
c-1, c-2  c- 1 
C.2 
c-2 
c-2 
IS- 1 

C-1, E-l 
s-2 

0-5 
c- 1 
c-1, c-2, 

s-12 
C-1 
c-5 
c-1, c-2,  

C-3 
C-5 
c- 1 
C-2 
c-2 s- 1 
c-1 
c-2 
c-1 
c-2 
c-1, c-2 

C-1 

s- 1 

c-5 
C-2 
C-5 

s - I  

s-12 

(38‘3) 

(156) 

(161) 

(158, 165, 

(166) 
(390) 

(175) 

(157) 
(1’75) 

(166) 

(158, 165) 
(158, 165) 
(158, 165) 
(157) 

(166) 
(384) 
(175) 
(161) 
(158) 
(166) 
(166) 
(166) 
(1.11) 

(145, 168) 
(147) 

(172) 
(161) 

(158) 

( la+)  

(166) 
(175) 
(l,?x) 
( Ih6)  
(168) 
( 1 A j  

(166) 
(161) 

(101 j 

(161) 

(164) 

(170, 173) 
(161) 
(172) 

(155) 

166) 

(163, 164, 
167) 

(384) 

(158, 165) 

( l t j l )  

Plant N X I I C ~  

Descurainia pinnatum 
(Sisynabrium pin- 
natum) 

Cucurbitaceae 
Aryonia alba (I?. 

Citvzillzts colocynthis 

Ciiriuiiis melo 

Ciicumis melo var. 
cnntnliipensis 

Cucumis myriocnvpus 
czwumis sntious 
Citcurbita foetidissinin 

Cucuvbita pepo 
Ecbolliunt eluteriurn 

dioica) 

Datiscaceae 
Uatisca cannabinn 

Dioscoree villosa 

Dipsacus syhestvis 

Uiospyros discolor 
Diospyros kuki 

Elneagnus philippensis 
Hippophae rhanznoides 

Hippophae salirifolia 

Equisetum arvense 
Equisetibm hellocharis 
Eyziiseiiim hyeinule 

Ericaceae 
A rctostaphylos irwa zrrsi 
Chaemaedaphne cnlyc- 

Gairltheria procumhens 
Z’yonia mnrinna 
JWenziesia pilosa 
Oxydenduu ui auboreir in 

Euphorbiaceae 
A colypha phleoides 
Rridelin ovnta 
Croton monanthogynzcs 
Enzblica ojicinalis 
Eiiphorbiu amygdu- 

Eu phovbiu d r u  in - 

Buphorbia niarginatu 
Eu phorhia pi lul i fem~ 
Euphorbia resinijeru 
Exroerarin agallocizn 
:Ilncavanga triloba 
,Ifallotus philippensis 
Piscuria sp. 
Poinsettia sp. 
Kicinus communis 
Sapiuin sebiferum 
Stillingia sylvaticn 

Dioscoreaceae 

Dipsacaceae 

Ebenaceae 

Elaeagnaceae 

Equisetaceae 

iilata 

loides 

mondii  

Nruplasm 

c1-12 

s-1 

c-5, s-1, 
c-1. c-2.  

s-2,  s-5 

C-5 
s-1 
s-l 
C-l 
c-1, c-2, 

s-12 
c-I, c-2 
c-4. c-5. 

CL6, $1, 
s-2, s-5 

C-5 

s-l 

C-I 

S-4 
c-l 

c-l 
c-5,  5-2, x 
S-6 

s-1 
c-5 
s-1 

C-5 
C-2 

s-1 
c-1 
c-2  
c-I, s-1 

C-1 
s-4 
c-2, s-7 
$4 c-5, s-2 

s- 1 

C- l  s- 1 s- 1 
S-4 
s-4 s- 1 
s-12 
S-2 
c-1, s-12 c- 1 c-2 

Ref, 

(161) 

(1.54) 

(154, 391, 
392) 

(163, 167, 
175) 

(157) 

(157) 
(167) 
(163, 164, 

(167) 
167;) 

392) 
(15.1, 388, 

(175) 

(155) 

(161) 

(176) 
(158, 166) 

(166) 

(394) 

(155) 
(175) 
(155) 

(173) 
(166) 

(157) 
(161) 
(166) 
(155, 161) 

(176) 

(176) 
(395) 

(174, 175, 
393 j 

(164, 167) 

(163, 167) 

(154) 

i 148) 
(154) 
(154) 
(176) 
(176) 
(156) 
(164) 
(396) 
(148, lti4) 
(158, 165) 
(161) 

(Continued on next page.) 
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TABLE H-( Continued) 
~ 

Plant Kameb 

Fagaceae 
Quercus virgininnu 

Gentiana lutea 
Gentiana scabra var. 

Gentianaceae 

buergeyi 
Gnetaceae 

Ephedra trijurca 
Gnetum latifolium 

Gramineae 
Anthoranthunt odora- 

Arundo donax 

il rundo plinii 
Coix lachryma-jobi 
Digitaria sanguinale 
Sasa albonaarginata. 
Spartina synosiiroides 
Tripsacum laxuna 
llniola paniculata 
Zea rnnys 

Garcinia hanhuryi 

Haemodorus coryni- 

t U T ? Z  

Guttif erae 

Haemodoraceae 

bosum 
Hamamelidaceae 

Hanaumelis zlirginiana 
Liquidantbar styra- 

Hinnocrateaceae 

CifEUQ 

Neoplasm Ref. 

c-1 

c - 5  
S-4 

c-2 
S-4 

c-l 
c-1, c-2 

c-1 
s-11 
c- 1 
c-5, s-2 c- 1 
c-1 
c-1 
C-2 

s-1 

C-4, C-6 

C-2 
C- l  

_. 
Pristimera zndica c-4,  c -6  

(Hipporratea indica)  
Hydrocaryaceae 

Trapa nntnns 

Iris japonica 

if mphiteryngium 
adstringens 

Juncaceae 
Juncus hi$ouus 
J tmcus  repens 

Labiatae 
~Lfarrubiarm vulgare 
!Ventha piperita 
Afentha spicutu 
Nepeto catnria 
Plectranthrts rugosus 
Plectranthus tricho- 

carpus 
Snlvia sp. 
Sahia  g r e g i i  
T h p t u . ~  serpylluni 
Teucriunz canudense 

Persea pubescens (P. 

Iridaceae 

Julianiaceae 

Lauraceae 

carolinensis) 

Abrus precatorius 
Acacia nuriculaeformis 
Acacia spadicigera 

Leguminosae 

c - 5  

x 

c-l 

c-1 
c-l 

s- 1 
s-7 
c-1, c-2  
c - l  
c-5, s-2 
c-5,  s-2 

c-l 
c- 1 s- 1 
c-I 

c-1 

C-5 
S-4 
c-l 

Plant Name 

Adenanthera nzicro- 
sperma 

Albizza julibrissin 

Albizaa ~ a s s a  
A ndirn surinanzensis 
Arachis hypogaea 
Astragalus wootoni ( A .  

suhcinereus) 
Aauhinia japonira 
Cassia alata 
Crotnlaria spectahilis 
J>elonix regin 
Erythrina senegalensis 
Euchresta japonica 
Gleditschia tviacnnthos 

Indigofera hivsuta 
Leucaena glaura 
Lupinus  texensis 
iblimosa sepiaria 
I'arkinsania aculeata 
Peltophoruna vogeli- 

Piscidia mollis 
Prosopis glandulosa 

Robinia nana 
Robinia pseud-acacia 
Sophora angustifolia 
Sophora subprostvatu 
Tamarindus indica 
Tephrosia virginiana 
Trvifolium pratense 
Vigna sinensis 
Wistaria chinensis 

Aletris aurea 
Al l ium huller; 
Al l ium sativum 
Aloe perryi 
Asparagus chochin- 

chinensis 
Asparagus daz'uricus 
Asparagus olfic-inalis 
Aspidistra elatiov 
Hosta sieboldiana 

Ornalhogahm umbel- 

Snzilax spinosa 
Trilliunz apetalon 

Yucca arkaosann 

Yucca gloriosa 
Yurm pallida 

anum 

Liliaceae 

latum 

Loranthaceae 
A rcezithobium vugina- 

Phoradendron jlaries- 

Viscunz album 

turn 

cens 

Lythraceae 
Lngerstroemie speciosa 
Lawsonia inermis 

Magnoliaceae 
liadsura japonica 

Neoplasm 

C-1 

c-1, c-2,  
S-7 

c-1 
S-4 
c-1, c-2 
c-1, c-2 

s-10, s-13 
s-1 
c-4 
S-4 
c-l 
H-1, S-4 
c-1, c-5, 

S-2 
5-4 
c-1 
c-l 
S-4 
c-2 
c-l 
c-l c-1, c-2, 

s-12 
c-1 
c-1 
s-3 
S-3 
c-l 
c-l s- 1 
c-l 
c-5 

c-1 
C-2 
c-5, s-2 
s-l 
C-5 

c-l 
s-1 
s-3, s-10 
s-3, s-10, 

s-13 
E-l 

c-1 
c-5, s-3, 

S-10. S-13 

Re[. 

(158) 

(163, 167) 

(161) 

(167) 

(171) 
(154) 
11391 

(176) 

(164, 167) 

(176j 
(161) 
(401) 
(158, 165, 

175, 402) 
(176) 
(158) 
(167) 
(176) 
(164) 
(376) 

(158, 165) 
(163, 164, 

167) 
(161) 
(161) 
(171) 
(403) 

11611 
(164; 167) 

(154) 
(172) 

(173,401) 

(149) 

(376) 
(171) 

C-1, $12 (148, 163, 
164) 

c-1 (376) 
c-1 (376) 

c-l (148) 

C-1, C-2, (163, 161, 
s-12 167) 

M-1, S-2 (405-407) 

5-4 (176) 
S-4 (176) 

c - 5  (172) 

(Continued on next page.) 
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Plant N a m e “  

2;iriodendron tulipi- 
f e m  

Malpighiaceae 
Galplzinzia glauca 

Malvaceae 
I-libiscits rannabinus 
C;ossyJ>ialnt sp. 

Tetvaeygia birolor 
Meliaceae 

Carapa guianensir 
Pdelia azedarach 
?.lelin azedarach var. 

Suietenia niarrnphylla 
Trichdia hirta 

Menispermaceae 
CCssanzpelos poreira 

Pibraurea chloroleitce 
Moraceae 

Ficus aurea 
Ficus elastica 
Maclura porngera 

Myristicaceae 
Knema hookeriana 

Melastamataceae 

j a  ponica 

aariegata 

(M)1ristica hook- 
eriana) 

Myrsinaceae 
A rdisia elliptica 
ilfaesa ranzenlaceu 
Aiyrsine capitellatu 

Myrtaceae 
E’uraljiptzis trianthn 
Eugenia jamhos 
Eugenia javanicn 

Nepenthaceae 
Nepenthes arho- 
wzavginatn 

1Vuphar luteam 
Oleaceae 

Chionenthus retuscc 
Forsythia sp. 
Frarinus oregonu 

d coelorrhaphe arbor- 

ileria attenuata 
Bzitia n ehrlingiann 
Latania comn~ersonii 
rhoen ix pus illa 
Pbnenix rnehelenii ( P .  

P.reiidophoenix oin<fera 
Seafnrthia elegnns 

Papaveraceae 
Chrlidonium niajus 
Pupaver orientale 
Papaaer rhoeas 

Passifloraceae 
Passi,flura incavnata 

Nymphaeaceae 

Palmae 

esc-em 

humilis ) 

Phvtolaccaceae 

Neoplasm 

s-1 

S-4 

c-l 
C-2 

c-l 

S-4 
c-2,  5-12 
c-5, c-7, 

s-13 
s-4 
c-1 

E-l  

s-4 

c- 1 
s-2 
c-1, c-2 

s-4 

s-4 
5-4 
S-4 

C-1 
c-2 
5-4 

s-4 

c-6 

c-1, c-2  
c-1 
C-1 

C-2 

c-2 
C-1 
c-1 
c-1 
C-1 

c- 1 
c- 1 

235 

TABLE 11.-( ContinuPd) 
~ 

Ref. 

( 157) 

(176) 

(166) 

(166) 

(176) 

(164) 

(164) 
( l i l )  

( l i f )  
(166) 

(143) 

(176) 

( 166 1 
(396) 
(167, 376) 

(176) 

(176) 
(176) 
(176) 

(165) 
(166) 
(176) 

(176) 

(175) 

(376) 
(158, 165) 
(376) 

(166) 

(166) 
(165) 
(165) 
(165) 
(1 58) 

(15% 165) 
(165) 

c-3  (408) 

C-5, S-4, 5-8 (409) 
C-6, S-4, S-8 (409) 

c-2 (167) 

Limezinz uethiopicum C-1 (165) 

P l a n t  Name h 

Pinaceae 
Callitris quadrivaluis 

Juniperus chinensis 

Juniperus conamunis 
Juniperus lucnyana 
Juniperus sabina 
.Tuniperus sabina var. 

tanaariscifolia 
Juniperus scopulorttm 
Juniperus silicicola 
Juniperus oirgininna 

Polygala senega 

Rheum sp. 
Rheum japoniczim 
Rheum oficinale 
Rheum palmatum 
Rumex crispus 
Ruiner hyrnenosepalus 

Dryopteris margindis 
1)ryopteris Jilix-mas 

Polyporaceae 
Fomes igniarius (Poly- 

Polygalaceae 

Polygonaceae 

Polypodiaceae 

porzts igniarius) 
Primulaceae 

Antagallis sp. 

Chimaphila maculatn 

Aconitum napellzcs 
Actaea spirata 
Anemone decapetala 

Clematis chinensis 
Coptis jafionica 
Delphinium sp. 
Delphinium a.jaci.7 
Delphinium staphi- 

Hellehorus ndorrrs 
Paeonia alhi$ora 
Paeonia sufrztticosn 
Ronumulus gluber ( R .  

ternatus var. glaber) 
Rhamnaceae 

Pyrolaceae 

Ranunculaceae 

sagria 

Khanznus cathartica 
Khamnus japonica 

Khantnus puvshiana 
Rosaceae 

Agrinzonia grypnsepala 
Brayera anthelmintica 
Crataegus runeata 
Uuchesnea indica 

( Fagaria indica)  
Gezim aleppicum var. 

strictum 
Gillenia stipzrlata 
Padus racenansus 
Physocarpus npuli- 

fo l i iu  

NcoylasmC 

c-1, c-2 

c-5. c-7. 
s:3, s-’10, 
s-13 

s- 1 
S-2 
S-2 
S-3 

5-2 
5-2 
E-1, S-2 

s- 1 

C-2 
c.5 
s-1 
c-5 
s-1 
s-2, s-10 

s-l 
s-1 

s-3 

c-5 

c-l 

s-1 
c-5 
c-1, c-2 
C-5 
C-5 
C-2 
C-2 
s-1 

S-(5 
c-5 
c-5 
c-5 

s-l 
c-5,  c-7, 

s-4. c-13 
C-7 

c- 1 
s- 1 
c-5 
c-1 
c-2 

s- 1 
C-5 
C-2 

RrI. 

(158, 166, 
166) 

(171) 

(155) 
(159) 
(159) 
(159) 

(159) 
(159) 
(141, 159) 

(157) 

(164) 
(172) 
(154) 
(172) 
(154) 
(146) 

(156) 
(166) 

(410) 

(175) 

(376) 

(1.57) 

(163, 164, 
167) 

(172) 
(173) 
(164) 
(167) 
(156) 

(173) 

(411) 

( 384 ) 

(172, 173) 
(170, 173) 

(154) 
(171) 

(167) 

(158, 165) 
( 156) 
(172) 
(158) 

(166) 

(157) 
(17.5) 
(166) 

( Continued on next page.) 
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TABLE 11.-( Continued) 
~~ _ _  

Plant Nameb Neoplasm 

Prunus americana s- 1 
Spiraea ulmaria s-1 

Ruhiaceae 
Cephaelis acum,inata S-1 
Cinchona succiruhra C-5 
Gardenia jasrninoides C-5 
Genipa amevicana s-4 
ililzlssaenda glabra 5-4 
Randia densiflora S-4 
Randia spinosa s -4  
Timonius wallichiunus S-4 
Uncaria lvngifvlia S-4 
Uncaria pleropvdu S-4 
Llncaria roxburgliiana 5-4 

-4 talantia citroides C-l 
C,itrus aniblycarpa C-2 
Evodia roxburghiana S-4 
Enrodia rzitaecarpa c-5,  s-10, 

Phellodendron sp. c-1 

Rutaceae 

S-13 

Phellodendron amuren.se C-5, 11-1, 
S-4 

Sapindaceae 
Alectryon subcinereurn C-1 
Dodonaea oisco.sn c-1 
Nepheliurn longann C-5 
Sapindus senegalemis C-2 
Sapindus utilis c-1 

Achras sapota 5-4 
Madhuca indica C-1 

Sapotaceae 

(Dassia latifolin) 
Saxifragaceae 

Dichroa febrifuga x 
Hydrangea nrborescens S-1 

Veronica vir@ca S-1 

Custela nicholsoni s- 1 

Simaruba anaara s- 1 

Scrophulariaceae 

Simarouhaceae 

texuna 

Ref. 

(157) 
(155) 

(173) 
(173) 
(176) 
(176) 
(176) 
(176) 
(176) 
(176) 
(176) 
(176) 

(158, 165) 

(176) 
(171) 

(165) 
(173,412) 

(165) 
(165) 
(172) 
(166) 

(176) 
(165) 

(413) 
(155) 

(1x4) 

(156) 

(156) 

(157) 

(166) 

(158, 165) 

Plant Kame 

Solanaceae 
Cestrum paryui 
D a t u m  sp. 
Dntura stvanzonium 
Dunulie cunapanulutu 
Hyoscyamus nigev 
Lycium halirn$oIiunt 

(L .  vulgare) 
Solanuna rostratuni 

Solnnum toi.ziurn 

Cola nitida ( C. 
acuminatu) 

Sterculiaceae 

Thymelaeaceae 
Daphne rnezereuin 

A letes acaulis 
A ngelica brezlicaulis 
Anthviscus neglecta 

Urnbellif erae 

(4. vulgavis) 
COn'LUlm nRKUhtlhn% 

Pimpinella suxi;fiaga 
( P .  magnu) 

Urticaceae 
Parietaria oficinalis 

Vacciniaceae 

Neoplasm' 

c-1, c -2  
c-l 
c-1 
C-2 
c-1, c-2 
c - 2  

c-1 
S-4 

S-4 

s- 1 

C-2 
C-5 
L- 1 

c-1, c-2 

s-1 

s-1 

Polycodiztin,fEoridQlailn C-3 

Vaccinium bracteaturn C-5 

Verbena bipi7m~li.fida C-2 

Vitis candicans c-2,  s-12 

Zingiber oficinale C-5 

Peganmu harlnnla c-5 

( V7accinizi?rz fEori- 
danzim) 

Verbenaceae 

Vitaceae 

Zingiberaceae 

Zygophyllaceae 

Ref. 

(158, 166) 
(167) 
(16- 

(167) 
(186) 

(148, 161, 
167) 

(176) 

(1'76) 

(157) 

(163) 

(414) 

(18d 

(175) 

(163, 164, 
167) 

(157) 

(165) 

(166) 

(189) 

(167) 

(164) 

(13) 

(176) 

a All plants listed were considered active in the original reference against the tumor(sj indicated. Critcria for activ- 
i ty vary and undoubtedly many of the plants listed in this table exert only marginal. if any, real activity. For plant parts 
used and type extract evaluated, see original reference. bNames of plants are entered as found in thr  original reference 
except for corrections in spelling. Classification is according to  the "Index Kcwensis" and its supplemrnts (3175). Plant 
names in parentheses are preferred according to the "Index Kewcnsis." Key for neoplasms (see lefercnce for host) : C-1, 
carcinoma, CsH. mammary; C-2, carcinoma, RC, mammary; C 3, carcinoma, mammary, suontarieous; C-4, adenocarcinonia 
755; C-5, carcinoma, Rhrlich; C-A, carcinoma, renal; C-7, carcinoma, Bashford, 63; I? 1 ,  9 KI3 cell culture, L 1, leukemia, 
L-1210; 1.-2, leukemia, P-1.534; S-I, sarcoma 37; S-2, sarcoma 180; 5 - 3 ,  sarcoma, Crocker; S 4 ,  sarcoma. Yoshida; S-5, 
sarcoma Black SRL-1 . S-6 fihrosarcoma; S-7, lymphnsarcoma, unspecified; S - X ,  sarcoma, genital; S 9,  sarcoma, IIBA; 
S-10 saicoma kalker ;  'S-11; sarcoma, Ehrlich; 5-12 sarcoma UBA; S-13, sarcoma, IiF; H-1, hepatoma, ascitic; H- 
ZJyrhphoma ko .  1 ; X, active against several neoplasms (see 
referencc). 

N - 1 ,  mastocytoma, P-81.5; CIT, &hemicall; induced tumor; 

steroids and h u n d  that 25 were cytotoxic. All 
o f  thc 25 cytotoxic steroids contained an a-0- 
unsaturated lactone ring, whereas this moiety 
was abscnt in the steroids devoid of cytotoxicity. 
An inspection of the heterogeneous group of 
striicturcs making up some of the known antineo- 
plastic or cytotoxic plant constituents suggests 
that factors other than the a-8-unsaturated lac- 
tone ring arc' involved with cytotoxicity (Fig. I ) .  

Several extensive surveys for antineoplastic 
activity in plant extracts have been published. 
A majority of the studies have been carried out 

with plants collected in the U. S. (154-167), 
Japan (lG-17:3), the U.S.S.K. (174, 175), and 
most recently in Malaya (1 i(i). Correlation of 
data derived froiii these surveys is difficult be- 
cause of inconsistencies in the processing of plant 
extracts, in the test procedures, in the tumor 
systems utilized, and in the validity of data 
interpretation. 

Antimicrobial Activity.-- References cmicern- 
ing the biological screening of plant extracts are 
encountered most frequently in connection with 
thc detcrmination of antimicrobial activity. 
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IV 

0 

rm 

0 

VII 

CHO 

VI 

OH OH 

cH3dk-T&0 

IX 

VIII 

0 OH 
X 

Fis. 1.-Structures of uatural products known to have either antineoplastic or cytotoxic properties. 
Key: I, aristolochic acid (adenocarcinoma 755) (137); 11, tylocrebrine (L-1210 leukemia) (381); 111, 
eupatorin (9 KB cell culture) (144); IV, loclitierinirie (9 KB cell culture) (341); 5', podophyllotosin (sarcoma 
37, 9 KB cell culture) (141, 383);  VI, strophamthidin ( 9  KB cell culture) (149); V I I ,  elatericin A (sarcoma 
180) (392); VIII. leurocristine (P-1534 leukemia) (133); IS, monocrotaline (adcnocarcinoma 7.55) (139); 
X, polyporic acid (L1210 leukemia) (379). 

These evaluations are usually carried out by 
means of standard in aitro assays (disk, cup, 
cylinder, diffusion) utilizing a broad selection of 

pathogenic as  well as nonpathogenic microbes. 
I n  most cases, a minimum of 1 Gram-positive and 
I Gram-negative organism, usually Stafihylo- 

OH 
Cinobufotalin 

Digitoxigenin 

Cytotoxic Unsaturated Lactoiles 
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Antifungal substances from higher plants 
similarly were reviewed in 1961 by Sehgal (272). 

Of particular interest is a study by Wnter 
(273) in which he compared the antimicrobial 
properties of 2 groups of plants. One group 
included randomly collected native plants, 
whereas the second group comprised plants 
mentioned in a 300-year-old herbal which sug- 
gested that they were useful for the treatment of 
infections. Only 29.5% of plants from the 
randomly selected group exhibited antimicrobial 
activity, while 65% of plants selected because of 
their mention in the herbal were found to bc 
active. 

Karel and Roach (274) and Baron (375) have 
compiled lists of antibiotic substances isolated 
from higher plants as well as from microbes and 
other sources. 

Because of the presence in crude plant extracts 
of substances which could excrt antagonistic 
effects during the testing procedures, or which 
contain substances that stimulate the growth of 
the tcst organism and hence negate the effect of 
inhibitory substances present, new procedures 
should be developed. It would scem reasonable 
to utilize the new technique of thin-layer chro- 
matography for these studies, since a resolution 
of components in the plant extracts could be 
expected, thus separating antagonistic and/or 
microbial stimulant constituents from those 
which might be active. Developed chromato- 
grams then could be evaluated by means of bio- 
autography, as suggested by either Kline and 
Golab (276) or Meyers and Smith (277). 

Antiviral Activity.--Until the reccnt intro- 
duction of 5-iodo-2'-deoxyuridine (TDLT), 
autiviral therapy in humans was nonexistent. 
Today, IDU is useful for the treatment of acute 
ophthalmic herpes simplex infections arid is the 
only drug licensed by the U. S. Food and Drug 
Administration for the treatment of viral in- 
fection. Experimentally, TDU appears to be 
useful in the treatment of human vaccinia as well 
as smallpox infections (278). Aside from InC, 
other synthetic compounds that appcar interest- 
ing as antiviral agents are hydroxybenzylbcnzi- 
midazole, guanidine, and ~~-rnetli~-l-isatin-I-3- 
thiosemicarbazole. These cornpounds, as well 
as the problems associated with virus chemo- 
therapy, have been reviewed recently by Kaul- 
man (278). 

Herrniann (279) has suggested that natural 
products should he prefeerable over synthetics as a 
source for new antiviral agents because naturally 
occurring mixtures, whether they be plant ex- 
tracts or antibiotic filtrates, provide both a mix- 
ture of compounds, any one of which could be 

cocczis aureus and Escherichia coli, are included 
for initial screening. However, filamentous 
fungi, yeasts, and acid-fast organisms are often 
included. The studies of Lucas, Gottshall, 
Frisbey et al. are typical surveys of plants for 
antimicrobial activity (177-1 84). These in- 
vestigators screencd hundreds of cxtracts for 
inhibitory activity against S. aureus, Salmonella 
typhimurium, and Mycobacterium tuberculosis, 
and subsequent studies on the most promising 
plants by this group led to the isolation of many 
active principles (185-188). Other surveys for 
antimicrobial activity in plants native to the U.S. 
have been conducted using plants collected in 
Southern California ( I  89, 190), Pennsylvania 
(119), Florida (191, 1921, Indiana (193), Ohio 
and Michigan (194-1!17), Vermont (198), and 
Hawaii (199). The study on ITawaiian plants 
was  based on a selection of those used in that area 
as home remedies. TUC&OV (200), Kliewe and 
Hathmacher (201), Maruzzella and Henry (2021, 
and Okazaki and Oshirna (203, 204) studied the 
antimicrobial eflects of a number oi essential 
oils, a group of compounds in which antifungal 
activity is predominant. Burlage et al. investi- 
gated several plants reported to be toxic (205, 
206). Studies involving fewer numbers of 
plants, plant parts, or extractives have also been 
reported (207-217). 

Osborn (218) has surveyed more than 2300 
different species of plants collected in England, 
while Australian plants have been extensively 
examined by Atkinson et al. (219--221). The 
Australian group also surveyed a number of 
higher fungi for antimicrobial activity (222). 
Similar surveys have been conducted on the 
flora of Nova Scotia (223-2251, Brazil ( 2 2 6  
228), Mexico (228-230), India (231-234), Japan 
(168,235-2431, China (244), the Philippines (2451, 
as well as the U.S.S.R. (246-255) and other scat- 
tered areas (256-260). The antimicrobial sub- 
stances from algae (261) and mosses have re- 
cently been reviewed (262), and their presence 
was demonstrated in a number of lichens (263, 
264). Active substances in seaweed extracts 
have also been reported (265, 266). 

Nickell (2671, in a review on this area of in- 
vestigation, has tabulated results of studies 
through 1959 in which vascular plants were de- 
monstrated to elicit inhibitory action on microbes. 
Included in his tables are the plant name, family, 
class of organism(s) inhibited, type of extract 
utilized, and the plant part(s) tested. At about 
the same time, reviews on antibiotics from higher 
plants were published by Arnold (268), Virtanen 
(%9), and Drobot'ko et al. (270) which were 
preceded by an earlier review by Freerksen (271) 
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active, and a diversity of chemical structures not 
easily obtained from chemical syntheses (279). 
Ilowever, little has been published on attempts 
to detect antiviral activity in plant extracts. 
Cochran and Lucas (280) investigated extracts 
from 46 members of the Orchidaceae, 24 species of 
other higher plants, and 6 species of mushrooms 
Tor their ability to  protect mice against the polio 
virus. The orchids were selected because natives 
of New Guinea were said to use the flowers of 
certain of these species as drugs for the treatment 
uf contagious diseases. Holobasidiomycetes were 
included in the study because of previous re- 
ports that extracts from selectcd members of this 
group, i .e.,  Boletus edzilis (281) and Calvalia 
spccics (280),  were active tumor inhibitors. Most 
of the remaining higher plants tested were 
selected on the basis of suggestcd antimicrobial 
activities from the folklore. It was determined 
that 21 of 46 strains or species of orchids, 6 
spccies of mushrooms, and Hypericum perforatum, 
H .  prohficirm, illlium ampeloprasum, Ralmia 
ltztzifolia., M a c l i m  pornifera, Phellodendron amurense 
Medicago satitla, and Ribes hirtellum exerted 
varying degrees of protection against polio- 
myelitis in the infected mice. Goulet et al. 
(282) studied the effects of extracts from 12 
species of higher plants and basidiomycetes on 13 
ECHO viruses, finding that many of the 
species were active, but only against specific 
viruses. 

Taylor et al. (283), utilizing yolk-sac adapted 
vaccinia, inlluenza, eastern equine encephalo- 
myelitis, and ornithosis viruscs, evaluated ex- 
tracts from 44 different species of plants. Ex- 
tracts from 10 plants were effective in prolonging 
the survival time of vaccinia-infected chick em- 
bryos 207, or more. Four plants were effective 
against encephalitis, G against ornithosis, and 10 
against influenza. Only 3 of the plants (Aklium 
halleri, Ambrosia apters, unidentified native 
plant) produced ZO7” or greater survival against 
one or more viruses, thus substantiating the 
specificity pointed out by Goulet et al. (282). 
Twenty-two of the 44 species tested were active 
;against one or more of the viruses. 

More recently, a study in our laboratories in- 
volved the testing of extracts from 200 native 
plant species against vaccinia, polio type T I T ,  and 
pseudorabies viruses (1 19). I t  was found that 6 
of the 200 species evaluated were found to have 
activity against one or more of the test viruses 
( d p o c p z i m  sp., Asclepias incarnata, Artenzisia sp., 
:1 ster dwaricatus, XanUiium sp., Sium suave). Two 
hundred types of crude drug plants were studied 
by Goro et nl. (168) in a broad screening program 
in which extracts were evaluated for antitumor, 
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antimicrobial, and antiviral activity. Influenza 
virus was used in this study. 

With only a limited nurnbcr of studies to  
evaluate the screening of plant extracts for 
antiviral activity, it  appears that there is justifica 
tion for more extensive studies in this area. -4s 
with the distribution of antineoplastic activity in 
the plant kingdom, antiviral inhibitory effects 
have been observed in diverse taxa. However, 
from preliminary observations, it  can be noted 
that at least 13 genera of higher plants distributed 
in 10 families have been shown to elicit antiviral 
activity (Artemisia,  Ambrosia, Aster, Xanthium, 
Asclepias, A pocynum, ICalmia, Hypericum, Phel- 
lodendron, Medicago, Ribes, Maclura, A llium) . 
An inspection of the distribution of antineo- 
plastic activity in the plant kingdom (Table 11) 
discloses that only 5 of the above 13 genera have 
not given rise to at least 1 active antineoplastic 
species (Ambrosia, Iialmia, Hypericinm, Medicago, 
Ribes) . This observation, although admittedly 
based on insignificant numbers, especially those 
representing antiviral activities, suggests a re- 
lationship between antiviral and antineoplastic ~ 

cytotoxic activity. Only time and continued 
research will provide enough evidence to confirm 
this correlation. 

Antimalarial Activity: -Whereas a number of 
isolated examplcs can bc found in the folklore 
concerning plants alleged useful for the treatment 
of malarial infections, “fevers,” or for use as 
“antiperiodics,” little experimental evidence 
has been put forth to substantiate these claims. 
The most extensive survey of plants intended to 
detect substances having potential aritinialarial 
activity was that reported in 1947 by Spencer 
et al. (284). They studied the effects of several 
solvent extracts, from more than 600 species dis- 
tributed within 126 plant families, on chicks and 
ducklings infected with Pl(~smociium gallinacetsm, 
P. cathewzerium, and P. lophurae. Plants judged 
most active as a result of this evaluation were 
Hymenocallis caribaea and Cooperia pedunculata 
(Amaryllidaceae); Castela tortziosa, Simuba cedron, 
and Simaraiba amara (Simaroubaceae); Cornus 
Jorida (Cornaceae); Tlichroe febrifuga (Saxi- 
fvnguceae); Gen t ima  sp. (C‘entinnaceae); Croton 
sp. (Euphorbiaceae); Cissampelos pareira (Bi4en.is- 
permaceae); Aristolochia sp. (4ristolochiaceee); 
Datisca glomerata (Dafiscaceae) ; and Eryngium 
foetidum (Umbelliferae). Eleven of these 13 
species have been shown to elicit varying degrees 
of antineoplastic and/or cytotoxic activity (Table 
11). Only Simabn cedron and Llryrrgizimn,foeticlzim, 
of the 13 plants indicated, have not been reported 
to elicit antineoplastic activity. Castela ~ O Y ~ Z C O S U  

also has not been reported, but the related C. 
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nicholsmzi is active against sarcoma 37. Kupchan 
et 01. have shown that cissampareine is the tumor 
inhibitor of Cissampelos pareira (143) and that 
aristolochic acid is the antitumor agent in 
Aristolochia indica (13 i ) .  Datisca hirtu is a 
hybrid of Rhus glabra and Rhus typhina, and 
while i t  has not been evaluated for antineoplastic 
activity per se, both of the hybridizing species 
have been shown to be active against carcinomas 
(Table 11). 

Malaria is still a disease of importance in many 
parts of the world today, and it is necessary to 
insure the availability of safe and cffective drugs 
for the treatment of this condition. Recent 
reports indicate that the malarial parasite may 
well be developing a degree of resistance to the 
synthetic antimalarial drugs which may return 
the quinine alkaloids to their position of formcr 
importance as therapeutic agents. However, at  
least at the present time, a shortage of these 
alkaloids exists (285). In  any event, future needs 
may require a continuation of surveys such as the 
one initiated by Spencer et al. (284), and to a 
lesser degree by Carlsori et al. (195), as well as a 
study of the leads that have evolved from these 
screening reports. 

Insecticide Activity.-Rotenone, nicotine, 
and the pyrethrins are important naturally 
derived insecticidal materials. Because oE the 
economic value of insecticides in general, and 
particularly with regard to these 3 substances, 
a great deal of interest has been generated over 
the years to find new naturally occurring as well 
as synthetic substitutes. Included as part of this 
interest has been the initiation of several plant 
collection and screening programs, in addition to 
subsequent phytochemical investigations on the 
most promising plants discovered in this manner. 
McIndoo (286) has compiled all available litera- 
ture reports on plants containing potential 
insecticidal substances up to 1941, and Jacobson 
(287) has extended these compilations through 
1953. Since 1953, reviews have appeared by 
Sobotka in 1956 (288), by Ts’e in 1958 (289), by 
Hsiung (290) and Liu (291) in 1959, and most 
recently by Lipa in 1962 (292). 

Hypoglycemic Activity.-Recent evidence 
indicates that orally effective hypoglycemic 
agents can be obtained from plant sources. 
Svoboda et al. (293) have demonstrated that 6 
alkaloids from Catharanihus roseus (leurosinc 
sulfate, lochnerine, vindoline, vindolinine di- 
hydrochloride, catharanthine hydrochloride, and 
tetrahydroalstonine) are at least equal to tol- 
butamide in hypoglycemic action when ad- 
ministered orally to rats. It is interesting to 
note that the crude extracts from which the 
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alkaloids were derived failed to elicit a hypo- 
glycemic response (293). Also, the predominant 
folkloric use for C. roseus has been as an oral sub- 
stitute for insulin; however, several studies 
have failed to confirm this action. These reports 
have been summarized by Farnsworth (294). 
Examples such as this, where biologically active 
substances can occur in a crude plant extract 
which apparently is devoid of activity, serve to 
point out the frustrations encountered in natural 
product biological evaluations. 

Garcia has investigated a number of Philippine 
plants for which oral hypoglycemic activity is 
alleged through reports of their use in native 
medicine for this purpose (295-300). An extract 
from some of these plants, referred to as “planti- 
sul,” has been used with some degree of success 
as an insulin substitutc according to reports in the 
literature (296, 298-300). Tecoma species of 
plants have been used orally by the natives of 
Mexico as antidiabetic remedies (801, 302), and 
a recent report by Hammouda et al. (303) claims 
that tecomine and tecostanine, 2 alkaloids from 
Tecoma stuns, are potent hypoglycemic agents. 
Unfortunately, this report compares the activity 
of the 2 alkaloids after i.v. administration with 
tolbutamide administered orally. Similarly, vinc- 
amine, the major alkaloid of Vinca minor, has 
been reported to lower blood sugar when ad- 
ministered i.v. (304, 305). A number of coninion 
edible plants have been screened for hypoglycemic 
activity because of previous reports that each 
had been used for this effect (306, 307), and 
Mukerji (308) has reviewed the indigenous plants 
of India alleged to exert hypoglycemic effects. 
Other plants having potential oral hypoglycemic 
activity have been pointed out by Aliev and 
Kachimova (309). 

The literature on plants claiming antidiabetic 
properties is voluminous. However, the validity 
of data interpretations in many such reports must 
be considered equivocal. Surely there is a need 
to evaluate plants which have been widely re- 
ported of value when used orally for the treatment 
of diabetes. 

Although many compounds that show promise 
as hypoglycemic agents (leurosine, lochnerinc, 
vindoline, vindolininc, catharanthine, tetrahydro- 
alstonine, tecomine, tecostanine, vincamine, and 
others) have been isolated from plants, further 
studies could well prove them to be undesirable 
due to toxicity or side effects. In any event, 
these compounds represent new structures which 
could serve as models in the synthesis of active 
and safe hypoglycemic agents. 

Cardiotonic Activity.-Hoch (310) has sur- 
veyed the literature up to 1961 concerning the 
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occurrence of cardiac glycosides and genins. 
His listings, which include only coinpounds 
that have been isolated in a pure state, indicate 
that these phytoconstituents are distributed in 
39 genera of 14 plant familes. The importance 
of the cardiotonic glycosides in medicine has led 
to several extensive surveys of plants for their 
presence. Only a few surveys, however, have 
utilized biological testing exclusively to detect 
typical cardiotonic activity. Thorp and Watson 
(311), utilizing anesthetized guinea pigs, evaluated 
extracts from all of the available apocynaceous 
and asclepiadaceous plants of Australia. 
Evidence for the presence of cardiotonic activity 
was considered positive, following intravenous 
administration of a hydroalcoholic plant extract, 
when the heart slowed and contractions became 
more forceful. Typical cardiotonic activity was 
observed with extracts of Carissa, Cerbera, 
Theoetia ( A  pocynaceae), and Gomphocarpus 
(Asclepiadaceae) species. A total of 26 species 
was evaluated. More recently, Pate1 and 
Rowson (312) evaluated 33 species of Nigerian 
plants alleged to be useful as drugs. They 
utilized the isolated toad heart for detection of 
cardiotonic activity and found that species of 
A llamanda, Callichilia, Hedranthera (Apocy- 
naceae); Calotropis, Marsdenia, Pevguhriu (As-  
clepiadaceae); Vernonia (Compositae); Urginea 
(Lzliaceae) ; A ntiaris (Moraceae); Nauclea (Rubi- 
aceae); Sc?zwenkia (Sola9zaceae), and Mansonia 
(Sterculiuceae) were active. However, sub- 
sequent chemical tests for the typical cardenolide 
nucleus were negative in all of the apocynaceous 
plants tested, as well as for the species of Nauclea 
(Rubiaceae) and Schwenkia (Solanaceae). Krider 
et al. (313) evaluated a nuinber of plant ex- 
tracts first chemically €or the presence of typical 
cardenolides and then, for confirmation, tested 
all positive results by biological assay using the 
frog heart. A number of additional surveys of 
plants for cardiotoiiic activity have been re- 
ported; however, these involve only chemical 
tests which were designed to detect either the 
presence of 2-deoxy sugars or the unsaturated 
lactone, moieties considered characteristic for 
cardio-active substances. These surveys will 
be considered under Phytochemical Screening 
Approaches. 

Androgenic, Estrogenic, and Related Activi- 
ties.-The majority of literature reports in- 
volving a search for plant androgens, estrogens, 
and related materials have involved studies on 
specific folkloric rcmedies, those which have 
been alleged useful either as oral contraceptives, 
as ecbolics, or as emmenagogues. Undoubtedly, 
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the majority of the emmenagope and ecbolic 
plants derive their activity from an irritant 
mechanism such as that induced by the well- 
known plant purgatives and vesicant oils. Casey 
(314) has tabulated some 295 Indian plants used 
for these purposes in native medicine, and there- 
fore the title “295 Alleged Anti-Fertility l’lants of 
India” is misleading. Saha et al. (315) have also 
contributed a list of 377 Indian plants used for 
these purposes, many of which duplicate Casey’s 
tabulations. The work by Saha and co-workcrs 
(315, 316) also included some experimental 
studies on a few of the most promising folkloric 
ecbolic plants found on their list. They 
evaluated extracts from these plants in z .  latro on 
excised guinea pig uteri and found several to 
have marked uterine stimulant activity (315, 
316). -4 similar study, comprising IS species of 
Indian ecbolic plants, showed 10 to exert varying 
degrees of stimulant activity on uterine tissue 
in vitro (317). 

A search for effective oral contraceptives has 
been accelerated due to the alarm generated by 
the rapid increase in world population. Most 
studies have involved the synthesis of anovula- 
tory compounds, several of which have been 
made available and apparcntly are widely used. 
Administration of antispermatogenic compounds 
to the male does not appear to be a popular ap- 
proach to the problem of population control; 
however, there is some evidence that this may be 
effective as a means to prevent conception 
(318). 

Jackson (319), in a review on antifertility sub- 
stances, has pointed out a few alleged antifertility 
plants, as have Henshaw (320) and Jochle (S2l) 
in similar general reviews. DcLaszlo and Hen- 
shaw (322), on the other hand, have compilcd a 
list of 60 antifertility plants used by primitive 
people. 

Lithospermum ruderule, first reported by Train 
et al. (61) to be used by squaws of the Nevada 
Indian tribes as an oral contraceptive, has re- 
ceived considerable attention in laboratory 
studies. Several pliytocheniical investigations 
(323-325) have failed to yield the active anti- 
fertility conipound generally acknowledged to be 
present in this plant (319, 325, 3%). Gassner 
et al. (325), however, point out that certainextrac- 
tion conditions used when processing this plant 
can alter its biological activity. Similar anti- 
fertility effects have been noted for I;. oficinale 
(327, 328), hut attempts to isolate the active 
coniponent(s) have not, as yet, been successful 
(327, 329). Other plants alleged to have anti- 
fertility effects in humans, and for which some 
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(348), a fact that does not preclude the possibility 
of estrone contamination of the palm kernel res- 
idues during processing (348). Skarzynski’s 
(346) isolation of estriol froin willow catkins, on 
the other hand, was not so clearly established. 
He isolated 7.5 mg. of crystals from 65 Kg. of 
starting material and found them identical with 
estriol on the basis of comparision of microscopic 
appearance, solubility in several solvents, ultra- 
violet spectrurn, melting point of acetyl deriva- 
tives (l2ti0), and, in addition, the mixed melting 
point of the isolate and authentic estriol was de- 
pressed only lo.  However, the major diffcrcnce 
was that the estrogenic activity of the isolate 
was only one-fourth that of estriol (34;-348). 
From these data, and on the basis of subsequent 
negative efforts by Jacobsohn et nl. (34T), it  
appears that the presence of estrone and estriol in 
higher plants, as well as steroid estrogens in 
general, remains to be demonstrated unequivo- 
cally. 

Converscly, a potent estrogcnic activity from 
Butea superbn, assaying a t  about 900,000 mouse 
units/Kg. has been reported (349). Physical 
data presented for the compound responsible for 
this activity are insufficient for its characteriza- 
tion; however, from all available data, i t  appears 
to lack the qualifications of a stcroid (349). 
Much of the controversy that has developed over 
the relative estrogenic potency of plant extracts 
resides, no doubt, in the selection of an ap- 
propriate biological assay. Biggers (342) has 
critically reviewcd methods that have bccn 
applied to  thc detection of estrogenic activity in 
plant extracts, while Clieng et al. (345) have 
specifically surveyed the literature on the estro- 
genic activity of naturally occurring isoflavones. 
Also, a broad review on plant estrogens, encom- 
passing all areas of the subject, has been pre- 
pared by Bradbury and White (3441. In the 
latter publication, a list of 55 species of estrogenic 
plants, representing 49 genera and 28 families, 
has been tabulated. 

Further exploitation of the plant kingdom for 
this interesting and potentially useful group of 
phytoconstituents, through a broad biological 
screening program, could very well be rewarding. 

General Pharmacological Screening.- 
Malone and Robichaud have remarked on general 
screening as follows: 

“The basic premise of pharmacologic screening is 
riot to aflow true biologic act ivi ty  to g o  undetected 
even though the activity may be new, unexpected 
and unique. The initial screening procedure must 
unequivocally establish this activity as well as its 
probable nature in order to indicate the C U U ~ S C  uf 
further, more specific pharmacologie evaluation.” 
(98). 

validating evidence in animals has been re- 
ported, are Mallatus philipfinensis (330, 331), 
Polygonum hydropiper (3321, Psornlea corylifera 
(333), Capsella bursa pastoris (334), Sanguisorba 
qficinalis (335), Withania somnifera (336) ,  
Puniczm granatum (331), and Jatropha curcns 
(33i), as well as others (338). 

Although no antifertility screening programs 
involving large numbers of plants have been re- 
ported in thc literature, scattered laboratory 
evidence exists suggesting this area as a fertile one 
for development. The discovery of an orally 
effective, nonsynthetic antifertility agent, oc- 
curring free in nature could possibily be an ac- 
ceptable answer to the question of population 
control. 

More specifically, several examples of estro- 
genic and androgenic activity in plant extracts 
have been reported. Androgenic activity has 
been associated with cinchona bark (339) and 
with Rhynchosin pyramidalis (340), but these re- 
ports lack confirmation. In the latter instance, 
we have found no evidence of activity in R. 
pyramidalis using the standard androgen assay 
with castrate rats, following either oral or i.p. 
administration of extracts (341). No example 
of a steroid estrogen isolated from plants thus 
far has been reported, the majority of the estro- 
genic activities being attributed to isoflavones 
or related structures. These compounds, (iso- 
flavones), probably because of their struc- 
tural relationship to stilbestrol, are generally 
acknowledged to be weakly estrogenic, i . e . ,  
genistin, genistein, biochanin A, prunetin, cou- 
mestrol (3421, phloretin (3431, and the plant 
stilbcncs (342). This area has been reviewed 
extensively by Biggers (342), Bradbury and 
White (344), and by Cheng et al. (345). 

Although estriol (346) and estrone (347) have 
been reported isolated in crystalline form from 
female willow catkins and palm kernel residues, 
respectively, and represent the only apparently 
clear cut examples for the isolation of steroid 
cstrogens from plants, these reports have re- 
cently been challenged by Jacobsohn et al. (348). 
Jacobsohn and co-workers were unsuccessful in 
their attempts to duplicate the isolation of estrone 
from palm kernels, even though the methods 
used must be considered highly sensitive and 
usually effective for this type of work. There is 
little doubt that Butenandt and Jacobi (347) did, 
in fact, isolate authentic estrone (18 mg. from 
50 Kg.) of palm kernel extracts. However, 
the extract froni which the isolated estrone was 
derivcd had been previously prepared and sup- 
plied by the Schering-Kahlbaum, AG, Berlin 
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These workers have proposed a “Hippocratic 
Screen,” utilizing normal unanesthctizcd rats, 
for the detection of biological activities in crude 
plant extracts. Using a modification of this pro- 
cedure, which we rcfer to as the “Mouse Behavior 
Screen,” extracts from 200 native plants have 
been evaluated for biological activity with the 
rcsults being categorized as follows: (a) CNS 
depressant (weak, toxic, etc.), (b) CNS stimulant 
(weak, toxic, etc.), (c) autonomic (weak, toxic, 
etc.), (ti) mixed CNS stimulant and CNS de- 
pressant, (e) other types of activity (119). I t  
is our intent to continue this type of evaluation 
arid attempt to correlate characteristic biological 
effects of plants with their respective taxonomic 
position and thus develop an area of so-called 
‘ ‘ B iotaxonomy . ’ ’ 

Similar evaluations of plant extracts have 
heeti made on 163 West Indian medicinal plants 
(95-97). In addition, these workers have included 
i t z  ilifuo or in oivo studies or 5.5 extracts (95) on 
guinea pig ilcum, rat uterus, rabbit duode.num, 
isolated rabbit heart, and also on dog respiration 
and blood pressure, the rat  stomach fundus 
(5-HT activity), and the rat diaphragm phrenic 
nerve preparation. The remaining I 08 plants 
were evaluatcd in a similar manner, although not 
so coiripletely (96, 95). 

Train ei al. ((i l) ,  using plants alleged to be use- 
I‘ul in Nevada Indian folk medicine, evaluated 
some 100 spccics of plants for their effect on rabbit 
ileum and for effects on dog blood pressure and 
respiration. 

If an investigator in search of 1,iologically 
:tcLive plant materials has no prior ethnobotanic 
or hiosystematic knowledge of his investigational 
material, studies such as these are invaluable to 
supply a justification for contiriued and detailed 
I)hytochemical analysis. 

Miscellaneous Phytopharmacological Sur- 
veys.-In addition to the more extensive 
screening programs describcd above, a number of 
additional efforts hare been carried out, usually 
on fewer specimens of plants, involving the search 
for biologically active compounds. Horchers and 
Ackerion (XSO), in a scarch for trypsin inhi- 
tiitms, examined the seeds of 38 species of plants. 
Similar substances which inhibited the growth of 
rats and chicks had been reportcd in legume seeds 
(XOj. The inbibitor was found in all Legumi- 
P I O S Q C  seed samples analyzed, but it was absent 
from Y seed samples representing other plant 
iami I ics. 

In a search for new hunian plasma cho- 
linestcrase inhibitors, Orgell has studicd extracts 
from a large number of  plant species (351-353), 
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in addition to several alkaloids (354) and other 
purificd natural suhstances (35.2). Inhibitors 
have been found in extracts from plants in 11 
families, and among the inhibitory compounds are 
riboflavin, bishydroxycoumarin, aloin. narin- 
genin, and some 26 different allmloids, the 
majority of which are indoles (354). Orgell has 
suggested that cholinesterase inhibition tech- 
niques may bc useful for the detection of certain 
alkaloids and glycosides in plant extracts or crude 
drugs (:%54). 

Srivastava et (LZ. (353) screened 11 species or 
Indian plants for fibrinolytic and anticoagulant 
activity using rather simple in oitro methods. 
Recently, a simple test tube arrarigcment de- 
signed for the rapid evaluation o f  compunds for 
fibrino1yt.k activit-y has been described that could 
be adapted for use in tlie rapid screening of large 
tiumbers of plant samples (35G). 

Several extensive surveys of plant material 
have been reported in the literature with the 
intent to discover new hemagglutinins (phyto- 
hemagglutinins) that might serve as useful blood- 
typing reagents (357-370). The most recent 
of these surveys included the evaluation of seed 
extracts from 31 1 species of plants, representing 
42 families, against 24 different hemagglutinating 
antigens (368). Specific positive reactions were 
given by 17 species in 12 families, exclusive of the 
Leguminosae, whereas 32 of 45 Legtiminome 
species gave similar specific results. A number 
of additional plants from both groups gave non- 
specific hemagglutination reactions. Scherbjs and 
co-workers have drawn attention to the need for 
a continuation of similar screening prograins and 
for the subsequent investigation of the more 
promising plants which give spccilic reactions 

Although remarks in this section of thc review 
have been directed principally toprobleiiis and ap- 
proaches involved in tlie detection of biologically 
active substances in higher plants, other fertile na- 
tural product areas remain essentially untapped. 
The biological activities of algae: (37 1 ,  372),  
planktoti (371), and marine biotoxiris (373, 374) 
point to this fact, and the prospect of discovering 
new antibiotic producing organisms in the sea 
should stimulate the fins and gills in inany a 
natural product investigator. 

(368). 

PHYTOCIIEMICAL SCREENING 
APPROACHES 

Ultimately, the goal in surveying plants foi 
biologically active or medicinally useful com- 
pounds should be to isolate the one or more 
constituents responsible for a particular activity. 
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eliciting biological activity, no attempt will be 
made in this review to be all inclusive. This 
section of the review will be restricted to some 
general considerations of phy tochemical screening 
methodology, followed by discussions of those 
categories of phytoconstituents which have been 
represented in major published surveys of screen- 
ing programs. These will include: alkaloids, 
glycosides as a general class (heterosides), 
saponins (steroid and triterpenoid), sterols, car- 
diac glycosides, cyanogenetic gl ycosides, isothio- 
cyanate glycosides, anthraquinones, flavonoids 
and related compounds, tannins, and coumarins 
and related compounds. Surveys which have 
been conducted for each of these categories will be 
discussed along with the general methodology 
involved. The examples to be cited are intended 
to be representative of each class and are not 
meant to include all available puhlished data. 

Hence, with thc selection of a specific plant for 
phytochemical investigation, either on the basis 
of one or more approaches set forth under 
Phytopharmacolngic 11 pproaches, or through some 
other avenue, phytochemical screening techniques 
can be a valuable aid. 

Certain investigators feel that an initial selec- 
tion of investigational plants should be made, not 
on evidence that extracts elicit a particular and 
interesting biological activity, but rather on the 
basis that certain chemicals are present in the 
plant, rclatives of which can usually be associated 
with biological activity. Thus, some investiga- 
tors will select initially only allraloid-containing 
plants for study on the premises that (a )  alkaloids 
normally exert some type of pharmacologic 
activity, usually on the central nervous system, 
but not always so; ( b )  the greatest majority of 
natural products used in medicine today are 
alkaloidal in nature; (c )  tests for the presence of 
these compounds in plants are simple, can be 
conducted rapidly, and are reasonably reliable, 
and (d )  because of their chemical nature, alkaloids 
are more easily manipulated making extraction 
and isolation less of a problem. In addition, 
economics, as well as other factors associated with 
biological testing, often force the investigator to 
pursue a phytochemical approach. However, 
should a ph ytochemical group other than al- 
kaloids be selected for investigation, say the 
flavonols, the diversity of expected biological 
activities can be enormous. Willaman has 
surveyed the literature and has found that at 
least 137 natural flavonoids are known, occurring 
in some 62 familics, 153 genera, and 277 species 
of plants (415). Also, some 33 different phar- 
niacologic or biological activities have been re- 
ported lor one or more of 30 favonoids (415). 
More recently, Horhaiiimer and Wagner have 
reviewed the same area, and these numbers are 
therefore to be increased (416, 417). Also, 
Orzechowski has considered the role of flavonoids 
as therapeutic agents (41 8). Along similar lines, 
the courriarins have been reported to exert some 
31 different biological effects, and according to 
Soine, their full range of pharmacologic activities 
is not appreciated by most investigators (419). 
Other examples pointing out the complexity of 
expected biological effects for any one category 
of phytoconstituents couJd, of course, be made. 
In  any event, publications representing the 
phytochemical screening approach far outweigh 
those following phytopharmacologic avenues, 
not only in numbers ol reports, but in representa- 
tion of total plants examined. 

Since the numbcr of chemical categories of 
plant constituents is great, and each is capable of 

General Considerations 

A method for use in phytochemical screening 
should be (a)  simple, (b)  rapid, (c )  designed for a 
minimum of equipment, (d) reasonably selective 
for the class of compounds under study, (e) 
quantitative in so far as having a knowledge of 
the lower limit of detection is concerned, and if 
possible, (f) should give additional information as 
to the presence or absence of specific members of 
the group being evaluatcd. Most published 
procedures adhere to criteria (a )  through (d) ,  
but few are designed to provide the information 
included in ( e )  and (f). In fact, certain pro- 
cedures cannot be duplicated because of insuf- 
ficient details included in some reports. For 
example, Arthur and Cheung (420), in a phyto- 
chemical survey of Hong Kong plants, screened 
332 species for alkaloids. They equated the 
precipitates observed following the addition of 
standard alkaloid precipitating reagents to re- 
sults obtained by adding the same reagents to 
standard solutions of 1 : 100, 1 : 500, 1 : 2500, and 
1:10,000 quinine sulfate. It is implied that 
water was the solvent. However, the solubility 
of quinine sulfate is stated to be 1 Gm. in 810 ml. 
of water (421). Along similar lines, Wall et al. 
(422) have used the cyanidin test for the detection 
of the y-benzopyrone nucleus as indicative of the 
presence of flavonoids. They compare a test 
result color with a similar color produced by a 
0.1% solution of rutin and equate it as a (+) 
reaction. Their extraction solvent is 95% 
ethanol (but fresh plant material was often 
extracted which would decrease this percentage 
considerably), and rutin is stated to be only 
slightly soluble in ethanol and soluble about 1 
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Gin. in 8 L. of water (421). We find that the 
maximum solubility of rutin a t  room tcmperature 
is about 0.02% for both 80 aud 95% ethanol. 

Webb, using a field method, estimated alkaloid 
precipitates with reagents on a + to ++++ 
basis but used no reference for comparison 
(423, 424). IIe also states, “. . . On the other 
hand, while the method may yield a percentage of 
‘false positives,’ it has never failed to detect 
spccics with alkaloids” (424). If the initial Geld 
test did indeed fail to detect alltaloids, pcrhaps 
because of a low concentration in the plant, how 
could it be determined that the test was infallible 
when only field test positive spccics were col- 
lected for more specific laboratory examination? 

One of the most important and fundamental 
considerations in designing a phytochemical 
screening procedure is the selection of a proper 
extraction solvent. It is often difficult to follow 
general or expected solubility rules for a given 
class of phytoconstitucnts since there are often 
substances of unknown character present in 
crude plant extracts that affect solubility. 
For example, Woo (425) has reported the effect 
of saponin in plant extracts on the solubility of 
certain normally insoluble compounds using 
selected solvents. Apparently saponin acts as a 
wetting agent to enhance the formation of 
miccllcs; thus, an increase in solubility of certain 
constituents is eflected. This phenomenon has 
been noted through the use of synthetic deter- 
gents to enhance the solubility, and thus extract- 
ability, of alkaloids from Cinchona (126). , S’ ince 
saponins, or other similar surface-activc agents, 
do not occur universally in plants, prediction of 
general solubilities for a class of phytoconstituents 
precipitates a major problem. In our laboratory 
rt-hexane-soluble extractives from C7nthnranthus 
lanceus were found to be rich in allraloids. Sub- 
sequent isolation of individual akaloids from the 
crude mixture proved them to be totally insoluble 
in n-hcxarie. Presumably the alkaloids occur in 
the plant, a t  least in this insSmcc, dissolved in 
some lipid material, thc latter being soluble in 
n -1iexane. 

No solution is olTered for these problems 
involving solubility except to say that extract 
residues should always be examined with a variety 
of solvents to  determine whether abnormal solu- 
bility phenomena have occurred. 

Even though a great many problcms are pre- 
sented by the diverse methodology utilized by 
irivcstigators in phytochemical screening, much 
uselul information can he derived from published 
studies. Positive test results are usually clear 
cut and only the possibility of false-positive re- 
sults need be further explored. Negative results, 
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on the other hand, must be carefully weighed in 
terms of being due to a real abscncc of the test 
material in thc sample being evaluated, or to the 
methodology employed. 

Alkaloid Screening 

Prior to a consideration of scrccnirig plant 
material for alkaloids, it  would seem in ordcr to 
define the term “alkaloid” as used in this review; 
however, the nature of the word itself precludes 
anything more than a vague definition. Anyone 
familiar with alkaloids surely has a knowledge of 
their character, liut seldom can one give an ac- 
ceptable definition. ,Most authorities agree that 
chemical, botanical, and pharmacologic implica- 
tions must be reflected in an acceptable definition. 
Hegnauer’s (427) suggestion that: 

“Alkaloids arc more or less toxic substances which 
act primarily on the central nervous system, have a 
basic character, contain heterocyclic nitrogen, arid 
arc synthesiLed in plants from amino acids or their 
immediate dcrivativcs In most caseq they arc of 

limited distribution in the plant kingdom.” 

seems as acceptable as any. For purposes of this 
discussion we will utilize Hegnauer’s concept 
except, of course, we cannot be concerned with the 
site or mechanism of synthesis. Thus, com- 
pounds such as aliphatic nitrogenous bascs 
(ephedrine), amides (colchicine) , and the amino 
acids (thiamine) theinselves will not he con- 
sidered as alkaloids. 

Estimates for the distribution of allialoids in 
vascular plants have been placed as high as 15- 
20% (427), although this figure appcars somewhat 
high with respect to data derived from several 
extensive phytochemical screening programs. 
Wall et nl. (423, 428435) have screened more 
than 4000 species of plants and report a distribu- 
tion of about loo/, alkaloids. Webb (424) in his 
experience with some 1700 species indicates 
alkaloid occurrence to be about 14yo, whereas thc 
Smith Kliiie Sr French survey found that about 
10% of 25,000 species screened were psit ive for 
alkaloids (436). Since a few or these un- 
doubtedly will be determined through future 
studies to  be false-positive alkaloid containing 
species, 9-l0u/, seems to be the more logical esti- 
mate representing alkaloid-yielding plant species. 

A41kaloids are widely distributed in the plant 
kingdom, although certain groups have been 
shown to be characteristically devoid of them. 
Excellent essays on this subject have been pub- 
lished by Willaman and Schubert (93, 94) and 
by Webb (424). The handbook of alkaloid-bear- 
ing plants by Willaman and Schubert is also 
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useful to establish this relationship among plant 
taxa (437). 

Since alkaloids usually occur in plants as their 
water-soluble salts, some workers believe that 
extraction with acidulated water can result in a 
crude extract which can be tested directly with 
one or more standard alkaloid precipitating 
reagents. Other workers feel that the presence 
in such an extract of materials that are capable of 
giving false-positive alkaloid tests necessitate a 
purification procedure before valid results can be 
obtained. This is usually accomplished by the 
addition of hase and subsequent extraction with a 
water-immiscible organic solvent. The organic 
extract can then be tested by application to filter 
paper, drying, and dipping or spraying with an 
alkaloid detecting reagent that gives a chromo- 
genic response with alkaloids. If the latter 
method is not prefeired, the organic solution can 
be re-extracted with dilute acid and the usual 
alkaloid precipitating reagents added to separate 
portions of this acid extract. 

Another method of removing impurities that 
are capable of giving false-positive tests f ie . ,  pro- 
teins) from an initial aqueous acidic extract is 
to “salt out” these materials by the addition 
of powdered sodium chloride. An additional 
procedure for alkaloid detection could be based 
on the addition of alkali directly to the powdered 
plant sample, followed by extraction with an ap- 
propriate organic solvent. This extract could 
then be purified by partition as described above, 
or he tested directly. 

With respect to these general methods, certain 
anomalies have been reported in the literature 
which should be pointed out. There is no impli- 
cation that these examples are frequently en- 
countered in alkaloid screening; however, one 
should be aware that they do exist. Certain 
plants (ix., Saussurea Lappa) are known to con- 
tain labile nonbasic constituents and may yield 
nitrogenous materials (pseudoalkaloids) on extrac- 
tion with aiiiinoniacal solvents (438), while 
others contain alkaloids that are susceptible to 
modification by acidic reagents (438). That 
proteins, which may be present in aqueous or 
acidic aqueous plant extracts, can precipitate on 
the addition of heavy metal alkaloid precipitating 
reagents and thus yield false-positive tests, is 
well established (438-444). Such proteins can 
be removed by treatment of the extract with 
sodium chloride prior to the use of the heavy 
metal reagent, a procedure which usually salts 
out the protein (438). However, alkaloids such 
as alstonine may he quantitatively precipitated 
as hydrochloride under these conditions (438). 
In the treatment of a crude plant extract to re- 
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move impurities by the acid-base-organic solvent 
-acid procedure, it  is quite possible that plants 
containing water-soluble alkaloid bases will go 
undetected. Quaternary bases, amine oxides, 
betaines, and choline would fall into this category 

Variability of results in alkaloid testing of plant 
material can be induced by a number of factors 
such as age, climate, habitat, plant part tcsted, 
season, time of harvest, chemical races of plants, 
sensitivity of alkaloid type to reagents, etc. A 
few cxamples regarding these factors should 
serve to point out their importance. GeGera 
salicifolia was found by Webb to give consis- 
tently better alkaloid tests as the broad leaf 
form, than the narrow lcaf form, even when the 2 
werc growing side by side in the field (424). 
In certain groups of plants (i .e. .  Compositue), 
alkaloids often are found only in or near the 
flower tops (4381, and in the Apocynaceae, 
alkaloids generally tend to concentrate in the 
root or bark, often to the exclusion of other parts 
of the plant (438); thus, the proper selection of 
plant parts for testing is quite important. To ob- 
tain equivalentresults, quantitation of prccipitatcs 
obtained with alkaloid reagents is not always 
possible, especially when comparing different 
genera or families. This is exemplified through 
knowledge that Galb.ulimima baccata (Himantnn- 
draceae) was found to be rated a Jr+++ in 
field tests and subsequent analysis resulted in a 
yield of O . O l - O . O 5 ~ ,  of 4 allialoids. A ++++ 
rating for DnplmanJra aromatica (Monimiaceae) 
was determined in the field and subscquent an- 
alysis in thc laboratory yielded 6+yo of crude 
alkaloids (424). Anfireha putaminosa (Rz~bi- 
aceae) loses 50% of its alkaloid after 2 months’ 
storage, and high alkaloid decomposition rates 
have also been noted for A, tennuifoh, Randia 
racemosa. and Gardenia ailhelmii, 3 additional 
rubiaceous plants (424). Silica gel drying of 
Antirhea tennzujdin for 1 month resulted in ma- 
terial that gave a + + + + alkaloid test, whereas 
this same plant dried in the shade for I month 
gave a negative alkaloid test (424). Acro-  
nychia baueri, on the other hand, gave strong 
alkaloid positive tests when 124-year-old her- 
barium specimens were evaluated (424, 445). 
Along similar lines, Kaffauf and Morris have re- 
ported that a plant sample identified as Nico- 
tiana aftenuata (Solanaceae) , and estimated to 
be some 1300 years old, gave positive alkaloid 
tests (446). Duboisia myoporoides yielded 37 ,  of 
hyoscyan~ne when harvested in October, but 
when harvested in April of the same year, 3yo 
hyoscine was isolated (424). Examples of 
alkaloid decomposition as a result of milling 

(438). 
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TAnLE III.-SOME USEFUL ALKALoID PRECIPITATING REAGENTS 
~ ~ 

Name Comp. Ref. 
Bouchardat Iodinc--potassium iodide (493, 504) 
Dragendorff Bismuth potassium iodidc (447,496, 604,632) 
Ecolle Silicotunzstic acid (447.732) 
Gold chloride 
Hagcr 
Kraut 
Marme 
Mayer 
Platinum chloride 
Scheibler 
Sonncnschein 
Valscr 
Wagner 

Chlorauric acid 
Picric acid 
Iodine-zinc chloriodide 
Cadmium potassium iodide 
Potassium mercuric iodide 

(493 j 
(448) 
(447) 
(447) 
(447,448,452,453) 

Chloroplatinic acid (448, 493, 781) 
Phosphotungstic acid (448) 
Ammonium phosphornolybdnte (496) 
Potassium mercuric iodide (452) 
Iodine potassium iodide (496) 
Bismuth antimony iodide (782) 
Bromauric acid ( 783 ) 
Bromoplatinic acid (497) 
Bromothdllic acid ( 784 
Picrolonic acid (785) 
Sodium tetraphcnylboron (786) 
Trinitroresorcinol (787) 

___- 

dried plant material have also been cited (424). 
These examples should suilice to point out just a 
few of the problems encountered by the natural 
product investigator who is interested in the de- 
tection and isolation of biologically active alka- 
loids. 

Alkaloid Detecting Reagents 

For detecting alltaloids in phytochetnical 
screening, two types of reagents are available, 
i.e., alkaloidal precipitants and spray or dip 
reagents. Table I11 lists 20 precipitating rc- 
agents commonly used for the detection of alka- 
loids, whereas Table IV presents 15 reagents 
that  were used in 45 recent phytorhemical sur- 
veys for alkaloids. At least 2 reagents were 
used in 38 of the surveys, while 7 surveys de- 
pended solely on 1 reagent to  establish the pres- 
ence of alkaloids. Because of the variable sensi- 

T A B L E  I\’.- -ALKALOID DETECTING REAGENTS 
EMPLOYED IN SCREENING PROGRAMS 

___- __ 
Surveys Used 

Reagent in,‘ No. 
Maycr’s rcagcut 39 
Silicotungstic acid rcagcnt 23 
Dragendorff’s drop reagent 19 
Wagner’s reagent 11 
Ilragendorff’s spray reagent 10 
Sonnenschein’s reagent 9 
Hagcr’s reagent 7 
Bouchardat’s reagent 3 
Phosphotungstic acid 2 
‘Valscr’s rcagcnt 1 
Chloroplatinic acid reagent 1 
Chlorauric acid reagent 1 
Sodium tctraphcnylboron reagent 1 
Ammonium rcincckate reagent 1 
’rannic acid rcagcnt 1 

” T w o  or more reagents were used in 38 randonily selecled 
:;urveys; 1 reagent only was employed in 7 surveys. 

tivitirs ol these reagents and because of their 
nonspecificity for alkaloids, many investigators 
utilize 4 or 5 reagents in their screening of plant 
extracts, and only samples yielding precipitates 
with all reagents are considered to  contain a k a -  
loids. Fulton (447) has tabulated some 200 
of these reagents and presents a great deal of 
information concerning their specificity and 
scnsitivity. A series of papers by Munch et al. 
(445451) is concerncd with the effect of 17 
different alkaloid detecting reagents on several 
classes of nitrogenous bases. Travel1 (452) has 
studied the sensitivity of Mayer’s and Valscr’s 
reagents, both solutions of potassium mercuric 
iodide, with the former prepared from mercuric 
chloride and potassium iodide and the latter 
from mercuric iodide and potassinrn iodide. 

The reagent uscd by most investigators for 
phytochemical screening is essentially the same 
formula that  Mayer originally introduced in 1862. 
Several investigators have demonstratcd, how- 
ever, that  the original formula is perhaps the 
least sensitive for alkaloid detection, in compari- 
son with many proposed modifications (452- 
454), and Travel1 (453) has conclusively demon- 
strated the superiority of Valscr’s over Mayer’s 
reagent. In  our laboratories we have compared 
the sensitivity of several common alkaloid pre- 
cipitating reagents using 40 different alkaloids 
and representing several different chemical 
types (454). The reagents tested wcre Mayer’s 
(3 formulas), Valser’s, Wagner’s (2 formulas), 
Bouchardat’s, Hagcr’s, Scheiblcr’s, silicotungstic 
acid, Dragendorff’s, Marme’s, gold chloride, and 
Sonnenschein’s. It was demonstrated in this 
study tha t  the various reagents exhibit wide dif- 
ferences in sensitivity lor structurally dissimilar 
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alkaloids. None of the reagents would detect 
ephcdrine a t  a concentration ol 0 1%, hut Wag- 
ner’s, Bouchardat’s, Dragendorff’s, and Scheib- 
ler’s each detected all of the other alkaloids a t  
conccntrations ranging from 0 001 to 0.170. 
Hager’s, Marine’s, and gold chloride reagents 
were by far the least effective detecting re- 
agents, failing to react with 13, 12, and 10, re- 
spectively, of the 40 test alkaloids All  3 of 
the Mayer’s formulations were inferior to Valser’s 
reagent with respect to sensitivity and speci- 
ficity of alkaloid detection (454). It should 
bc pointed out that the majority of these 
precipitating reagents niust be used to detect 
alkaloids only in acid solution, and further- 
more, that a largc number of naturally occurring 
non nitrogenous plant principles will react to 
give false-positive tests. These will be discussed 
subsequently. 

Investigators who prefer to use spot tests, or 
those who prefer to chromatograph concentrated 
plant extracts for the detection of alkaloids. 
have a variety of available rcagents The most 
widely utilized, however, are modifications of the 
original Dragendorff drop test reagent, which 
produce orange to red colors with most alkaloids 
Although a number of modified formulas have 
been proposed, each reported to have advantages 
over the others, the 2 most frequently utilized 
in phytochemical studies are the 1951 Munier 
and Machehoeuf (455) and the Thies and Reuther 
(456) modifications A literature search has re- 
vealed the availability of at least 15 modifications 
of the Dragendorff spray reagents (457-471) 
We were prompted to  study the stability and 
sensitivity of one of these modified rcagcnts since 
a number of published reports had commented 
on the need for their storage tinder refrigeration 
with concomitant protection from light. It was 
determined that prepared concentrates of the 
1951 Munier-hlachcbocuf Dragendorff’s reagent 
required a storage period of ahout 1 week prior 
to its use in the preparation of the diluted reagent. 
Also, the diluted spray reagent should be stored 
for a minimum ol 1 week prior to its use for 
alkaloid detection in order to obtain maximum 
sensitivity. The reagent maintained its stability 
and scnsitivity for a t  least 6 months and no 
special storage conditions were found necessary 
(472). 

Some alkaloid detecting reagents are a\ ailable 
which on reaction with certain groups of alka- 
loids, or with specific functional groups, produce 
characteristic chromogenic responses These can 
be of considcrable value in screening work, but 
only after alkaloids have been determined in the 
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sample being evaluated. A selected list of 
general as well as spccific chromogenic rcagcnts 
has been prepared and is presented in Table V. 

False-Positive Alkaloid Reactions.-Mech- 
anisms for the reaction between alkaloids and 
detecting reagents are dependent chiefly on the 
chemical character of the reagent. Fulton (447) 
classifies alkaloidal prcdpitants as (a) those 
which react with basic compounds (alkaloids) 
to form insoluble salts; cxamples are silico- 
tungstic, phosphomolybdic, and phosphotungstic 
acids. ( b )  Those which react with alkaloids as 
loose complexes to  form prccipitates; examples 
are Wagner’s and Bouchardat’s reagents (iodine- 
potassium iodide). (c )  Those which react to  
form insoluble addition products through the 
alkaloid nitrogen ; examples are the complex 
heavy metal salt reagents, Mayer’s, Valser’s, 
Marme’s, and Dragendorff’s. And (d) thosc 
which react through the attraction of organic 
acids with basic alkaloids to form insoluble salts. 
An example of such a reagent would be Hager’s 
(picric acid). Obviously, these are rather non- 
specific reactions and a number of nonalkaloidal 
plant constituents should be expected to pre- 
cipitate also from solution on the addition of these 
reagents to crude plant extracts. These false- 
positive reactions are most liable to occur when 
testing an extract that has not been treated by a t  
least one acid-base-organic solvent purification. 

The most frequent false-positive reactions 
have been attributed to the presence or proteins 
which precipitate on the addition of h c ~ ~ v y  metal 
containing rcagcnts (423, 438-444). Included 
in this category are “albuminous substances” 
(452), peptones (466), and ptomaines (441, 447). 
At least one textbook has indicated that amino 
acids will also precipitate with the general 
alkaloid reagents (444). However, a study by 
Winek and Fitzgerald (473) appears to disprove 
this allegation. A4mong other substances re- 
ported in the literature as the cause of false- 
positive alkaluid reactions arc certain glycosides 
(444, 474), and carbohydrates (474), betaine 
(-l-BX, 439, 473), choline (474), purines (439), 
inethylated ainines (439), tannins (4%), and 
ammoniuin d t s  (439, 466). Recently, we 
were able to show that previous positive alkaloid 
tests reported for extracts of Piper  methysticum 
were due to the or-pyrones: kawain, dihydro- 
kawain, methysticin, dihydromethysticin, and 
yangonin (475). This prompted an investiga- 
tion of the mechanism by which nonalkaloidal 
compounds are able to elicit a positive reaction 
with an alkaloid detecting reagent, in this case 
the modified Dragendorff reagent. It was de- 
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TAHLE  GENERAL AND SPECIFIC ALKALO~D REAGENTS FOR CHROMATOGRAPHY 
~ 

~ 

~~ 

~ 

Alkaloid Type 
Siniplc airlines 

Free and phenolic-bound OH groups 
Aryl aiiiines 

Secondary aliphatic and alicyclic amines 
Methylene oxide group 
Piperidine-pyrrolidine 
Pyridinc 
Purines 
Morphine 
Steroid glycoalkaloids 
Cholinc and related compounds 

lrldoles 

I ndoles, 8-substituted 
Indolcs, 5,6-dihydroxy 

Ittdoles, ergot 

Tndolcs, yohimbine type 
Miscellanenu~ (special application\) 

Gcncrel alkaloid rcageiits 

- 

Reagent 
1 -F’liioro-2,4-dinitroh~iizi~iie 
Ninhydrin 
Potassium ferricyanide-FeC13 
Chromosulfuric acid 
Glucose-H3P04 
Sodium nitroprusside 
Chromotropic acid 
Isatin-acetic acid 
Konig’s reagent 
Broniiue vapor 
Ehrlich’s reagetit 
Vanilliu-H:iPO~ 
Chargraff’s reagent 
Hydroxamic acid-FeCl? 
Dragendorff’s, modified 
Dipicrylamine 
Aminopyramidine 
Ceric ammonium sulfate-H3P04 
Ceric sulfate-HzSOe 
Ciunamic aldehyde-HC1 
Perchloric acid-FeCla 
2,6-Dichloroquinonechlorimidc 
Van Urk’s reagent 
Prochaska’s reagent 
Keller’s reagent 
Van Urk’s reagelit 
Ehrlich’s reagent 
Hopkin’s-Cole reagent 
Salkowski reagent 
Gibb’s reagent 
Folin and Ciocaltcu’s rcagcnt 
p-Dimcth ylaminocinnamaldeh yde 
Acidic oxidiziiig reagelit 
Terephthalaldehyde 
Nitrose reagent 
Formaldehyde-HC1 reagent 
Xanthydrol rcagcnt 
Diazotized p-nitroaniline 
Sodium molybdate-HC1 reagent 
FeCl~-potassium ferricyanide 
Ferric chloride solution 
Airimoiiiacal silver nitrate 
Ehrlich’s modified reagent 
Ehrlich’s reagent 
Van IJrk’s reagent 
Alport-Cocking’s reagent 
Glyoxalic acid 
Modified Keller reaction 
Sodium tellurite-H2S04 
Ceric sulfate-trichloracetic acid-sulfuric acid 
Nessler’s reagent 
Sulfuric acid-methanol (fluorescence) 
Nitric acid-methanol (fluorescence) 
Levinc-Chargraff reagent 
Sulfuric acid 
Dichromatc--HnS04 
Piinhydrin reagent 
Xanthydrol reagent 
€1 ydroxylaminc 
€Iydroxylamine-FcCla 
Sodium nitroprusside 
Mayer’s 
Potassium iodoplatinate 
Iodine 
Dragcnclorff’s rcagcnt, rnodiiiecl 

Ref. 
(461, 788) 
(789, 790) 
(161) 
(461) 
(161) 
(461) 
(791) 
(792, 793) 
(461) 
(793) 
( 796 ) 
( 796) 
(461 

(797, 798) 
(798) 
(799) 
(800-803) 
(804-806) 
(461) 

(461) 

(814) 
(461) 
(361) 
(461) 
(461) 
(815) 
(816) 
(X17) 
(818) 
(7X4,818) 
(819) 
(820) 
(821, 822) 
( 823 ) 
(161, 821-832) 
(461) 
(457-471) 

ternlined that  any non-nitrogenous organic com- mum qualifications are quite prevalent in natural 
pound having conjugated carbonyl (ketone or products and undoubtedly many false-positive 
al’dehyde) or lactone functions would react in a alkaloid reactions are promulgated through this 
manner tvpical of alkaloids (476). These mini- mechanisih. Fortunately, the majority of coni- 



Journal of Pharmaceutical Sciemes 250 

I I1 111 IV 

V V I  VII VIII 

XI XI1 
Fig. 2.--Structurrs of natural products that give false-positive alkaloid reactions. Key: T ,  yangonin 

(476); 11, coumarin (476); 111, scopoletin (476); IV, bergaptrn (476); V, maltol (476); V I ,  kojic acid 
(476); VII, khellin (476); 1-111, chalcone (476); IS ,  meliternatin (477); X ,  meliternin (4773; X I ,  t e r m t i n  
(477); XII, digitoxigenin (476). 

pounds with these functionalities can be sepa- 
rated from the alkaloids by treatment of the ex- 
tract with base, followed by extraction with 
organic solvent which, in turn, is extracted with 
dilute aqueous acid. Another interesting report 
is that by Briggs and Locker (477), who in 1949 
isolated 3 compounds from Afelicope terizaftr 
which gave precipitates with the usual alkaloid 
reagents and crystalline salts with acids. HOW- 
ever, these conipounds contained no nitrogen and 
proved to be the completely alkylated hydroxy- 
flavones, meliternatin, meliternin, and ternatin 
(Fig 2). It would appear that, in the light of 
our work, the falsc-positive test for alkaloids 
was due to the presence of the conjugated car- 
bony1 in each molecule rather than, as stated by 
the authors, the fact that each molecule was coni- 
pletely alkyhted. Presumably other flavones 
would react similarly, as would most of the car- 
denolides and bufadienolides 

Householder and Camp (850) have recently 
pointed out that treatment of plant extracts with 
ammonium hydroxide and acetone can give rise 
to artifacts which give positive reactions with the 
standard qualitative alkaloid test reagents. 
These investigators were unable to identify the 
condensation products formed in this reaction 
but presented evidence to show that the rate of 
formation was affected by exposure to light and 
the atmosphere. 

A recent report 11y Russian workers (851, 852) 
presented evidence for the isolation of an alkaloid 

named rosmaricine from Rosmarinus ojicinalis 
(Labiahe).  This anomaly of an alkaloid from a 
member of the mint family prompted Wenkert 
and co-workers to investigate the validity of the 
Russian work (853). They found that rosmari- 
cine was indeed not present in the plant prior to 
the addition of ammonia (used by the Russian 
workers in their isolation experimcnts), and that 
this “alkaloid” was undoubtedly formed as a 
result of the action of the base on the precursor 
carnosic acid (553). 

OH , OH I 

Carnosic acid Rosmaricitie 

Other anomalous alkaloid reactions have been 
mentioned in the literature but as yet they can- 
not be explained. For example, Samolus repens 
(Primulaceae) extracts give a black colm- and 
precipitate with Dragendorff’s rcagent (478) 
We have observed this phenomenon frequently 
in the field testing of fresh plant material arid 
have assumed the reaction to be one of lree 
iodine in the reagent combining with starch to 
give a typical blue-black color. Extracts from 
Plagtanthus divtzricatus (Mahlaceae) have bten 
reported to  give a pink color, but no precipitate, 
with Dragendorff’s reagent (478) 
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Webb has pointed out that about 9% of species 
tested in the field for alkaloids were found to  be 
false-positive reactions following subscquent 
detailed laboratory analysis (4%). On the basis 
of experience resulting from tests on some 25,000 
plant species, Douglas has estimated that not 
more than 5% of initial positive alkaloid tests 
‘have hecri found to  be due to nonalkaloid entities 
(4313). 

False-Negative Alkaloid Reactions. ~ -If one 
considers the noiilieterocyclic nitrogen bases 
(protoalkaloids) as alkaloids, it  will he noted that 
.the greatest majority of these fail to react with 
ithe usual alkaloid precipitating reagents. Cer- 
tain examples of this can be documented (454, 
466). Also, unless certain precautions are ob- 
served in the test procedure, quaternary alkaloids 
and aniine oxides (nupharidinc, dilupine, trilu- 
pine) will not be detected (466). That is, if an 
acidic plant extract is treated with base and ex- 
t racted with an iinniiscible organic solvent, both 
the aqueous basic layer and the organic layer 
must be tested for alkaloids. In most alkaloid 
screening procedures that have been reported, 
the basic layer has been neglected. Arguments 
for this omission have been based on the assump- 
tion that quaternary alkaloids or amine oxides 
would not be cxpcctcd to occur in plants to the 
exclusion of tertiary bases which would be de- 
tected by this procedure. Raffauf points out 
that this may he an erroneous assumption (466). 

Alkaloid Testing of Herbarium Specimens.- 
The validity of alkaloid tests on plant material 
derived from herbarium sheets is open to ques- 
tion. Often, for many and varied reasons, it  is 
difficult to find ccrtain plants in their native 
habitat a t  the time of collection of indigenous 
flora, and this alternative to collection has been 
used by several invcstigators (423, 424, 478-482) 
to survey a broad distribution of plant taxa 
A.n obvious disadvantage in the use of such ma- 
terial is that usually only leaves and branches are 
available and instances are known wherein plants 
contain alkaloids in other organs, but their leaves 
and stems are relatively alkaloid-lree (424). 
Also, herbarium material is often quite old, and a 
number of examples can be cited correlating 
alkaloid decomposition as a function of time 
(424). On thc other hand, plants 1300 years 
old have been reported still to give alkaloid 
positive tests (445). It is conimon practice in 
some herbaria to treat specimens with formalin 
or mrrcuric chloride as preservatives. Pornialin 
could very well decompose many alkaloids, and 
mercuric chloride reacts with certain alkaloidal 
precipitmts to form ahnorrrial precipitates 
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With Mayer’s reagent this is evidenced by a 
bright orange precipitate with yellow streaks 
which eventually become red, and with Bouchar- 
dat’s reagent a palc purplish brown precipitate 
is observed (424). In some herbaria, it  is coin- 
mon to mark spccimcns in a manner that treat- 
ment of this type can be easily ascertained, while 
in others this practice is not carried out. Even 
with these problems, extensive herbarium speci- 
men testing for alkaloids by Webb has allowed him 
to  acknowlcdgc this procedure as a valuable ad- 
junct to the testing of fresh material (423). Cain 
et nl. (479) have indicated that equivalent results 
were obtained in their studies with lresh plant 
material and dried herbarium specimens. 

Field Tests for Alkaloids in Plants.-Inves- 
tigators searching for new alkaloid bearing species 
in remote or distant areas of the world often 
find it difficult to return to make additional 
bulk plant collections for laboratory study. 
Therefore, simple field tests for alkaloids have 
been developed which are sufficiently reliable to 
distinguish alkaloid-containing plants, i.e., those 
containing a t  least 0.01% of alkaloids, thus en- 
abling bulk collections of these species initially 
and eliminating the need for a return expedition. 
These field tests can be classified in the following 
manner. 

Orgaizoleptic Enahation.-It has been sug- 
gested by Urebh that at least some of his collec- 
tions of species for laboratory examination were 
made on the basis of taste, in conjunction with 
some knowledge of the botanical characteristics 
of the samples being evaluated (4S3). That 
is, he avoided tasting plants in such families as 
the Anacardiaceae, Euphorbiaceae, etc., but bitter- 
ness in a group such as the Lnuraceae, particularly 
if a Cryptucarya, would suggest alkaloids. In 
Webb’s opinion, differentiation of bitter alkaloids 
and saponiris can be made on the basis of taste, 
but only after considerable experience (483). 
Also, bitterness in the inner bark of such groups 
as Evodb, ilcroizychia, and Melicope (Rutaceae), 
in conjunction with an observation of yellow pig- 
mentation, is suggestive of the presence of alka- 
loids (acridones). While judgments such as 
these may be justified by an investigator who 
has had considerable experience, and whose 
botanical and chemical background are com- 
plementary, the average alkaloid hunter could 
hardly justify such an approach. 

Spot Tests L r s i ~ ~ g  Alkaloid Test Paper.- 
Kraft (484) has developed a simplc device for 
alkaloid detection in fresh plant material, a 
process which consists of impregnating filter 
paper with Dragendorff’s reagent, followed by 
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TABLE \~~.-PHYTOCHERIICAI. SURVEYS FOR ALKALOIDS 

Area 
Argentina 

Australia 

China 
Costa Rica 
Hawaii 

Hong Kotig 

Japan 

Malaya 

Xlalgache 

Mexico 
iYcw Zealand 

Xigeria 

iYorth Borneo 
Papua--New Guinea 
Sweden 
Taiwan 

Thailand 
Tibet 
U.S.S.K. 

Author (h) 
Barnes and Gilbert 
Codoni 
Webb 
Webb 
Nikonov et al. 
Saenz 
Swanholm et al. 
Swanholm et al. 
Scheuer et al. 
Arthur 
Arthur and Cheung 
Arthur and Chan 
Kariyone et al. 
Goto et al. 
Amarasingham et al. 
Douglas and Kiang 
Kiang and Douglas 
Kiang et al. 
Nakanishi et al. 
Meyer and Pernet 
Pernet 
Dominguez et al. 
Cain et al. 
Cambie et el. 
Cambie et al. 
Cambic et al. 
Cain et a2. 
Patel and Rowson 
Persinos et al. 
Quimby and Persinos 
Arthur 
Webb 
Hulton and Torssell 
H su 
Huang et al. 
Koo et al. 
Yeh et al. 
Nilanidhi 
Blinova and Stukkci 
Aliev 
Efros 
Ismailov 
Lazur’evskii and Saidykov 

_____ 

drying. A plant part is incised with a razor 
blade and a small amount of juice is applied to 
the test paper which, if alkaloids are present, 
will give the characteristic orange color indicative 
of a positive test. This method has been applied 
to the field testing of about 1200 species of plants 
by Nikonov and Ban’kovskii (485), who found 
i t  to be acceptable with certain reservations. 
They found it unsuited for plants containing 
pigments in the sap which inasked positive reac- 
tions, and it was further determined that pro- 
toalkaloids such as ephedrine were not detected. 
An important point that must be emphasized is 
that these workers stress that the typical color 
of an alkaloid-positive reaction must be observed 
within 30 sec. from the time that the sample was 
applied to the paper for a test to be considered 
valid (485). We have used paper similar to this 
in our laboratory for the detection of alkaloids in 

Yr. Species Tested, No. Ref. 
1960 
1947 
1949 
1952 
1961 
1964 
1959 
1960 
1962 
1953 
1960 
1962 
1956 
1959 
1964 
1957 
1957 
1961 
1965 
1957 
1956 
1960 
1961 
1961 
1961 
1961 
1962 
1904 
1964 
1964 
1954 
1955 
1965 
1957 
1959 
1965 
1959 
1964 
1960 
1962 
1946 
1958 
1939 

71 
17 

753 
1040 

35 
59 
96 
29 
71 

116 
332 
400 
85 

220 
542 

214 
708 
89 

5 
8 

21 
697 
74 

251 
320 
33 
10 
12 

205 
295 
191 
51 
61 

1000 
72 
21 

11.7 
80 
30 

140 
259 

a 

a 

__ 

(512) 
(813) 
(514) 
(515) 

(Continued on nest pagc. j 

organic solvents during chromatographic separa- 
tions and found that it was necessary to apply 
water to the paper, after the sample solvent had 
evaporated, in order for the reaction to take place. 

Spot Tests on Paper Lrsing Liquid Reagents.- 
The most extensive phytochemical survey for 
alkaloids in the plant kingdom is being conducted 
by scientists from the Natural Products Section, 
Smith Kline & French Laboratories, Philadelphia, 
Pa. This program was initiated in 1954, but ex- 
tensive alkaloid testing did not begin until 195s. 
Briefly, their approach consists of a semirandoni 
collection of plants from all parts of the world, 
with tests for alkaloids made in the field on all 
accessible parts of each species. Those found 
to be promising as a source of alkaloids are col- 
lected a t  the test site in sufficient quantity to 
enable laboratory extraction of the alkaloids for 
subsequent pharmacologic study. Extracts from 



World-wide 

OvchidaLeae 
PerzplvcaLrae 
Pznaceae 
Rnnunrdaceae 
Solnnaceae 
Seeds 
Seeds" 
Misc pldtitsc 
Mix. plants 
Fungi 

Area Author($ 
Kurinnaya 
Kuvnyev and Blinora 
Massagetov 
Nikoriov and Ban'kovskii 
Oparin and Chepurin 
Orechoff 
Sokolov 
Soskov el al. 
Stepanyan 
Yakuriiria et nl. 
Zolotnitskaya 
Wall et al. 
Wall et al. 
Wall et al. 
Wall et al. 
Wall et al .  
Wall et al. 

-4 pocynisceee Abisch and Reichstrin 
Abisch and Reichstein 

.1 st-tepiudacecie Abisch arid Reichstein 
Campanulacene Gertig 
Cnryophyllnceae Naumen ko 
Leguminosne White 

White 
White 
White 
White 
Liming; 
Abisch arid Reichstein 
Tallent et al. 
Winek et al. 
Scott et al. 
Harle and Jones 
Razimierz 
Paris and Moyse-Mi~tioti 
Stein and Karnicnski 
Worthen et al. 
Worthen et al. 
Tyler 
Tplcr and Stuntz 
Tyler and Stuntz 

Yr. 
1956 
1960 
1946 
1959 
1953 
1934 
19.56 
1963 
1963 
1961 
1954 
1954 
1954 
1956 
1957 
1959 
1961 
1960 
1962 
1962 
1903 
1967 
1943 
1944 
1951 
1951 
1957 
1961 
1962 
1955 
1963 
19.57 
1963 
1962 
1956 
1957 
1965 
1962 
1961 
1962 
1963 

Species Testi 

113 
1200 

368 

85 
55 

23 1 
2Yd+ 
598 + 
606 + 
432+ 
921 + 

31 
4 

64 
I1 

145 
3 

53 
55 
54 

525 
ti 

27 
10 
61 

900 
27 
73 

220 
37 
3 
8 

160 
94 

m o +  

:d, No. Ref. 

(518) 

(520) 
(519) 

(485) 
(521) 
(522) 
(523) 
(524) 
(525) 
( 526) 
(527) 
(422, 428) 
(429, 430) 
(431, 432) 
(433) 
(434) 
(435) 
( 486 1 
(487) 
(488) 
(528) 
(529) 
(530) 
(531) 
( 532) 
( 533) 
(534) 
(53.5) 
(488) 
(536) 
(537) 
(538)  
(5) 
(539) 
(540) 
(541) 
(542) 
(543) 
( 544) 
(545) 
(546) 

~ ~~ - 
ti Only an abstract nf the paper was availahle; datn not included. Analyzed for choline. Analyzed for cholinc and 

betainr. 

all plants shown to contain alkaloids by this 
held test are screened for several types of pharma- 
cologic activity (436). 

The field test for alkaloids used by this group 
has been described (466) and is essentially the 
ximc as that utiliied by Nikonov and Ban'- 
kovskii (Yide szipru) with the exception of the 
:,pecial test paper Instead, plant sap obtained 
by making an incision of the appropriate plant 
part, is applied to filter pai)er, dried, and a micro 
drop of specially prepared DragendorE's re- 
agent is added (46G). Positive tests are evalu- 
ated as previously described. All positive field 
tests are confirmed by means of a laboratory 
alkaloid detection procedure (vide infru). 

Of 25,000 species evaluted in this manner to 
date, about lOyo have been recorded as alkaloid- 
positive (436) About 5% of the plants shown 
to contain alkaloids by the field test were not 
confirmed by the laboratory procedurc (436). 

Abisch and Reichstein (486-488) have also 
utilized this spot tcst technique For alkaloid 
detection in their study of plants of the Apocyza- 
ceae, Asclepindncene, and Periplocacecte. However, 
their extracts were prepartd from dry plant ma- 
terial. 

Test Tube S$ot Tesk-Culvenor and Fitz- 
gerald (489) have described a simple kit that can 
be taken into the field for use in testing samples 
of plant material for alkaloids. About 2-4 Gm. 
of fresh plant part is ground in a small mortar 
with sand and sulficicnt chloroform to make a 
slurry. Ammoniacal chloroform is added and the 
mixture stirrcd for 1 min. prior to filtration into a 
small test tube. Extraction of the alkaloids 
from the chlorolorm is accomplished by shaking 
the solution with 0.5 nil. of 2 N sulfuric acid and 
separation of the acid layer by means of a medi- 
cine dropper. A few drops of this acid extract 
are then tested with either Mayer's reagent or 
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and the addition of one or more alkaloidal rea- 
gents to  separate portions of the filtrate. Most 
investigators assess a rating of 0, or +1 to +4 
on the lack of, or degree of precipitation following 
use of the reagents. IIowever, there is seldom 
any indication of the alkaloid equivalent of 
these ratings. This undoubtedly could present a 
problem to cither a novice or one who is attempt- 
ing to duplicate results in a differcnt laboratory. 
On the other hand, a person expcrienced in alka- 
loid screening can usually assess this + 1 to + 1 
rating system by a rule of thumb. The inajor 
drawback of this method is that it results in the 
greatest number of false-positive reactions An 
inspection of the compounds presented in 
Fig. 2, which are representative of a great num- 
ber of nonalkaloidal plant constituents capable of 
giving false-positive alkaloid reactions, shows 
that for the most part they would be soluble in 
either aqueous or acidic media. Also, although 
this method would not differentiate between 
quaternary and tertiary alkaloids, neither would 
it fail to detect one or the other. 

Group B testing differs from group 4 only 
in that the filtrate is made basic and extracted 
with an organic solvent (usually chloroform or 
ether), followed by extraction of the alkaloids 
from the organic solution with dilute aqueous 
acid. The usual alkaloidal precipitants are then 
added to separate portions of the acid extract. 
This method has the advantage over the group A 
procedure of eliminating a great number of 
compounds from the final test extract that arc 
capable of eliciting false-positive alkaloid reac- 
tions; however, any quaternary alkaloids present 
would also be eliminatcd. Simple modilications 
in this method would allow one to test for the 
latter group of alkaloids. 

silicotungstic acid to ascertain the presence of 
alkaloids. When samples were analyzed by both 
the field method and a laboratory procedure, it 
was found that a number of weakly positive 
tests recorded through use of the laboratory test 
were found to bc ncgative in the field test (489). 
The method, of course, fails to detect quaternary 
alkaloids and this appears to be its major draw- 
back. 

Presumably, many of the plants collected for 
laboratory alkaloid testing by Webb (423, 424, 
483), Amarasingham et al. (490), and Arthur 
(491) were field analyzed in a similar manner to 
that described abovc. However, their respec- 
tive reports failed to point out any consistency 
with regard to this matter. 

Alkaloid Surveys.-Although surveys for 
alkaloids, representing tests on more than 15,000 
species of plants, have been published ( 5 ,  99, 

485-488, 491-546, 854) (Table VI), the data that 
they present are often inconsistent because of 
variations in testing methodology. That is, 
some of the procedures will detect both quater- 
nary and tertiary alkaloids, but the former group 
is omitted from most survey reports. Certain 
procedures involve treatment of the alkaloid 
fraction to remove substances that often gis7e 
rise to false-positive alkaloid reactions, whereas 
others do not include this extra step. Some 
methods are semiquantitative, while others lack 
this desirable feature. A survey of the most 
extensive and more frequently reported methods 
allows them to be classified into 6 major categorics 
(Table 1 7 1 1 ) .  Perhaps the simplest method is 
that represented by group il in which either an 
acidic or aqueous plant extract is prepared, with 
or without the use of heat, followed by filtration 

100,168,17G,312,420,423,424,428-435,478-483, 

'I'ABLE VII.-A!.LKALOID TEST METIIODS USED I N  PHYTOCHEMICAL SCREENING 

Grnup Method Ref.= 
A Acidic or aqueous extracts. (5,420,423,424,478-483,490,496,497) 
B Acidic or aqueous extract, followed by alkali treat- 

ment, immiscible solvent extraction, and partition 
with dilute acid. 

Alcohol extraction followed by conccntrating and addi- 
tion of acid. 

(507, 536) 

C 

1, S o  additional trcatmcnt. (100b, 422', 428-433, 478-482, 542, 
5456, 5466) 

2, Partition purilication, test made only on tertiary 

3 ,  Partition purification, tests made both for tertiary 

(99,100,422,428-435,507,538,545,548) 

(312, 488-488, 498, ,509, 511, 535, 542) 
alkaloid fraction. 

arid quaternary alkaloids. 
D Extraction of alkalinized sample with organic solvent. (502-504) 
E 

I; Procedures involving chromatography. (99, 100, 176, 537) 

Prollius fluid extraction, concentration, addition of (420, 423, 424, 483, 491, 496) 
acid. 

~ _ _ _  ______-____ 
a Only laboratory methods ace prescuted; see earlier discussions for ficld testing methods. Preliminary test only; addi- 

tional testing employed. 
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Since water will extract a number of nonalka- 
loidal constituents from plants, and because 
there is a possibility of free alkaloid bases ex- 
isting in the plant as such and thew would be 
water insoluble, most investigators utilize alcohol 
(methanol or ethanol) or alcohol-water mixtures 
as a primary extraction mcdium. Group C 
test methods involve preparation of an alcohol 
extract followed by removal of solvent and the 
addition of dilute acid to dissolve any alkaloids. 
Some investigators test the resultant acid ex- 
tract directly (318, 478-482) and stop at this 
point (group C-I ) .  The advantages and dis- 
advantages for this type of testing are similar to 
those discussed for the group 4 methods (vide 
supra).  Others will confirni initial positive 
reactions following a base-organic solvent-acid 
extraction. These arc the group C-2 methods 
which are designed primarily to eliminate sub- 
stances capable of eliciting false-positive alkaloid 
reactions. The group C-l and C-2 methods 
were designed and used most extensively by Wall 
and co-workers (4221, but there are 2 important 
features that should be discussed concerning 
these procedures. First, the test involves pre- 
cipitation of free alkaloid bases from the initial 
acid extract with Na0H rather than with 
NHIOH. Thus, if a majority of the alkaloids in 
the sample were phenolic in character (highly 
improbable), the phenolates formed on the 
addition of fixed alkali would be insoluble in the 
immiscible organic solvent used for the extraction 
of the basic alkaloid-coritairiingr solution. Subse- 
qucnt extraction with dilute acid would then 
result in a solution free from phenolic alkaloids 
and would therefore not be representative of the 
true alkaloid content of the sample. A second 
problem associated with this method was recog- 
nized by the workers themselves after screening 
the first 4000 accessions. Because they were ex- 
periencing a lesser number of positive results 
than would be experted from statistical averages, 
they increased the concentration of test solution 
so that 1 nil. would be equivalent to 4.0 Gin. of 
dry plant material (434, 435). Previous test 
.results in the serics (422, 328-433) wcre reported 
on solutions which represented only 0.2 Gm. 
of dry sample. This, of course, made any ncga- 
tive alkaloid test results rcported in the first 4000 
accessions (422, 428-433) opcn to question. 
.Recognizing this problem, plants yielding nega- 
lrivc rcsults from the latter group, il available, 
wcre rctestcd and the results included in rcports 
on the final 2000 accessions (434, 435). The 
method does not include specific provisions for 
the detedion of quaternary bases, but as indi- 
cated previously, modifications could be made so 
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that this procedure would detect these com- 
pounds. 

Various modifications of group C-2 method- 
ologies have been proposed in order to detect 
quaternary alkaloids and report them as a 
separate group. In group C-3 methods the 
aqueous alkaline solution, after extraction with 
an organic solvent, is treated with a mineral 
acid until i t  is distinctly acid to litmus, followed 
by the subscqucnt addition of any of the usual 
alkaloidal precipitants to this acidic solution. 
It should be emphasized that a weak positive 
test at this point need not necessarily imply the 
presence of quaternary alkaloids. To the cori- 
trary, a weak test must be expected becausc of 
incomplete extraction of tertiary alkaloids with 
the organic solvent, and would bc evidenced by 
a slight cloudiness of the solution following addi- 
tion of the reagent. A positive test, on the 
other hand, would be noted as a definite heavy 
flocculation or precipitation on addition of thc 
reagent. 

Group D methods involve the addition of alkali 
to the drug, followed by extraction with an or- 
ganic solvent and partiLion of the concentrated 
extract with dilute aqueous acid prior to the 
addition of precipitating reagents. Thcse pro- 
cedures fail to detect quaternary alkaloids, but 
the h a 1  test solution is relativcly Crec from many 
substances associated with false-positive reac- 
tions. 

Extraction of dry plant material with Prollius 
fluid (ether--chloroform-rthanol-N1340H) (25 : 
8:2.5: 1) (547), followed by evaporation of the 
solvent and addition of dilute acid, is the rcpre- 
scntative proccdurc for group B methods. Webb 
(423) has indicated that certain plants give nega- 
tive tests with Prollius fluid, but +4 rcactions 
whcn acidic aqueous cxtracts of the same plant 
were tested (group A). He suggests that this is 
due to a poor solubility of quaternary bases 
in I’rollius fluid. However, several instances 
wherein the reversal of these positive and negative 
tests using Prollius fluid and dilute acid extracts 
wrre also oliscrvcd (323) .  l n  our laboratories, 
we found this method to be unsatisfactory when 
compared with others in an evaluation of testing 
procedures using plant samples of known alkaloid 
conten1 (548). 

Group F methods involve the use of chroma.- 
tography to detect alkaloids in dry plant ma- 
terial. These allow not only for the detection 
of alkaloids, b u t  also for an estimate of  the tium- 
1 x 1 -  present. In addition, the use of selective 
chromogenic spray reagents could serve to 
tentatively classiry alkaloids in the samples into 
general groups. We have described a method 
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utilizing thin-layer chromatography which re- 
quires only small samples, eliminates most com- 
pounds suspected of yielding f alse-positive reac- 
tions, and differentiates tertiary and quaternary 
alkaloids (5-19). Several alkaloid detecting re- 
agents used in chromatography are presented in 
Tables I V  and 5:. 

The comparative efficiencies of the alkaloid 
screening procedures of Wall et al. (422), Webb 
(423), Kiang and Douglas (503), Swanholm et al. 
(496, 497), Abisch and Reichstein (486), and 
Arthur (491) have been studied using 28 plant. 
samples known to contain alkaloids and 8 samples 
known to be devoid of alkaloids. The latter 
group included several plants known to yield 
false-positive alkaloid reactions. Alkaloid-con- 
taining plants were selected so that they repre- 
sented several different chemical classes of al- 
kaloids (5-29). The surveys under comparison 
employed groups A, C-I ,  C-2, D, and E method- 
ologies. I t  was determined that the Wall et al. 
(422) and Kiang and Douglas (503) methods were 
most satisfactory, and that the direct acid ex- 
traction rncthod of Webb (422) was the most 
rapid and also gave acceptable results. The 
Prollius fluid extraction (422) and the Abisch 
and Reichstein (486) techniques gave the poorest 
results, and the latter procedure was quite time 
consuming (549). All plant samples known to 
contain alkaloids were detected using the Kiang 
and Douglas (503), and Webb (423) acid extrac- 
tion methods. JIowever, these 2 procedures also 
gave the greatest number of false-positive reac- 
tions with the plant samples known to be devoid 
of alkaloids (549). False-positive alkaloid re- 
actions were cornplctely eliminated by use of 
either the Wall et al. confirmatory test (422) or 
the Abisch and Reichstein method A (486). 
Other studies have shown that significant dif- 
ferences exist in these methods with regard to 
their ability to remove alkaloids for testing 
from plant material (454). 

Screening for Heterosides (Glycosides).- 
Heterosides arc organic compounds in which a 
heniiacetal linkage usually connects the ano- 
meric carbon of a sugar (glycone) with an alcohol 
or phenolic liydroxyl of a second nonsugar mole- 
cule (aglycone). This type of linkage gives rise 
to the so-called 0-heterosides (e.g., salicin), the 
most common type of heteroside found in plants. 
If the anomeric carbon of the glycone is attached 
to an aglycone through sulfur, the S-heterosides 
are formed (e.g., sinigrin). h third group are 
the Nh-hcterosides which involve attachment of 
the glycone to an amino group of an aglycone (e.g., 
vicine, crotonoside). Finally, the C-heterosides 
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involve a carbon to carbon linkage of glycone and 
aglycone (e  g., aloin). 

As a general rule, plant heterosides are easily 
hydrolyzed with dilute acids or appropriate 
enzymes. The C-hcterosides arc a notable ex- 
ception, as they are resistant to thc usual type of 
acid hydrolysis, and require ferric chloride for 
this purpose. 

A number of different sugars are known to 
occur in plants in combination with an equally 
large number of diverse aglycones. Paris (550) 
has recently reviewed plant heterosides with 
particular reference to the types and distribution 
in plants. 

In most instances, the biological activity of 
heterosides can be attributed to the aglycone 
moiety. The glyconc is mainly associated with 
the degree or modification of activity, primarily 
induced by the aglycone. However, the cardiac 
heterosides can be pointed out as a group that 
have no useful biological activity unless the 
heteroside is intact (310). Thus, we have the 
economically important saponin heterosides and 
the medicinally useful anthraquinone, fl avonoid, 
cyanogenetic, isothiocyanate, and cardiac groups. 

From a chemical point of view, there are 3 
parts of the heteroside molecule that can be used 
as a means of detecting this group of compounds 
in plant material. First, the hemiacetal linkage 
between aglycone and glycone is usually not as- 
sociated with biological activity, nor can it be 
associated with any specific aglycone. This part 
of the molecule does not appear attractive as a 
means of detecting plant heterosides. Because 
of the usual correlation of biological activity 
with the aglycone moiety of heterosides, and 
because this part of the molecule often has chcmi- 
cal properties amenable to ready detection, most 
investigators have used it as a means of screening 
plant material indirectly for heterosides 

If, however, heterosides must be intact to 
exert their potential biological activity, it  would 
appear most fruitful to detect the hemiacetal 
linkage in plant extracts as an identifying fea- 
ture of the presencc of heterosides. Several 
investigators havc proposed methods to acconi- 
plish this, but a lack of published applications 
of these to the screening of plants for heterosides, 
attests to their complexity or inefficiency. 
Bouryuelot (551) proposed a method for de- 
tecting and identifying heterosides based on the 
determination of an “Enzymolytic Index of 
Reduction” obtained by measuring the optical 

2 The notahle exception is concerned with deoxysugars 
commonly found only in combination with cardiac hetetu- 
sides. 
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rotation of a heteroside-containing plant extract 
before and after hydrolysis with spccilic enzynies. 
Although the method has some value, i t  is time 
consuming and requires large amounts of plant 
material; thercforc. it would be d;fficult to  adapt 
to a large-scale screening program. Bliss and 
Ramstad (552). devised a simplc procedurc that 
could be adapted for routine screening. I t  con- 
sists of ( ( L )  scimmtion of the heterosides in an 
extract by paper chromatography, (6) hydrolysis 
of the heterosides on the chromatogram with 
proper enzymes (i .e. ,  a-glucosidase-invertin; 
8-glucosidase-eniulsin), and (c) location of the 
reducing sugars formed on the chromatogram 
by means of an appropriate reagent spray. 
This method appears to be least objectionable of 
many proposed, I-Iowevcr, it  will detcct only 
those heteroside: for which the selected enzymes 
have a hydrolytic specificity. Also, optimal 
reaction conditions such as time, temperature, 
and pl-1 would have to be determined for a large 
number of substrate heterosides to  propose oper- 
ating conditions that  would allow detection of 
the greatest num1,cr of compounds. Janot 
et al. (553) and Paris (554) have suggested chro- 
matographic methods for detecting lieterosides 
similar to the method of Bliss and Ramstad, 
but acid hydrolysis of the sample is included to 
supplement the action of enzymes. Other 
methods have been proposed, but either they 
have riot been applied successfully to plant 
samples, or certain limiting factors make them of 
doubtful value for general screening (555, 556).  

Knapp and Beal (557) have proposed a method 
involving (a) the selective extraction of hetero- 
sides from plant material using 8(1oj, ethanol, ( b )  
oxidation of the free sugars in the extract to 
their corresponding carboxylic acids so that thcy 
will riot be detected after hydrolysis of the hetero- 
sides. (c) hydrolysis or the heterosides in the ex- 
tract using 0.15 1%' sulfuric acid arid heat (100') 
and (d) detection of hydrolyzed glycones 1)y 
mcans of paper chromatogrdphy. The major 
objection to this procedure is that  liolosides, 
especially sucrose which is widcspread in plants, 
are detected ; thus, the method is of decreased 
value. 

Abisch and Rcichstein (386) have utilized a 
rather simplc procedure which involves the 
pre~~araticrti or an extract devoid of free sugars, 
hydrolysis of the extract with the Kiliani acid 
mixture, and testing of thc hydrolysis products 
with Iiehling's soluticm for evidence of reduction. 
These investigators have pointed out  the non- 
specificity o f  the test; however, in a broad screen- 
ing program, false-positive reactions must be 
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accepted, especially in the ahsetice of a coitipletely 
acccptable arid specific method of detection. 

It does not appear that  adequate methodology 
has been developed to allow for an extensive 
scrccning of plants for hetcrosidcs bascd on the 
approaches described above. As indicated pre- 
viously, the majority of studies involving a search 
Tor hctcrosides in plant material have been con- 
cerned with tests designed to detect specific 
aglycones. The more important of these will 
now he considered. 

Screening for Saponins and Related Compounds 

Several types o f  compounds must be considered 
whenever saponin testing is to  be conducted. 
(I)[ major import arc the steroidal and triter- 
penoid saponins and their respective sapngenins, 
as  well as saturated sterols, saturated tcrpenes, 
ditcrpencs, arid other stcroidal plant constituents 
(e.g., cardenolides). The economic importance 
of steroidal sapogenins, mainly because of their 
frrcilc. conversion to the medicinally useful 
steroid hormones, has been reviewed by Correll 
et aZ. (1 1). Discussions concerni~ig this group 
o f  compounds will hc directed Irimarily a t  the 
detection and/or differentiation of steroidal 
saponins from other types of saponins arid poly- 
cyclic phytoconstituents. 

A number of surveys have been conducted 
which have been designed to  detect saponins in 
plant material (99, 100, lli8, 422, 428-435, 478 ~ 

580). Saponins h a w  scveral characteristic prop- 
erties that  can be used as a basis for simple de- 
tection tests. (a) They are all cay)able of hemo- 
lyzing red blood cells, ( b )  in aqueous media they 
will produce a characteristic honeycomb froth 
which persists for at least 30 inin. after vigorous 
shaking of the sdut ion;  (c) they are toxic for 
fish, causing paralysis of the gills; arid (d)  they 
produce characteristic color reactions in the 
Liehermann-Rurcharcl test. All of these pro1:er- 
ties have 1)een utilized in one or more screening 
tests for the detection of saponins in y)lant ma- 
terial, and each mcrits discussion to shirw the 
limitations and value of these test procedures 
(Table VIII). 

All known triterpenoid and steroidal saponins 
are hemolytic (584, 585), as undoubtedly are 
certain other plant constituents. The former 
group occurs both as  the heteroside and as free 
triterpenes, whercas steroidal saponins are ncvcr 
found a s  free sapogenin.; in plant material (581, 

)), This is an  unusual pheiiomenon since 
specilic steroidal saponases are known to be 
present in steroidal saponin-con tairiirig plants 

453, 490-492, 494, 499, 506, 507, 513, 529, 5.58- 
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TABLE VIII.-SURVEYS FOR SAPONINS IN PLANTS 

Uctectiori Method Source of Plants Species Te5tcd, No. Kci. 
Hemolysis 

Hemolysis + froth 
Heniolysis + steroidal sapogcnin identification 

Froth test 

Froth test + Licbermann-Burchard test 

Fish toxicity 
Isolation of steroidal sapogenins 

Isolation or detection of triterpenoid sapogenins 

Undct ern1 ined methods 

India 
Mexico 
Nigeria 
Poland 
Brazil 
Brazil 
Liliareae 
Philippines 
India 
Malaya 
North Borneo 
Papua-New Guinea 
Australia 
New Zealaiid 
India 
India 
Mexicn 
India 
Poland 
U.S.S.K. 
Bulgaria 
Chile 
China 
India 
Japan 
Malgache 
Spain 
Tibet 
U.S.S.R. 

38 
8 

22 
4 

71 
21 
15 

222 
38 

542 
205 
116 

1136 
1533 

38 
38 

150 
6 
8 

5 families 
72 

2894 
3 
4 

220 
5 

27 
113 

(562-384, 581) 
(507) 
(99, 100) 
(574) 
(492) 
(559) 
(579) 

(562-564, 581) 
(490) 
(491) 
(558) 
(558) 
(4i8-483) 
(562-564, 581 ) 
(562-564, 581) 
(567-570) 
(565) 
( 580) 
(577) 
(560) 
(561) 
(582) 
(566) 
(168) 
( 506 1 
(575, 583 j 
(513) 
(576, 578) 

(571-573) 

Original paper unavailable; data not included in abstract 

(j8(i). Since all saponins are soluble to some cx- 
tent in 80% alcohol, they are usually extracted 
with this solvent (584, 585), and if such a plant 
extract is mixed with a standardized red blood 
cell suspension (585) and hemolysis of the cells 
takes place, it  can be assumed that saponins are 
present. On the other hand, terpenoid and 
steroidal saponins act similarly in this respect 
and CdnnOt be difrerentiated on this basis alone. 
Wall et al. (a%), Walens et al. (587), and Rotli- 
man et a l .  (588) have dcvcloped standard proce- 
dures which have been successfully used by many 
investigators for the detection and estimation of 
steroidal sapogenins, and which differentiate 
triterpenoid from steroidal types. Thc procc- 
dure involves (a) hemolytic detection of saponins 
in the plant extract (585), ( b )  isolation of crude 
sapogenins following hydrolysis (585), and (c) 
subjecting the crude sapogcnin acetates to in- 
frared (58.5) or ultraviolet (587) spectral analysis. 
Initially, the extraction procedure eliminates to 
a great degree the starch, sugars, and protein 
which, if present, would produce troublesome 
tars as a result of the acid hydrolysis (588). 
The presence of these niaterials in the extract 
would necessitate larger amounts of acid, with 
subsequent destiuction of some sapogenin. It 
lids been determined by using the recommended 
extraction procedure (585), that 2 N HCl in 
alcohol at reflux temperature or 0.5 N HCl 

under pressure will completely hydrolyze sapo- 
nins (584, 588). Characteristic infrared and 
ultraviolet absorption spectra of the hydrolysates 
then serve to indicate whether the saponins 
causing hernolysis in the sample are steroidal or 
tritcrpenoid. 

The appearance of a characteristic honeycomb 
froth, which persists for at last 30 min. after 
shaking an aqueous boiled (3-5 min.) mixture 
containing the plant material, is presumptive 
evidence for the presence of saponins. This 
method of detection is rapid, simple, and requires 
little equipment, but it will not differentiate 
triterpenoid from steroidal saponins. It has 
been used, however, by several investigators 
(Table VIII). If only a small froth is produced 
by this treatment, which is stable lor only a few 
minutes, proteins, certain plant acids, or a low 
concentration of saponin may be the cause (.558). 
Evidence exists that the iroth test is not iii- 
falliblc since the saponin ol Cristanospermum 
uustrale is an active hemolytic agent a t  a dilution 
of 1 :20,000; however, a t  this dilution no frothing 
occurs (558). The addition of aqueous sodium 
carbonate to a boiled aqueous plant extract 
which froths poorly, or not a t  all, may result in 
the production of a stable and dense froth. If 
this occurs, the presence of free acids (e.g., 
stearic acid, diterpene acids, triterpene dicar- 
boxylic acids) is indicated (558). 
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TABLE 1X.-DIFFERENTIATION OF POLYCYCLIC SUBSTANCES IN PLANTS 
_______ 

Froth 
Trst 1,ielei-niann~Rurchai-d Tesl Snbstances Present + + Blue or green Saponins, probably steroiclal. + + Red, pink, purple or violet Saponins, probably triterpenoid. + - Pale yellow Saponins, possibly heterosides of saturated sterols or 

saturated triterpenes. 
- Saponins absent, free triterpcnes, diterpenes, sterols or 

related polycyclic substances present. 
- - Pale yellow Saponins absent, also unsaturated triterpcnes, sterols, 

etc., absent, but niay contain saturated sterols or 
saturated tritcrpenes. 

+ Red, pink, purple or violet 

fa =!= Pale yellow, red, pink, Saponins absent, probably free diterpene acids. 
purple or violet 

‘I b‘ruth only evident after addition uf sodium caibotiate and shaking. 

Some investigators have included a test for 
unsaturated sterols in their phytocheniical 
surveys. In most instances, the Lieberrnann- 
Burchard (L-B) tesCx has been used to  detect 
this class of compounds (422, 428-435, 478- 
383, 491, 558, f i l l i ) ,  and i t  has  been used t o  
advantage in thc diffcrentiation of triterpenoid 
and steroidal saponins (558). According to 
S h e s  et al. (558), blue or blue-green colors are 
formed in the L-B test with steroidal saponins, 
and red, pink, or purple colors result if triter- 
penoids are present. However, when these 
workers applied the L-B test either directly to 
powdered plant material, or to  a solution of ex- 
tracted material, they noted tha t  there was varia- 
tion in the colors produced, depending on the 
manner in which the test was conducted. For 
example, ursolic acid (triterpenoid) gives a blue- 
green color in solution, bu t  if the test is applied 
directly- to  solid material, the  colors noted are 
only purple or violet (558). Sinies et al. (568) 
do not comment on the time required to  observe 
these characteristic reactions, whereas Wall et al. 
(422), using chloroform extracts of plant ma- 
terial, point out that  interfering substances such 
as carotene and xanthophylls produce imnicdiate 
color changcs in thr L-B test, as also do satu- 
rated sterols. TTowcvcr, when interfering sub- 
stances are abscnt, unsaturated sterols give a 
minimal color density a t  the start of the test, 
and slowly reach a maxiinurn after about 15 min. 
This delayed color reaction has also been observed 
by others (589, 591). Brieskorn and Herrig 
(592), in an investigation of the mechanism of 
the L-B reaction, found the following fcaturcs 
essential for color formation. In  the steroids, 
two conjugated double bonds in ring B, or one 
double bond and an unhindered methylene group 
a t  C7 which can undergo oxidation and dehydra- 

3 T h e  L B  test is usually conducted by adding a small 
amount of acetic anhydridesulfuric acid mixture (19: I )  to a 
solution o l  the  sterol in suitable anhydrous solvent. A his- 
tory of the test has been given by Dam (590). 

tion, are essential. In pentacyclic triterpenes, 
however, it is the niethylene group at CI1 in ring 
C that  is involved. Steroid estrrs were shown 
to give a mure intense color reaction in the L-B 
test than the corresponding alcohols, while the 
opposite was true for pentacyclic triterpenes and 
thcir esters. 

HO R 
Steroid Sapogenin 

H O W  

Pentacyclic Triterpenoid Sapogenin 

The use of the froth test, in conjunction with 
the L-B reaction, has heen found useiul for the 
detection and differentiation of triterpenoid and 
steroidal saponins, triterpcnoid sapogenins, free 
sterols, and other polycyclic substances (558). 
An outline of methods used for these identifica- 
tions using the froth test, T,-B reaction, and 
hemolysis, is prescnted in Table IX. 

Willaman and Wadley (5%) have found an in- 
teresting correlation existing between Aguae 
and Dioscoren species with rcspcct to the presence 
or absence of unsaturatcd sterols and steroidal 
saponins. They point out  that  strong positive 
sterol (L-R) tests on extracts from these 2 genera 
usually indicatc an absence or very low steroidal 
saponin content. JIowever, with Yzicca, and 
undoubtedly with other groups of plants, no 
such association was indicated. 
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bufadienolides. Of these 2 groups the cardeno- 
lides are the most freqiicntly encountered and 
the most useful as therapcutic agents. 

It would appear that chromatographic dif- 
ferentiation of polycyclic substances in plant ex- 
tracts could be used to advantage, especially 
since the advent 01 thin-Iaycr chromatography 
which allows the use of corrosive reagents, since a 
great variety of steroid detecting reagents are 
available, e.g., vanillin-phosphoric acid (594, 
593, antimony trichloride (596-600), antimony 
pentachloride (596, 601), sulfuric acid (602), 
50% sulfuric acid (603, 601), sulfuric acid-acetic 
anhydride (599, (jO5), chlorosulfonic acid (599), 
silicotungstic acid (59(j), phosphotungstic acid 
(FOG), zinc chloride (607), anthrone (608), f u i -  
fural-sulfuric acid (609), sodium nitroprusside 
(tilo), Xessler’s reagent (611), Millon’s reagent 
(5!)6), tetrazoliuin blue ((ilz), phosphomolybdic 
acid (596, 613, 614), and Dragendorff’s reagent 
(341). Axelrod and Pulliam (615) have de- 
veloped several micro-methods for the detection of 
characteristic functional groups on the stcroid 
nucleus which can be adapted to paper or thin- 
layer Chromatography and which should be of 
great value in phytochemical screening. 

Cardiac Glycosides 

The importance of cardiac glycosides as ther- 
apeutic agents requires no elaboration. Their 
status in medicine, however, is not reflected in 
the number of published efforts to seek new and 
better agents of this type in the plant kingdom. 
As previously mentioned, a few surveys have 
been conducted in which plant extracts wcre 
evaluated for cardiotonic activity either through 
in nitro or in wieo biological tests (311-313). 
In the case of cardiac glycosides, the minimuin 
structural features required for biological ac- 
tivity are so well defined that the substitution of 
a strictly chemical means of detection is an ac- 
cepted procedure. All cardioactivc glycosides 
are classified as steroids (sterols), having the 
cyclopentanoperhydrophenanthrene nucleus, an 
a-a-unsaturated lactone ring (5- or &membered) 
a t  CI7, a p-oriented hydroxyl at CI4, a cis fusion 
of the C and D rings at C&lll, and thc attach- 
ment a t  C3 of one or more sugars, usually deoxy- 
hexomethyloses (3 10). A 5-membcrcd unsai- 
urated lactone a t  C1j catcgorizcs the glycoside 

m c H k  I, L-Iihamnose 

11, D-Cymarose 
111, u-lligitoxosc 

OCH3 
I I1 I11 

as a cardenolide, whereas a &membered unsatu- 
rated lactone a t  the same position exemplifies the 

Cardenolides Bufadienolides 

Detection of  cardiac glycosides in plants has 
been effected by means of chemical tests applied 
either directly to a crude or semipurified extract, 
or following chromatographic separation or the 
glycosidcs. Thc latter method is to be pre- 
ferred since a judicious selection of solvent systems 
and chromatographic conditions will Erce the 
glycosides from cxtrancous plant substances that 
either interfere with or mask the evidence of 
positive chemical tests. 

Several methods for preparing an initial ex- 
tract of the plant material have been reported, 
and methanol, 85% ethanol, or SOY, ethanol ap- 
pear to be the most useful solvents. The latter 
is advantageous since starch will not be ex- 
tracted (617). Although a certain amount of 
enzymatic degradation of the native glycosides 
will occur, either as a result of the drying prcice- 
dure or bccause of some processing step, this 
will not usually affect qualitative methods of 
detection since most of these are applicable to 
both native and secondary glycosides, as well as 
their aglycones. nieleski (6 18) has considered 
the problem of halting enzyme action when ex- 
tracting plant tissues, with respect to plant phos- 
phatases, and although the situation may not be 
analogous, the general precautions and approach 
to the prohlcm arc worthwhile. The cardenolide 
detection method o f  Kridcr et ul. (313) employs a 
paper chromatographic separation of a semi- 
purified extract prior to thc appliration of 
chemical detection met-hods. This purification 
is effccted by means of lead hydroxide precipita- 
tion of nonglycosidic interrering substances. 
Certain extracts encountercd in routine screening 
work, however, would require little purification, 
a step that is often time consuming and tedious. 

Chemical tests applied to the detection of car- 
diotonic glycosides and/or aglycones are carried 
out by applying one or more reagents to a chro- 
matograin of the extract (619-635) or to a piece of 
filter paper on which the extract was applied 
(486-488), or directly to the liquid extract (3 12). 
The available reagents are designed to detect 
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TABLE X.-CHROMOGENIC K E A G E h T S  USED FOK T H E  DE1 EC1 ION OF C.4RDIAC GLYCOSIDES 
__ - 

Reaction 
Site" 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
€3 
H 
C 
C c c 
C 
C 

Common Name 
of Test 

Raljct 
Kedde 
Raymond 
Legal 

Kiliarii 
Keller 
Kcllcr-Kiliani 
PPSPZ 
Tollens 
Larigejan 

Liebermanm 
Carr-Price 

Majur Constituent(r) of Reagent 
2,4,6-Trinitroyl~enol-alkali 
3,5-I)initrobenzoic acid-alkali 
wz-IXnitrobenzene-alkali 
Sodiuni iiitroprusside-alkali 
1,3,5-Trinitrobenzene-alkali 
2,4-Dinitrodiphenylsulfone-alkali 
1,2-Naphthoquinonesulfonatc-alkali 
Tetradinitrophcn yl-alkali 
o-Ditiitrobenzaldeliyde 
1,3 -DinitrobPtiz;tldeliyde 
Tetranit roineth:tne 
Ferric sulfate-sulfuric acid 
Ferric chloride-acetic acid 
Ferric chloride-sulfuric acid-acetic acid 
Santhydrol 
Silver nitrateammonia 
Orcitiol-hydrochloric acid 
Naphthoresorcinol-hydrochloric acid 
p-Di~netliylaminobenzaldehyde-phosphoric acid 
Acetic anhydride-sulfuric acid 
Antimony trichloride-acetic anhydride 
Trichloracetic acid 
Trichloracetic acid-chloramine 
Sulfuric acid-ferric chloridc-HJ'04 
Sulfuric acid, 84% 

( 3 7 3 ,  627, 635, i 3 8 ,  835) 
(630, 639, 640, 83.5) 
( (30 ,  639, 641, 836) 
(837.838) 

(645, 8*2) 
(632 ) 
(647, fi49) 
(646,836) 
(843) 
(639) 
(844) 
(589, 64 ) 
(630, 649,843) 
(629, 630) 
(629, 630) 
(847) 
( 848 

unsaturated lactone; R ,  desoxy sugar; C, steroid nucleus. 

either the unsaturated lactotie moiety a t  C17. the 
deoxy sugar a t  C3, or the steroid nucleus, the 
latter being the least specific for cardiotonic 
glycosides. These reagents are listed in Table 
X, togcther with common names frequently as- 
sociated with tests involving their usage. 

Most frequently utilized for the qualitative, 
as well as the quantitative evaluation of cardiac 
glycosides, have been the Baljet (2,4,6-trinitro- 
phenol) (636, 637), Kedde (3,5-diiiitrobenzoic 
acid) (038), Raymond (m-clinitrobenzene) (639, 
(i40), or the Legal (sodium nitroprusside) re- 
agents (641) which react with active methylene 
groups as found in the Ci7-unsaturated lactone 
moiety (64'2, 643). Thcse reagents give orange, 
purple, blue, and violet colors, respectively, with 
cardiac glycosides. -4lso utilized, hut to a lesser 
extent, are reagents that react with the deoxy- 
sugar moiety of cardiac glycosides, negative tests 
of course being expected for aglycones. These 
include the Kiliani (ferric sulfate-sulfuric acid) 
(1344), Keller (ferric chloride-acetic acid) (645), 
Tollens (silvcr nitrate-ammonia) ((i46), and 
Fesez (xanthydrol) (647) reagents. For detec- 
tion of the steroid nucleus, the Liebermanii 
(acetic anhydride-sulfuric acid) (648), and Carr- 
Price (antimony trichloride-acetic anhydride) 
(649) reagents are commonly used. Recent 
and thorough discussions of cardiac glycoside- 
detecting reagents have been published by Jen- 
sen (630), Rosenthaler (650), Cerri (651), and 
Frerejacque and DeGraeve (652). The latter 

paper is of particular value since it tabulates 
most of the useful reagents, gives formulas for 
their preparation, techniques for use, and presents 
remarks concerning the specilicity and limitations 
of each. 

In a phytochemical screening program for 
cardiac glycosides, initial positive tests on plant 
extracts using any one reagent should be con- 
firmed with reagents spccific for the 2 additional 
reactive sitcs (vide supun). For examplc, an 
initial positive Keller reaction is indicative only 
of the preseiice of a deoxy sugar. This should 
be followed by a second test which might be the 
Liebcrmann reaction for the steroid nucleus. 
Assuming that a positive reaction was also noted, 
a third and confirniing test might he the Legal 
or Kedde test which denotes an unsaturated lac- 
tone a t  (2,:. I'ositive tests with all 3 reagents 
offer reasonable assurance of the presence of 
cardioactive glycositles. If a negative test was 
uoted with the Legal or Kedde reagent, in con- 
junction with positive reactions from the Licber- 
maiiii and Keller tests, thc prcsence of digitanol 

0 
+-I 

Diginose-0 
Diginin--A Digitanol Glycoside 
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the year 1955 (415), rutin is still the major useful 
member of this class of compounds as a medicinal 
agent. Several reviews on the biological acti 
vities and place in drug therapy of the Aavon- 
oids have becn published (342, 344, 345, 415- 
418, ej55), as have essays on their economic non- 
medicinal applications (656-658). Morc re- 
cently, reports concerning the antiviral (G59), 
anti-inflammatory ( G B O ) ,  and cytotoxic (144, 
G(i1) activities of flavonoids have served to make 
them an exciting group of cornpounds for the 
researcher interested in biologically active phyto- 
constituents. 

Flavonoids are widely distributed throughout 
the plant kingdom in the form of aglycones as well 
as heterosides. However, the latter are most 
frequently found in flowers, fruits, and leaves, 
whereas the former are usually most abundant in 
woody tissues. Some compounds are nevcr found 
as hetcrosides, such as the nonhydroxylated and 
fully alkylated flavones, nobiletin, tangeretin, 
and meliternatin, and the polymetlioxyclialcote, 
pedicellin. These fla>Tonoids have no hydroxyl 
groups with which a sugar residue ran combine. 
I t  is difficult to state a general solubility rule for 
flavonoids because they range from water-soluble, 
ether-soluble (highly inethylated nonheterosides) , 
to ether- and alcohol-soluble (hydroxyflavone, 
flavanone, and isoflavone aglycones), to water- 
solublc, ether-insoluble (heterosides with up to 3 
sugars) forms. However, when fresh plant ma- 
terial is extracted, methanol or ethanol will 
usually reniove most flavonoids. Both flavonoid 
heterosides and aglyconcs are, as a general rule, 
insoluble in petroleum ether, and advantage can 
be taken of this fact to defat the sample prior to 
alcohol extraction. When dry plant material is 
to be extracted, several solvents should be se- 
quentially used to insure complete removal of all 
flavonoids; however, in a screening 1)rogram this 
is not usually feasible. Wall et ul. (422, 428- 
435) have used 80%) ethanol routinely in screcn- 
ing some GOO0 plant accessions for flavonoids, 

glycosides (diginin, digifolein, etc.) would be 
indicated since they lack the a-&unsaturated 
lactone a t  of the normal cardioactive glyco- 
sides and as a group are pharmacologically inac- 
tive substances (65:s). 

Of particular importancc in the interpretation 
o f  these tests is the observation of chromogenic 
reactions which may be transient, those which 
may change rapidly, or be dependent to a great 
degree on conccntration of cardiac glycoside pres- 
ent. Certain of the older literature presents 
color reactions which are erroneous and con- 
fusing since the purity of either the glycosides 
being investigated, or the chemicals used in the 
reagents, must be questioned. Cook (589) has 
reviewed the color reactions 01 steroids in the 
Liebermann-Rurchard reactions and presents a 
variety of possible colors for these compounds. 
In addition, he points out that in many in- 
stances, the chromogenic reactions are often 
delayed. 

Using the tests enumerated herein may result 
in a few false-positive reactions for cardiac glyco- 
sides since deoxy sugars, a-p-unsaturated lactones, 
and steroids exist in other molecules found in 
plants (310). However, the use of tests for all 3 
of these groups should greatly reduce the inci- 
dcncc of false-positive interpretations. 

Table XI presents a summary of several phyto- 
chemical surveys that have been published con- 
cerning the detection of cardiac glycos'd 's in a 
number of different plants. These nod other 
data (310) point out that cardiac g1yco:ides are 
present in a t  least 3!) genera of 14 plant lamilies. 

Flavonoids and Related Compounds 

The flaronoids are plant pigments based on the 
C6-cs-C~ carbon skeleton as found in flavoncs, 
flavonols, isoflavones, flavonones, catechins, leu- 
coanthocyanins, anthocyanins, aurones, and 
chalcones (Fig. 3). Although more than 33 dif- 
ferent biological activities had been reported for 
some 30 of 137 known natural flavonoids up to 

TABLE XI.-PHY?OCHEMICAL S U R V E Y S  FOR CARDENOLIDES 
~ - ~~ 

Species 
Plant Source Tested, N o  

hTigcria 3 3 
Tibet 113 
U.S.S.R. 
A pocynaceae 22 
A poi- ynaceae 5 
Asclepiadaceae 64 
Moracene 35 
Periplocnceae 6 
Misc. plants 17 
Mix. plants 10 

Method of Detection Ref. 
Ke11er-Kiliani arid Kedde tests on plant extracts 

Kedde test : paper chromatography (620, 624) 
Kedde, xanthydrol, SbCla tests: extracts spotted on paper (486, 487) 

(312) 
(513) 
(654) 

Kedde, xanthydrol, SbC& tcsts : extracts spotted on paper (488) 
Keclde test: paper chromatography (622, 626) 
Kedde, xanthydrol, SbCla tests: extracts spotted on paper (488) 
Redde test: paper clirornatography (313) 
Kcdde, trichloracetic acid-chloramine arid ShC13 tests: paper chro- (626) 

matography 
- - 

Original article unavailable; data not given in abstract. 
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VII VIII IX 
Fig. S.-Types of flavonoids. Key: I, flavones; 11, flavonols; 111, isoflavones; IV, catechins; V, flav- 

anones; VI, leuconsnthocyatiins; VII,  anthocyanins; V I I  I ,  a~rot i rs ;  IX, clinkones. 

the majority of the samples consisting of dry plant 
material. 

A number of specific color reactions for various 
types of flavonoids have been reported that 
could be adapted to screening large numbers of 
plant samples, but specificity of a sort is usually 
riot desirable for the initial testing. One of the 
most useful general tests is the so-called cyanidin 
reaction of Willstatter (662) which will detect 
compounds having the y-benzopyrone nucleus. 
To an alcoholic solution of plant material is 
added a small piece of magnesium ribbon, 
followed by the dropwise addition of concentrated 
HCI. 

Colors ranging from orangr to  red (flavoncs), 
red to crimson (flavanols), crimson to magenta 
(favanones), and occasionally to green or blue 
are taken as evidence for a positive reaction for 
&her the aglycone or heteroside. Colors usu- 
ally develop within 1-2 min. following addition 
of the acid and are, of course, subject to variation 
in intensity depending on the concentration of 
hvonoid present in the sample (663). Problems 
often arise in the interpretation of positive tests 
when the plant extract being tested is highly 
pigmented. Bryant has modified the method so 
that heterosides and their aglycones can be dif- 
ferentiated (664). Xanthones have also been ob- 
served to give a positive cyanidin reaction (663). 

Chalcones and nurunes will not give the cy- 
anidin reaction under the reducing conditions of 
this test. Direct addition of concentrated IiCl 
to an ethanol extract of plant material containing 
either of these types of flavonoids, however, will 
result in an immediate red color (663). 

Anthocyanins can be identified in plant ma- 
terial by extraction with cold 1% IICl followed by 
boiling and observation of the color a t  the boiling 
point. These plant pigments vary in color from 
orange-red to blue-red. Robinson and Robinson 
(665-668) first introduced this test which, through 
the use of iinmiscible solvent extractions, can 
differentiate many of the anthocyanins. A 
number of surveys for anthocyanins have been 
conducted, representing hundreds of plant 
specics (665-680), and representative reviews on 
the subject of anthocyanins have been published 

Leucoanthocyanins can easily be detected by 
the method of Bate-Smith and Metcalfe (685) 
which has been utilized by Cain et al. (478-482) 
in their extensive screening of the Kew Zealand 
flora. The test involves digesting a small 
sample of plant material with 2 N HC1 in 1- 
propanol for 13-30 min. A slow development 
of a strong red or violet color is indicative of a 
positive reaction, 

Catechins give a blue or green color with ferric 

(681-684). 
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and have the ability to tan hide. Chemically 
speaking, they are esters which can be hydrolyzed 
by boiling with dilute acid to yield a phenolic 
compound, usually a derivative of gdlic acid, 
and a sugar. These are often referred to as 
pyrogallol tannins. 

Condensed tannins (catechin tannins, phlo- 
batanninsj are polymers of phenolic compounds 
related to  the flavonoids and arc similar in 
general properties to the hydrolyzable tannins, 
but are not very soluble in water, and following 
treatment with boiling dilute acid, red-brown 
insoluble polymers known as phlobaphenes or 
tannin-reds are formed. 

Tannins are detected most simply in plant ex- 
tracts by the use of the so-called gelatiwsalt 
block test (710) which has been utilized extcn- 
sively in the phytochemical surveys of Wall et al. 
(422, 428-435). This test employs aqueous ex- 
tracts prepared from 80% ethanol extracted plant 
material. A sodium chloride solution is added to 
one portion of the test extract, of 1% gelatin 
solution to a second portion, and the gelatin- 
salt reagent (710) to a third portion. Precipita- 
tion with the latter reagent, or with both the gela- 
tin and gelatin-salt reagents is indicative of the 
presence of tannins. If precipitation is ob- 
served only with the salt solution (control), a 
false-positive test is indicated. Positive tests 
are confirmed by the addition of ferric chloride 
solution to the extract and should result in a 
blue, blue-black, green, or blue-green color and 
precipitate. Hoch (711) has applied some 33 
different classical tannin detecting reagents to 
several tannin extracts; however, the nonspeci- 
ficity of many of these would render them im- 

chloride, but this test is of little value when crude 
plant extracts are being evaluated because of 
many other compounds that can give similar 
tests. Extraction of plant material with benzene, 
followed by extraction with ether, will yield a 
catechin-containing ethereal extract. Chroma- 
tography of this extract, followed by treatment of 
the chromatogram with 3% ethanolic p-toluene- 
sulfonic acid and warming, will yield yellow spots 
if catechins are present (686). 

A summary of flavonoid color reactions, follow- 
ing treatment with various reagents on paper 
chromatograms, is presented in Table XII. 

In  addition to the specific flavonoid surveys 
cited above, others of a more general nature have 
been published (99, 506, 507, 687-692). General 
review articles are available which should be of 
value to those who are interested in more specific 
information on testing for individual flavonoids 
such as the catechins (686), isoflavonoids (693- 
Ii93), flavones (695-697), flavonols (697-698), 
dihydroflavonols (699), flavanones (700), chal- 
cones (TOO),  aurones ( ioo) ,  leucoanthocyanins 
( T O l ) ,  and thc flavonoids generally (702-709). 
Tannins 

Two groups of phenolic constituents, hydro- 
lyzable and condensed, comprise the tannins, 
substances which are important economically as 
agents for the tanning of leather, and for certain 
rncdicinal purposes. More recently, evidence 
has been presented in support of their potential 
value as cytotoxic and/or antineoplastic agents 
( 146 j . 

Hydrolyzable tannins are yellow-brown amor- 
phous substances which dissolve in hot water to 
form colloidal dispersions. They are astringent 

Anthocyanins Pink Dull red or Blue-qray Rluish 
OrallgP purple Blue 
Red-purple Fink 

Cc,lurlcss urmw 
Braan Pink 

Pink 
Chalcones Yellow Br"wll Yellow Orange Yellow Fluorerent Vrnngc 

Black Oranse Red orange omnge urown 
Yellow-brown Red-orangr Purplr Yelliis orange Drown KCd 

Pink Black Pink 
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practical for me in general phytocliemical screen- 
ing work. 

Sex~eral phytocheniical surveys for tannins in 
~ ~ l a n t s  of Argentina (712), ISu1gari:t (5 13), China 
(495), J apm (l(i8), Mexico (507), Nigeria (.99, 
loo), Pakistan (514), Tibet (513j, the U.S.S.R. 
(715-$18j, as well as from hundreds of additional 
miscellaneous plants (2, 5, 422, 428-435, 529), 
have been conducted. Happich et al. (2) have 
emphasized, from a practical viewpoint, the rc- 
quireiiients necessary in a tannin for i t  to be of 
coiniiiercial value. 

C:oumarins 

Coumarins are heriz-a-pyrone derivatives 
found widely distributed in plants; however, 
they occur most frequently in members ol the 
G'vii,?rii?iune, Orchidaceae, Legwninosae, L'nzbelli- 
fcuae, Rutiiceae, and Labiatae. They rarely, if 
ever, occur in the Liliaceae, Onngmceae, Pinaceae, 
or Cactacene. The medicinal value of certain 
cournarin derivatives (bishydroxycoumarin, 8- 
iiiethox;psr)ralcn) is well known; however, ac- 
cording to Soine (319), the rull range of biological 
activities for these compounds is not appreciated 
by most investigators. Reviews by Bose (719) 
in. 1958, and more recently by Soine (319) in l!jM, 
have served to point out the biological activities 
of cournarins, a group which appear most inter- 
esting because of their anticoagulant, estrogenic, 
dermal photosensitizing. antibacterial, vasodila- 
tor, molluscacidal, anthelmintic, scdative and 
hymotic, analgesic, and hypothhcrmdl effects 

Several types or coumarin derivatives have 
been found in plants, the substituted coumarins, 
furariocouriiarins, pyranocoumarins, benzocou- 
marins, phenylcournarins, and others. 

Couiiiarin itself can be easily detected in plant 
material simply by placing a small amount of 
moistened sample in a test tube aiid covering 
the tube with filter paper moistened wilh dilute 
sodium hydroxide solution. The covered test 
tube is then placed in a boiling water bath for 
several minutes, the paper removed and exposed 
to ultraviolet light. If coumarin is present, a 
yellow-green fluorescence appears within a few 
minutes (780).  This procedure, however, is 
applicable only t.o coumarin and related volatile 
compounds. Most niethods that appear useful 
for drtectirig coumarins in plant material arc 
based on extraction of the plant sample, followed 
b y  chroinatogrsphy of thr extract and revelation 
of the coumarins with spray reagents such as 
diphenylboric acid, @-nminoethyl ester ( i p l ) ,  
KOH and diazotized sulfariilic acid ( i y z j ,  or 
uranyl acetate (723).  

(419,719j. 
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Plant inaterial is best extracted by first quick- 
washing i t  with ice cold petroleum ether to re- 
move lipids. Most couinarins are insoluble in 
this solvent, especially if it  is kept cold. The 
defatted sample can then be extracted with warm, 
dilute alkali hydroxides which form the water- 
soluble coumarinate. Neutral organic impuri- 
ties then are extracted with ether and on ncidi- 
fication of the aqueous coumarinate solution, the 
parent coumarin reforms and is removed by ether 
extraction. Acidic impurities are then removed 
by extraction with sodium bicarbonate solution. 
The ether solution can then be concentrated and 
used for chromatographic studies with specific 
reagents (vide s z ~ p m ) ,  or as a spot test in which a 
drop of concentrate is treated, in a porcelain 
dish, with a drop of saturated solution of hy- 
droxylamine hydrochloride in alcohol and 1 drop 
of saturated alcoholic solution of KOH. This 
mixture is heated over an open flame until it he- 
gins to bubble. After cooling, 0.5 NI-IC1 i s  adtied 
to acidify the mixture, followed by a drop of 1% 
ferric chloride solution. -4 positive test consists 
o€ a violet color and is indicative of the presence 
oi lactoncs (724). Other tests (725-728) have 
been utilized for the detection of coumarins in 
plant niaterials; however, only a slight interest 
has been noted in testing for couiiiarins, as evi- 
denced by limited inclusion of tests for this 
group in phytochemical surveys (494, 513, 616). 

Anthraquinones 

The largest group of naturally occurring qui- 
none substances are the antliraquinones. Al- 
though they have a widespread use as dyes, their 
chief medicinal value is dependent upon their 
cathartic action. They are of restricted distri- 
bution in the plant kingdom and are found most 
frequently in members of the Rhnnznnceae, Poly- 
gonnceae, Rubiuceae, Leguminosae, and Liliacene. 
As found in plants, they are usually carboxylated, 
methylated, or hydroxylated derivatives oP the 
anthracenes, anthrone, antliranol, anthrayuinone, 
or dianthrone. Hydroxylated anthracenes often 
occur as heterosides linked with various sugars 
through one of the hydroxyl groups (O-hetero- 
sides). Other types of anthracene heterosides 
are represented as C-heterosides in which the 
sugar and aglycone are linked by a carbon to 
carbon bond. 

For the qualitative detection of anthraquinones 
in plant material, the Rorntragcr reaction, as 
modified by Kraus (729), appears tu be simplest 
to perforni in the application to  phytochemical 
screening. The powdered sample (0.3 Cm.) is 
boiled for a few minutes with 0.5 A' KO11 ( I  0 ml.) 
t o  which is added 1 ml. of dilute hydrogen per- 
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genetic glycosides prove useful in this rcspcct, 
the plant kingdom should be expected to be a 
source for new and similar compounds. 

It is generally recognized that a small amount 
of HCN occurs free in plants, but that the greatest 
amount is combined in glycosidic linkage (737). 
Although high concentrations of cyanogenetic 
glycosides have been reported present in the 
seeds of only a few species of plants, i.e., those of 
Rosnceue, lesser amounts have been reported in 
almost every Idant tissue from certain other 
plants. No general rule can be established with 
regard to the distribution of these compounds in 
various plant tissues. Cyanogenetic compounds 
are widely distributed, having been detected in 
more than 50 natural orders of plants, including 
ferns, basidioinycetes, and phycomycetes (737). 
Wherever cyanogenetic coinpounds are found in 
plants, specific hydrolytic enzymes are also known 
to exist, although a few exceptions are known 
(737). Also, there is some evidence that emul- 
sin, ordinarily thought to be specific as a catalyst 
for the hydrolysis of all cyanogenetic glycosides, 
will hydrolyze certain of these compounds only 
with difficulty, and some are known to be unreac- 
tive in the presence of this enzyme (737). 

Methods for the qualitative as well as cpanti- 
tative determination of cyanogenetic glycosides in 
plant and animal tissues have been extensively 
reviewed by van der Walt, who considers such 
methods as the Guignard, Vortman, phenol- 
phthalein, guaiac-copper, benzidine acetate- 
copper acetate, iodine-starch, I'russian blue, and 
the ferrous-uranic nitrate tests (735). The most 
widely used of these tests for the qualitative de- 
tection of cyanogenetic glycosides in plants has 
been the Guignard test. According to van der 
Walt (735), it is nonspecific since any volatile 
reducing agent such as hydrogen sulfide, sulfur 
dioxide, or aldehydes will give a positive test. 
Volatile reducing agents in plant extracts, how- 
ever, are not frequently encountered and the 
Guignard test appears to be the simplest, most 
rapid, and accurate means by which the presence 
of cyanogenetic compounds can be established in 
plant specimens. This test, as described by 
Burnside (733), is conducted by placing about 2 
Gm. of moist shredded plant material or crushed 
seeds in a small test tube, followed by the addi- 
tion of 4 drops of chloroform (to enhance enzyme 
activity, see reference 738). Sodium picrate solu- 
tion (5 Gni. NasCOa, 0.5 Gm. picric acid, water 
q.s. 100 ml. ; stable for 4 months if kept cool and 
well stoppered) is prepared and strips of filter 
paper are saturated with the solution. The 
strips then are blotted dry and inserted between 

0 OH 

a Anthrone Anthranol 
Anthraquinone 

0 

8 
Dianthrone 

oxide solution. After cooling, the mixture is 
filtered and 5 nil. acidified with 10 drops of acetic 
acid. This acidulated mixture is then extracted 
by shaking with 10 ml. of benzene in a separator 
arid the benzene layer takes on a yellow color. A 
5-ml. sample of this benzene extract is shaken 
with 2.5 ml. of ammonium hydroxide, and a posi- 
tive reaction for the presence of anthraquinoncs is 
evidenced by the formation of a red color in the 
alkaline layer. Normally, if C-glycosides are 
present in a sample being evaluated for anthra- 
quinones, they will not be detected by the usual 
Rorntrager reaction, as C-glycosides require 
special methods for cleaving the sugar from the 
aglycone. This can be dolie with ferric chloride, 
sodium dithionate or, as described above, with 
peroxide in an alkaline medium. It has been 
shown that this method results in a mixture of 
products ('730); however, this is not a disad- 
vantage for a general screening test. Other 
simple and rapid spot tests, which involve the 
direct addition of a reagent to the solid sample 
(powdered drug), have been described. They 
should be useful in phytochemical screening (731, 
732),  but to date have not been shown to be ap- 
plicable for this type of work. 

Phytochemical surveys for anthraquinones 
have been found only infrequently in the litera- 
ture (494,513). 

Cyanogenetic Glycosides 

Compounds in plants that liberate hydrocyanic 
acid (HCN) follou~ing hydrolysis are of major 
importance because of their potential danger as 
poisons to livestock as well as humans (733-735). 
Also, the use of at least one cyanogenetic glyco- 
side, (-)-mandelonitrile-~-glucuronoside (lae- 
trile), for the treatment of human neoplastic 
disease has been suggested (736), but this re- 
mains as a controversial subject. Should cyano- 
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split cork stoppers which are then introduced into 
the neck of the test tube containing the reaction 
mixture. Care should be exercised to insure that 
the paper strips do not touch the inner sides of 
the test tube. The test tube and contents are 
then warmed a t  30-35" for up to 3 hr. Large 
coriccntrations of HCN are detected within 15 
min. as cvidenced by a change in color of the 
yellow picrate test paper to various shades of red. 
Absence of a red color after 3 hr. is taken as a 
negative test. 

Plant materials not analyzed for HCN a t  the 
timc of collection can lose a large amount of their 
cyanogenetic glycoside content through spon- 
taneous hydrolysis. Briesc and Couch have 
shown that if chopped fresh plant material is 
stored in an aqueous mercuric chloridc solution 
( 1  Gin. I-IgC12 for each 100 Gm. of fresh plant 
material), the cyanogcnetic glycosides present in 
the preserved specimens will rcmaiti stable for up 
to G months, presumably through an inactivation 
of the hydrolytic enzymes (738) .  van der IValt 
(735), however, claims that the relationship of 
mercuric chloride to the water volume in the 
:preservative is more important than the mer- 
curic chloride-plant material ratio for glycoside 
stabilization. 

To insure that hydrolysis of cyanogenetic glyco- 
:;ides will indced take place, some investigators 
have added emulsin (or other specific enzymes) 
to all plants being evaluated for the presence of 
these compounds. Other investigators have 
carried out the hydrolysis in the presence of buf- 
fer (740). Although it has been determined that 
cyanogenetic glycosides are hydrolyzed by dilute 
acids to yield TICN, this method has not been ap- 
plied to the screening of plants for cyanogenetic 
glycosides (737). Concentrated mineral acids 
are to be avoided since I-ICE is riot released under 
these conditions (737). 

Although i t  appears that the Guignard tcst is 
adequate for screening plants for cyanogenetic 
glycosides, the precautions enumerated above 
should be taken into consideration if tlie results 
are to be meaningful. 

Several screening programs have been con- 
ducted for the presence of cyanogenetic con1- 
pounds in plants from Africa (735), Australia 
(423), Ilong Kong (49Y), North Borneo (491), 
a.nd the IJ.S.S.l<. (741), in addition to others (734, 
742-74,5). 
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Isothiocyanate Glycosides 

This group of interesting compounds will be 
discussed since plants containing isothiocyanates 
have been implicated in human as well as live- 

stock poisoning (74G), because of the antibac- 
terial and fungistatic potential of the glycosides 
(747) and because of their unique, yet restricted 
distribution, which makes them valuable in 
chemotaxonomic studies (7-18-753). Isothio- 
cyanate glycosides arc found most abundantly in 
the Cruciferae, as well as in the related families 
Cuppariduceae, ilJoringaceee, and Resedaceae of 
the Khoeadales (746). Also, their unexpected 
occurrence in the taxonomically remote Curicn- 
ceae, Euphorbiaceae, Limnanthuceae, Phytolircca- 
ceae, Plantuginaceae, Salvadoraceae, and Tro- 
pneolncene has been reported (746). Whenever 
mustard oil glycosides are round in a particular 
species, they appear to accumulate chiefly in 
seeds, as well as being found throughout the 
plant (746). The general type formula for these 
colorless, water-soluble compounds is illustrated. 

lsothiocyanates 

In all cases observed to date, glucose has been 
found to be the glycone moiety of isotliioc!-a- 
nate glycosides, thus suhstantiating the more 
common designation of this class of cotnpounds as 
isothiocyanate glucosides. Bccause of the pre- 
ponderence of potassium in plants, this element is 
usually found as the cation of the sulfuric acid 
rcsidue. Sinalbin, tlie classical glucoside of white 
mustard, is unique in that it contains sinapine, a 
quaternary base, as its cationic moiety. 

CH30 

CH30 

Sinxpine 

Myrosinase (myrosin), the specific cnzyme 
catalyzing the hydrolysis of all isothiocyanate 
glycosides has been found in all plants containing 
this substrate. However, it  accumulates in par- 
ticular cells (idioblasts) which do not contain the 
glycosides (746). This cnzynte has been stated 
to be most active a t  pII 6.5-7.5 and a t  a tem- 
perature of 30-40" (746). 

About half of the known 30 or more natural 
mustard oils are nonvolatile isothiocyanates 
(cheirolin, erysolin, p-liydroxybenzylisothiocya- 
nate) and as such are not steam distillable. 
Therefore, the practice of referring to this class of 
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some cases, followed by the application of chemi- 
cal tests for terpenes. 

Arthur (49 I ,  499, 500) studied more than $00 
species in North Borneo and Hong Kong, and 
simply chopped a small amount of fresh plant 
with a razor, introduced this into a test tube. 
added hot water, and boiled the mixture. Any 
characteristic odor of essential oils was then re- 
corded. Kohliiiunzer (777) evaluated some 551 
species of plants from genera known to have pre- 
viously yiclded econornically important essential 
oils (Sdaia, Laceizdda, Mentha, Rosmurinus, 
Zhymus, etc.). Following steani distillation and 
subsequent measurement of the separatcd oil, 
chemical tests for cineol werc applied. On the 
other hand, Retts (779) has devised a method em- 
ploying thin layer chromatography for the 
evaluation of petroleum ether extracts, from mn- 
bclliferous fruits, in which essential oils are uni- 
versally soluble. Fluorescein-treated plates of 
his extracts were first viewcd under ultraviolet 
light to note the presence ol: dark quenching 
spots against a bright yellow hackground. Un- 
saturated compounds were then detected as 
spots by exposure of the plates to bromine 
vapor which converted the fluorescein to eosin, 
and subsequent ultraviolet examination then indi- 
cated unsaturated compounds against a dull 
background. Plates were then spraycd with 2,4- 
diiiitrophenylhydrazine which rcvealcd kctories 
and aldehydes as orange spots. 

A simple microcohobation still for thc csti- 
mation of quantities of essential oil ranging from 
2-50 pl. in sinall (0.4 Gni.) saiiiples of plant 
material has been shown to give accurate results 
and could be ol value in screening large numbers 
of plant samples for essential oils on a quantita- 
tive basis (780). At least this would be some 
improvement over current organoleptic metho- 
dology. 

compounds as “essential oils” should be discon- 
tinued. 

Early methods for the detection of isotliio- 
cyanates consisted of hydrolysis followed by 
organoleptic evaluation of the liberated agly- 
cone. As a result, only the volatile isothiocya- 
nates were recorded. Today, however, with the 
availability of chromatographic techniques and 
rather specific detecting reagents, the analysis of 
plant material for isothiocyanates has become 
much more exacting. Although a number of 
microchemical tests for isotliiocyanates and their 
glycosides have been reported (754-756), the 
preferred method for their detection in plant 
material appears to be through extraction o f  small 
samples (2-5 Gm.), followed by convcrsion of the 
natural isothiocyanates into thiourea derivatives, 
and paper chromatographic separation of the 
mixture using water-saturated chloroform (757), 
ethyl acetate-water (75X), 2-butanone-water 
(7.55), pyridine-amyl alcohol-water (759, 760), 
heptane-90% formic acid--n-butanol (759, 760), 
or n-butanol-elhanol- wat er (761 ). Visualiza- 
tion of the separated compounds is then accom- 
plished by means of Grote’s reagent (modified 
nitroprussidc) (757), by silver nitrate (762, 763), 
or by the iodineazide reagent of Feigl (764) as 
modified by Kjaer (757). 

A useful list of mustard oil-containing plants 
known up to 1938 has been published by Schmal- 
fuss and Muller (765). Schneider (766) pre- 
sents a reliable key to the older literature on iso- 
thiocyanates, and recent reviews on this topic 
have been published by Delaveau (748-750), 
Hegnauer (751), Zinner (752), and Kjaer (753, 
767, 768). In addition, several surveys for iso- 
thiocyanates in plants have been conducted (767- 
773). 

Essential Oils 

Essential oils (volatile oils), in addition to 
their value as flavoring agents and perfumes, have 
been reported to have excellent antibacterial (201, 
202, 204) and antifungal (202-204) properties. 

A few reports have been published which in- 
clude an evaluation of plant samples for the pres- 
ence of essential oils (168, 491, 499, 500, 513, 
774-778). For maximum efficiency, tests should 
be conducted on fresh material since most of the 
volatile constituents of plants are lost during 
drying. In most instances the methods that 
have bcen employed to detect essential oils 
have been crude since they have of necessity heen 
conducted in the field as organoleptic examina- 
tions. More elaborate laboratory examinations 
have involved steam distillation followed by 
measurement of the water-immiscible oil and, in 

SUMMARY 

This review, to  the best of this author’s know- 
ledge, is thc first dealing with phytochemical and 
phytopharmacologic screening to be published. 
Therefore, out of necessity, a numbcr of perhaps 
important topics were not discusscd, and cer- 
tainly some of thosc includcd wcrc treated to a 
lesser degree than one might consider adtquatc. 

It was the desire of this author to make several 
facts evident through a review of the areas 
covercd in this manuscript : ( a )  that natural pro-- 
ducts have ljecn, and still remain as, an interest- 
ing and important source of biologically active 
substances, the major sources of which remain 
untapped; (b)  that although many methods are 
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available for the biological as wcll as chemical 
screening of plants, these are largely inadequate, 
and there is a great need for an increased in- 
terest in the development of improved method- 
ology; (c) that a great deal of needless duplica- 
tion of effort is evident in certain of the results 
presented in this review; and (d) correlations 
made and reported here point out the need for a 
restimulus of interest in this area of research. 

The number of published reports on phyto- 
chemical and phytopharmacologic surveys is 
exceedingly small in view of the amount of effort 
that is undoubtedly being expended in these 
areas. Several explanations for this are sug- 
gested : (a) some investigators feel that this type 
of research should not be published because 
much of i t  represents so-called “negative” data; 
( b )  others undoubtedly do not care to be associ- 
ated with “screening” publications; and (c) a 
great deal of this work is being conducted in 
laboratories having a vested and commercial 
interest so that publication of their results would 
reveal methodology and approaches to this area 
of investigation that might be considered 
“unique” and/or classified. Howcver, those re- 
luctant to publish these types of data are usually 
exceedingly interested in hearing of, or utilizing 
similar results by others, in planning their own 
approach to phytochernical-phytopharmacologic 
problems, or in making certain correlations with 
their own data. 

Natural product studies involving the search 
:For new biologically active substances present 
unique challenges and problems not fully ap- 
preciated by many persons having only a limited 
appreciation and breadth of knowledge in bio- 
1.ogical areas. Many of the problems, either 
enumerated or suggested by studies reported 
here, can be solved if proper attention is given to 
the remedies. I n  the past, a t  least in this coun- 
try, we have not had the organizational tools 
1.hrough which natural product studies could be 
considered in their own light. This is not true 
today, for with proper effort expended in its own 
behalf, the area of natural products can assume a 
more important place in the scientific community 
to serve humanity better. 

Those of us interested in new biologically ac- 
tive phytoconstituents are constantly re- 
minded, cither verbally, through innuendo, or by 
means of restricted budgets and limited avail- 
ability of research funds, of the “scientifically” 
unsound approaches that are used in our quest for 
new drugs. But, can methods other than those 
d.elineated in this review be suggested? And the 
work must continue. 
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Resedrch Artz'cles- 

Excretion of Nortriptyline Hydrochloride in Man I 
Detection and Determination of Urinary Nortriptyline 

By M. E. AMUNDSON* and J. A. MANTHEY 

A quantitative U.V. spectrophotometric assay procedure has been developed for the 
determination of urinary nortriptyline in man. A thin-layer chromatographic 
system is described which allows rapid detection of the presence of the drug and its 
metabolites in urine. The drug was found to  be slowly eliminated as a mixture 

of free drug and metabolites. 

ORTRIPTYLINE .5- (3-methyl- 
aminopropylidene) - 10,11 - dihydro - 511- 

dibenzo [a,d]cycloheptene hydrochloride, has re- 
ceutly been introduced as an antidepressant. 
This communication describes an assay procedure 
for the quantitative determination of the drug 
in the urine of patients receiving therapeutic 
doses. 

The need for urine tests for the detection and/ 

EHCH~CH~NHCH~.HCI  
Nortriptyline HCl 

or determination of phenothiazine and related 
drugs in chronic mental patients has been es- 
tablished (1). The assay method reported here 
permits a reliable evaluation of drug intake by 
patients treated with nortriptyline hydrochlo- 
ride. 

EXPERIMENTAL 

Drug Administration and Urine Collection.--811 
subjects except thc normal male used for the 
single dose experimeiits were under treatmmt at 
Central State Hospital, Indianapolis, Ind., and 
wcrc on a regular oral dosage schedule which 
ranged trom 50-150 mg./day depending upon thc 
individual patient. Twenty-four hour urinc collcc- 
tions were made from 7: 30 a.m.- 7.30 a.m. For the 
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single-dose experiments, the subject received an 
oral dose of 25 or 30 mg., and urine was collected 
a t  regular intervals up to as long as 72 hr. after 
dosage. 

Assay Method.-Method A .- An aliquot of the 
urine (25 ml. for chronic studies, 100 ml. for single 
dose studies) was transferred to a 250-ml. sep- 
arator. The urinc was made distinctly alkaline 
with 5OcjO sodium hydroxide and was extracted for 
3 rnin. with 2 successive 50-ml. portions of ether. 
The extracted urine was saved for Method B. The 
ether was washed with 25 ml. of 0.1 N sodium 
hydroxide and 25 ml. of water, respcctivcly. Thc 
washes were discarded. The ether was extracted 
for 3 min. with 2 successivc 10-ml. portions of 0.1 N 
hydrochloric acid. The acid extracts were collected 
in a 25-tnl. volumetric flask, and the solution was 
made to  25 ml. with additional acid. The ab- 
sorbance of this solution (solution A )  then was de- 
termined on a suitable spectrophotometer a t  the 
Am=. of approximately 240 nip. 

Method B.-The extractcd urine from Method A 
was ncutralized with 6 N hydrochloric acid and 
0.2 vol. of concentrated hydrochloric acid was 
added. The solution was heated on a steam bath 
for 1 hr. and then was allowed to  cool to  room 
tcmpcrature. The solution was made alkaline 
with 50y0 sodium hydroxide using an ice bath, if 
necessary, to prevent excessive warming. Thc 
solution was then extracted with ether as i n  Method 
A .  The absorbance of the acid extract (solution B) 
was determined at  thc A,,,. of approximately 
290 my. 

Method C.-One-tenth volume of conccntratcd 
hydrochloric acid was added to an accurately 
measured aliquot of solution A .  After heating for 
1 hr. on a steam bath, the solution was allowed to 
cool and was diluted to an appropriatc volume with 
water. The absorbance of this solution was de- 
termined at  the A,,,,,. of approximately 290 mp. 

Methods A ,  B ,  and C were repeated ou an equal 
volume of control urine to establish blank urine 
values. 

Calculations.--A1I results were calculated as 
equivalents of nortriptyline hydrochloride. 
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was extracted with ether, a considerable amount of 
material which absorbed a t  240 nip was obtained. 
However, only a small percentage of this material 
was identificd ab unchanged nortriptyline by thin- 
layer chromatography ( Fig 1) .  Acid hydrolysis 
of the extracted urine yielded upon subsequent 
extraction a material which exhibited 290 mp 
absorbance which is characteristic of the molecule 
in which the diniethylene bridge of nortriptyline 
has been replaced by a double bond as previously 
reported (2, 4). Acid hydrolysis of the material 
which had been obtained initially by ether eutrac- 

X 
10 mcg. 

X- 
abs2,,,>,,, (soln. A )  - abs240,p (blank A )  

0 . 4 W  ml. 
total urine vol. 1 - 

~ ~- 
iol .  ofaliquottakcn 1000 
mg. unchanged nortriptyline + 

“free” hydroxylated nortriptyline (X) 

1 x ~. ~ = total urine vol. 1 ~- 
vol. of aliquot taken TOO0 0.8s4 

rng. “bound” hydroxylated nortriptyline ( Y) 

X 
abs200,p (soln. C) - abs290,p (blank C) 

0.4333 
same as foc calculation of Y = 
mg. “free” liydroxylated nortriptyline ( Z )  

X - 2 = mg. unchanged nortriptyline hydro- 
chloride, and X + Y = total mg. excreted expressed 
as nortriptyline hydrochloride equivalents. 

Thin-Layer Chromatography.-Ether extracts of 
several urine samples wcrc examined chromato- 
graphically for the presence of unchanged drug 
and metabolites. Standard size (20 X 20 cm.) 
glass plates were coated with a 250-p layer of Silica 
Gcl G. The plates mere air-dried overnight before 
use. The developing solvent consisted of isopro- 
panol-water, (88: 12), one-third saturated with 
sodium chloride. The presence of free drug and 
metabolites was detected by spraying the plates 
with 1 : 1 3A ethanol-sulfuric acid followcd by heating 
in a 90-100” oven for 75 min. 

Figure 1 is a reprcsentativc chromatogram of the 
extracts from 2 urine samples from patients who 
had reccivcd nortriptyline hydrochloride. The 
urine was extracted with ether as in Method A of 
the assay procedure. After washing with alkali 
and water, the cthcr was cvaporated to dryness. 
The residue was redissolved in a small volume of 
methanol and was applied to the plates. The 
plates were placed in the dcveloping solvcnt for 
approximately 2.5 hr. The plates were removed, 
air-dried, and sprayed with the ethanolic sulfuric 
acid. The plate was then placed in tlie oven to 
develop the characteristic colors given in Fig. 1. 

RESULTS AND DISCUSSION 

McMahon et al. (2)  investigated the metabolism 
of nortriptylinc-N-methyl-’?C in rats, and N- 
demethylation and hydroxylation of one of the 
bridgehead carbons were the major metabolic 
changes obscrved. Hucker (3) reported that the 
2 major metabolic reactions of amitryptyline, the 
dimethylamino analog of nortriptyline, were also 
iVdernethykation and hydroxylation. The metab- 
olism of iiortriptyline in man is currently under in- 
vestigation and will be thc subject of a futurc 
rcport. 

The findings of McMahon et al. (2) wcrc applicd 
to the development of this assay method. When 
urine from a patient who had received nortriptyline 

2 0.482 is the measured absorbance of a 10 mcg./ml. 
solution of nortriptyline hydrochloride in 0.1 N hydrochloric 
acid. 

8 0.433 is the calculatcd absoi-hance of a 10 mcg.;nil. 
solution of acid-hydrolyzed hydroxylated nortriptylinc. 

4 0.85 represents the recovery factor determined by adding 
hydroxylated nortriptyline to urine and hvdrolyzing with 
acid as in B and C. 

Fig. 

O0 I 

1.-Thin-layer chromatography of urine 
extracts from patients receiving continued doses of 
nortriptyline hydrochloridc. Key: a, urine ex- 
tract KO. 1902; b, urine cxtract No. 1903; c, 
nortriptylinc; and d, control urine extract. Zone 3 
identified as iiortriptyline and zone 4 tentatively 
idcntified as 10-hydroxy nortriptyline. Colors 
shown are those observed after spraying with 1 : l  
ethanol-sulfuric acid and heating the platc in a 
90 100” oven for 7.5 min. 

WAVELENGTH, 

Fig. 2.-Typical U.V. absorption curves obtained 
on assay solutions. Key: 0 ,  solutiou A = uii- 
changed nortriptyline + “free” hydroxy derivative; 
X, solution B = “bound” hydroxy derivative; 
and 0, solution C = “frcc” hydroxy derivativc. 
Curves B and C were obtained after acid hydrolysis. 
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TABLE I.-~RINARY EXCRETION OF NORTRIPTYLINE HYDROCHLORIDE (24-hr.) 

Patient 

-- Nortriptylinc Eqtlivalmts, mg. 7 

Nortriptylinc “Free” “Bound” AV. 
Dose HCI, mg. Metaholite Metabolite Totdl 7” Dose 

A 25 mg. bid 
25 mg. bid 

B 25 mg. qid 
C 25 mg. qid 
D 25 nig. qicl 

25 mg. qid 
E 25 mg. qid 

25 mg. qid 
25 mg. qid 

F 25 mg. qid 
25 ing. qid 
25 mg. qid 
25 mg. qid 

G 25 mg. qid 
25 mg. qid 
25 mg. qid 
25 mg. qid 

H 50 mg. tid 

1.5 27.3 
2 .6  18.0 
1.5 24.0 
3 . 4  32.2 
4 .2  47.6 
2 .6  28.9 
1.1 32.9 
3.9 43.1 
1 .9  34.5 
2 .7  22.2 
5 . 3  22.0 
4 .3  30.8 
3 .0  24.6 
0.5 7 . 2  
0.8 35.7 
1.6 37.0 
1.0 29. .5 
3.0 36.5 

23.8 
20.6 
2 .1  27.6 

26. .5 62.1 
44.7 96.5 
22.0 
23.2 57.2 
21.8 68.8 
13.5 49.9 
16.7 41.6 
16.3 
10 .4  
8 . 3  35.9 

10.5 18.2 
35.3 71.8 
35 .8  74.4 
4.5 35.0 

40.8 80.3 
Av. 

i 

94.0 
27.6 
62.1 
75.0 

33.6 

41.6 

49.8 

53.5 
57.8 

tion of the urine exhibited the same U.V. absorption 
pattern. Typical curves obtained from cxtracts 
of urine before and after hydrolysis are shown in 
Fig. 2. I t  is assumed, therefore, that hydroxylation 
of nortriptyline does occur in man and that only 
part of this metabolitc is subscquently conjugated. 

Sdditional metabolites are present in the urine 
o f  man as evidenced by the chromatograni shown 
in Fig. 1. Only sniall amounts of unchangcd drug 
were excreted (zone 3). Four nietabolites wcre 
apparent in the extracts. %one 4 has been tenta- 
tively identified as 10-hydroxynortriptylinc and is 
present in thc greatest concentration. The re- 
maining 3 nietabolites are currently under investiga- 
tion. The relatively large zones near thc solvent 
front apparently- have no relationship to the nietab- 
olism of nortriptyline and represent extraneous 
material carried through the extraction procedure. 

Triplicate assays of a urine sample by the above 
procedure showed a total excretion of 61.2 f 1.8 
(S.D.) mg. of nortriptyline equivalents. 

Pure 10-hydroxy nortriptyline was not available 
.to usc as a standard in the assay procedure. ‘rhc 
0.433 absorbance value used in the calculations 
was calculated from the data of Villani et al. (4) on 
aniitryptyline and its derivatives and represents 
the  theoretical absorbance of a 10 mcg./ml. solution 
of the hydrochloride salt of the unsaturated molecule 
which rcsults from the acid hydrolysis of the 10- 
hydroxy metabolite. Addition of a known con- 
centration of inipure 10-hydroxy matcrial, obtained 
by extraction of a patient’s urine to  a coiitrol urinc 
and subsequent acid hydrolysis and cxtraction, 
resulted in a rccovcry of 85% based on the calculated 
absorbance of0.433. 

Scveral of the patients received other drugs in 
addition to nortriptyline hydrochloride. Phena- 
glycodolj ( 1200 mg. daily), chlorothiazideG (500 
mg. daily), perphenazine7 (24 mg. daily), trifluo- 
prrazincx (45 mg. daily), and flupliena~ine~ (15 mg. 
-___ 

j Markcted as Ultran by Eli Lilly and Co. 
6 Marketed as Diuril by Merck Sharp and Dohme. 
7 Marketed as Trilafon by Scheriug Corp. 
8 Marketed as Stelazine by Smith Kliue & French. 

Marketed as Prolixin by E. R. Squibb & Sons. 

daily) did not intcrfcrc with the assay procedure. 
Chlorprurnazine’o (300 nig. daily) did interfere in 
the extraction proccdurr, as was evidenced by the 
U.V. absorption curvc obtained on the extract. 

It was not possible to  obtain control urine speci- 
mens from the patients: therefore, thc rcsults ob- 
tained from these patients are uncorrected. A 25- 
ml. sample of control urine from a normal female 
gave insignificant absorptiori readings when carried 
through methods A and C, and the blank resulting 
from hydrolysis of the extracted urinc sample 
(Meethod B j  was equivalent to 1.1 nicg. of nor- 
triptylinc equivalents pcr ml. of urine. Control 
urine collected from the subject, who was given a 
single dose of the drug, gave values of 1.5, 2.1, and 
2.1 mcg. of nortriptylinc cquivalents per ml. of 
urine for methods A ,  B ,  and C, respectively, and the 
results wcre corrcctcd. In  this instance 100 nil. 
of urine was used as the aliquot for assay. Sincc 
25-1111. aliquots wcre used for all assays on the 
chronic adiniriistration study, blank valucs would 
be relatively insignificant. 

Table I is a summary of thc data obtained on 21- 
hr. urine collections from patients on a chronic 
dosage regimen of nortriptyline hydrochloride. 
All patients had been receiving the drug for several 
months. In the limited number of patients studicd 
therc appears to be a correlation between the dose 
administered and thc amount of drug recovered 
in the uriue. lridividual fluctuations in the rate of 
excretion of the drug are quite apparent, however. 
It is evident that only small amounts of unchanged 
nortriptyline are excreted and that a somcwhat 
larger amount of the hydroxy metabolite is excreted 
in the “free” than in the “bound” or conjugated 
form. In the 8 patients studied, an avcrage of 
about 58% of the administered dosc was excreted 
in the urine in a 24-hr. pcriod. 

Single doses of 25 and 30 mg. wcre given to a 
normal, healthy male to determine the excretion 
pattern after a single dosc. These data are given 
in Table 11. In this subject the maximum excretion 

10 Marketed as Thorazine by Smith Kline & French. 
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TABLE T~. -~ORTRIPTYLINE HYDROCHLORIDE EXCRETION AFTER SINGLE DOSES 
___- ~ _____ ___-__-__ _ _  __ ____ 

Collection Nortriytyline “Free” “Bound” 70 of 

25 0-24 Ncdiriblc 4.6 4 . 9  9 . 5  38.0 
T h w ,  mg. Interval, hi-. HC1 Metabolite Metaholite Total IMse 

30 0-24 ‘I 0 3 .2  3 4 
24-48 0.8 2 . 1  2.0 
48-72 0 8  0 7 1 .7  

7 .6  25.3 
4.9 16.3 
3 . 2  10.7 

Totals 2.6 6 .0  7 . 1  15.7 52.3 

TABLE I1 1. --SOKTKIP~ Y L l X E  HYDROCHLORIDE E X -  
CRETION AFI ER 3 S U C C E S S I V E  DAILY 10-mg. I>OSES 

&-ortrip- Nortriptyline Rquivalents, mg.” 
tyline “Free” “Bound” 

Day Dose, mg. HC1 Metabolite Metabolite Total 
1 10 0.96 0.98 1 9 1  3.85 
2 10 0.95 0.84 2.35 4.14 
3 10 0 90 2.36 2 52 5.78 
4 Xone 0.93 2.03 3.22 6 18 

Urine was collected during the 24-hr. interval between 
doses and during the 24~?ii-. interval folluwiug the final dose. 

ratc was found to occur in the 4-8-hr interval after 
dosage. The drug is slowly excreted in the uriue 
and substantial levels were found 2-3 days after 
dosage. Within the 0-24-hr. interval a lower pcr- 
centage of the administered dose is recovered in 
the urinc than from thosc paticnts on chronic 
administration of the drug 

The data in Table 111 show the gradual increase 
in the amount of drug excreted daily as the dosc is 
maintained over a period of 3 days. These data 
were ohtained on thc samc subject as was uscd in 
the single dose study. 
y From the data presented, it is eviclent that the 
assay method described is capable of permitting a 
reliable evaluatiou of nortriptyline hydrochloride 
ingestion. If onc is intercstcd only in whether a 
patient has taken his medication and is not interested 
in the total amount of nortryptyline present in the 

urine, it would be necessary to carry out only 
Method A of the assay procedure. The presence 
of the drug can also be detected by thc TLC system 
described. 

SUMMARY 

1. A quantitative U.V. spectrophotometric assay 
method has been developed for the deterniination 
of nortriptyline hydrochloridc and its principal 
metabolites in the urine of man. 

2. The drug is slowly cxcrctcd in the urine 
primarily as conjugated and unconjugated 10- 
hydroxy nortriptyline. Little unchanged nortrip- 
tyline is excreted. 

3. iln average of 58% of the daily dose was re- 
covered in 24-1ir. urine samples from patients on a 
continuing dosage regimen of the drug. An average 
of 347. of the dose was recovered from thc 24-hr. 
urine of a subject given single doses. 

4. A thin-laycr chromatographic system is de- 
scribed which permits rapid identification of the 
presence of the drug and/or metabolites in the urine. 
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Adrenolytic Activity of Atropine, (+)-Hyoscyamine, 
Atroscine, Homatropine, and Related Compounds 

By F. P. LUDUENA and MARY-JANE BRANIN 

The adrenolytic activity of atropine, (+) and (-) hyoscyamine, (-)-hyoscine, 
atroscine, and related compounds was determined by their ability to antagonize the 
lethal effect of epinephrine in rats. (+)-Hyoscyamine was found to be more active 
than atropine, and atropine was slightly more active than atroscine (racemic hyos- 
cine). The  Zevo-isomers, (-)-hyoscyamine and (-)-hyoscine, were inactive. 
These results indicate that (+)-hyoscyamine and (+)-hyoscine are responsible 
for the effect of atropine and atroscine, respectively. Hornatropine and benztropine, 
but not tropine itself, were active. Benztropine was approxiinateiy one-fiftieth as 
active as phentolamine. A pair of esters of tropine had weak adrenoiytic activity, 
but their pseudotropine isomers were inactive. Atropine aminoxide (genatropin) 

and atropine methyl nitrate had no adrenolytic activity. 

T HAS long been known that atropine, in high epinephrine and sympathetic stimulation on 
doses, inhibited or reduced the effect of various arterial beds (1). Those results included 

I<eccived Piovernbcr 19, 1965, from the Sterling-Wiutlirop the effect of epinephrine on arterial strips from 
horses, oxen, and rabbits and perfused arterial Accepted for publication December 16, 1965. 
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beds of frogs, dogs, and rabbits. Hiissell ( I )  
showed that  atropine reduced the effect of epi- 
nephrine on the blood pressure of thr spinal cat ,  
the dog perfused leg, the cat nictitatingmembrane, 
the perfused rabbit ear, and the rabbit uterus. 
Me found that (-)-hyoscyaminc was inactive 
or had w r y  little activity. LMore recent studies 
have confirmed these results. Crahani (2) demon- 
strated that  atropine and ( -)-honiatropine 
hlocked the constricting effect of epinephrine on 
the duck duodenum, while (- )-hyoscyamine 
and (--)-hyoscine were inactive. He also re- 
ported that  the relaxation of the hen’s caecum 
induced by epinephrine was not changed by 
atropine. Ruegg (3) found that  atropine reduced 
the effect of epinephrine and norepinephrine on 
the rabbit iris dilator in vitro. 

The general conclusion to  be drawn from the 
literature data is that atropine blocks or reduces 
the effect of epinephrine and other catechol- 
amines on sympathetic a-receptors and has no 
effect on P-rcceptors. In other words, atropine 
has adrenolytic (a-sympatholytic) activity. 

The experiments described below were carried 
tout to compare the adrenolytic activity of 
;atropine with that  of related compounds and, 
since (-)-hyoscyamine had been reported t o  be 
inactive, t o  determine whether the activity of 
atropine (racemic hyoscyamine) was that  of the 
iiextvo-isomer in the mixture. 

EXPERIMENTAL 

Method.--The method was based on thc ability 
of adrenolytics to antagonize the lethal effect of 
epinephrine in rats. The rationale for the sclection 
of the rat as experimental animal, the intravenous 
route of administration, and the injection of epi- 
nephrine with the antagonist in the same solution has 
been discussed earlier (4). Two slightly different 
techniques were used. Method A ,  described earlier 

Method A .-Male white rats, weighing between 
80-110 <:m., were injected intravenously with a 
POO-mcg./Kg. (2.7-5 X LDm) dose of epinephrine 
together with om of a series of graded doses of the 
compound to be tested. Using 0.3-log intervals, 
the dose of thc compound under study was varied, 
while the concentration of epinephrine was kept 
constant. To obtain thc EDSo, the percentage 
mortality was plotted against dosc on log probit 
paper. 

Method B.--ilfethod B was employed when thc 
adrenolytic activity of the compound was too 
weak to be observed by Method A .  Similarly, a 
cnmbincd injection of epinephrine and the compound 
to be trstcd was administered intravenously to  malc 
white rats. In this case, howevcr. the dose of the 
compound was kept constant, whilc thc conccntra- 
tion of epinephrine was varied, a t  0.2-log intervals. 
Again, plotting per cent mortality zwsus dose, the 
LDso of epinephrine, as affectcd by the weak adreno- 

(4), folloms. 

lytic, was cletcrmined. I n  comparing this value with 
valucs obtained by dctcrmining the toxicity of 
cpincphrinc alone, slight adrenolytic activity could 
be detected. In Table I1 the results obtained with 
the 2 techniques arc shown in different columns. 
In  the case of Method L I ,  the control LDjo for cpi- 
nephrine, obtained with animals from thesamc batch, 
is included also. Doses of phentolamine, smaller 
than the EDSo obtained by Method A ,  were tested 
by Method B .  The results in Table IT show that 
even thc smaller of the 2 doses used reduced the 
intravenous toxicity of epinephrine. 

Compounds Used.--Atropine sulfate [( zt))-hyos- 
cyamine (Merckj] , ( +)-hyoscyamine 1-2-oxobor- 
nanesulfonate, ( -- )-hyoscyaminc sulfate, hornatro- 
pine hydrobromide (Merck), benztropinc mcthane- 
sulfonate’ (3-diphenyl mcthoxytropdne methane 
sulfonate), apoatropine hydrochloride, and tropine 
hydrochloride. 

Compound I (tropyl cliphenylacetntc hydro- 
chloride), compound I1 (pseudo-tropyl diphenyl- 
acetate hydrochloride), compound I1 I (tropyl-2- 
cyclopentyl - 4 - mcthylpentanoate hydrochloride), 
compound IV (pseudo - tropyl -2 - cyclopentyl - 4- 
methylpcntanoatc hydrochloride), atropine aminox- 
ide chlorhydrate (Amcrican Roland Co.), atropine 
methyl nitrate,2 and ( - )-hyoscine-hydrobromide 
(scopolaminc hydrobromide) (Merck. ). 

( f )-Hyoscine (atroscine) prepared by raccmiza- 
tion of ( - )-hyoscine by Dr. Benjamin F. Tullar, 
dipl~enhydramine~ (Parke, Davis and Co.), com- 
pound V (3-phenyltropane hydrochloride), phentol- 
amirie HCl,4 papaverine hydrochloride (Mcrck), 
and proncthalol hydrochloride5 (nethalide HCI). 

RESULTS 

Examination of the results summarized in Table I 
shows that some of the compounds tested had 
adrenolytic activity. 

Of the 2 optical isomers of atropine. only (+)- 
hyoscyamine antagonized the lethal effect of epi- 
nephrinc; ( -))-hyoscyamine in a dose of 40 mg./Kg. 
failed to protect the rats injected with a 200-mcg./ 
Kg. dose of epinephrine. 

The activity of ( + )-hyoscyamine was low ; 
phentolamine tested in the same nianner was ap- 
proximately 400 times more active. 

The results showed clearly that there is n o  cor- 
relation between choliriolytic and adrcnolytic ac- 
tivities. The cholinolytic action of ( - )-hyoscy- 
amine was found by Long et al. to be 110~ 250 timcs 
higher than that of the (+) isomer. This ( -  )/( +)- 
activity ratio is considerably higher than those 
reported by others (6-8). [Lower ratios may in- 
dicatc (-)-isotner contamination of the (+)- 
hyoscyaniine samplc.] 

Atropine aminoxide (gcnatropinc) and atropine 
methyl nitrate had no adrenolytic activity. 

Scopolamine [( - )-hyoscine] was inactive at thc 
highest dose tested (40 mg./Kg.). Racemic hyos- 
cine (atroscine) was slightly less active than 
atropine ; this indicates that (+ )-hyoscine is the 

1 Ma! kcted as Cogentin hy -VMerck Sharp & Dohmr. 
2 Marketed as b:umydrin by S. B. Penick Co.  
7 Mal-keted as Benadryl by Parke, Davis and Co. 
4 Marketed as Regitime HCI by Ciha Pharmaceutical Co. 
6 Mat-keted as Alder-lin HCI by Impcrial Chemical In- 

dustries Ltd 



282 Jouvnal of PhamaceuticaE Sciences 

0 ?3 

$1 
N m c.l 

m 

tl 
h 

Y e 

N 3 :  
* o  
m m  

0 0 0 3  
i 0 3 -  

3 

t- 

N e 

N 

-r 

tl I 
In 

h m 

b F. 



Vol. 55, X o .  3? Jfavch 1966 283 

= o * - t  c 

0 

+, 
8 8  
0 0  

N m  

active isomer and that substitution of scopine for 
the tropinc ring in atropinc docs not abolish adreno- 
lytic activity. 

Proriethalol and papaveriiie, at the doscs tested, 
did not protect rats from the lethal effect of epi- 
nephrine. 

The most active of thc compounds testcd was 
benztropine, its activity being approximately one- 
fiftieth of that of pheutolamine. Homatropine and 
2 other tropanol esters ( I  and 111) were slightly less 
active than atropine. The pseudotropanol analogs 
(I1 and I V )  of the last 2 compounds had no activity. 

Substitution ol a dirnetliylamino ethanol group 
in compound 1 for the tropanol moiety abolished 
adrenolytic activity. ( I  zleysza diphenhydramine.) 

Most of the compounds tested had cholinolytic 
activity. Since paralysis of thc vagi and cholinergic 
vasodilators by choliriolytics may increase the mag- 
nitude and the duration of epinephrine hypertensive 
effect, the following expcriment was performed. 
Graded dosrs of epinephrine were injcctcd together 
with a dosr of 1 mg./Kg. of (-))-hyoscyamiue. 4 s  
expected, the toxicity of rpincphrine was slightly 
incrcased. [LDja of epinephrine alone was 37.5 f 
4 nicg./K;g.; when 1 mg./Kg. of (-)-hyoscyamine 
was added to each of the graded doses of epinephrine 
the LDso was 27 =k 2.7 mcg./Kg.] These results 
suggest that the adrenolytic effect of the active 
compouitds tested had to be cxerted against an 
epinephrine toxicity somewhat greater than that 
obtained 011 control rats. 

DISCUSSlON 

The experiments reported above have confirn~ed, 
by a different  neth hod, reports in the literature 
which showed that atropine (I) and hornatropine 
(2) had adrenolytic activity and that ( -  j-hyoscy- 
amime was inactive (1, 2). Although (+)-hyoscy- 
aiiiiiie had not been tested before, the fact that 
( - )-hyoscyamine WRS inactivc strongly suggested 
that thc known weak adrenolytic activity of atro- 
pine was due to (+)-hyoscyamine. Our experi- 
ments have dcmonstrated that (+ )-hyoscyamine is, 
indeed, an aclrenolytic of a potcncy greater than that 
of atropine. 

Since ( -  )-hyoscinc (scopolaminc) is inactive the 
activity of racemic hyoscinc (atroscine j must be 
due, as in the case of atropine, to the action of thc 
destvo-isomer. 

In the series of compounds studied, with the ex- 
ception of atroscine, the adrenolytic activity is 
associated with the presence of the tropanol moiety 
in the molecule, although tropinc itself is inactive. 
Substitution oi scopinc for the tropine ring in 
atropine did not abolish activity but only rcduccd it. 
The presence of a tertiary amine group appears to 
he important--but11 atropine aminoxide and atropine 
methyl nitratc were inactive. 

The activity of ( +)-liyoscyarnine was approxi- 
Iuately 1/400 of that of phentokdmine. ~ssuiiiitig that 
thc activity ol atropine is 50% of that of (+)- 
hyoscyamine, the plientolainine/atropinc activity 
ratio of 800 differs from that reported by Flccken- 
stein (9), who found a molar activity ratio of 375 
in experitnents 011 the perfused rabbit ear. He also 
found that diphenhydramine. inactivc in our test, 
was as active as atropine. Since in Fleckenstcin's 
experiments the adrenolytic was perfused, the con- 
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centration of diphenhydramine a t  the biophase, 
when distribution equilibrium had been reached, 
may have been much higher than that of atropine. 
In our experiments higher doses of diphenhydramine 
could not be administered because of toxicity. 

The steric configuration of the tropyl moiety in 
atropine and atroscine plays au important role, 
since in both cascs only the dextro-isomers are 
active. Cushny (10) reported that atropine was 200 
times more active as a cholinolytic than its desoxy 
analog. This ratio is within the range of the leva/ 
dextro hyoscyamine activity ratios obtained by 
Long et al. ( 5 ) ,  suggesting, in accordance with 
Easson and Stedman’s (11) theory, that the side 
chaiii OH group contributes to thc attachment to  
the parasympathetic receptor. With the informa- 
tion available we can only theorize on the influence 
of the OH group in the tropyl moiety on adrenolytic 
activity. Only one of thc enantiomorphs niay have 
a configuration that provides an extra bond (hydro- 
gen) for attachment to  a-sympathetic receptors. 
Or possibly, adrenolytic activity may occur in 
atropine and raccmic hyoscime only when the OH 
group is “pointing away” from the receptor, as 
appears to  be the case with tfic adrenolytic activity 
of (+)-isoprotereuol (12). I n  this case the OH 
group is not essential since the (3-desoxy analog is 
equally active. The desoxy analogs of atropine 
and hyoscine could not be tested because they were 
unavailable. Howexr, a closely related compound 
of atropine, apoatropine, was found inactive a t  
10 mg./Kg. (The toxicity of the compound pre- 
vented the use of higher doses.) 

In  examining the method uTe employed, the ques- 
tion may be raised of whether the antagonism of 
thc lethal effect of epinephrine is a measure of 
adrenolytic activity (blockade of a-sympathetic 
receptors), or could protection against epinephrine 
toxicity be obtained with other typrs of drugs? 
To investigate this problem, 2 drugs which were 
known to antagonize some of the effects of epi- 
nephrine without acting on a-receptors-a smooth 
muscle relaxant, papaveriue, and a @-receptor 
blocker, pronethanol-were tested. 

As discussed in a previous paper (4), the data in 
the literature indicate that the fatal pulmonary 
edema which follows the intravenous injection of 
high doses of epinephrine is due to  a pronounced rise 
of arterial and pulmonary venous prcssurc. Theo- 
retically, antagonists of the effect of epinephrine 
on the blood vessels or the heart could act as 
epincphrine antidotes. However, pronethalol, a 
preceptor blocker, in doses of 1, 2, or 4 mg./Kg., 
had no antidotal effect when injected together with 
epinephrine (100 mcg./Kg.). Nonadrenolytic vaso- 
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dilators, such as ( - )-isoproterenol (12) and pa- 
paverine, do not reduce the toxicity of epincphrine 
in the rat. 

In addition to  adrenolysis, the only pharmaco- 
logical property which is known to protect rats (4) 
against the lethal effect of epinephrine is that of 
methacholine, ie., muscarinic activity. Obviously, 
the positive rcadings reported above cannot be due 
to muscarinic activity, since the active compounds 
have an antagonistic, not an agonistic action on the 
muscarinic receptors. 

The compounds we tested had weak protective 
action compared with phemtolamine, aud as in all 
cases of weak inhibitory activity, the idcntificatiorl 
of the type of activity involved is not clear cut. 
The EDso of phentolamine and those of othcr 
adrenolytics (4) are considcrably lower than the 
doses required to  reverse the pressor cffcct of 
epincphrinc. Thereforc, il the term “adrenolytic” 
is applied only to those that revcrsc the pressor 
effect of epincphrine, the weakest members of the 
a-receptor blockers may not be included, although 
they may show antiepinephrine effect on isolated 
vessel preparations (rabbit uterus, vas deferens, 
etc.). Atropine and homatropine were known to 
reduce the effect of epinephrine on various tcst 
objects; our tests confirmed the a-receptor blocking 
effect of homatropine and identified the optical 
isomer rcsponsible for the effect of atropine. The 
chemical similarity of hyoscine and the fact that the 
racemic mixture, but not the levorotatory isomer, 
was active strongly suggest that the same mechanism 
of action is involved. Less is known about the 
pharmacological actions of compounds I and 111 
which were found weakly active in our tests. How- 
ever, the chemical relationship withactivecompounds 
in our series and the absence of an alternative mcch- 
anism of action suggest that the protection against 
epinephrine toxicity is due to  a-receptor blockade. 
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Factors Affecting the Absorption of Riboflavin in Man 
By GERWARD LEVY and WILLIAM J. JUSKO 

The urinary recovery of riboflavin as a function of dose after oral administration to 
fasted normal humans shows that the process responsible for the absorption of this 
vitamin is saturable. The  saturation effect is  not evident when riboflavin doses as 
high as 30 mg. are administered after a meal. The enhanced absorption of ribo- 
flavin in the presence of food appears to be due to a decrease in intestinal transit rate 
which causes the vitamin to  be retained at absorption sites in the small intestine for a 
longer period of time. The site specificity and saturability of riboflavin absorption 
suggest that the vitamin is absorbed by specialized transport rather than by passive 
diffusion. This conclusion is supported by kinetic and physical-chemical data, as 
well as by the results of studies of the effect of route of administration on  the recovery 

of riboflavin in the urine. 

EVEKAL GROUPS of invcstigators have found a S linear relationship between the dose of ribo- 
flavin administcrcd orally in solution or in other 
rapidly available fornis and the urinary recovery- 
of this vitamin (1-4). Melnick et a/. (1') re- 
covered an avcrage of about 367, of the dose 
after adniinistratioii of up to  10 mg. of riboflavin 
in solution. Hrewer et al. (2) recovered about 
50% in the dose range of 2 to  7 mg. but  dern- 
onstrated tha t  doses under 2 mg. are retained 
morc completely. Morrison and Campbell (3) 
reported an average urinary recovery of 61% 
in the dose range of 1 to  20 mg.. and Morrison 
et al. (4) recovered 56% of the dose alt.er oral 
administration of 5 and 10 mg. of riboflavin. 
It has been suggested (5), on the basis of these 
observations, that riboflavin is absorbed by 
passive diffusion. I n  the course of a study of the 
effect of viscosity on gastrointestinal absorption 
in man (6), in which riboflavin was used as a 
model drug, results were obtained which appeared 
to  be completely incompatible with the published 
observations of others. A thorough review of the 
data revealed only one potentially significant dif- 
ference between the experimental designs em- 
ployed by othcr invcstigators and that used in 
this latioratory : the other investigators ad- 
ministered riboflavin after a meal, while in this 
laboratory the vitamin was given on an empty 
stomach. Consequently, a formal study of the 
(effect of time of administration (ie., before or 
:after breakfast) on the urinary rccovcry of ribo- 
j¶avin was instituted. The study was designed 
to yield kinetic data  as well, and was expanded 
:;ubscquently to include an evaluation of the 
effect of route of administration on riboflavin 
excretion. 
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EXPERIMENTAL 

Absorption Study.-Four hea.lthy male volun- 
teers, ranging in age from 22-37 years, served as 
test subjects. Each subject received 5, 10, and 30 
mg. of  ribotlavin U. S. P. in 100 ml. of 0.02 N acetic 
acid, followed by a small amount of water either on 
an empty stomach (after an overnight fast) or 
immediately after a standard breakfast consisting of 
60 Gm. of cornflakes with sugar and 500 ml. of milk. 
One subject received also doses of 3 and 20 mg. of 
riboflavin on an empty stomach. Total urine col- 
lections were carried out at 0 ,  0.5, 1.0, 1.5, 2, 3 ,  4, 
and ti lir. after riboflavin administration, and at  
convcnicnt timed intervals thereafter up to 24 hr. 
Imrnediately after collection the urines were placed 
in brown opaque plastic bottlcs, glacial acetic acid 
(about 3 m1./100 nil. of urine) was added, and the 
bottles were placed in a. refrigerator. The subjects 
were instructed to drink about 100 ml. of water 
every hour to maintain adequate urine output. 
When riboflavin was given on an empty stomach, 
breakfast mas withheld for 2 hr. after the start of the 
experiment. The subjects were asked to avoid 
eating certain foods known to contain appreciable 
amounts oi riboflavin and to refrain iron1 taking 
vitamin preparations or drugs for a t  l a s t  48 hr. 
prior to and during the experiment. 

A similar protocol was followed when riboflavin 
was administered by other than the oral route. 
The vitamin was administered intravcnously by 
rapid irijectiori of a corntriercia1 preparation stated 
to  contain 5 ~ n g .  o f  riboflavin (actual assay: 4.5 
mg.) solubilized with nicotinarnide (item No. 398, 
Eli Lilly Nr Co.). K r l  administration of ribo- 
flavin was carried out by means of a polyethylene 
syringe fitted with a 25-cm. catheter tube which was 
inserted fully in the rectum. 'The rectal solution 
consisted of 5 ~ n g .  riboflavin dissolved in 50 i d .  of 
0.5% methylcellulose (Methocel 4000 60 HG, Dow 
Chemical Co.) in water. This solution was re- 
tained in the colon. 

=It least two 24-hr. blank urine collections, with 
and without breakfast, were carried out in each sub- 
ject. Control urine collections were carried out also 
after oral administration of 200 mg. of nicotinamidc. 

Analytical Methods.-Riboflavin in the urine was 
determined fluorometrically by the method of  
Burch et al. ( 7 )  as well as by a method based on the 
U. S. P. XVI assay procedure (8), using the Turner 
fluorometcr, model 111, with primary filter 47-B and 
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secondary filter 2h-12. The Burch assay involves 
extraction of riboflavin into benzyl alcohd, while 
the modified U. S. P. XVI procedure does not 
rcquire extraction. In the latter procedure, 5 ml. 
of suitably diluted urine is niixed with 1 ml. of pH 
4.8 acetate buffer (1 N). One milliliter of 4% 
potassium permanganatc and, subscquently, 1 ml. 
of 3y0 hydrogen peroxide are added. The fluores- 
cence intensity of this solution is drtermined bcforc 
and after reduction of riboflavin with sodium hydro- 
sulfite. All data were corrected for blank values 
which averaged 0.6 mg./24 hr. by the Burch proce- 
dure and 1.0 mg./24 hr. by thc modified U. S. P. 
procedure. Nicotinarriide was found not to inter- 
fcrc in the assay of riboflavin, both h d r o  (aqueous 
solutions) and in vim (urines after nicotinamide 
administration). 

Determination of Partition Coefficients.-Chloro- 
form and 0.1 N hydrochloric acid or pH 7.0 phos- 
phate buffer (0.1 M )  were used as the organic and 
aqueous phases, respectively. The organic-aqueous 
phase volume ratio was 50: I, and the initial concen- 
tration of riboflavin in the aqueous phase was 5 
mg./100 ml. Thc phascs wcre shakcn a t  37” for 
14 hr. The aqueous phase then was removed, 
centrifuged, adjusted to pH 4.8 with 0.1 N acetate 
buffer, and assayed fluorometrically by the modified 
U. S. P. method. Control experiments without 
riboflavin were carried out in parallel and yieldcd 
negligible fluorescence readings. 

RESULTS 

Both assay procedures employed in this investiga- 
tion yieldcd csscntially identical results. For 
example, the average urinary recovery after oral 
administration of 5 mg. of riboflavin after breakfast 
was 61.3y0 by the Hurch assay and 60.576 by the 
modified U. S.  P. procedure. The significance of 
thcse findings will be discussed in a subsequent rc- 
port on the metabolic fate of riboflavin and ribo- 
flavin-5’-phosphatc, rcspcctively (9). All data 
presented in this report are based on the results ob- 
tained with the assay procedure of Burch et al.  ( 7 ) .  

The urinary recoveries of riboflavin as a function 
of dosc when given on an cmpty stomach and after a 
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TABLE I.--EFFECT OF DOSE ON URINARY KECOVERY~ 
O F  RIBOFLAVIN GIVEN ON A S  EMPTY STOMACH 

Dose, mg. - 
Subject 3 5 10 20 30 

J 48.0 35.8 24.5 19.5 10.0 
L 33.4 22.2 13.4 
A 52.7 22.8 18 2 
111 67.9 49.8 21 1 

a Per cent of dose. 

TAnLE II.-EFFECT O F  DOSE ON URINARY RE- 
COVERY~ OF RIBOFJ,AVIN GIVEN AFTER A STANDARD 

BREAKFAST 
_ _ _ ~ ~ -  ~ ~ _ _ _ _ ~ -  

c Dose, mg.- 
Subject 5 10 30 

J 49.8 61.0 52.4 
L 59.2 54.6 50.0 
A 60.1 68.9 59.9 
M 76.1 68.4 80.4 

(I Per cent of dose. 

1 - - 7 - r ~  
10 30 20 

DOSE, mq 

Fig. 1.--Urinary recovery of orally administered 
riboflavin as a function of dose when given on ail 
empty stomach ( 0 )  and after a standard breakfast 
(0). Mean of 4 subjects. 

I 
L __ ~ -T -77-7 , 2 3 

Recgrarrl of Dme, l l m g  

Fig. 2. -Lineweaver-Burk-type plot of the re- 
ciprocal of the amount of riboflavin recovered in the 
urine ZJS. the reciprocal of the oral dose given on an 
empty stomach. Key: 0, subject J ;  0,  subject M .  

standard meal, respectively, are listcd in Tables I 
and 11. As shown in Fig. 1, there was a linear rela- 
tionship betwecn dose and the amount excreted 
when the vitamin was taken immediately aftcr a 
standard breakfast. The average recovery 01 ribo- 
flavin w-as 6Z%, which is essentiaIly identical to  the 
61% recovery obtained by Morrison and Campbell 
( 3 ) .  When riboflavin was taken on an empty 
stomach, the per cent recovered in the urine de- 
creased with increasing dose. In agreement with 
the obwrvations of others [for example, Everson 
et a1 (lo)], there were consistently high and low 
excretors of riboflavin, respectivcly, regardless of 
dose and experimental conditions. The relatiomhip 
betwecn dosc and urinary recovery of riboflavin 
given on an empty stomach is depicted in a Linc- 
weaver-Burk-type plot (11) for the “high excretor,” 
subject M ,  and the “low excretor,” subjcct J (Fix. 
2). The linear relationship obtained in cach case 
indicates a limited capacity for riboflavin absorption 
undcr the experimental conditions. 

Figure 3 depicts the excretion rate of riboflavin as 
a function of timc aftcr oral adniinistration of 10 
mg. either on an empty stomach or after breakfast. 
The plot on Cartesian coordinates shows the dif- 
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Fig. 3.--Bxcretion rate of riboflaviti as a function 
of time after oral adniiriistratiori of 10 mg. of ribo- 
flavin in aqueous solution to 4 subjects on an empty 
stomach ( 0 )  and after a standard breakfast (0). 
Data are plotted on Cartesian coordinates (left) 
and in seiriilogarithniic form (right). 

fcrencc in thc areas under the respective curves 
(which reflects the different amounts absorbed and 
excreted under the different experimental condi- 
tions) and indicates the very rapid absorption of thc 
vitamin. The shapes of the 2 curvcs suggest that 
absorption under the 2 eaperimcntaI conditions oc- 
curred a t  about the same rate initially, but con- 
tinued for a longer period of timc whcn the vitamin 
was given after breakfast. The semilogarithrriic 
plot in Fig. 3 shows an expoitential decline of excre- 
tion rate as a function of time, with an average half- 
life of 1.1 hr. (range of individual half-lives: 0.9 to 
1.4 hr.). There was a consistent decrease in slope 
after 6 hr., when only a very small fraction of the 
total cxcreted amount rerriairied to he excreted. 

The effect of route of administration on riboflavin 
recovery is shown in Table 111 for subject J .  The 
dose had to bc restrictcd to 5 mg. to permit intra- 
venous arid rectal administration of the vitamin in 
solution. The viscosity of the rectal solution was 
increased by addition of mcthylccllulose to permit 
retention of the solution without lcakagc. The 
possibility of complex formation between riboflavin 
and the polymer was ruled out by equilibrium 
dialysis (6). 

The kinetics of elimination of riboflavin after 
intravenous administration are depicted in Fig. 4. 
The experimental data could bc rcsolvcd into a 
rapid and a slow component with half-lives of about 
0.2 and 8 hr., respectively. 

DISCUSSION 

Site Specificity of Riboflavin Absorption.--Evi- 
dcnce which suggests that riboflavin is absorbed 
mainly in the proximal region of the intestinal tract 
has becn reviewed by Campbell arid Morrison ( 6 ) .  

TABLE ~LI.-EFFEcT OF ROUTE OF ADMINXSTRATION 
ON URINARY RECOVERY OF A 6-mg. 110s~ OF 

RIBOFLAVIN IX a FASTING SUBJECT 
- -~ ~- ~- ~ 

Rt. of Admiu. Recovery, 7; 
Oral, empty stomach 35.8 
Oral, after breakfast 49.8 
Intravenous" 72.0 
RectaP 6.2 

~~~ - 
a Actual dose, 4.5 mg. Ii Ketention enema. 

For example, they point out that riboflavin absorp- 
d if the vitamin is administered in cer- 

tain coated tablets or susta.ined-release preparatioiis 
which do not release riboflavin rclatively promptly. 
Moreover, administration of riboflavin in a number 
of sustained-release preparations having markedly 
different rclease characteristics has yielded excretion 
rate zersus time curves which tend to drop off a t  
about the same (early) times as curvcs obtained 
after giving the vitamin in rapidly available form. 

Colonic ahsorption of riboflavin is practically 
insignificant (Table 111). The present findings are 
in agreement with those of Everson et al. (10) and 
Cdnipbcll and Morrison (5). Kajjar et (11. (12) 
noted some absorption of riboflavin after administcr- 
ing 20 mg. as a rectal enema, hut presented no 
quarititativc data. I t  has been shown that rectally 
administered encmas and even suppositories spread 
in a retrograde manner at least to the mid-descend- 
ing and frequently to the ascending colon (13, 14). 
In the present study, particular emphasis was 
placcd upon introducing the riboflavin solution as 
high up the colon as possible by use of a 25-cm. 
cathctcr. The very lorn absorption of riboflavin 
after rectal administration is considered, therefore, 
to rcflcct an intrinsically poor absorbability of this 
vitamin in the colori, rather than being due to 
limitcd contact with colonic membranes. 

It has been suggested (4) that the apparent site 
specificity of riboflavin absorption could bc due to 
degradation of the vitamin iu the lower bowel. 
'rhis suggestion is bascd on a report by Sclye (15) 
who stated, on the basis of very limited and indirect 
evidence, that riboflavin is rapidly destroyed in thc 
large intestine of rats. The theory that the site- 
specificity uf riboflavin absorption is due to dcgrada- 
tion of the vitamin in the large intestine is rather 
untenable on kinetic grounds. If the degradation 
process is first order, a constant fraction of each 
dose, regardless of size, would he destroyed. If tlic 
process is apparent zero order (perhaps due to a 
limited metabolic capacity of a microbial population 
involved in this process), the fraction of a dose which 
will he destroyed would dccreasc with incrcasing 
dose. The tlxperitnental data (Table I) show ex- 
actly the oppositc relationship. To explain this 
phenomenon on the basis of degradation in the lower 
gastroiiitcstinal tract rcquircs that one invoke such 

d 0.5 I ~. ! 
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Fig 4 -Eliuiination of riboflavin after iritra 
\emus adrriitiistration (subject -I) Key: 0, 
diffcrence between e-,periuiental data, 0 .  extrap- 
olated line 
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relatively rapidly in gastric and upper intestinal 
fluids, the absorption kinetics would be apparent 
zero order for physicochcmical rather than for 
physiologic reasons. However, if experimcnts now 
in progress in this laboratory show that riboflavin-5’- 
phosphatc (FMN) has similar absorption charac- 
teristics as does riboflavin, largc doses of thc morc 
water-soluble FMN will be given in solution after a 
meal to  see if saturation effects can be dcmon- 
strated.2 

It is of interest that apparently only Morrison and 
Campbell (3) havc administered riboflavin also on 
an empty stomach. They used a 5-mg. dose only 
and reported “similar” urinary recovery to that 
obtained after breakfast, but did not prescnt quan- 
titative data. Their findings are cxplained readily 
by reference to Fig. 1, which shows that recovery of 
riboflavin given before or aftcr brcakfast is indeed 
“similar” at doses of 5 mg.; the differences become 
appreciable only when largcr doses are givcn. 

The Evidence for Specialized Intestinal Transport 
of Riboflavin in Man-Two of the major charac- 
teristics of specialized intestinal transport proccsscs 
are site specificity and saturability (20). These 
characteristics are evident in the absorption of ribo- 
flavin. The vitamin has a molecular weight of almost 
400 which precludes rapid absorption by the pore 
route. Its chloroform-water partition coefficient, 
when the pII of the aqueous phase is either 1 or 7, is 
very small ( < 0.001). Substances with such proper- 
tics are not absorbed or only very poorly absorbed by 
passive diffusion (20). Yct riboflavin is absorbed 
very rapidly, as is evident from Fig. 3 and from thc 
report by Wiegand et al. (21), who have estimated 
that the rate constant for riboflavin absorption (in 
doses of 5 mg. or less) is in excess of 30 reciprocal hr. ! 
Although Wiegand et al. point out that a rate con- 
stant of this magnitude is not meaningful (it indi- 
cates that absorption is 95y0 complete in 6 min. or 
less), the value does reflect the very rapid absorption 
of the vitamin. It is inconsistent with present 
knowledge that such rapid absorption of a largc, 
lipoid-insoluble substance can occur other than by 
some form of specialized transport. 

Animal Experiments.-Spencer and Zamchcck 
(22) have studied riboflavin absorption with everted 
intestinal sacs from rats and hamsters and by the in 
niz’o ligated loop technique in rats. They did not 
find any accumulation of riboflavin against a con- 
ccntration gradient and noted that the intestinal sac 
appeared relatively impermeable to  the vitamin. 
However, they used an almost saturated solution of 
riboflavin, and the high concentration alone can 
account for their inability to find serosal to mucosal 
conccntration ratios grcater than unity. The ob- 
served low permeability of the intestinal sac to  ribo- 
flavin shows, regardless of other considerations, that 
the absorption of this substance by passive diffusion 
is a t  best very poor. Spencer and Zamcheck con- 
clude that “the scant evidence available suggests 
that riboflavin may cross the intestine by diffusion 
rather than by specific transport,” but add that “it 
is possible that in the presence of lower concentra- 

2 After completion of this mauuscl-ipt, the recent paper by 
Stripp [Acta I’kormacol. Toxirol.,  22, 353(1965) ] was. re- 
ceived. He found that 50- to 500-mg. doses of FMX, given 
in solution after a meal, yielded the same riboflaviu in bluod 
levels and the same amounts excreted despite the 10-fold 
difference in dose. This demonstrates unequivocally the 
existence of an absorption maximum even when the vitamin 
is administered after a meal. 

possibilities as substrate inhibition of an enzymic 
systcm, or a dose-dependent effect of riboflavin on 
gastrointestinal motility. Neither of these possi- 
bilities is realistic in terms of present kuomledgc or 
in relation to the enhanced absorption observed when 
riboflavin is taken after a meal. Another remote 
possibility is that thc decreased absorption of ribo- 
flavin with increasing dose is due to the dimerization 
of the vitamin a t  higher conccntrations and that 
this is practically abolished in the presence of other 
interacting substances ingcsted as food. However, 
therc is cvidcnce that biologic membranes have a 
dissociating effect on homo-complexes and that 
dimerization will not affect absorption rate (28). 

Saturability of Riboflavin Absorption.-The ob- 
servation that the urinary recovery of riboflavin is 
decreased with increasing dose when the vitamin is 
taken on an cmpty stomach (Table I) suggests 
strongly that the process responsible for riboflavin 
absorption is saturable. There is no evidence that 
renal excretion of riboflavin is saturable in the con- 
centration rangc encountcred in the prescnt experi- 
ments (cf. subsequent paragraph concerning elimina- 
tion kinetics), and this possibility may, therefore, be 
ruled out as accounting for the experimental observa- 
tions. Since given individuals appear to havc rela- 
tively constant iritcstinal transit rates (16), the 
amount of an incompletely absorbed substance 
(givcn in solution) which is absorbed can be used as 
a relative measure of absorption rate in the indi- 
vidual. On this basis, Lineweaver-Burk plots have 
been prepared by plotting thc reciprocal of thc 
amount of riboflavin absorbed on an empty stomach 
against the reciprocal of the dose. Figure 2 shows 
such plots for a high and a low excretor of ribo- 
flavin. Each of these plots is linear and indicates 
an absorption maximum, as is charactcristic of 
active transport processes (17). The magnitude of 
the extrapolated maximum valucs cannot be corn- 
pared directly between different individuals, be- 
cause they arc a function also of intestinal transit 
rate arid of the fraction of absorbed riboflavin which 
is excreted in the urine. Thesc Characteristics show 
appreciable intersubject variations. For example, 
the data listed in Table I1 show that subject M 
intrinsically excretes R larger fraction of riboflavin 
than dovs subject J. 

The Effect of Food.-Food and viscous liquids 
slow gastric emptying arid intestinal transit (18, 19). 
I t  is reasonable to assumc that the presence of food 
causcs riboflavin to be in contact with optimum 
absorption sites in thc proximal region of the intes- 
tinal tract for a longcr period of time, and thus, 
brings about the complete absorption of the vitamin 
ovcr a wider dose rangc. The data in Tablc I1 
indicate that riboflavin given aftcr breakfast is 
absorbed either conipletcly or that the same fraction 
of the dosc is absorbed’ in the dosc rangc of 5 to 30 
mg. While it would be desirable to demonstrate 
that saturation of riboflavin absorption is possible 
cvcn when thc vitamin is givcn aftcr meals, rcsults 
of such experiinents would be equivocal since the 
limited solubility of riboflavin would require that 
the large doses ncccssary for such a study be given 
in suspension. If the amount of undissolved ribo- 
flavin is greater than that which can be dissolved 

1 This would be lhe case if riboflavin is partially desti-oyed 
in the intestinal tract. 
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tions of the vitamin and with the admixture of food 
inaterials there may be othcr mechanisms of ribo- 
flavin absorption by the intestine” (32) .  

The significance of the study by Turner and 
Hughes (23 ) ,  who used rat intcstine preparations, is 
also limited by the high conccritratiou of riboflavin 
used. Tlicy concluded that in rats all 13 group 
vitamins are absorbed by passive diffusion, but it is 
of interest that Spencer and Brody (24) have shown 
subsequently that at least one of these, biotin, is 
absorbed by specializcd transport in the white 
mouse, hamster, and squirrel, though not in the rat, 
rabbit, and guinea pig. Thus the possibility of 
spccics tliffcrences alone limits the applicability of 
the results of animal studies to the elucidation of 
the mechanism of riboflavin absorption in man. A 
study by Middleton and Grice ( 2 5 )  is or interest 
bccausc these workers aclrninistered riboflavin by 
stnniach tube to intact rats. Their results show a 
relative site specificity for riboflaviu absorption as 
well as definite apparent zero-order absorption 
kinetics which is compatible with the existence of a 
saturable transport process. 

Kinetics of Riboflavin Elimination in Man.-- 
Excretion of riboflavin after intravenous adininis- 
tratioii was very rapid initially and decreased after 
the fit-st hour (Fig. 4). The experimental curve 
could be  resolved into a rapid and a slow cxponential 
component. Similar results are obtained upon 
graphical analysis of the data of Axelrod et d. (26), 
who administered intravenously 0.2 or 0.4 mg. of 
riboflavin per Kg. body weight to 4 subjects. 
They found that 30 to 40y0 of the dose was excreted 
within 1 hr. after injection. Evaluation of rate 
constants for their subject 111 yicld essentially the 
same values as were obtained in the experiment de- 
picted in Fig. 4. The data of Axclrod et ul. (26) 
show riboflavin excretion rates of more than 6 mg./ 
1ir. and give no indication of possible saturation of 
excretory function.3 The existence of an initial 
rapid elimination phase followed by a much slower 
phase is also evident from the study of Najjar and 
Holt ( X ) ,  who administercd 1 mg. riboflavin intra- 
venously to 10 subjects after an overnight fast. 
They recovered 32 to ‘72% of the dose in the urine. 
Najjar el ul. (12) established iii a subsequcnt study 
that large dosrs of intravcnously administered ribo- 
flavin do nut cause an increase in fecal riboflavin 
output. This suggests that the incomplete rc- 
covery of absorbed riboflavin is due to  biotrans- 
formation and/or metabolic retention of riboflavin, 
rather than to fecal excretion. lzll the available 
data suggest that riboflavin, when given intra- 
venously, is rclatively slowly distributed and there- 
fore very rapiclly eliminated initially. :\ varidbk 
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fraction is either metabolized or retained in some 
form (probably as flavoprotein), arid a sniall frac- 
tion is eliminated rather slowly. 

The kinetics of riboflavin elimination after oral 
administration yield a somewhat different picture 
(Fig. 3 ) .  Nxeretion rate deci-cases exponentially 
with time, with an apparent hall-life of about 1.1 
hr. However, a slower elimination eompoiient was 
noted after 6 hr. in the present study and is evident 
also in the study of Morrison et al. (4). This slow 
component is probably identical to that found after 
intravenous administration and may reflect the 
elimination of riboflavin from a “deep” compart- 
mriit. The more rapid early phase of riboflavin 
elimination after oral admiiiistration may reflcct a 
combination of a distally decreasing intestinal ab- 
sorption gradient and slow dinusion of the vitamin 
from blood iiito tissues, or it inay represent an effect 
of route of administration on the distribution of 
riboflavin iu the body. 
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Synthesis and Preliminary Pharmacological 
Evaluation of Alkylpiperazine Esters 

By ELDA CRESCENZI, ERNESTA MARAZZI-UBERTI, and GERMAN0 COPPI 

Twenty-nine alkylpiperazine esters have been synthesized and tested for the action on  
the CNS and for anti-inflammatory, analgesic, antipyretic, antispasmodic, and anti- 
microbic activities. Many of the compounds tested, in particular XV, display anal- 

gesic, anti-inflammatory, and antipyretic properties. 

AKY ALRYLPIPERAZINE esters, mainly acry- 
lates, have been synthesized and invcstigdted 

chiefly for their anti-inflammatory, antispas- 
modic, and antimicrobic activities. This rc- 
search was suggested by  thc known anti-inflam- 
matory activity of 8-4- biphenylylacrylic acid 
(1, 2) ,  and of other acrylic acids (3), by the auto- 
nomotropic properties exerted by amino-alcohol 
esters (4), and by the antimicrobic properties ob- 
served for various acrylic acids (5-9) and qua- 
ternary ammonium salts of their basic esters (10). 
The activity on the CNS was also tested together 
with the analgesic and antipyretic activities. 

The compounds dealt with in the present paper 
are mainly symmetrical dialkylpiperazine bis- 
acrylates and asymmetrical alkylpiperazine 
mono-acrylates. Only X ,  XI, and XXIX are 
esters of saturated aliphatic acids. They have 
been synthesized lor the purpose of determining 
the influence produced by thc disappearance of 
the double olefine bond on the pharmacological 
properties studied. 

The synthesis methods used are the general 
ones for esters; i . e . ,  the  reaction 01 acid chlorides 
with alcohols, or the reaction of acids or their 
sodium salts with chloro-derivatives. in the  
latter case, the usc of isopropyl alcohol, in which 
the sodium salts of the acids are soluble to  a cer- 
tain extent, is particularly advantageous. I and 
I i  were isolated from the reaction mixture 
directly as  the hydrochlorides. 

The new esters are colorless crystalline solids, 
except for XVIII ,  which is a very viscous oil. 
Their properties are given in Tables I and 11. 
The hydrochlorides of the esters are sparingly 
soluble in water, except for thosc in which an 
atom of nonpiperazine nitrogen is also prcscnt. 

EXPERIMENTAL 
Chemistry. -Melting points were taken on a 

Townson-Mercer melting point apparatus and are 
corrected. 
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Intermediates.-The references fur the synthesis 
of the required acrylic acids have already beeti re- 
ported by the authors in another papcr (3). 3-(3- 
Pyridy1)-propionic acid was prepared aceofding to 
Merz an,d Stoke ( l l ) ,  and 2-(4-biphenylyl)-butyric 
acid according to  Cavallini and Massarani (12). 

Thc intermediate piperazines, ie., 1,4-bis-( 1- 
methyl-2-chloroethyl)-piperazinc (b. p. 150--152"/15 
mm.), l-(4-chlorophenyl)-4-(2-chloroethyl)-pipera- 
zine dihydrochloridc (m. p. 201-203" dec.), l-benzyl- 
4-(2-~hloroetliyl)-piperazi1ie dihydrochloride (m. p. 
304-308" dec.), 1-(4-methoxypheny1)-4-(2-chloro- 
ethyl)-piperazine dihydrochloride (m. p. 220-222" 
dec.), and 1-(4-tolyl)-4-(2-chloroethyl)-piperazine 
dihydrochloride (m. p. 221-223" dec.) were prepared 
according to the general methods for the preparation 
of chloroainiues described by Wilson and Tishler 
(13). l-(4-Fluorophcnyl)-4-(2-chloroethyl)-pipera- 
zine dihydrochloride was prepared according to 
Janssen (14) and 1-(2-~hlornethyl)-piperazine di- 
hydrochloride according to Hromatka and Engel 
(15). 

Esters 
1,4-bis[2-(Crotonyloxy)ethyl]-piperazine Dihy- 

drochloride (I).-Method A .-A mixture of 48.9 
Gm. of a-crotonic acid, 64 G I ~ .  of 1,4-bis (2-chloro- 
ethyl)-piperazine (13), 45 Gm. of anhydrous potas- 
sium carbonate, and 1300 nil. of anhydrous benzene 
are refluxed for 16 hr., with stirring. After cooling 
to room temperature, potassium chloride and the 
excess potassium carbonate are removed by filtration 
and thc bcnzcne solution thoroughly washed, first 
with dilute sodium carbonate solution, and then 
with water. Finally, after drying over sodium 
sulfate, hydrogcn chloride is bubbled through. 
The filtercd product, washed with anhydrous ether 
and dried under vacuum at 50", weighs 71.7 Gin. 
4fter crystallization from cthanol, it  mclts a t  

1,4 - bis(2 - [3 - (1 - Naphthyl)acryIyloxy]ethyl)- 
piperazine Dihydrochloride (II).-Method H.-A 
8.71-Gin. quantity of 1,4-bis(2-hydroxyethyl)-piper- 
azine (4) is added to a solution of 21.66 Gm. of 3-(1- 
naphthyl)-acrylyl chloride (10) in 100 nil. of an-  
hydrous benzene. The reaction mixture is re- 
fluxed for 2 hr., and, after standing overnight a t  
room temperature, thc solid precipitate is filtered off 
and dried at 50" under vacuum. The product 
(17.9 G I ~ . )  is crystallized from ethanol and gives 
colorless crystals, m.p. 269-271' dec. 

1,4 - bis( 2 - [3 - (3 - Pyridy1)acryIyloxyylethyl) - 
piperazine (IV).-Method C.-A 77-Gm. quantity of 
sodium 3-(3-pyridyl)-acryIate (3) and 43 Gm. of 1,4- 

221.5-223.5' dcc. 
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bis(2-chloroethyl)pipera~ine are refluxed for 15 hr. 
in TOO ml. of isopropanol. At thc end thc rcaction 
niixturc is coolcd to room tempcraturc, atid the sus- 
pended solid filtered off. The mother liquor from 
the reaction is concentrated to a s n d l  volumc, and 
the solid separating is filtered and added to the pre- 
viously isolatcd precipitate. The combined solids 
are taken up in chloroform, rejecting thc insulublc 
portion, and the chloroform solution, alter iiltratiori 
with charcoal, is evaporated under reduced prcssure, 
to givc 63.7 Gm. of product. Alter crystallization 
from isopropanol, IV melts a t  123-124'. 

1 - (4 - Chlorophenyl) - 4 - [Z - (cinnamoyloxy) - 
ethyl]-piperazine (XII).-Method D.--A solution of 
sodium ethylatc, prcparcd from 1.87 Gm. of sodium 
and 45 rnl. of ethanol, is added dropwise to a suspcn- 
sion of 14 Cm.  of 1-(4-chloropheny1)-4-(2-chloro- 
ethyl)-piperazine dihydrochloride in 50 ml. of 
ethanol, a t  0". The mixture is stirred for 30 tnin. a t  
room temperature and then concentrated under re- 
duced pressure, until a thick mush is obtained. 
A 140-ml. quantity of isopropanol and 7.16 Gm. of 
sodium trans-cinnamate arc addcd to this, then rc- 
fluxcd for 48 hr. with continuous stirring. At the 
end the mixture is cooled to rooin temperature, and 
the suspended solid filtcrcd. Thc mother liquor 
from the reaction is concentrated to a small volume, 
and the separated solid filtered and combined with 
tlie previously isolated precipitate. The combined 
solids are taken up in chloroform, rejecting the iti- 
soluble portion, and the chloroform solution, washcd 
with water and filtered with charcoal, is evaporated 
under reduced pressure to give 11.2 Gm. of product 
which, after crystallization from isopropanol, melts 
125-1 26.5". 

PHARMACOLOGICAL RESULTS 

The new compounds were submitted to pre- 
liminary pharmacological screcning comprising the 
action on the CiYS (16), the anti-itiflam~riatory (17). 
analgesic (18), antipyretic (19), antispasmodic (20), 
antibacterial and antifunsal actions (lo), and the 
acute toxicity. The highest dosage level that did 
not provoke an obvious toxic symptomatology in 
experimcntal animals was used for each test. In all 
cases the compounds were administered by intra- 
peritoneal injcction. Phenylbutazone and morphine 
were used as standards for comparison of the anti- 
inflammatory, analgcsic. and antipyretic actions. 

The results of thc activity tests considered most 
interesting arc reported in Tables 111 and 1x7; they 
show that many of tlie coinpounds have a mild gen- 
eral depressive action on the CNS. Several com- 
pounds (11, 111, IV, V, VI, VII, 1'111, IX, XVII, 
XVIII, XIX, XX, XXI) display significant inhibi- 
tion of formalin-induced edema. As for thc analgesic 
action, XII. XV, XVI, XXI ,  XXII, and XXIX 
greatly increasc the paiu threshold of mice. in par- 
ticular, XV, V1, VII, IX, XVIII, and XXI show a 
significant antipyretic cffect. All the compounds 
have been found to be inactive regarding antispas- 
modic, autibacteridl, and antifungal actions. It is 
interesting to note that, within thc sphcre of the 
authors' investigations, the over-all pharmacological 
outline of the 3 cstcrs of saturated aliphatic acids 
(X, XI, XXIX) does not suhstantially differ from 
that of the acrylic esters. 

In the light of thc abovc results, the authors con- 

96 
d- R 



294 Jozivizal of Pharmncezitical Sciences 

TABLE 111.- PHARXACOLOGICAL RESULTS OF SYMMETRICAL DIALKYLPIPERAZINE HIS-ESTERS 
~~ ________ - 

,-- 

Ln50 

Analgesic-- Anti-Inflammatory -Antipyretic-> 
Activity, Activity, Activity, 
m u s e  Rat Rat  

Increase Inhihi- Max. 
(APP~UX.) of Reac- tion Temp. 

Mouse, mmole/ mmole/ tion mmole/ of mmole/ De- 
mmo!e/Kg., Kg., Action on the Kg., Time, Kg., Edema, Kg., crease, 

Compd. 1.p. 1.p. CNS, Mouse 1.p. % 1.p. LTO 1.p. o c .  

I 0.313-0.365 0.130 Moderate muscle hypo- 0.130 29 0.130 Inact. . . .  . . .  
tonia, moderate ipsi- 
lateral flexor reflex de- 
crease 

I1 1.646-2.140 0.658 Nothing noticeable 0 .658  47 0.658 53 0.658 1.7 
111 0.527-0.664 0.458 Moderate CNS depres- 0.458 54 0.458 37 . . .  . . .  

sion, moderate motor 
incoordination, muscle 
hypotonia 

I V  2.062-2.978 0.458 Model-ate pinna reflex 0.458 74 0.458 40 0.458 1.9  
decrease 

V 1.993-2.864 0.458 Nothing noticeable 0.458 39 0.458 32 . . .  
V I  1.267-1.770 0.745 Nothingnoticeable 0.745 21 0.745 60 01373 2.2 

VII  0.6714.801 0.373 Moderate CNS deures- 0.373 72 0.373 50 0.373 3.2 
sion 

VI I I  0.312-0.440 0.284 Nothing noticeable 0.284 20 0.284 49 . . .  
X >7.758 0.970 Nothing noticeable 0.970 18 0.970 21 . . .  ... 

>7.264 0.908 Nothing noticeable 0.908 39 0.908 26 ... ... 
Phenylbutazone . . .  . . .  ... ... . ._  0.32 18 0.32 1 . 6  

IX 2.045-2.691 0.861 Nothing noticeable 0.861 49 0.861 63 0 :  430 2 .3  

... . . .  ... . . .  . . .  ... ... Morph$:a 0.0133 67 

Hydiochloride. 

TABLE 1V.- PHARMACOLOGICAL RESULTS OF ASYMMETRICAL ALKYLPIPERAZINE MONO-ESTERS 

Couipd 
S I I  

Xl l I  
X I V  
XV 

X V I  

XVIl 

XVIII 

XIX 

XX 

XXI 

XXII 

XXITT 
XXlV 

XXV 

XXVT 

XXVII 
X X V I I I  

LDm 

Mouse, 
mmn!e/Kg., 

1.p. 

(Approx.) 

7.550-9.707 

3.619-4.653 
3.244-3.982 
0.753-0.914 

1.069-1.322 

0.536-0.689 

0.825-0.967 

0.952-1.170 

0.936-1.195 

1.829-2.124 

1.398-1.748 

6.889-7.958 
>7.584 

0.355-0.592 

6.007-7.760 

5.572-7.297 
5.245-6.709 

> f i .S l l  
- . .  

mmole/ 

1.p. 

2.157 

Kg. ,  

0.617 
0.447 
0.134 

0.281 

0.383 

0. 569 

0.136 

0.071 

0.134 

0.067 

0 .  9Fjn 
3.792 

0.237 

4.434 

4.246 
0.976 

0.8fi4 
. . .  

Action on the 
CNS, Mouse 

Moderate CNS depres- 
sion, muscle hypo- 
tonia 

Nothing noticeable 
Nothing noticeable 
Mofierate CiXS depres- 

sion, muscle hypo- 
tonia 

Moderate CNS depres- 
sion, muscle hypo- 
tonia, moderate ipsi- 
lateral flexor reflex 
decrease 

Moderate CNS depres- 
sion 

Moderate muscle hypo 

Modetate CNS depres- 
tonia 

sion, moderate ipsi- 

and pinna reflexes de- 
crease 

Moderate ipsilateral 
flexor, corneal, and 
pinna reflexes de- 

laterdl flexor, corneal, 

crease 
Moderate CNS deures- 

sion 

sion, moderate muscle 
hypotonia 

Moderate CNS depres- 

Nothing noticeable 
Moderate CNS depres- 

sion, muscle hypo- 
tonia 

Muderate CNS depres- 
sion 

Moderate CNS deores- 
sion 

sion 

Nothing noticeable 
Moderate CNS depres- 

Nothing noticeable 
. . .  

X,XIX 
Motphinea 
Phenylbulazone . . .  r . .  

---Analgesic--- Anti-Inflammatory r Autipyretic- 
Activity, Activity, Artivity, 

hrouse Rat  Ra t  
Increase Inhihi- Max. 
of Reac- 

mmole/ 

1.p. 

2.157 

Kg., 

0.517 
0.447 
0.134 

0.281 

0.383 

0.56Y 

0.136 

0.071 

0.134 

0.067 

0.950 
0.474 

0.237 

0. ,554 

0.531 
0.976 

n. 864 
0.0133 

. . .  

tion 
Time, 

% 
96 

38 
42 

124 

97 

42 

74 

61 

69 

106 

94 

23 
38 

72 

28 

16 
37 

123 
67 

. . .  

minole/ 

1.p. 

2.157 

Kg.. 

0.517 
0.447 
O.13i 

0.281 

0.383 

0.569 

0.136 

0.071 

0.134 

0.067 

0.950 
0.474 

0.237 

0.554 

0.631 
0.976 

0.864 

0.32 
. . .  

tion 
of mmole/ 

Edema, Kg., 
%J 1.p. 

16 . . .  

Inact. . . .  
Inact. . . .  
Inact. . . .  

12 . . .  

35 . . .  
45 0.569 

33 . . .  

34 

41 0.134 

Inact. . .  

Inact. 
Inact. 

Inact. . . .  

Inact. . . .  

Inact. 
Inact. . . .  

Inact. . . .  

18 0.32 
. . .  . .  

Temp. 
Ue- 

crease, 
O C .  

. . .  

. . .  

. . .  

. .  

. . .  

. . .  

3 . 3  

. . .  

. . .  

2 .4  

. . .  

. . .  

. .  

. . .  

. . .  

. . .  

. . .  

. . .  
1 . 4; 

a Hvdrochloride. 

sider that many of the compounds tested, especially for their analgesic, anti-inflammatory, and anti. 
XV, deserve a more detailed pharmacological study pyretic properties. 
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Analogs of Tetrahydrofolic Acid XXXII 

Hydrophobic Bonding to Dihydrofolic Reductase IV. 
Inhibition by p-Substituted Benzoic and Benzoyl-L-glutamic Acids 

By R. R. BAKER*, THOMAS J. SCHWAN, JAROSLAV NOVOTNY, 
and BENG-THONG HO 

A series of p-substituted benzoic acids and benzoyl-L-glutamic acids were synthe- 
sized and evaluated as inhibitors of dihydrofolic reductase in order to  gain informa- 
tion o n  the position of the hydrophobic bonding region of the enzyme with respect 
to the position of the substrate, dihydrofolate, when the latter is complexed to the 
enzyme. Hydrophobic bonding by the p-substituted benzoyl-L-glutamic acids was 
reached 4-8 atoms from the p-position, thus indicating that the hydrophobic bond- 
ing region was not between the pyrimidyl and p-aminobenzoyl moieties of the sub- 
strate, dihydrofolate; in contrast, hydrophobic bonding with p-substituted benzoic 
acids was reached 1-4 atoms from the p-position, thus indicating that the p-substi- 
tuted benzoic acids were complexed in a different region of the enzyme than the p-  

substituted benzoyl-L-glutamic acids. 

HE DISCOVERY of strong hydrophobic bonding 
Tto dihydrofolic reductancc with alkyl pyrimi- 
dines and 1,2-dihydro-s-triazines (1) has led to  a 
major program in this laboratory on the nature, 
stereochemistry, and position of this hydrophobic 
bonding. That the aryl group of I-aryl-I ,2- 
dlihydro-s-triazines and 5-arylpyriniidines of 
the pyrimcthaminc' typc is also most probably 
complexed to dihydrofolic rcducldsc by hydro- 
phobic bonding has received strong experimental 
support (2). Furthermore, the 5-alkyl group of 
5 - alkyl - 2,4 - diamino - ti - pyrimidines had 
maximum hydrophobic bonding with the 3- 
methylbutyl group ( 3 ) ;  less binding was O ~ J -  
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served with 2-methylbuty1, butyl. and l-rnethyl- 
butyl, in that order. Furthermore, cyclohcxyl 
was as good as n-butyl, but cyclopcntyl was 
considerably poorer; thus, there are definite 
conformational requirements for alkyl groups to 
give maximum hydrophobic bonding (3). The 
magnitude of hydrophobic bonding to dihydro- 
lolie reductase can bc enormous; the phcnylbutyl 
group of I alone had a free energy of binding of 
6.0 Kcal.jmole, equivalent to of the total 
binding of the substrate, dihydrorolate. This 
binding by the phenylbutyl group could be cal- 
culated from the increment of 40,000 observed 
between I and I1 in their relative ability t o  
inhibit dihydrofolic reductase. 
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HN+Q C O N H ~ H  COOII 
I 

111 

I V  
The discovery of this hydrophobic bonding 

creates a serious problem from the standpoint of 
dcsign of an active-site-directed irreversible 
inhibitor (4) of dihydrofolic reductase-namely, 
where is the hydrophobic region with respect to  
the binding region for the p aminobenzoyl moiety 
of folk acid (111) on dihydrofolic reductase? Is 
this hydrophobic region between the p-amino- 
benzoyl and the pyrimidine moieties or is it 
elsewhere, such as near the region where the 
4-0XO group of folic acid is in the enzyme- 
inhibitor complex? If the hydrophobic region 
is not between these 2 moieties, then the anilino 
group of IV would probably not be com- 
plexed with the p-aminobenzoyl locus. IF 
the anilino group of IV is complexed with a 
different locus, then an inhibitor of type I V  (5) 
would not have its alkylating function sufficiently 
neighhoring to the glutamate binding points of 
folk acid (111) to alkylate irreversiblysuch a bind- 
ing point. Furthemiore, if the anilino group of 
IV is complexed to a hydrophobic region, then by 
dcfinition there is ap t  not to  be a nucleophilic 
group in this region of the enzyme. A variety of 
approaches to answer this important question 
were initiated, since it could be expected t o  be 
difficult t o  obtain an unequivocal answer; one 
approach is the subject of this paper. 

DISCUSSION 
p-Aminobenzoyl-L-glutamic acid ( V I )  was meas- 

ured as an inhibitor of dihydrofolic reductase. With 
the consideration that V I  did not havc the py- 
rimidyl moiety of the prototype inhibitor, V (61, 
the 12 mM concentration of V I  needed for 50% 
inhibition (Table I) compared favorably with V, 
where 0.10 m M  was needed for 50% inhibition (5 ) .  
The 120 fold difference in binding between V and V I  
is a difference of 2.9 Kcdl./mok. Since it can be 
calculated that 2-amino-6-methyl-4-pyrimidinol has 
a free energy of binding to dihydrofolic reductase of 
3.0 Kcal./mole ( l), the agreement is fairly reason- 
able for the amount of inhibition that can bc cx- 
pectcd when the pyrimidyl moiety is removed from 
V to give V I ;  these results support the suggestion 
that p-aminobenzoyl-L-glutamate ( V I )  binds to the 
samc region of dihydrofolic rcductase that complexes 
this moiety of V. 

CHLCH,COOH 

V 

H-@ONHCHCOOH 
I 

CH,CH2 COOH 

VI. R=NH,  
V I I I R - H  

With the now reasonable assumption that p -  
aminobenzoyl-L-glutamic acid (VI)  binds a t  the 
same locus as the p-arninobenzoyl-L-glutamate 
moiety of folk acid (111) thcn hydrophobic bonding 
by alkyl, aryl, or aralkyl groups substituted a t  the 
p-position of VII should be observed if the hydro- 
phobic bonding region were between the pyrimidyl 
and p-aminobenzoyl-L-glutamate moieties of folic 
acid (111). Note that the p-amino group of V I  con- 
tributed little to inhibition since benzoyl-1.-glutamic 
acid ( V I I )  was about as good an inhibitor (Table I )  
Little, if any, hydrophobic bonding occurred when a 
3-bromopropyl ( X )  or a phenyl group ( X I V )  was 
introduced into the p-position. However, when thc 
p-substitutent was lengthened to n-octyl ( X I I ) ,  
about a ninetyfold increase in binding occurrcd 
(Table I) .  These data clearly show that the 
hydrophobic region begins a t  least 3 atoms away 
from the p-position of benzoyl-L-glutamic acid (VII ) .  
Since the distance hetwecn the pyrimidyl and 
benzoyl-L-glutamate moieties of folic acid (111) con- 
sists of a 4-atom chain, it  is clear that the hydrophobic 
region is elsewhere than between these 2 moieties. 
It should again be emphasized that this interprcta- 
tion contains the assumption that V I I  and the p -  
aminobenzoyl-L-glutamate moiety of folk acid (111) 
arc complexed to the same region on the enzyme 
Although this interpretation is quite reasonable, it 
is not unequivocal. 

A previous study or1 the relative contribution of 
the functional groups ( X X I I I - X X V I )  of the car- 
boxy-L-glutartlate moiety of thc prototype inhibitor 
( V )  to folic reductase (7), is now open to question on 
the validity of the interpretations, since it was made 
prior to the discovery of the strong hydrophobic 
bonding to dihydrofolic reductase (1). A partic- 
ularly plaguing inconsistency was the fact that 
pteroic acid was eightyfold less effective than folk 
acid (111) as an inhibitor of dihydrofolic reductase 
(S), whereas XXVI was as good or better an in- 
hibitor than V ( 5 ,  7). Although V may bc com- 
plexed in the same manner as folic acid (111) to di- 
hydrofolic reductase, the possibility existed that thc 
less polar relatives (XXIII-XXVI) were complexed 
with the hydrophobic region rather than the p -  
amino benzoyl-L-glutamate region. Furthermore, 
it was previously noted that X X I V  was almost as 
effective as V when assayed with the dihydrofolic 
reductase system ( 5 ) ,  in the folic rcductase system, 
XXIV was one-sixth as effective as V and XXV was 
about one-half as effective as V (7). 

In Table I it can be noted that p-aminobenzoyl-L- 
glutamic acid ( V I )  was a greater than seventccnfold 
better inhibitor than P-aminohippuric acid (XXI) 
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TABLE I.-~NHIBITION OF ~ I H Y D R O P O L I C  REDUCTASE BY 

Compd. 
V I  

VIT 
VI [I 

IX 
X 

X I  
XI1 

XIIIf 
XIV 
XV 

XVI 
XVII 

XVIIIf 
XIX 

XX 

XXIf 
XXITO 

XXVI 
XXVIT 

XXXVI I I 

R I  
h-H2 
H 
H 

COP\THC~H~- 
I 

Kaa 
GL 
GL 
OH 
OH 
GL 
OH 
GL 
OH 
GL 
OH 
OH 
OH 
OH 
OH 

OH 
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mdf 
Cuncn. 

12 
16 
75 
17 
4 .5  
1 
0.li.d 
6 . 7  
6 . 5 d  

6 . 2  
6 0  

0.20dm' 

0 .  God,"  

10 

13d 

50 
75 
0.76 
9 

18 

Inhzit ion 
50 
50 
0 

50 
5( ) 
15 
50 
50 
50 
.50 
50 
50 
50 
0 

0 

0 
0 

50 
0 

50 

lhtimated 
mM Concn. 

for 507, 
Inhibitionb 

12 
16 

> 3017; 
17 
4 . 5  
5 . 6  
0.17 
6 .7  
6 .5  

6 .2  
6 .0  

13 
> O .  80" 

10 

> 2 . 4  

>20w 
>Y00" 

>36" 
0.76 

1 .8  

Dihydrufolic reductase was a 4 5 9 0 %  saturated ammonium sulfate fraction that  was p-eparcd and assayed with 6 MM 
dihydrofolate and 12 PM T P i i H  in 0.05 A4 Tris buffer (pH 7.4) containing 10 mM mercaptoethanol and 1 mM Versene as pre- 
viously described (20). Solutions of inhibitors were prepared in the 0.05 M Tris buffer by adjustment of the pH to 7.4 with 
0 1 N KOH, unless otherwise indicated. "GI. = L-glutamate. bThe  concentration for 50% inhihition was determined hy 
plotting V d V r  against I for several concentrations of I that  wouldgive30-70Yo inhibition, where Vo = velocity without rnhib- 
itor, V I  = velocity with inhibitor, and I = concentration of inbibitor. the concentration for 50% inhibition was obtained whet-e 
VdVZ = 2 (21, 22).  When 50% inhibition could not be reached d;e to lack of solubility, the line was extended to the.SF% 
inhibition point; the less the maximum inhibition, the greater is the error in the estimated concentration for 509; inhibition. 
"Since 209'' inhibition is readily detectable, the concentmtion for 50% inhibition is greater than 4 times the concentration 
measured. dSolution of inhibitor prepared in 1: 1 h ; , N ~ d i m e t h y l f o r m a m i d ~ ' ~ ~ ~ s  buffer by adjusting the pH to 7.4 with Tris 
base in 50% aqueous !V,iV-dimethylformamide; 8 Maximum solubility 
in cell in 10% N,X-dimethylformamide. f Commercial sample. 

the assay was run in 10% N,N-dimethylformamide. 
o See Reference 7 for preparation. 

and greater than a 33-fold better inhibitor than y-(p- 
alminobenzoy1)butyric acid (XXII). If it is again 
assumed that p-amino benzoyl-L-glutamate per se as 
well as this moiety of V are coniplexed to the binding 
locus for the p-aminobenzoyl-L-glutamate moiety of 
folic acid (111), it  follows that XXI-XXVI are com- 
plexcd elscwherc, perhaps in the hydrophobic region. 

OH 

In order to obtain experimental evidence for or 
against this hypothesis, some $-substituted benzoic 
acids were investigated for their ability to inhibit 
dihydrofolic reductasc. 

Note that benzoic acid (VIII)  showed no inhibi- 
tion a t  a concentration of 75 mM, but that p-sub- 
stitution with a broniopropyl gave a compound (IX) 
that showed 5 0 0 ?  inhibition at 17 niiM. Lcngthen- 
ing the chain to bromobutyl (XVI) or chloropmntyl 
(XVII) gavc still bettcr inhibitors, with 50% in- 
hibition a t  about 6 mM. Furthermore, p-phenyl- 
(XIII), p-benzyl-(XV), and p-benzoylbenzoic 
(XVIII) acids showcd 50y0 inhibition in the 6-13 
m M  ranze. Thus, these hvdroDhobic groum could 

~~ - -  
give as much as a &cater than fiftyfold increase in 
binding cornDared to benzoic acid (VIII). Whether V,  R --CONHCH COOH 

Y I  I 
CH,CH,COOH 

there were limitations on the length of this $-group 
for hydrophobic bonding could not be shown by XI,  
XIX, or X X  due to insolubility; howcver, it was 
apparent that longer groups in X I  and XX could not 
have given much further increment in hydrophobic 
bonding. Thus the hydrophobic region begins 
soon after the first atom in the p-position of benzoic 
acid, when these benzoic acids are compkxed to 
dihydrofolic redtictase; in contrast, the p-position of 
benzoyl-L-glutamate must have greater than a 4- 

XXIII, K-H 
XXIV, R = CONHCH,COOH 
X X V ,  R = CONHCH, 

1 -  
CH,CH,COOH 

XXVI, R=COOH 
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atom chain before hydrophobic bonding is de- 
tected. 

That liytlrophobic bonding can occur also with 1%'- 

substitucnts o t i  />-aminobcnzoic acid is shown with 
the m-aniinohrnzyl and the m-nitrobcnzyl deriva- 
tives, XXVI arid XXXVIII (Table I ) ;  XXVI is 
actually the best benzoatc-type iuhibitor in Table I. 
Surprisingly, N-acetylation on the p-amino group 
led to a greater than 47-fold loss in biridirig to di- 
hydrofolic rcductasc. A possible interpretation of 
this result will be discusscd (9). 

Regardless of the mode of binding of benzoyl-L- 
glutarnic acid (VII) and thc substituted benzoic 
acids, i t  is clear that the benzoyl group of the 2 
classes of inhibitors are complexcd to different re- 
gions of thc enzyme. Whcther the benzoyl-L- 
glutaniates are complexed to the normal region for 
this moiety in folk acid, and the benzoic acids arc 
complexed in hydrophobic region cannot yet be 
proven uncquivocally. However, as a working 
hypothesis, such modes of binding have led to useful 
results which could not have been accrued otherwise. 
These results on the nature and position of hydro- 
phobic bonding arc thc subjects of additional 
papers to hc submitted in the near future. 

EXPEK IMENTAL 
Methods.-p-(4-Hrntnobutyl)benzoic acid (XTTI) 

was synthesized from 4-( broniobuty1)benzene 
(XXVIII) by Friedel-Crafts acetylation to XXIX 
followed by hypobromite oxidation ; similarly, 
XVII was synthesized. (Scheme 1.) The synthesis 
of IX (10) and XI  (1 1) by this route have been pre- 
viously recorded. 

'I'hc p-substituted benzoyl-~-glutamic acids (X, 
XII, and XIV) wcre synthesized by condensation of 
the appropriate acid chloride in an organic solution 
with an aqueous sodium carbonate solution of I.- 
glutarnic acid ; the known bcnzoyl-L-glutamic acid 
( V I I )  (12) was also synthesized in this manner. All 
but XIV were isolated as the bis-cyclohexylammo- 
nium salts, which were readily crystallized and puri- 
fied, in contrast to the frcc acids which were difficult 
to crystallizc or purify, or both. 

4'-Nitrodiphenic acid (XXXII)  was synthesized 
by modification of a procedure in the patent litera- 
ture (13, 14) by Friedel-Crafts acctylation of XXX 
in nitrobenzene to XXXI followcd by sodium hypo- 
bromite oxidation to XXXII  without isolation of 
XXXI. Catalytic rcduction to XXXIII proc~eded 
smoothly in a 50% ethanolic solutiori of the sodium 
salt in the presence of Raney nickcl; this method was 
considered to be more convenient than the ~11111io- 
nium sulfide reduction described previously ( 15). 
A4cylation with 4methylvaleroyl chloride to XIX in 
acetone in the presence of potassium carbonatr pi-o- 
cecded satisfactorily. Similarly, acylation of 

0 
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XXXVI to XX was performed. The required 
intermediate amino acid (-XXXVI), although known 
in the literature (15), was prepared by an altcrnatc 
route. Oxidation of 4-riictliyl-.l'-iiitrohe~izoplic11o1ic 
(XXXIV) (16) with chromium trioaide in  acetic 
acid gave the acid (XXXV) in 55% yield of ana- 
lytically pure material. Oxidation of XXXIV to 
XXXV with potassium perniang-aiiate iii aqueous 
alkali or in acetone procccdcd poorly due to ovcr- 
oxidation to water-soluble products. Huang-Minlon 
reduction of the carbonyl group of XXXV with 
hydrazine in diethylcneglycol containing potassium 
hydroxide also gave concomitant reduction of the 
nitro group; the desired amino acid (,YLXXVI) was 
obtained in 829; yield. 

Condensation of m-nitrobenzaldehyde with p- 
aminobenzoic acid in cthanol gave the anil 
(XXXVII) in 967, yield. Keductinn of a suspen- 
sion of the anil in methanol with sodium borohydride 
gave the benzylamine (XXXVIII) in 980/;, yield. 
Further hydrogenation in 2-methoxyethanol with a 
platinum oxide catalyst afforded the desired amino 
acid (XXVI). Aeetylation of XXXVIII with boil- 
ing acetic anhydride gave ari anhydride of the desired 
A-acetyl derivative which was readily converted to 
XXXIX with 1 N sodium hydroxide in quantitative 
over-all yield. Catalytic reduction in cthanol af- 
forded the requisite amino acid (XXVII) in good 
yield. (Scheme 111.) 

Synthesis.-Melting points were taken on a 
Fisher-Johns apparatus or a Mcl-Temp block, and 
those below 230" are corrected. Infrarcd spectra 
were determincd in KBr disk m-ith a Perkin-Elmer 
13TB spectrophotorneter unless otherwise indicated ; 
ultraviolct spectra were determined with a Perkin- 
Elmer 202 spectrophotometer. 

p-(4-Bromobutyl)benzoic Acid (XVI).-To a 
stirred suspcnsion of 5.6 Gm. (42 mmoles) of anhy- 
drous alu~ninu~n chloride in 21 ml. of carbon disulfide, 
cooled in an ice bath and protcctcd from moisturc, 
was added 3.0 1111. (42 mnioles) of acetyl chloride 
over a period of 10 min. Then a mixture of 10.2 
Gm. (48 rnmoles) of 4-broniobutylbenzene (17) and 
6.5 nil. (90 mmolcs) of acetyl chloride was addcd as 
rapidly as reflux would allow. After the addition 
was complete, the mixture was stirred for 2.5 hr., 
then poured into a mixture of 50 GIII. ol ice and 10 
ml. of 12 1%' aqueous hydrochloric acid. To the mix- 
ture was added 50 rnl. of benzene; an insoluble 
yellow solid was removed by filtration. The sep- 
arated aqueous layer was extracted with three 10-ml. 
portions of benzene. The combined benzene ex- 
tracts w-crc washcd successively with 10(,70 hydru- 
chloric acid, 2 N aqueous potassium hydroxide, 
and watcr. Dried with magncsium sulfatc, the 
benzene solution was spin-evapoi-ated ~nc740 leav- 
ing 12.6 Gm. of the crude acetophenone, XXIX 

TO an ice cold solution of 1.55 ml. (0.02 mmolc) of 
bromine in 28 nil. of water containing 3.3 Gin. of 
sodium hydroxide was added 15 ml. of dioxane. 
Then a solution of 2.5 Gin. (10 mmoles) of crude 
XXIX in 5 ml. of dioxanc was added over a period of 
45 min. After being stirred Tor an additional 2 hr. 
in the ice bath, the solution was acidified with 10 ml. 
of 12 N aqueous hydrochloric acid. A brown oil sep- 
arated that soon solidified. The product was col- 
lected on a filter and washcd with watcr until thc 
washings were colorless; yield, 1.21 Gin. (4fjC% based 
on XXVIII), m.p. 135137'. 

(Scheme IT.) 

(18). 

XXVIII XXIX 

XVI 
Scheme I 
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XXXI, R = C H ,  
XXXII. R-OH 

XXXIV 
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0 

XXXIII 

0 

x IX 

XXXV XXXVI  

Recrystallization from benzene-petroleum ether 
(b.p. 30-60") gave white needles, m.p. 136-137". 
Y , , ~ .  2680-2550 (acidic OH);  1680 (C=O); 869 

C, 51.4; H, 5.08. 
c ~ I . - '  (P-CRHI). 

Anal.-Calcd. for CllH13Br02: 

Similarly, IX (10) aud XI (11) were prepared. 
p-(5-Chloropentyl)benzoic Acid (XVII).-Tliis 

compound was prepared in 4677; ovcr-all yield from 
5-chloropentj.lbenzene as described for XVI. Re- 
crystallization from benzene-petrolcum cther ( k p .  
30-60') gave white crystals, t1i.p. 109-ll1°. vmdX. 
1690 (C=O); 860, 540 an.-1 (#-C6€€4). 

Found: C, 51.2; H, 5.06. 

And-Calcd. for C12HlbC102: C, 63.6; H, 6.65. 
Found: C, 63.3; H, 6.49. 

That this was a p-substituted benzoic acid, as 
indicated by the infrared spectrum, was further veri- 
fied by oxidation to trrephthalic acid. 
p-(n-0ctyl)benzoyl-L-glutamic Acid (XII) (Cy- 

clohexylammonium Salt).-*& solution of 351 rng. 
(1.5 mmoles) of XI, 10 ml. of  chloroform, 0.9 Gin. 
of thionyl chloride, arid a trace of pyridine was re- 
fluxed for 30 min. when gas evolution was complete. 
Solvent was removed by evaporation in  vacuo. A 
solution of the residual acid chloride in 3 ml. of 
acctone was added in 1 portion to a rnagrieticdly 

XXXVllI  / xxx VII 

NH., NO 3 

\ -  \ -  

R 
XXVI, R = H  - XXXIX 

XXVII,  R=CH,CO- 

Scheme I11 
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stirred solution of 147 ma. (1 mmole) of L-glutamic 
acid, in 0.67 ml. of 3 N sodium hydroxide (2 mmoles) 
and 5 m1. of water containing 160 mg. (1.5 mmoles) 
of sodium carbonate. After being stirred overnight 
a t  ambient tempcraturc, the reaction mixture 
was spin-evaporated until the acetone was re- 
moved, then the solution was diluted with 50 nil. of 
water and adjusted to about pH 5 with dilute hydro- 
chloric acid. After standing for a few hours, the 
mixture was filtered, and the recovcrcd X I  was 
washed with water. The filtrate was adjusted to 
about pH 1 with 3 N hydrochloric acid. Thc semi- 
solid (XII) which separated (224 mg., 0.62 mmole) 
was dissolved in 5 ml. of methanol, and 155 mg. of 
cyclohexykdmine (1.55 mmoles, 25% excess) was 
added. The solution was spin-evaporated in  vacuo 
yield, 348 mg. (6276) of crude product. The residue 
was recrystallized twice from absolute ethanol- 
cthcr; yicld, 71 mg. (13%) of analytically pure 
material, m.p. 170-175". A,,,. (pH 1, 13) 245 m p ;  
Y,,,,. (Nujol) 2200 (NIX+), 1670-1640, 1560-1500 
an.- '  (COO-, aniide I and 11, C=C). 

Anal.-Calcd. for C38H6jN30b: C, 68.4; H,  9.87; 
N,  7.48. Found: C, 68.5; H,9.96; N, 7.59. 

No attempt was made to isolate additional mate- 
rial from thc mother liquors. 
p-(3-Bromopropyl)benzoyl-L-glutarnic Acid (X) 

(Cyclohexylarnmonium Salt).-This compound was 
prepared as described for XI1 except that five 40-nil. 
extractions with ethyl acetate were employed since 
the product was fairly water soluble. Recrystalliza- 
tion from methanol-acetone afforded a 3Oy0 yield 
of the bis-cyclohexylammoniurn salt of X, m.p. 
145-150". A second recrystallization from the 
same solvcnt pair gave white crystals, m.p. 149-152'. 
vmX. (Nnjol) 2220 (NH+);  1610-1640, 1590-1510 
cm.-l (COO-, amide I and 11, C=C). 

And-Calcd. for C2iH14BrN305: C ,  56.8; H ,  
7.77; N, 7.36. Found: C, 56.6; H, 7.55; N, 
7.12. 

p-Phenylbenzoyl-L-glutamic Acid (XIV).-A mix- 
ture of 1.93 Cm. (10 mmoles) of 4-biphenylcarboxylic 
acid, 20 ml. of chloroform, 4 nil. (50 mmoles) of 
thionyl chloride, and a trace of pyridine was re- 
fluxed for 16 hr., then spin-evaporated in vucuo. 
The residual crystalline acid chloridc was dissolved 
in 15 ml. of carbon tetrachloride, then added over a 
period of 1 hr. to a stirred solution of 1.47 Gm. (10 
mmoles) of L-glntarnic acid, and 3.41 Gm. (32.5 
mmoles) of sodium carbonate in 15 nil. of water that 
was layered with 8 ml. of carbon tetrachloride. 
After being stirred for an additional 24 hr., the layers 
were separated; the aqueous layer was adjusted to 
pH 5.5 with 3 N hydrochloric acid, then washed with 
chloroforni to remove 4-biphenylcarboxylic acid. 
The aqueous solution then was adjustcd to pH 1.5. 
The white, difficultly filterable precipitate was col- 
lected by centrifugation, then washed with water. 
Recrystallization from aqueous acetone gave 1.08 
Gm. (33%) of white crystals, m.p. 178-179'. The 
compound moved as a single spot on thin-layer 
chromatography on Silica Gel G with propanol-water 
(37: 13) when viewed under ultraviolet light. The 
compound has vmnx. 3320 (aniide NH), 3000, 
2650,2550 (broad acidic OH); 1700 (carboxyl C=O) 
1630, 1600, 1580, 1520, 1500 (amide I and 11, 

A,,,. (pH 1) 273 mp ( e  25,700); (pH 13) 272 mp 
(e 28,500). 

bc); 850 (p-CsH4); 750, 685 Cm.-' (csH5); 
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And-Calcd. for C13H1iNOj: C, 66.0; H, 5.23; 
N, 4.28. Found: C, 65.8; H, 4.99; N, 4.22. 

Benzoyl-L-glutamic Acid (VII) (Cyclohexylarn- 
monium Salt).--A solution of L-glutamic acid (10 
mmoles) in aqueous sodium carbonate was acylatcd 
with 1.42 nil. (15 rnmoles) of benzoyl chloride in 8 
ml. of carbon tetrachloride as dcscribcd for the 
preparation of XIV. After removaI of the benzoic acid 
at p H  1, the filtrate was spin-evaporated to dryness 
in vacuo. The residue was extracted with acetone. 
The filtered solution was spin-evaporated in vacuo 
leaving 2.20 Gm. (88"r,) of VII as an oil which solidi- 
fied after scveral days, m.p. 125-130". 
139-140" (12).1 

[Lit. m.p. 

To a solution of 638 mg. (2.5 mmoles) of 1'11 in 5 
mt. of ethanol was added 550 mg. (5.5 mmoles) of 
cyclohcxylamine. Some of thc cyclohcxylammo- 
nium salt (449 nig., m p .  186-190') separated im- 
mediately, and an additional 600 mg. (total 94%), 
m.p. 180-190", was isolated from the filtrate. Re- 
crystallization from absolute ethanol-ether gave 
849 tng. (75y0) of white crystals, m.p. 191-193'. 

1640, 158@1520 (COO-, amide I and 11, C=C); 

245 mp (sh) ( E  8000). 
And-Calcd. for G4H3JJ3O6: C, 64.4; H, 

8.74; N, 9.35. Found: C, 64.4; H, 8.70; N, 
9.40. 

4'-Nitro4biphenylcarboxylic Acid (XXXII).-To 
a stirred solution of 30 Gni. (0.15 mole) of 4-nitro- 
biphenyl in 100 ml. of nitrobenzene protected from 
moisture was added 39 Gm. (0.29 mole) of anhydrous 
aluminum chloride. The mixture was heated to 50- 
53", then a solution of 19.5 Gm. of acctyl chloride in 
17 ml. nitrobenzene was added over a period of 8 
hr. After being heated an additional 4 hr. a t  62- 
64", the mixture was stirred overnight at ambient 
temperature, then poured into 400 ml. of iccd water. 
The separated nitrobenzene layer was washed with 
water (3 X 50 nil.), then poured in a thin stream into 
an ice-cooled stirred solution of 72 Gin. of bromine in 
100 ml. of water containing 50 Gm. of sodium hy- 
droxide and 300 Gm. of ice. The stirred mixture was 
gradually warmed to 70' over a period of about 30 
min., then maintained a t  60-70" for 1.5 hr.; during 
this time it was necessary to remove the heating bath 
occasionally to  keep the temperature from rising 
above 70". The mixture then was stirred under a 
reflux condensor in a bath at 100-105° for 2 hr. 
The orange sodium salt was collected by filtration 
after chilling a t  15" for 3 hr. The sodium salt was 
extracted with three 800-ml. portions of boiling 
water, filtering the solution each time through glass 
wool to remove a brown insoluble by-product. Thc 
combined filtrates were reheated to dissolve the 
sodium salt, then acidified to  pH 2-3 with 12 N 
hydrochloric acid; yield, 10.2 Gin. (%8%), m.p. 
338-342" dec. Recrystallization from 2-methoxy- 
ethanol gave 6.65 Gin. (180Jo), m.p. 345-358" dec. 
[Lit. m.p. 340", 3 4 5 O  (13, 14).1 
4'-Amino-4-biphenylcaboxylic Acid (XXXIII).- 

A solution of 243 mg. (1 mmole) of XXXII in 100 
nil. of ethanol and 2 ml. of 2 N sodium hy- 
droxide was shaken with hydrogen at  2-3 Atm. in the 
presence of about 1 Gni. of Raney nickel; reduction 
was complete in 30 min. The filtered solution was 
adjusted to pH 6 with glacial acetic acid, then spin- 
evaporated in wcuo to about 50 ml. The product 

~ m a x .  3250 (NH), 3000-2600, 2200 (NH'); 1660, 

712,692cm.-'(CsHj); Arrnx. (PH 1,7)229(e 14,500), 
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4'  - (4 - Methylvaleramido) - 4 - biphenylcarbox- 
ylic Acid (XIX).-This compound was prepared in 
60y0 yield from XXXIII as described for the prep- 
aration of XX. Recrystallization from ethanol with 
the aid of Norit gave white plates, m.p. 318-320°; 
the principal peaks in the infrared spectrum were 
similar to those of XX. A,,,. (pH 1) 300 mp ( E  

19,000); (pH 13) 288 mp (E 38,500). 
Anal.-Calcd. for C1~H21nT03: C, 73.3; H, 6.80; 

N, 4.50. Found: C, 73.0; H, 6.92; N,4.27. 
N- (m- Nitrobenzy1idene)-p- aminobenzoic Acid 

(XXXVII).-To a stirred hot solution of 3.47 Gm. 
(20 mnioles) of p-aminobenzoic acid in 10 ml. of 95% 
ethanol was added a hot solution of 3.02 Gm. (20 
mmoles) of m-nitrobenzaldehyde in 10 nil. of ethanol. 
The product rapidly separated. Thc mixture was 
heated to the b.p., then cooled to room temperature. 
The product was collected on a filter and washcd 
with ethanol; yield, 5.19 Gm. (967,,), m.p. 252-253". 
Recrystallization from aqueous methanol gave yellow 
crystals, m.p. 251-257". vmSx. 1680 (carboxyl 
k 0 ) ;  1640, 1600, 1575 (C=C, C=N); 1520, 
1350 cm.-' (NO2). 

And-Calcd. for C14HlO?\T204: C, 62.2; H, 
3.73; N, 10.4. Found: C, 62.1; H, 3.81; K, 
10.4. 

Acid 
(XXXVIII).-To a stirred suspension of 4.05 Gm. 
(15 rnmoles) of XXXVII in 80 nil. of methanol was 
added in portions over a period of about 30 mixi., 
2.3 Gm. (60 mmoles) of sodium borohydride. Thr 
ambcr solution was refluxed for 15 min., then spin- 
evaporated in vocuo. The residual sodium salt was 
dissolvcd in 50 ml. of water, then the solution was 
acidified to pH 6. The product was collected on a 
filter and washed with water; yield, 4.01 Gtn. (98%), 
m.p. 237-238'. Recrystallization from aqucous 2- 
methoxyethanol gave yellow crystals, 1ti.p. 247-248'. 
vmar. 3400 (NH); 1670 (carboxyl C=O); 1600, 

769 cm.-' (w-CSH,). 
Anal.-Calcd. for C14H12N204: C, 61.7; H, 4.44; 

N, 10.3. Found: C,61.7; H,4.60; N, 10.4. 
N-Acetyl-N-(m-nitrobenzy1)-p-aminobenzoic Acid 

(XXXIX).-A mixture of 2.50 Gm. (9.18 mmoles) of 
XXXVIII and 15 ml. of acetic anhydride was re- 
fluxed for 30 rnin., then poured into 30 Gm. of iced 
water. The oily product was extracted with chloro- 
form (3 X 10 ml.). The combined cxtracts, dried 
with magnesium sulfate, were spin-evaporated zn 
vacuo, leaving an oil which solidified on triturdtion 
with petrolcum ether to a solid (3.16 Gm.), rn.p. 91- 
94' ; the infrared spectrum showed anhydride bands 
a t  1800 and 1725 cni.-l. The anhydride was 
warmed with 30 ml. of 1 N aqueous sodium hy- 
droxidc until solution was essentially complete. The 
solution was clarified by filtration, thcn acidified to 
pH 2 with 3 N hydrochloric acid. The product was 
collected on a filter and washed with water; yield, 
2.84 Gm. (9970), m.p. 209-211". Recrystalliza- 
tion from aqueous ethanol afforded 2.69 Gm. (937,) 
of nearly white needles, m.p. 212-213". vmax. 2600.- 
2500 (broad acidic OH); 1680 (carboxyl C=O); 
1625 (amide C=O); 1625, 1580, 1523 (C=C); 
1525, 1340 (NOz); 870 (p-CsH4); 785 cm.-' (m- 

Anal.-Calcd. for C161111N206: C, 61.1; H ,  4.49; 
N, 8.92. Found: C, 61.1; H, 4.29; K, 8.81. 
N - (m - Aminobenzyl) - p - aminobenzoic Acid 

(XXVI).-A solution of 2.72 Gm. (10 mmoles) of 

N - (m - Nitrobenzyl) - p - aminobenzoic 

1575 (C=C, KH) ; 1520,1350 ( NOz); 838 ( P-CGH.~) ; 

CeIId. 

was collectcd on a filter and washed with water. 
Yield, 170 mg. (8070), i1i.p. 245248". [Lit. m.p. 

4-(4'-Nitrobenzoyl)benzoic Acid (XXXV).-4- 
Methyl-4'-nitrobenzophenone (XXXIV) was prc- 
pared from p-nitrobenzoyl chloride, toluene, and 
aluminum chloride; the yield, after recrystalliza- 
tion from ethanol was 957@/,, m.p. 120-121" (16). 

To a stirred solution of 9.05 Gm. (37.5 mmoles) of 
XXXIV in 100 ml. of glacial acetic acid was added 
9.5 Gm. (95 mmoles) of chromium trioxide in por- 
tions over a period of 1 hr. Thc mixturc was re- 
fluxed for 16 hr., then poured into 1 L. of ice water. 
The product was collected on a pad of Cclitc, then 
washed with water until the washings were colorless. 
The filter cake was stirred at about 90' with 300 ml. 
of 3 N aqueous sodium hydroxide, thcn filtered hot. 
The filtrate was rewarmed to dissolve the sodium 
salt, then the hot solution was acidified to about pH 
1 with hydrochloric acid. The product was col- 
lected on a filter and washed with water; yicld, 6.71 
Cm. (66%). Recrystallization from methanol gave 
5.86 Gm. (557,) of light yellow crystals, n1.p. 257- 
258". vmax. 3000, 2660, 2550 (broad acidic OH); 
1670 (carboxyl C=O); 1650 (ketone C=O); 
1600 (C=C); 1520 ern.-' (NOz); A,,,. (pH 1) 227 
( E  13.300), 273 nip ( e  26,100); (pH 13) 276 nip 
( E  24,200) 

And.-Calcd. for ClrHlJS06: C, 62.0; H,  3.34; 
N, 5.16. Found: C, 61.8; H, 3.35; h', 4.96. 
4-(4'-Aminobenzyl)benzoic Acid (XXXVI).--To 

a solution of 6.87 Gm. of potassium hydroxidc in 120 
ml. of diethyleneglycol was added 9.49 Gm. (35 
mmoles) of XXXV and 7 ml. of hydrazine hydrate. 
After being refluxed for 2 hr., the solution was slowly 
distilled until 10 ml. of liquid was collected over 2 
hr. After being refluxed 1 hr. more, the solution 
was diluted with several volumes of water, then 
acidified to pH 4.8 with 3 N hydrochloric acid. The 
product was collected on a filter and washed with 
water; yield, 6.51 Gm. (%?yo), m.p. 220-223", that 
was suitable for further transformations. Re- 
crystallization of a sample from methanol with the 
aid of Norit gave slightly pink crystals, m.p. 227- 
228'. [Lit. m.p. 228' (15).] 

p-Benzylbenzoic Acid (XV).-Reduction of p- 
benzoylhcnzoic acid, as described for thc prepara- 
tion of XXXVI, gave (after recrystallization from 
aqueous methanol) a 60'?b yicld of product, m.p. 159- 
160"; an additional 24%, m.p. 152-153", was iso- 
lated from the filtrate. 

4- [4'-(4-Methylvaleramido)benzyl] benzoic Acid 
(XX).-To a stirred mixture of 908 mg. (4  mmoles) 
of XXXVI and 4.16 Grn. (30 mmoles) of potassium 
carbonate and 20 ml. of acetone was added 0.94 ml. 
(7.2 mmolcs) of 4-mcthylvalcroyl chloride. Aftcr 
being stirred for 3 hr. a t  40-50' under a reflux 
condensor, the mixture was poured into 20 
ml. of 1 N aqueous hydrochloric acid, then 
$cooled. Thc product was collectcd on a filter and 
washed with water; yield, 982 mg. (757,), m.p. 229- 
231 '. Recrystallization from ethanol gave 769 mg. 
r(597,) of white prisms, m.p. 237-238". vmRX. 3300 
(NH);  2800, 2650, 2540 (broad acidic OH); 1680 
(carboxyl C=O); 1650 (aniide I); 1600, 1580, 1570 
(C=C); 1520 (amide 11); 830 cm.-' (P-C6H4); 
A,,,,. (pH 1) 2.58 mp ( B  10,800); (pH 13) 247 mw 
( e  25,400). 

Anal.-Calcd. for C20H23N03: C, 73.8; H, 7.12; 
.N, 4.30. Found: C, 74.0; H, 7.26; N, 4.35. 

243-246" (151.1 

[Lit. m.p. 156-157' (19).] 
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68.9; H, 7.62; N, 11.0. Found: C, 68.7; H, 
7.80; N, 10.8. 

The free acid could be obtained as a glass frcc of 
other organic mattcr in 737, over-all yield by pre- 
parative thin-layer chromatography on Silica Gel 
HFpsa with methanol as solvent. Since the com- 
pound would not dissolve in acetone or chloroform, 
mcthanol was used for elution; thc resultant prod- 
uct had a C/K ratio of 6.89 (calcd. 6.86), but could 
not be freed of about 10% of extracted silica. 
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XXX\'III in 200 nil. of 2-methoxyethanol was 
shaken with hydrogcn at 2-3 Atm. in the presence 
of 100 mg. of platinum oxide catalyst; reduction was 
complete in 90 min. The filtered solution was spin- 
evaporated in uaczo and the residue was recrystal- 
lized from aqueous 2-methoxyetlianol; yield, 2.04 
Gm. (84Cj,) of buff-colored crystals, m.p. 193-194'. 
Recrystallization from aqueous 2-methoxyethanol 
gave nearly white crystals with unchanged m.p. 
vmm. 3550 (NH); 1680 (carboxyl C-0); 1620,1530, 

no NO2 near 1520 or 1340 cm.7.  
Anal.-Calcd. for C14H14N202: C, 69.4; I€, 5.82; 

N, 11.5. Found: C,69.5; H, 6.00; N, 11.3. 
N - Acetyl - N - (m - aminobenzyl) - p - aminoben- 

zoic Acid (XXVII).-A solution of 942 mg. (3  
mmoles) of XXXIX in 100 ml. of ethanol was shaken 
with hydrogen at 2-3 L4t1i1. in the prcsencc of 60 mg. 
of platinum oxide catalyst; reduction w-as complete 
in about 16 min. The filtered solution was spin- 
evaporated i n  uacuo leaving 849 mg. (99%) of a 
glassy residue which showed 2 spots 011 TLC in 
methanol. After separation by preparative TLC, 
the material still could not be crystallized. 

To a solution of 400 mg. of the crudc product in 5 
ml. of absolute ethanol was added 172 mg. (25Y0 
excess) of cyclohexylamine. Addition of 20 ml. of 
ether caused the separation of a gum (228 nig.). 
The supernatant liquid was decanted and deposited 
127 mg. of crystals on standing which had m.p. 
170-174". Two recrystallizations from absolute 
alcohol-ether gave 90 nig. of pure cyclohexyl- 
ammonium salt, as white crystals, m.p. 168-170'. 
vIIIaX. 3450, 3400 (NH);  2200, 2150 (NH+); 1660 
(amide C==O), 1600 (COO-); 1625, 1540, 1500 
cm.-l (NH, C=C). 

A naZ.-Calcd. for C I ~ H ~ ? ~ O ~ .  C6Hl1NHB: C, 

1505 (C=C, NH); 82B (fi-C&); 765 ( w L - C ~ H ~ ) ;  

Analogs of Tetrahydrofolic Acid XXXIII 
Hydrophobic Bonding to Dihydrofolic Reductase V. 

Inhibition by Some Pyrimidines Bridged to Benzoic Acid 
By B. R. BAKER*, BENG-THONG HO, JAMES K. COWARD, 

and DANIEL V. SANTI 
Folk acid (I), pteroic acid (IV), and a series of 2-amino-6-methyl-4-pyrimidinols 
bridged from its 5-position to thep-position of bentoic acid with aminopropyl (VII), 
butyl (X), carbamoylpropyl (XIII), sulfonamidopropyl (XV), and N-acetylamino- 
propyl (XVI) were compared as inhibitors of dihydrofolic reductase. Evidence was 
presented that VII and X probably had their side chains off of the 5-position of the 
pyrimidine complexed to the hydrophobic region of the enzyme, whereas XIII, XV, 
and XVI probably had their side chains complexed to  the locus o n  the enzyme that 

normally binds the p-aminobenzoyl moiety of folic acid (I). 

hydrophobic bonding region of dihydrofolic re- ' mental evidence was presented that the ductase (2) is probably not between the binding 
N THE preceding paper of this series (l), experi- 
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68.9; H, 7.62; N, 11.0. Found: C, 68.7; H, 
7.80; N, 10.8. 

The free acid could be obtained as a glass frcc of 
other organic mattcr in 737, over-all yield by pre- 
parative thin-layer chromatography on Silica Gel 
HFpsa with methanol as solvent. Since the com- 
pound would not dissolve in acetone or chloroform, 
mcthanol was used for elution; thc resultant prod- 
uct had a C/K ratio of 6.89 (calcd. 6.86), but could 
not be freed of about 10% of extracted silica. 
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XXX\'III in 200 nil. of 2-methoxyethanol was 
shaken with hydrogcn at 2-3 Atm. in the presence 
of 100 mg. of platinum oxide catalyst; reduction was 
complete in 90 min. The filtered solution was spin- 
evaporated in uaczo and the residue was recrystal- 
lized from aqueous 2-methoxyetlianol; yield, 2.04 
Gm. (84Cj,) of buff-colored crystals, m.p. 193-194'. 
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bridged from its 5-position to thep-position of bentoic acid with aminopropyl (VII), 
butyl (X), carbamoylpropyl (XIII), sulfonamidopropyl (XV), and N-acetylamino- 
propyl (XVI) were compared as inhibitors of dihydrofolic reductase. Evidence was 
presented that VII and X probably had their side chains off of the 5-position of the 
pyrimidine complexed to the hydrophobic region of the enzyme, whereas XIII, XV, 
and XVI probably had their side chains complexed to  the locus o n  the enzyme that 
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papers o f  this series, which have sidc chains on 
the heterocycles tha t  complex with this hydro- 
phobic region and which have side chains that 
complcx with the p-aminobenzoyl locus? ils a 
side chain is made more and more polar or has 
added groups that can complex at one or more of 
the points of the glutamate locus, at what stage 
does the side chain shift from the hydrophobic 
bonding region to  the more polar p-aininoben- 
zoyl-1.-glutamate binding region? Such infor- 
mation is considered crucial for rational design of 
active-site-directed irreversible inhibitors (31, 
since the covalent bond-forming group on the  
inhibitor must be juxtapositiontld to  a nucleophilic 
group on the enzyme in order to operate; such 
a nucleophilic group is polar by definition and 
is less apt t o  be present in a hydrophobic region of 
the enzyme. Onc possible approach to  the prob- 
lem is t o  compare effects of binding t o  dihydro- 
folic reductase when a given pyrimidine bridged 
t o  a benzene ring such as I1 is substituted on the 
phenyl ring by a p-carboxyl group as in 111. 
The results of such a study are the subject of this 
paper. 

DISCUSSION 
In a previous study (4) it was noted that the 

pyrimidyl prototype inhibitor (VI) of dihydrofolic 
reductase with the intact ~-aminobenzoyl-L-gluta- 
inate moiety ( 5 )  was consistently slightly less 
,effective than the Corresponding inhihitor (V11) 
,derived from p-aniinobenzoic acid (Tablc I). In 
(contrast, folic acid ( I )  was complexed about eighty- 
fold more effectively than pteroic acid (1') as in- 
hibitors of dihydrofolic reductdse (6). These con- 
flicting- data on removal of the L-glutamate moiety 
irom the 2 types of inhibitors were in part resolved 
in the preceding paper of this series (1); that is, 
it appeared that the propyla~ninoberizoate sidc 
chain of VII was complexcd in the hydrophobic 
region of dihydrofolic reductasc rather than at the 
19-aminobenzoyl locus normally complexing this 
moiety of folic acid (I). The prototype inhibitor 
(1'1) appeared to be complexed in the same manner 
cis folic acid ( I ) .  It should also be noted that re- 
moval d the carboxyl group of VII gave an inhibitor 
(VIII) that was only tenfold less effectivc than VII. 

Since both VII and VIII are believed to have 
their pyritnidyl side chains complexed in the hydro- 
phobic region, 3 other types of side chains previously 
studied wcrc converted to their p-carboxy deriva- 
tives to determine if a similar increase in magnitude 
of binding observed with VII and VIII would be 
obtained. If a similar increment were obtained, 

11, R - H  
111, R = COOH 

thcn this increment could be used as evidcnee for 
the hypothesis that the side chain in question was 
complexed to the hydrophobic region of thc enzyme. 
The following 3 side chains were selected: ( a )  the 
phcnylbutyl side chain (IX), since this sidc chain 
gave 27-fold better inhibition than the anilino- 
propyl side chain (VIII) (7); ( b )  the benzdmido- 
propyl sidc chain (XI) ,  since this side chain gave 
an inhibitor about as effective as 1'111 (8); and (c)  
the p-tolylsulfonamidopropyl side chain (XIV), 
sitice this side chain gave an inhibitor less effcctivc 
than VIII (8). 

Introduction of the p-carboxyl (X) into the 
phcnylbutyl side chain (TX) gavc a twclvcfold 
enhanccment in binding (Table I), thus indicating 
that the phenylbutyl side chains ( IX and X) and 
the anilinopropyl side chain (VII and VIII) were 
complexcd in the same region of the enzyme, pre- 
sumably the hydrophobic region. In contrast, 
introduction of the carboxyl group on the benz- 
arnidopropyl side chain (XII) to give XI11 or on 
the benzenesulfonamidopropyl side chain (XIV) to 
give XV showed no enhancement in binding; these 
data would indicate that these two side chains of 
XI1 and XI\: are not complcxed in the hydrophobic 
region, and could be presumed to be complcxcd to 
the p-aminobenzoyl locus where folk acid (I) is 
normally complexed. However, such an inter- 
pretation would rcquirc considerable substantiation 
since other expIanations are possible, for example, 
( a )  the chain length between the pyrimidyl and 
benzenc moieties of XI1 and XIV are 1 atom longer 
than in the case of the anilinopropyl (VIII) or 
phenylbutyl series (X); ( b )  the ground-state 
staggercd conformations about the C6HsCH2CH2 
g-oup of X or the CGH6NHCHz- group of VIII 
arc different than the ground-state planar con- 
formations of the C6H6CONCH2 group of XI1 or 
conformation of the C6H&O&CH2 group of XTV 
which is not quite so near planarity as the amide. 

Bertino et nl .  (6) recently noted that 10-formyl 
folk acid (IV) was a twentyfold better inhibitor of 
dihydrofolic reductase than folk acid (I) (Table I). 
It was interesting to obscrvc that acetylatiori of 
VII on the "lo-position" corresponding to  folic 
acid gave an inhibitor (XVI) that was lcss than two- 
fold better than VII and as an inhibitor. A similar 
small increment has been observed prcviously nn 
acetylation of 2-amiiio-5-(3-anilinopropyl)-6-methyl- 
4-pyrirnidiriethiol (9).  This lack of appr~idble  
increase in bindiug after acylation could bc in- 
terpreted to  indicate that folic acid (I)  and pre- 
sumably pteroic acid (V) are complexing differently 
to dihydrofolic reductase than arc the 5-anilino- 
propyl-pyrimidine types (VII and VIII j. 

Since the N-hutyl benzamidoprupyl and N-butyl p -  
tolylsnlfonamidopropyl side chains previously studied (8) 
are less polar, these may be complexed by.  hydrophobic 
bonding to the hydrophobic region. 
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TABLE I.-~h’HIBI’TION OF DIHYDROFOLIC REDUCTASE BY 

Compd. 
I 

I V  

1‘ 
v I 

VII 
VIII 

IX 
X 

XI 
XI I 

XI11 
XIV 
XV 

XVI 

Ri 
-NH- 

O=CH 
I 

-N- 
-KH- 

... 

. I .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

Rn 
-CONHCHCOOH 

I 
( CHz)EOOH 

-CONHCHCOOH 
I 

(CH~)~COOH 
-COOH 

.. 

... 

. . .  

. . .  
I . .  

. . .  

... 

. . .  

. . .  

. . .  

na 

. . .  

-NH- 

-NH- 
-NH.- 
-CHz- 
-CHr-- 
-CHz- 
-HNCO- 
-NHCO- 
-NHSOz- 
-hTHSOr 
O=CCHs 

-N- 
I 

R4 

. . .  

-CONHCHCOOH 

(C!HZ)ZCOOII 
-COOH 
H 
H 
-COOH 
---COOCIH, 
H 
-COOH 
CHr- 
-COOH 
COOH 

pi1.l Concn. 
for BOY’ 

Inhibitiona X i  X 1 0 6  
3 c  0 .11 

0.0061 

8 
100d .e  

77d.e 
800‘ 
30’ .h 

138 
4800.s 
4806 

24008.i 
2800’ 

53” 

2.5” 

Dihydrofolic reductase was a 45-907, saturated ammonium sulfate fraction from pigeon liver which was prepared and 
assayed with 6 pM dihydrofolate and 12 piM TPNH in 0.05 M Tris buffer (pH 7.4) containing 10 mA4 mercaptoethanol and 
1 rnM Versene as  previously described (12). The technical assistance of Mrs. Shirley Humphrey, Miss Karen Smith, and 
Mrs. Gail Salomon is acknowledged. They used the dihydrofolic reductase from Ehrlich ascites 
carcinoma cells with dihydrofolate as  substrate at pH 7.5; dihydrofolate had apparent K ,  1.3 X 10-8.  Data from Refereizce 
15. Data from Refevrnce 4. c For assay the inhibitor was dissolved in 0.05 M Tris buffer containing 10 mM mercapto- 
ethanol and 1 mM Versene, then the pH was readjusted to 7.4 with 0.1 N KOH. g The inhibitor 
was dissolved in N,N-dimethylformamide and the assay was run in the presence of 10% N,N-dimethylformamide. h The 
same results were obtained with or without 10% N,N-dimethylformamide in the assay. 

‘)Data of Bertino et al. (6). 

I Data from Reference 7. 

i Data from Refevence 8. 

That 10-forniyl folk acid ( IV)  is a twentyfold 
better inhibitor of dihydrofolic reductase than folk 
acid ( I )  (6) has considerable bearing on the mode 
of binding of folk acid to dihydrofolic reductase. 

In the -C&-N -CHI- moiety of folk acid (I)  
the bond angles about the nitrogen are pyramidal, 
whereas the same bonds are nearly planar in the 10- 
formyl folic acid (IV) due to the amide resonance. 
Therefore, it is probable that either folk acid or the 
enzyme or both undergo an energetically unfavor- 
able conformational change to accommodate the 
nonplanarity of the Nla bonds in folk acid (I) ;  
this energy formation of the complex between the 
enzyme and folic acid (I), being reflected in less 
net binding energy. Then the planar NIo of 10- 
formyl folk acid is presumably in a more favorable 
ground-state conformation for complexing with 
the enzyme, being reflected in better net energy of 
binding than in the case of folic acid (1) .  

It was previously noted that XVII was a relatively 
good inhibitor of dihydrofolic reductase showing 

I 

50% inhibition at 0.76 mM (l), about the same as 
the 5-anilinopropyl pyrimidine (VIII) (1). Thc  
aminobenzyl group and part of the benzoate group 
of XVII were believed to  be complexed to the hydro- 
phobic region, but the carboxyl group was probably 
not in contact with the hydrophobic region of the 
enzyme surface (1). It was noted that .V-acetyla- 
tion of XVII on the p-amino group gave a compound 
(XVIII) that failed to inhibit dihydrofolic reductase 
at 12 times the concentration required for XVII 
to show 50?& inhibition. The planarity about the 
“Nlo” (para)nitrogen of XVIII is apparently un- 
favorable for complexing to  the hydrophobic region 

/ 
NH, 

XVII, R = H 
:XVIII, R = CH,CO 
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responding acid (XX) (1) in 92(%, yield. Alkykation 
of ethyl acetoacrtatc with XX was performed with 
sodium hydride in tert-butyl alcohol to avoid 
alcoholysis of the alkylated keto ester (XXI) (9). 
The crude kcto cster (XXI) was condensed with 
guanidine carbonate in tert-butyl alcohol (9) to 
give a 21y0 over-all yield ot the crystalline pyrimi- 
dine ester (XI). Saponification of XI  with aqueous 
1 N sodium hydroxide proceeded in 97y0 yield to 
the desired p-carboxyphenylbutyl pyrimidine (X).  
(Scheme I.) 

p-Carbomethoxybenzoyl chloride (XXIV) was 
prepared from dimethyl tercphthalatc by modifica- 
tion of the procedure of Williams et al. (10). Acyla- 
tion of the pyrimidyl propylaminc (XXV) (8 )  as its 
free base with XXIV in aqueous acetone proceeded 
smoothly to the pyrimidyl ester (XXVI) in 79% 
yield. Saponification of XXVI with 1 N aqueous 
sodium hydroxide at room temperature afforded 
XI11 in 80% yield. 

p-Carbethoxybcnzenesulfonyl chloride (XXIII) 
was prepared in 81 yo yield by the Sandmcyer reac- 
tion (11); that is, thc treatment of the diazonium 
salt derived from ethyl p-aminobemoate (XXII)  
with sulfur dioxide catalyzed by cuprous chloride. 
Reaction of the sulfonyl chloride (XXIII) with the 
free base of XXV in aqueous acetone also proceeded 
smoothly in 81% yield. Saponification with 1 N 
aqueous sodium hydroxidc gave the requisite car- 
boxy pyrimidine (XV) in 80% yield. (Schcme 11.) 

Acetylation of the anilino NH-group of VII (14) 
with acetic anhydride in pyridine was sufficiently 
slowed by the clcctron-withdrawing p-carboxyl 
group so that acetylation of the 2-amino group (12) 
became competitivc and sclective acetylation of the 
anilino group was not feasible. In previous suc- 
cessful selective acylations of this type, an electron- 
withdrawing p-group was not present (7). There- 
fore, both amino groups were allowed to acetylate 
(13) giving XXVIII in 86y0 yield. Since the 
acetyl on the 2-amino group is considerably more 
labile than the acetyl group on the anilino moiety, 

(Scheme 11.) 

of enzyme particularly when a terminal carboxylatc 
is present. 

Since acylation of folic acid ( I )  gives an inhibitor 
(IV) that is 20 times more effective than I, but 
acylation of XVII gives an inhibitor (XVIII) that 
is less than one-fortieth as effective as XVII, it  is 
quite reasonablc that XVI has its side chain com- 
plcxed at  the p-aminobenzoyl locus; this is in con- 
trast to VII ,  which probably has its side chain com- 
plexcd to the hydrophobic region. Again this dc- 
duction has the tenuous assumption that VII and 
XVII have thc same conformation in the complex. 

A problem that still remains is how a carboxyl 
group can increase the phenyl binding to the hydro- 
phobic region since the carboxyl is ionized a t  the 
pH of the assay to the highly polar carboxylate 
anion; it is therefore obvious that the carboxylate 
cannot be in direct contact with the hydrophobic 
region. That. the carboxyl of a compound such as 
X does not exert an inductive effcct on binding of 
the phenyl is clear from the relative binding of X 
and its ester, XI. The ester (XI)  is only one-fifth 
as effective as the carhoxylate (X), but the ester 
is still 2-3 times as effective as the parent phenyl 
compound, IX. It was previously noted that an 
n-octyl group gave no more hydrophobic bonding 
than an n-butyl group, but placement of a phenyl 
on the terminus of the n-butyl group did give an 
increment in binding (2)  ; thcse results were in- 
terpreted to indicate that a flat interaction between 
the phenyl and the enzyme was required which an 
aliphatic group could not duplicate. If the hydro- 
phobic region ends at  the end of the phenylbutyl 
group of IX, then an additional carboxylatc may 
form a hydrogen bond with the enzyme in this 
region; the ester group of XI  could then form a 
somewhat weaker hydrogen bond to account for 
the relativc order of activity of X > XI > IX. 
Such a hypothesis might be vcrified by replacing 
the carboxyl group of X by a bromomethyl to de- 
termine if an active-sitc-dirccted irreversible in- 
hibitor (3) would be obtained that would presumably 
operate by alkylation of this carboxylate binding 
point to the enzyme. 

To put these working hypotheses prcscnted here 
on a firmer basis would require considerably more 
investigation of related compounds. Howcver, 
these w-orking hypotheses in this and in the ac- 
companying papers appeared attractive enough to 
warrant pursuit of the design of active-site-directed 
irreversible inhibitors ( 3 )  that can bind to both thc 
hydrophobic and the p-aminobenzoyl loci of  tht. 
enzyme. Such studies are being pursued as direct 
evidence for these 2 binding loci. Initial results 
with several potential active-site-directecl irrevers- 
ible inhibitors built on the hypothesis have been 
successful; when the results are on complet.cly firm 
ground, they will be presented in future papers. 

Although it cannot be unequivocally stated at 
this time that a moleculc such as 2-arriino-5-(p- 
carboxyphenylbutyl)-6-metl~yl-4-pyrimidinol ( X) 
has its side chain complexed to the hydrophobic 
region of the enzyme, the unequivocal result remains 
that X is the most effective Z-amino-4-pyrimidinol 
type of dihydrofolic reductase inhibitor yet observed. 

EXPERIMENTAL 

Synthesis.--Ethyl p - (4 - bromobuty1)benzoate 
(XIX) was prepared by csterification of the cor- 

I 
O=CCH3 

XXI 

?* 

XI, R = C2Hj- 
X , R = H  

Scheme I 
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XXII 

C1 CO@OOCH, 

XXIV 

I 

XXIII 

/ 

XXVI, R = CH, 
XIII, R - H 

Scheme I1 

XXVII, R =C,H, 
X V , R - H  

selective removal was achieved with n-butylamine 
in boiling- methanol (13). The reaction was readily 
followed by the difference in ultraviolet spectra of 
XXVIII and XVI in 0.1 N acid, particularly at 247 
m p .  After a 3-hr. treatment, XVI could be isolated 
analytically pure in 747* yield from XXVIII. 
(Scheme 111.) 

Methods.-Mclting points were taken on a Mel- 
Temp block in capillary tubes and those below 230" 
are corrected. Infrared spectra were determined 
in KBr pellet, unless otherwise indicated, with a 
Perkin-Elmer 137B spectrophotomrtcr. Ultraviolet 
spectra were determined in water, unless otherwise 
indicated, with a Perkin-Elmer 202 spectropho- 
tometer. 

2 - Amino - 5 - (J - carbethoxyphenylbutyl) - 6- 
methyl-4-pyrimidinol (XI).-A solution of 1.00 
Gm. (3.89 mmoles) of XIX (1) in 10 ml. of ethanol 
and I nil. of ethanesulfonic acid was refluxed for 24 
hr., then spin-evaporated in DQCUO. The residue 
was dissolved in 20 ml. of chloroform, and the 
solution was washed with 3 N aqueous ammonia 
(2 X 10 ml.), theu water (2 X 10 xnl.). Dried 
with magnesium sulfate, the chloroform solution 
was spin-evaporated in VQCUO leaving 1.02 Gm. 
(92%) of XX as an oil with vmax,(film) 1720 (ester 
C=O), 1270, 1100 mi.-' (ester C 4 - C ) .  

To a solution of 800 mg. (6.1 mmoles) of ethyl 

acetoacetate in 15 nil. of tert-butyl alcohol was added 
portionwise 273 mg. (6 1 mmoles) of a 53,5y0 dis- 
persion of sodium hydride in mineral oil. When 
solution was complete, 1.51 Gm. (5.3 mmoles) of 
XX was added, then the solution was refluxed 
gently with magnetic stirring for 20 hr. The mix- 
ture, acidified with glacial acetic acid, mas spin- 
evaporated in VQCUO. The residue was partitioned 
between 20 ml. of chloroform and 10 ml. of water 
The separated aqueous layer was extracted with 5 
ml. of chloroform. Dried with magnesium sulfate, 
the combined extracts were spin-evaporated in DQLUU, 

finally at less than 1 mm. (bath 90") to remove the 
excess ethyl acetoacetate; yield, 872 mg. of crude 
XXI with Am,,. (1 ,V methanolic sodium methoxide) 
244, 284 mp. 

A mixture of 870 mg. (2.6 mmoles) of crude XXI, 
234 mg. (1.3 mmoles) OF guanidine carbonate, and 
10 1111. of brt-butyl alcohol (9) was refluxed gently 
with magnetic stirring for 60 hr. The solution wa$ 
clarified by filtration, neutralized with glacial acetic 
acid, then spin-evaporated in zlucuo. The residue 
was partitioned between 25 i d .  of chloroform and 10 
ml. of water. The product which separated wa\ 
collected on a filter and washed with water; yield, 
341 mg., m.p. 1@-165". An additional 23 mg. 
(total 21yo based on XX), m.p. 156-159", was ob- 
tained by concentration of the chloroform layer 

OH OH 

VIl 

Scheme 111 

XXVIII, R = CH,CO 
XVI ,  R = H  
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Recrystallization of 290 mg. from aqueous ethanol 
gave 227 mg. (16yc), m.p. 148-150'. A second rc- 
crystallization afforded 201 mg. (14(2)) or white 
crystals, m.p. 1.51)-152". v , , ~ ~ ~ .  3400, 3200 ( N H ) ;  
1715 (ester C=O); 1650, 1630, 1600, 1530, 1510 
(C=O, C-N, C-zC, N H ) ;  1280, 1110 cm- '  
(rster C-0-C); A,,,,,. (ethanol) 290 nip. 

And-Calcd. for ClsHyaN303: C, 65.6; H, 7.04; 
K ,  12.8. Found: C, 65.4; H, 6.92; N, 12.9. 

2 - Amino - 5 - (p - carboxyphenylbutyl) - 6- 
methyl-4-pyrimidinol (X).--=l solution of 164 mg. 
(0.5 rrimole) of X I  in 3 ml. of 1 :V aqueous sodium 
hydroxide was hcatcd at  100" for 30 min. The 
cooled solution was clarified by filtration, then 
adjusted to pH 4-5 with acetic acid. The product 
was collected on a filter and washed with water; 
yield, I46 mg. (!37yi), m.p. 295-297". Recrystalliza- 
tion from aqueous 2-metl-ioxyethanol afforded 108 
rng. (727,)  of white crystals, m.p. 311-312", un- 
changed on further recrystallizatiou. vmx. 3350, 

NH,  C=N, C=C); no ester band near 1280 crn.-l; 
A,,,. (pH 1) 243, 274 mp (inflection); (pH 13) 235, 

Anal.--Calcd. for ClJIl&30a: C, 63.8; H, 6.35; 
N, 13.9. Found: C, 63.6; H, 6.55; N, 13.7. 

p-Carbomethoxybenzoyl Chloride (XXIV).-Di-. 
methyl terephtlialate was partially hydrolyzed 
as described by Williams ef nl. (10); they record a 
crude yield of 6 6 x 7 ,  but no melting point is given 
until after purification. The crude product cou- 
tainrd considerable terephthalic acid. Solution in 
acetone a t  ambient temperature was more' satis- 
factory than water (10) for removing the insoluble 
terephthalic acid. 

A suspension of 270 mg. (1.5 mmoles) of p-carbo- 
methoxybenzoic acid in 7 ml. of chloroform, 0.29 
nil. (6 mmoles) of thionyl chloride, and a drop of 
pyridine was refluxed for 3 hr., solution being coin- 
plete a t  that time. Spin-evaporation in placao 
gave the acid chloride as a crystalline solid with 
v , , , ~ ~ .  (Nujol) 17w1 cm.-l (acid chloride C=O) 
that was used immediately in the ncxt step. 

2 - Amino - 5 - (p - carbomethoxybenzamido- 
propyl)-6-methyl-4-pyrimidinol (XXVI).---To a mag- 
netically stirred solution of 255 mg. (1 mmole) of 
XXV (8) and 0.67 nil. of 3 N aqueous sodium 
hydroxide and 0.5 ml. of water containing 159 mg. 
(1.5 mrnoles) of sodium carbonate was added 1 ml. 
of acetone; then a solution of the crude XXIV 
from 270 mg. of acid i r i  2.5 1111. of acetone was 
added. After being stirred for 4 hr., during whicl~ 
time the product separated, the niixturc was diluted 
with several volumes of water. The product was 
collected on a filter and washed with water; yield, 
272 mg. (79%). Recrystallization from 2-methoxy- 
ethanol Rave 210 mg. (61%) of white crystals, m.p. 
24CI 242" dec. v,,,,. 3300, 3100 (NH);  1720 (ester 
C=O); 1690, 1630 (sh), 1610, 1525 (C-0, NH, 
C=N, C=C), 1280 1100 cm.-.' (ester C--0-C): 
A,,,. (pH 13) 276 m p  (sh). 

Anal.-Calcd. for C17H2&04. H20:  C, 56.3; 
H, 6.12; N, 15.5. Found: C, 56.0; H, 6.10; 
N, 15.9. 

2 - Amino - 5 - (p - carboxybenzamidopropyl) - 6- 
methyl-4-pyrimidinol (XIII).--A susprnsion of 
638 mg. (1.85 rnmoles) of crude XXVI in 10 nil. of 
1 N aqueous sodium hydroxide was magnetically 
stirred for 20 hr. a t  ambient temperature, during 

3150 (NH);  1690, 1670, 1600, 1645-1500 (C=0, 

280 mp. 
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which time solution took place. Acidification to 
about pH 5 with 4 A' aqueous hydrochloric acid 
precipitated the product which was collectcd on a 
filter and washed with water. The crude product 
was dissolved in  1 N aqueous sodium bicarbonate; 
the solution was clarified by filtration, then xidified 
to about pH 5. The product was collected by cen- 
trifugation and washed well with water; yield, 486 
mg. (80%), of white solid, m.p. 290-296" dec. v,,,~,.. 
3450-3300 ( N H ) ;  1700 (carboxyl C=:O); 1660, 
1620, 1550 (C=O, C=N, C=C, IY-H); no 1280 
or 1100 cm.-' ester C-0- C bands; Am,. (pH 13) 
276 r n M .  The compound moved on paper as a 
single spot ( K /  0.7) in 59$, aqueous KaHPOa. 

And-calcd. for C I ~ I I I ~ N ~ ~ ~ . H Z O :  c, 55.2; 
H, 5.78; N, 16.1. Found:  C, 5.1.8; H, 5.79; 
N, 16.3. 

2 - Amino - 5 - (p - carbethoxybenzenesulfon- 
amidopropyl) - 6 - methyl - 4 - pyrimidinol (XXVII). 
-Treatment of 255 mg. (1 mmole) of XXV (8) 
with 372 mg. of XXIII (prepared in 81% yicld as 
described for the methyl ester) (11) as described for 
prcparation of XXVI, gave 369 rug. (9470) of crude 
product, m.p.  220-223'. Recrystallization from 
857& ethanol afforded 319 mg. (81Y0j of white crys- 
tals, m.p. 2233-224'. vmax. 3300, a100 (KH);  1710 
(ester C=O); 1645, 1600 (sh), 1540 (KH, -0, 
C-C, C=N); 1385, 1160 ( S O Z ) ;  1270, 1100 cm.-l 
(ester C-0-C); Amx. (pH 13) 279 m p .  

And-Calcd. for C,7H22N,0&3: C, 51.8; H, 
5.62; N, 14.2. Found: C, 51.5; H, 5.68; K, 14.1. 

2 - Amino - 5 - (p - carboxybenzenesulfonamido- 
propyl) - 6 - methyl - 4 - pyrimidinol (XV).-A 
suspension of 394 mg. (1 mrnole) of xxv11 in 10 ml. 
of 1 N aqueous sodium hydroxide was magnetically 
stirred a t  room temperature for 2 clays, during 
which time solution was complctc. The product was 
isolated and reprecipitated from sodium bicarbonate 
solution as described for XIII; yield, 293 mg. (80%) 
of white solid, m.p. 310-315" dec.; vmaa. 3400, 
3250 (NH); 1680, 1650 (C=N, C=C, C=O, NH) ;  
1385, 1150 (SOZ); no 1280 or 1100 cm- '  ester 
C-0-C bands; A,,,. (pH 13) 278 m p .  

Anal.-Calcd. for ClsH18NhOsS: C, 49.2; 11, 
4.95; h-, 15.3. Found: C, 49.1; H, 5.03; iY, 15.4. 

2 - Acetamido - 5 - (N - acetyl - p - carboxy- 
anilinopropyl) - 6 - methyl - 4 - pyrimidinol (XXVIII). 
-A solution of 250 mg. (0.83 minole) of VII  (14) 
in 5 nil. of reagent pyridine and 5 ml. of acetic 
anhydride was heated in a bath a t  95O for 2 hr., 
then spin-evaporated in z'ocuo. Crystallization 
from aqueous ethanol with the aid of decolorizing 
carbon gave 275 mg. (86%) of white crystals, m.p. 
225-226". A,nax. (pH 1) 247, 265 in# (inflcct.) 
( A  260/280, 1.89); (pH 13) 245, 273 mp (inflect.) 
( A  260/280, 1.45). 

And-Calcd. for C19H22N40:,: C, 59.1; H, 5.74: 
N ,  14.5. Found: C, ,582; H, 5.61; N, 14.4. 

2 - Amino - 5 - (N - acetyl - p - carboxyanilino- 
propyl)-6-methyl-4-pyrimidinol (XVI).--A solntion 
of 230 rng. (0.6 mmole) of XXVIII and 0.1 ml. of 
n-butylamine in 8 ml. of inethanol was refluxcd for 
3 hr. when an aliquot no longer showed any change 
in the absorbance at 247 mp in 0.1 M hydrochloric 
acid. The solution was spin-evaporated in zlacuo. 
The residue was dissolved in 4 ml. of hot methanol, 
8.0 ml. of 0.2 1%' aqueous acetic acid was added, 
then the solution was chilled. The product was 
collected on a filter; yield, 148 mg. (74%), m.p. 
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239-240". A,,,. (pH 1) 234, 263 mp ( A  260/280, 
1.80); (pH 13) 235, 278 mp (A 260/280, 1.04). 

And-Calcd. for C,7H20N.+04: C, 69.3; H, 6.85; 
h', 16.3. Found: C ,  59.0; H, 5.98; N, 16.0. 
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Analogs of Tetrahydrofolic Acid XXXIV 
Hydrophobic Bonding to Dihydrofolic Reductase VI. 
Mode of Phenyl Binding of Some 6-Arylpyrimidines 

By B. R. BAKER* and HOWARD S. SHAPIRO 

New data are presented which strongly support the concept that the increment in 
better binding observed by substituting a phenyl group on  the 6-position of 4- 
pyrimidinol is due to hydrophobic bonding of the phenyl group. Furthermore, 11 
6-phenylpyrimidines with various substituents at the 2,4, and 5-positions were com- 
pared with 18 5-aryl and 5-arylalkylpyrimidines as inhibitors of dihydrofolic reduc- 
tase. The results cannot be explained by a single conformation of the pyrimidine 
being complexed to  the enzyme; therefore, a number of rotational conformers for 
the pyrimidine ring are proposed where the strong hydrophobic bonding by the 
phenyl or phenylalkyl substituent is the determining factor for the particular pre- 
ferred conformation of a given inhibitor. Such a hypothesis has previously been 
invoked to explain the inhibitor and substrate binding to chymotrypsin by Niemann 

et al. 

HE 6-PHENYLPYRIMIDINE analog (I) (I) of 
Ttetrahydrofolic acid was observed to be a 
twelvefold better inhibitor of dihydrofolic re- 
ductase at pH 7.4 than the prototype H-methyl- 
pyrimidine analog (11) (2, 3). When assayed 

OH 
I - 

N ~ ~ C H ~ ) , N H @ O N H C H C O O H  I 
CHZCH? COOH 

P:H2LN 

I, R = C,H, 
11, R =CH3 

with folic acid as substrate a t  pH 6.1, I was found 
to bc a twentyfold better inhibitor of the re- 
ductase than I1 (1, 4). Three possible explana- 
tions for this increased binding were proposed 
(1)-namely, (a)  a charge-transfer complex, ( h )  
the phenyl influences the binding of the pyrimidine 
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ring, and (c) hydrophobic bonding. Since in- 
ductive effects by substitutents on the phenyl 
ring could not be completely correlated ( 5 ) ,  
explanations (a) and (6) can now be considered 
unlikely. The emergence of strong hydrophobic 
bonding by 5-alkylpyrimidines (6) and the further 
experimental evidence (7, 8) for hydrophobic 
bonding by the aryl group of 1 aryl 1,2-dihydro- 
s-triazines, 2-aryl-s-triazines, and .5-arylpyrini- 
idines suggested that the mode of phenyl bind- 
ing of 6-phenylpyrimidines be further investi- 
gated from the standpoint of hydrophobic bond- 
ing. 

Rather than proceeding chronologically on the 
development of the possible hydrophobic bond- 
ing of the phrnyl group of 6-phenylpyrimidines- 
as is customarily done with papers from this 
laboratory-it is somewhat easier to follow the 
evidence if the assumptions on binding are pre- 
sented in logical order rather than by order 
arrived a t  from the tortuous trail of chronology. 

DISCUSSION 

The following recent developments on binding of 
inhibitors to dihydrofolic reductase are pertinent 
to the arguments to follow. 
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239-240". A,,,. (pH 1) 234, 263 mp ( A  260/280, 
1.80); (pH 13) 235, 278 mp (A 260/280, 1.04). 

And-Calcd. for C,7H20N.+04: C, 69.3; H, 6.85; 
h', 16.3. Found: C ,  59.0; H, 5.98; N, 16.0. 
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Analogs of Tetrahydrofolic Acid XXXIV 
Hydrophobic Bonding to Dihydrofolic Reductase VI. 
Mode of Phenyl Binding of Some 6-Arylpyrimidines 

By B. R. BAKER* and HOWARD S. SHAPIRO 

New data are presented which strongly support the concept that the increment in 
better binding observed by substituting a phenyl group on  the 6-position of 4- 
pyrimidinol is due to hydrophobic bonding of the phenyl group. Furthermore, 11 
6-phenylpyrimidines with various substituents at the 2,4, and 5-positions were com- 
pared with 18 5-aryl and 5-arylalkylpyrimidines as inhibitors of dihydrofolic reduc- 
tase. The results cannot be explained by a single conformation of the pyrimidine 
being complexed to  the enzyme; therefore, a number of rotational conformers for 
the pyrimidine ring are proposed where the strong hydrophobic bonding by the 
phenyl or phenylalkyl substituent is the determining factor for the particular pre- 
ferred conformation of a given inhibitor. Such a hypothesis has previously been 
invoked to explain the inhibitor and substrate binding to chymotrypsin by Niemann 

et al. 

HE 6-PHENYLPYRIMIDINE analog (I) (I) of 
Ttetrahydrofolic acid was observed to be a 
twelvefold better inhibitor of dihydrofolic re- 
ductase at pH 7.4 than the prototype H-methyl- 
pyrimidine analog (11) (2, 3). When assayed 

OH 
I - 

N ~ ~ C H ~ ) , N H @ O N H C H C O O H  I 
CHZCH? COOH 

P:H2LN 

I, R = C,H, 
11, R =CH3 

with folic acid as substrate a t  pH 6.1, I was found 
to bc a twentyfold better inhibitor of the re- 
ductase than I1 (1, 4). Three possible explana- 
tions for this increased binding were proposed 
(1)-namely, (a)  a charge-transfer complex, ( h )  
the phenyl influences the binding of the pyrimidine 
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ring, and (c) hydrophobic bonding. Since in- 
ductive effects by substitutents on the phenyl 
ring could not be completely correlated ( 5 ) ,  
explanations (a) and (6) can now be considered 
unlikely. The emergence of strong hydrophobic 
bonding by 5-alkylpyrimidines (6) and the further 
experimental evidence (7, 8) for hydrophobic 
bonding by the aryl group of 1 aryl 1,2-dihydro- 
s-triazines, 2-aryl-s-triazines, and .5-arylpyrini- 
idines suggested that the mode of phenyl bind- 
ing of 6-phenylpyrimidines be further investi- 
gated from the standpoint of hydrophobic bond- 
ing. 

Rather than proceeding chronologically on the 
development of the possible hydrophobic bond- 
ing of the phrnyl group of 6-phenylpyrimidines- 
as is customarily done with papers from this 
laboratory-it is somewhat easier to follow the 
evidence if the assumptions on binding are pre- 
sented in logical order rather than by order 
arrived a t  from the tortuous trail of chronology. 

DISCUSSION 

The following recent developments on binding of 
inhibitors to dihydrofolic reductase are pertinent 
to the arguments to follow. 
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CH,CH,COOH 
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( a )  The pH profiles for some strongly basic and 
some weakly basic pyrimidine-type inhibitors were 
determined (9,lO). These results gave experimental 
evidence to support the hypothesis that the pyrimi- 
dines had only 2 binding points to the enzyme and 
that a variety of conformations of the pyrimidines 
were possible for complcxing to the enzyme; the 
points of binding of the pyrimidine proposed were: 
first, a general bonding to the electron-rich r-cloud 
of the pyrimidinc ring by a weakly acidic group 
on the enzyme, and second, 1 additional hydrogen 
bond. 
(0) Experimental evidence has been presented (11, 

12) that the hydrophobic bonding region most prob- 
ably is not between the binding regions for the py- 
rimidgl and p-aminobenzoyl moietics of inhibitors 
such as I1 or folic acid. 

Since folic acid (111) and aminopterin are good 

inhibitors of dihydrofolic reductase (9, 13), both 
inhibitors and the substrate, dihydrofolate, must 
have a definite conformation when complexed to 
the enzyme. The conformation of the pteridin 
moiety of folic acid (111) and aminopterin can be 
assigned as in 111 and the enzyme can then take 
a conformation in space that will fit the pteridine 
as written. The conforrriation of the various pyrimi- 
dines will then be written with relationship to the 
assigned conformation of the pteridine moicty of 
111. The assumption has already been made that 
pyrimidines and pteridines have 2 binding points 
to the enzyme and that the pyrimidines may have 
any one of a number of conformations when com- 
plexed t o  the enzyme, depending upon the substitu- 
ents attached to the pyrimidine (9 ,  10). 

A single conformation for pyrimidine binding 
cannot explain all the inconsistencies on binding 

TABLE T.-TNHIBJTION OF DIHYDROFOLIC REDUCTASE BY 

NHA, ,aR2 R, 

Compd. 
I V  
V 

v I . -  

VII 
VIIT 

IX 
x 

XI  
XIT 

XI11 

XV 
XV I 

XVII 
XVIII 

XIX 
XX 

XXI 

Ka 
OH 
SH 
OH 
SH 
H 
H 
NHz 
NH, 
NH2 
NH2 
N H ~  

p M  Concn. Suggested 

for Binding 
for 50% Conformation 

R2 R1 Inhibitiona 
CcHjNH( CHz)3- CH3 800" .d 11 
CsHsNH( CH2)a- CHa 44 11 
CsH5NH( CH2)3- CsH5 TnsoL6 2 
CsHsNH( CH2 )3- CcHs > 1 OOOd 9" t' 2 
CsHsNH( CHz)3- CHI 48W 11 
CcH&H( CHz)3- CeH5 >3000d ,' 2 
CeHs( CH2)4- CH3 0.0279 1 1 , 1 2  
CsHsNH( CH2)3- CH3 2.2c 1 1 , 1 2  
CeHdCHz)4- CsH5 1.1 2 
CcHsNH( CH2)3- C6Hs 0.88 2 

H CH3 

H CcHs 160d.i 2 
n-C4H9 CH3 2.0d.h 1 1 , l P  
n-C4H9 C6H5 2gd 2 

H P-CsH5CdIa 2gd 2 
CsH5(CH2)4-- %-C3H7- 0.021 12 
CeH5(CHz)4-- %-C3H7- 900d 11 
CeHd CHz),- CH, 3 0 d . J  ,k 11 

l l O 0 h  2, 3, 5,  6, 
9-1 2 

XXII SH CsHs(CH*)*-- COH5 320d 2 
XXIII H CsHs(CH2)s- CcHs 
XXIV NH.2 CsH5NH( CH2)3- C~H~CHZ- 3 .8  12 

XXV NH, CsH5(CH2)4-- CGH~CHZ- 0.34 12 
XXVI OH CsHdCHzIr- CsH5- Insol.* 2 

2 3800d.' 

Dihydrofolic reductase was a 45-95Y0 saturated ammonium sulfate fraction prepared from pigeon liver acetoue powder 
and assayed with 6 pdiI dihydrofolate, and 12 rrM TPNH in 0.05 iM Tris buffer (pH 7.4) containing 10 mM mercaptoethanol 
and 1 mM Versene as previously described (14). The 50% inhibition points were determined by plotting V O / V I  against I. 
where Vo = velocity without inhibitor, Vi = velocity with inhibitor, and I = inhibitor concentration; the 50% inhibition 
point occurs a t  the intercept of Vo/Vi = 2 (35,36). The technical assistance of Miss Maureen Baker, Mrs. Shirley Humphrey, 
Mrs. Gail Salomon, and Miss Karen Smith is acknowledged. Cell contained 
10% N,N-dimethylformamide. Too insoluble to determine 50% inhibition point with this assay. However, with folic 
acid as a substrate a t  pH 6.0, Vr had Xi = 1.8 X 1 0 - 6 ,  XXVI had Ki = 0.58 X 10-8, V I I  had Ki = 9.8 X 10 6, IV bad 
Ki = 63 X 10-8, and V had Ki = 4.5 X 10-8 (5). f Since 20% inhibition is readily detectable, the concentration for 507, 
inhibition is a t  least 4 times greater than the concentration measured. h Data from Reference 3. 
i Data from Reference (1. k Data from Reference 
37. 

bSee Table 11. Data from Refereme 14. 

u Data from Reference 15.  
i Same result obtained with or without N,N-dimethylformamide present. 

1 Estimated from VO/VI  = 1.30, and the error is larger than when Vo/Vi - 2. 
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previously observed, such as ( a )  2-amino-5-(anilitio- 
propyl)-6-methyl-4-pyrimidiuethiol (V) is a better 
inhibitor than the 4-pyrimidinol ( IV)  (14), but in 
the 6-phenyl series (VI and VTI) the reverse is 
true (5). (6) 2-ilmino-5-( anilinopropyl)-6-niethyl-4- 
pyrimidinol ( I V )  still binds as well to the enzyme 
when thc 4-OxO group is removed (VIII) (14), but in 
the 6-phenyl series, removal of the 0x0 group of 
111 gives an inhibitor (IX) that has a large loss in 
binding compared to IV (Table I). (c)  2,4-Diamino- 
6-niethyl-5-(phenylbutyl)pyrimidine (X) is a con- 
siderably better inhibitor than the corresponding 
5-aniliuopropyl pyrimidine (XI) (15) (Table I), 
but in the 6-phenyl series, the 2 compounds (XI1 
and XI I I )  give about the same inhibition (5). 
( d )  111 contrast to ( b ) ,  Z,4-diamino-6-phenylpy- 
rimidine (XV) is a better inhibitor than 2,4-diamino- 
6-methylpyrimidine (XIV) (8), but when an n-butyl 
or a phenylbutyl side chain is introduced, the 6- 
methyl scrics (XVI and I;) is bctter than the 
6-phenyl series (XVII and XI I )  (Table I). There 
are uuiiierous other examples. By the use of several 
conformations for pyrimidine binding, but using 
only a 2-point attachment ol the pyrimidine ring, 
all of the:;e inconsistencies call be suitably ration- 
alized. 

If no assumptions on b id ing  are made, then 
there are 12 major possible conformations for 
pyrimidine binding (Table 11) including the 1 
conformation given for folic acid and amiuoptcrin. 

Journal of Pharmaceutical Sciences 

If one considers that 6O'-twists between the 12 
conformations could be further split into fraction of 
degrees of rotation, there are an infinite number of 
conformations; for example, the diffcrence between 
conformation 1 and conformation 11 is a 60" twist. 
It might be argued that other couformrrs with 
smaller rotations between 1 and 12 should be COII- 

sidered, but as a first approximation, these 60" 
rotational conformers listed in Table IT can be used 
to rationalize most of the inhibitor data. The 
designation of pyrimidine uumbering cannot be used 
to signify the position of a group with respect to 
the givcn conformation of folk acid, 1, with other 
conformers unless the particular conformer is also 
named; therefore the binding areas in Table I1 are 
numbered, based on conformer 1, as follows: 

I V  

I 
As pointed out previously, the pyrimidine prob- 

ably has 2 binding points: ( a )  between a weakly 
acidic group on the enzymc to the electron-rich 
.rr-cloud of the pyrimidine ring and (6) a hydrogen 
bond to the enzyme where the pyrimidine group 
is an electron donor to the enzyme (9). The first 
bond ( a )  would be fairly independent of conforma- 
tion since it is somewhat centralized, but the second 
bond must be in one of the areas I to VI.  

Assume that the hydrogen bond ( I r )  is at area VI.  
It should be noted among the 12 couformers that 
an N&, ring N, or C=O can be an electron donor 
for a hydrogen bond, but the acidic riug NH cannot 
and a C=S can donate for a hydrogen bond only 
poorly. On this basis the following conformers 
are possible for the 2-aminopyrimidines depending 
upon the 4-substituent. ( a )  2-Amino-4-0x0: 2, 
3, 5, 6,  10, 11. ( b )  2,4-Diamino: 2, 3,  5, 6, 9, 10, 
11,  12. (c) Among the conformations possible for 
( a )  and ( b ) ,  the 2-amino-4-H and 2-amino-4-thione 
can have conformations 5,  6, 9, 10, 11, if binding is 
as good as 2-amino-4.0~0, but 2, or 3 ,  if binding is 
poorer than 2-amino-4-0x0. 

If additional binding occurs a t  the p-amino- 
benzoyl locus (area V )  by KI or R2, then the follow- 
ing conformations of those cited still remain possible. 
( a )  2-Amino-4-oxo: 2, 11. ( b )  Z,.l-Diamino: 2, 1 1 .  
(c) 2-Amino-4-H or 2-amino-4-thio1ie: 11 if binding 
is as good as 2-amino-40x0, hut 2, if binding is 
poorer thau 2-amino-4-0x0. 

Assume that additional hydrophobic bonding 
occurs in area IV .  Then the following conforma- 
tions are still possible if either KI oi RB bonds to 
the hydrophobic region, regardless of whether there 
is binding a t  thc p-aminobenzoyl locus. ( a )  2- 
Amino-4-0x0: 2, 6, 11. ( b )  2,4-Diamino: 2, 6, 1 1 ,  
12. ( G )  Among the conformations for ( a )  and (O), 
the 2-amino-4-€1 and 2-amino-4-thionc can have 
conformations 6 and 11 if binding is as good as 
2-amino-4-0x0, but only 2 if binding is poorer than 
4-0x0. 

Consider the specific case of 2-amino-5-( anilino- 
propyl)-(i-methylpyrimidine with a 4-substituent. 
Since Re = ariilinopropyl is the only group that can 
hydrophobically bond at region I V  or complex to 
the p-aminobenzoyl locus (region V ) ,  and since 
both the 4-mcrcapto and 4-H compounds bind better 
than the 4-OX0 compound, the following conforma- 

TABLE II.--PO.SSIBLE BINDING CONFORMATIONS FOR 

DIHYDROPOLIC REDUCTASB 
!&AMINO - 5,6 - DISUBSTITUTED - 4 - PYRIMIDINOLS TO 

- 

0 

1 

4 

H 

K, 
10 

5 G 

8 9 

11 12 
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are 2 hydrogen bonds to the ZZ and VZ regions; then 
the following conformatioIis in Table IT are possible. 
( a )  2-Amino-4-0x0: 2 ,  6. ( b )  2,4-Diamino: 2, 6, 11, 
12. (c) Of the possible conformations in ( a )  and 
( b ) ,  the 2-amino-4-H can h a w  conformation 11 or 
12 if it binds as good as 2-arnirio-4-os0, 

Therefore, the assumption of 2 hydrogen bonds 
to areas fI and V l  is invalid, since the 4-0x0 deriva- 
tive cannot bind in conformation 11 or 12 and the 
4-H dcrivativc canriot bind in conformation 2 or 
f i .  Similarly. 2 hydrogen bonds to  areas I 1  arid ZV,  
or areas I I’ and ]’I, or areas 1 and 1v can be elim- 
inated. 

Assume that there are 2 hydrogen bonds to areas 
I and IZ, then the following conforrriations in Table 
I1 are possible. ( a )  2-Arnino-4-oxo: 1, 12. ( b )  
2,4-Dianiino: 1,  2,  6 ,  7, 11, 12. (c) Of the possible 
conformations in (a) and ( b ) ,  the 2-amino-4-H can 
have conformations 1 and 12 if i t  binds as good as 
Z-amino-4-oxo. 

W’ith these 2 particular hydrogen borids i t  is not 
possible to account for 2-amino-5-(3-aiiilinoprop~~l)- 
fi-pheiiylpyrirriidine ( I S )  being a poorer inhibitor 
than the corresponding 4-oxopyriinidiue (VI) ,  since 
both allowable +ox0 conformations, 11 and 12, 
would not lose a binding group if the 4 0 x 0  group 
were removed. Therefore, the assumption that  
pyrimidine binding occurs through 2 hydrogen bonds 
at the Z and ZZ regions is iIivalid. Similarly, hydro- 
gen bonds to  areas I and VZ can be eliminated. 
Thus, all 10 combinations of 2 hydrogcn bonds to  
discrete areas are eliminated. Similarly, 3 or 4 
hydrogen bonds can be eliminated, the 4 hydrogen 
bond theory (16) having beeii eliminated by other 
rnearis (9,  10). 

With t.he assumption that  1 of the bonds to the 
pyrimidine is a general one depending on the 
elrctroo-rich n-cloud (general basicity) of the pyrirni- 
dinc, how much can the other two assumptions made 
earlier be varied and explaiii the data? These 
other 2 assumptions agrceing with the data were 
that ( a )  a hydrogen bond to  the VI region was 
present, and ( b )  hydrophobic boriding was in the 
I V region. 

First, keep ( a )  constant and vary ( b ) .  If the 
hydrophobic bonding region were a t  the ZZZ area, 
then the following conformations are possible. 
( a )  2-Amino-4-oxo: 5, 6. ( b )  2,4-Diamino: 5, 6, 9, 
12. (c) Of the possible conformations in ( a )  and 
( b ) ,  the 2-amino-4-11 can have conformations 5, 6, 9, 
arid 12 if binding is as good as 4 0 x 0 ,  hut there is 
no possible conforiiiation for the 4-H being poorer 
than 4-0x0. 

Therefore, these parameters will not allow for a 
conformation that  will bind 2-amino-Fi-(anilino- 
propyl)-6-phenylpyrimidine with a 4-ox0 group 
( V T ) ,  but that  will not bind to the corresponding 
4-15 pyrirnicline (IX). Thus, the assumption of 
hydrophobic bor~ding a t  the ZIZ region is inrralid. 
R y  similar arguments, hydrophobic bonding at 
regions I ,  11, and V can be eliminated. 

There is 1 other set of assumptions which will 
explain all the data---namely, (a) 1 general bond 
clue to thc electron-rich n-cloud of the pyrimidine, 
( h )  a hydrogen bond to  the I V region, and (c) hydro- 
phobic bonding at the VZ region. Conformation 1 
will accommodate the 6-phenyl series and conforma- 
tion 7 will accommodate the 6-methyl scries; note 
that  1 is a “Ripped-over” conformation of 2, and 7 
is a “Ripped-over” conformatioii of 21. To dis- 

I 
NHZ 

- .  
H 

IV-11 VI-2 

tions are possible if the anilinopropyl group is corn- 
plcxcd to the hydrophobic rcgion. ( u )  2-Amino-4- 
0x0: 2 and 11, but not 6. ( 0 )  2,4-Dianiino: 2, 
/ I ,  and 12, but not 6.  (c) 2-A4mino-4-H and 2- 
zrriiiio-4-SH : 11 since these coiiipouiids bind better 
.than thc 2-amino-40x0, but not conrorniatiori 2.  

The binding of the anilinopropyl group to  the 
p-aminobenzoyl locus can only be by conformation 
.? since 11 has the RZ group placed incorrectly. 
Since thc replacement of the 4-ox0 group by 4-thiotie 
or 4-€I gave better inhibitors, conformation 2 is 
riot possible. Therefore, the anilinopropyl group 
cannot complex with thc 9-aminobenzoyl region V ,  
but can only bc hydrophobically bonded to  the I V  
region. Either conformation 11 or 12 is satisfactory 
for 2,4-diamino and 2-aniino-4-H, but  only 11 is 
satisfactory for the 2-amino-4-oxo and 4-thione 
derivatives. Again i t  should he pointed out that  12 
is not satisfactory when an acidic KH is present at 
the VZ region needed for hydrogen bonding, but 
12 is satisfactory with the 4-amino or 4-11 since the 
acidic hydrogen of 12 has becn removed. Evidence 
that 12 is the prcferred conformation for the 2,4- 
diamino cornpourid will bc presented later in the 
fine points on interpretation. 

Now consider the specific case of 2-amino-5- 
(anilinopropy1)-6-phcnylpyrirnidirie w-ith various 4- 
substituents. This case differs frvm the 6-methyl 
case in that  either the 5- or 6-side chain of the pyrimi- 
dine could bc complexed to the hydrophobic region. 
The following conformations are possible. ( a )  2- 
amino-4-oxo: 2, 6 ,  11. ( b )  2,4-Diamino: 2, 6, 11, 
12. (c) Of the conformations possible in ( a )  and 
( b ) ,  the 2-amino-4-H gives poorer biridirig than 2- 
aInino-4-oxo only in conformation 2. 

Thercfore, conforniation 2 will explain all thr  
binding of the 2~amino-,5-(anilinopropyl)-B-phenyl- 
pyrimidines with 4-substitucnts. ConIorniation 2 
places the anilinopropyl group at the p-atninobenzoyl 
locus a n d  the 6-phcnyl group in thc hydrophobic 
region 1 V .  There is additional information which 
supports the suggestion that  the 6-phenyl group is 
hydrophobically bonded and that will bc discussed 

Although all of the data can be explained by thc 
assumptions that therc arc 2 bonds from the enzyme 
to a pyrimidine-one which is complrsed with the 
electron-rich x-cloud of the pyritnidiiic and the 
other is at the VI-region-are tliprc other sets or 
assumptions which can or cannot explain the ob- 
scrvcd inhibition data? 

First, is it necessary to assume that one of the 
2 bonds is to the clcctron-rich n-cloud of the pyrimi- 
dine? Cannot there be 2 bonds to  2 definite groups 
in regions I-VI? In such a consideration, one c:m 
eliininate immediately any bonding by the hydrogen 
of an acidic NH, otherwise 2-amino-4-pyrimidinols 
vmuld be better inhibitors than 2,4-dianiinopyrinii- 
diiies rather than vice versa. Assume that thcre 



312 

tinguish this mode of binding from a hydrogen bond 
to  the V I  area and hydrophobic bonding to the I V  
area is not possible with the compounds in Table I; 
such a useful differentiation will require, and is 
worthy of, further study. Whether there are other 
combinations of these 3 basic assumptions that will 
explain all the data would probably require com- 
puter techniques to make sure that no possibilities 
have been overlooked. 

Additional evidence t h a t  the 6-phenyl group of 
6-phenylpyrimidines is hydrophobically bonded to 
dihydrofolic reductase can be gleaned from Table 
I. ( a )  2,4-Diarnino-6-phenylpyrimidine (XV) is 
a sevcnfold bcttcr inhibitor than 2,4-diarnino-6- 
methylpyrimidine (XIV) (Table I). ( 6 )  The hydro- 
phobic region is already complexed by the 6- 
phenyl of XV, since introduction of a n-butyl 
group on XV gives an inhibitor (XVII) that is only 
fivefold better. In contrast, the 5-n-butyl-6- 
methylpyrimidine (XVI) is a 560-fold better in- 
hibitor than the corresponding 5-H pyrimidine 
(XIV). (c) Further change of the n-butyl group 
of the 6-phenylpyrimidine (XVTI) to  anilinopropyl 
(XIII) or phenylbutyl (XII)  gives about thc same 
thirtyfold increment in binding indicating that the 
aryl 5-sidc-chain group of XI1 and XI11 is not com- 
plexed in the hydrophobic region but more likely 
is complexed to the p-aminobenzoyl locus. In 
contrast, change of the butyl group of the &methyl- 
pyrimidine (XVI) to anilinopropyl (XI) gives no 
increment, but change to phenylbutyl (X) gives 
an 85-fold increment in binding, indicating that this 
terminal aryl group in the 6-methyl scries is com- 
plexed to the hydrophobic region where phenylbutyl 
would be expected to bind better than anilinopropyl. 

These 3 basic assumptions explain the following 
points. 

( a )  In the 6-phenyl series with binding in con- 
formation 2, replacement of the 4-OXO group (VI)  
by 4-H ( IX ) or 4-thione (VII) decreases the binding, 
whereas in the %methyl series with conformation 
11, replacement of the 4-0x0 group (IV) by 4-H 
(VIII) or 4-thione (V) gave better binding. 

( b )  The 4-thione group of V in conformation 11 
is adjacent to the hydrophobic region and could 
lead to better binding than the 4-0Xo group of IV,  
since the foltner is better tolerated in a hydrophobic 
region. In the 4-H series (VII I ) ,  one might expect 
VIII to be even less repulsed in the III region; 
however, it is possible that the highly polar 3-N of 
VIII is water solvated which could then makc VI I I  
about the same as IV as an inhibitor. 

(c)  A new point that is now explainable is in the 
comparison of the &methyl series (X,  XXT) and 
6-propyl series (XIX, XX). Note that with 2,4- 
diamino substituents, X and XIX are equal in 
effectiveness, but the 2-amino-4.0~0 derivative in 
the 6-methyl series (XXI) is a thirtyfold better 
inhibitor than in the 6-propyl series (XX). The 
conformational binding assignments for 2,4-diamino- 
6-methylpyrimidines with a 5-side chain were I1 
and 12, whereas the 2-amino-4-oxo-6-methyl py- 
rimidines could only have conformation 11. Con- 
formation 11 forces the n-propyl group into region 
V,  a probable hydrophilic region, whereas cou- 
foxmation 12 aIlows the propyl group to be in a 
hydrophobic region 111. Thus, some repulsion of 
a propyl group in conformation 11 could occur 
which would explain the difference between XX and 
XXI. The opposite type of repulsion has been 
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NH* NH* 

XIX-12 xx-11 
observed with 5-phenylbutyl-2,4,6-triaminopyrimi- 
dine (6, 17); since conformations 11 and 12 are 
equivalent with the 4,6-diaminopyrimidincs, 1 
amino group must project into the hydrophobic 
I I I  region with resultant repulsion of thc polar 
amino group. One would expect the order of 
repulsion in the I11 rcgion to be NH2 > =O > =S. 

( d )  The fact that 2,4-diamino-5-phenylbutyl-6- 
benzyl pyrimidine (XXV) is an elevenfold better 
inhibitor than the corresponding 5-anilinopropyl 
pyrimidine (XXIV) indicates that XXIV and XXV 
have conformation 12, where the 5-side chain is 
hydrophobically bonded to area I V ;  conformation 2 
is unlikely with the 6-benzyl hydrophobically bonded 
since one would expect lcss difference between the 
anilinopropyl and phenylbutyl side chains as previ- 
ously noted with the comparison of XI1 and XI11 in 
the 6-phenyl series. Note, however, that in the 
2-arnino-4-oxo-6-benzyl series, conformation 1 2  
is not allowable due to  the acidic NH in the VI 
region. Therefore, in this series, conformations 2 
and 11 must be considered. It was previously re- 
ported ( 5 )  that in the 6-benzyl series the 5-anilino- 
propylpyriniidine (XXVIII) was about twice as 
effective as the corresponding 5-phenylbutylpyri~ni- 
dine (XXVII). Since there is so little difference 
in binding between these two 5-side chains, con- 
formation 2 is preferred which places the 5-side 
chain at  the p-aminobenzoyl locus where the phenyl- 
butyl and anilinopropyl side chains could be ex- 
pected to have a similar amount of binding (note 
the similar comparison of XI1 and XI11 in Table I 
where conformation 2 is favored). Even though 
the phenylbutyl side chain could be expected to  
give much stronger hydrophobic bonding than a 
benzyl side chain (19), the combination of probable 
hydrophilic repulsion of the benzyl group in con- 
formation 11 could be sufficient to  give the best 
net binding in conformation 2. Where the balance 
between hydrophobic bonding in region I?' and p-  
aminobenzoyl locus binding in region F' is close, it 
is quite difficult to differentiate the preferred con- 
formations. For example, these results could also 
be explained by XXVIII having conformation 2 
and XXVII conformation 11; if such were the case, 
then the 6-methyl 5-(phenylbutyl)-4-pyrimidinol 
(XXI) should bind the same as XXVII-11-since 
there is no hydrophobic bonding by the benzyl 
group in XXVII-11. With the anilinopropyl side 
chain, conformation XXVIII-2 could bind better 
in thc 6-benzyl series-with its benzyl hydropho- 

(CH&-R-C& 
I 

CHzC& 
I 

(CH?),--R--C,H, O+CH,C~H~ 

N H P  
H 

X X VII-I I ,  R = CH, XXVII-2, R = CH, 
XXVIII-2, R -NH XXVIII-I 1 ,  R = NH 
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bically bonded and the anilino bondrd at  the iz- 
:~rniriobenzoyl locus in region V-than can the 6- 
methyl pyrimidine (IV) which can have hydrophobic 
bonding in conformation 11, but with no additional 
binding at the p-aminobenzoyl locus. 

( e )  It might be possible that 2,4-dianiirio-5- 
plienylbutyl-6-phcnylpyrimidine (XIL) is com- 
plexed in the 6-conformation if the added increment 
in binding between XI1 and thc n-butylpyrimidine 
(XVII) is due to hydrophobic bonding by thc 
oi-phenyl in the III-IV region. If such were the  
case, then the corresponding 4-H pyrimidine (XXlII  j 
should be as good an inhibitor, complexcd in the 
conformation 6,  as the 4-oxopyrimidine (XXVI). 
Unfortunatcly, XXVI was too insoluble to determinc 
the concentration necessary for 50% inhibition of 
dihydrofolic rcductase; therefore, a less direct 
comparison was made. In the 6-methyl series, 
removal of thc 4-amino group of XI to give VIII 
led to a 220-fold decrease in binding-due primarily 
to a loss of basicity (9, 10)-but VIII and 1V were 
similar in binding. In the 6-phengl series, removal 
of the 4-amino group of XI1 to give XXIII led 
to a 3600-fold decrease in binding. The sixteen- 
fold differcncc in these 2 increments is about what 
could be expected if 1 binding point were missing 
in XXILI, the remaining 220-fold decrease between 
XI1 and XXIII being presumably due to decreased 
basicity (9, 10). Thcrefore, this quite tenuous 
interpretation indicates that XI1 and XX[II bind 
in conformation 2, and not in conformation 6 .  

An important difference remains in rationalizing 
why a ti-phenylpyrimidine such as XV with con- 
formation 2 gives only about a sixfold increment 
by hydrophobic bonding, but a 5-phcnyl pyrimidine 
such as XXIX or a 1-phenyl-dihydro-s-triaziIie 
(XXX) in conformation 12 gives about a 1000-fold 
increment in binding (6). There are some obvious 
possibilities, such as ( a )  the 6-phenyl pyrimidine 
(XV) may be a weaker base than XXIX (pKa 7.7) 
or XXX (pKa 11.2) (21);  ( b )  the 3-point attacli- 
ment of pyrimidine x-cloud, hydrogen bond, and 
hydrophobic regiou arc juxtapositioned somewhat 
differently in the case of X V  versus the case XXIX 
or XXX, that is, a lateral movement of XV-2 to  
the left by 1 atom distdncc compared to  XXIX or 
XXX would bc necessary for the same hydrosen 
bomndirig in the VI regioii; (c) thc x-cloud ovcrlaps 
between the phenyl and pyrimidine rings may be 
morc favorable for ?r-cloud and hydrophobic inter- 
action for XXIX with the enzyme than XV;  (d j  if 
the 4-NHp group of XV-2 is less basic than the 3-N 
of XXIX-12 or the 5-N of XXX-12, thcn XV-2 
will bind less effectively, but not so much as thc 
150-fold less effectiveness noted. 

Spectrophotometric determination of the pKa 
of XV afforded a value of 6.23. Thus, X V  is 6.4y0 
protonatcd at  the pI-1 7.4 of the assay, XXIX is 
67Yb protonated. and XXXII is 99.9%. 

xx IX- 1 2 

The difierence in binding observed between XXlX 
and the totally unprotonated 6-trifluoromethyl 
analog of XXIX was only 250-fold (10). Thus, 
the 800-fold differcncc in binding between XV and 
XXIX is only partially accounted for by the dif- 
ference in their respective basicities. 

That the aryl group of XV-2 was not placed in 
the hydrophobic region in exactly the same manner 
as thc aryl group of XXX-12 was clearly shown by 
comparison of the p-biphenyl analog (XVIl1-2) 
with thc p-biphenyl-s-triazirie (XXXI-12). The 
6-iP-biphenyl)pyI-itliiidirie (XVIl1-2) was a five- 
fold better inhibitor than the Corresponding 6- 
phenylpyrimidine (XV-2j, indicating some ad- 
ditional hydrophobic bonding cornpared to XV-2; 
in contrast, the p-biphenyl-s-triazine (XXXI-12) 
was 1400-fold less cffcctive than the corresponding 
phcnyl-s-triaziue (XXX-12) (7). It should be 
noted that the steric interference of the p-phenyl 
group of XXXI-12 with enzyme binding was greatly 
reduced in the corresponding m-biphenyl-s-triazine 
(XXXTI-l2) which was only elevenfold less 
effective than XXX-12 (7). 

Another important difference exists between 2,4- 
diamino-6-phcnyl-5-(pheriylbutyl)pyritnidine (XII) 
and the corresponding 6-rncthyl (X) and 6-propyl 
analogs (XIX). If a 5-phenylbutyl group in con- 
formation 11 or 12 can give so much stronger hydro- 
phobic bonding than 6-phenyl in conformation 2, 
why does not the 6-phenyl analog (XII) assume 

NH? 

XXXI-12 
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factor for t h e  particular preferred conformation of a 
given inhibitor. Such a concept for enzyme bind- 
ing is not new. Complexing to chroniotrypsin can 
occur in a number of rotatiold conformations 
where an aryl or large alkyl group on the substrate 
or inhibitor is determinant (22, 23); this bonding 
by aryl or alkyl groups to chymotrypsin is probably 
of a hydrophobic nature (24, 25). Similarly, 3- 
(8-~-rihofuranosgl)adeninc and its nucleotide ana- 
logs can bind to some enzymes normally requiring 
adenosine or its corresponding nucleotide deriva- 
tives. Since the strong binding by the sugar moiety 
is apparently determinant, i t  has been proposed (26, 
27) that a “flip” conformation for the adenine of 
the 3-ribosyl derivatives can account for the binding 
data. 

The most irriportaut deduction that arises from 
the derivations presented here is that if only 1 
hydrophobic group is present on an inhibitor of 
dihydrofolic reductase, then this group will be 
complexed in a particular conformer that allows 
the hydrophobic bonding to  be determinant. There- 
fore, a potential active-site-directed irrcversiblc 
inhibitor (18) of dihydrofolic reduetase such as 
XXIIII ( 3 )  would have its alkylating function in 
the hydrophobic area; by definition, the hydro- 
phobic area of the enzyme has no polar groups that 
could be attacked by XXXIII in its favored con- 
formation 11. However, if 2 side chains are 
prescnt, a t  least 1 of which is hydrophobic, then 
the hydrophobic group will complex in the hydro- 
phobic region in a conformation that will project 
the second side chain in a liydrophilic region of the 
enzyme. Thus, XXXIV in Conformation 2 is an 
active-site-directed irreversible inhibitor (18) of 
dihydrofolic rcductase (28). By similar reasoning, 
XXXV, which should complex in conformation 11, 
was synthesized and was also an active-sitc-dircctcd 
irrcvcrsible inhibitor (29). These results will be 
presented in future papers. 

EXPERIMENTAL 
Methods.-The required 2-amitio-5,B-disub- 

stituted-4-pyriniidinols (XX, XXIX, and XL) were 
synthesized by alkylation of the appropriate 6-keto 
ester followed by condensation with guanidinc (30). 
The 2,4-diaminopyrirnidincs (XVII-XIX) were 
synthesized from the 4-pyrimidinols win the 4-chloro- 

xx m- I 2 
conformation 11 or 12 in order to get maximum 
hydrophobic bonding from the phenylbutyl group? 
If such were the case, then X, XTI, and XIX would 
be expected to be equally effective. Since XI1 
is so much less effective, it can only be concluded 
that XI1 cannot complex to the enzyme in conforma- 
tion 12 due to  steric interaction with the emynie 
when the flat coplanar benzene ring is placcd in the 
I I I  region. If XI1 assumed conformation 21,  this 
would place the 4-amino group in the 111 region, a 
position believed to be the cause of a 130-fold 
repulsion as noted previously with 2,4,6-triamino-5- 
(pheny1butyl)pyrimidine compared to X (6, 17). 
Since this 130-fold repulsion is even larger than the 
41-fold observed diff crence between the &methyl 
(X) and 6-phenyl pyrimidine (XII), conformation 
2 might be preferred for XII. Although conforma- 
tion 1 2  could be a possibility, conformation 11 
would predict that XI1 would be a tcn to thirty- 
fold better inhibitor than the anilinopropyl pyrimi- 
dine (XIII) which it is not. It is also possible 
that the preferred conformation for XI1 is 11,  but 
for XI11 it is 2. Ultimately, it should bc possible 
to  differentiate the conformational preference for 
2 or 11 with a particular 5-side chain by comparison 
of active-site-direeted irreversible inhibitors (18) 
which vary only in the hydrophobic or hydrophilic 
nature of the bridgc between the 5-position of the 
pyrimidine and the terminal aryl group. 

In summary, the inhibition of dihydrofolic re- 
ductase observed with a variety of phenyl and 
phenylalkyl pyrimidines cannot be rationalized 
with a singlc rotational conformer; therefore, a 
number of rotational conformers are proposed and 
the strong hydrophobic bonding is the determining 

0 

XXXIII-I 1 

H 

XXXIV-2 

0 
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pyrimidines (XLI)  by trcatmcnt with ammonia 
(31). Reaction of the appropriate 4-chloro-6- 
phenylpyrimidine (XLI) with thiourea (5) afforded 
the 4-mercaptopyrimidinrs (X1,IJI and XLIV) 
which were desulfurized with Raney nickel (31) 
to the 2-amino-4-H-pyrirnidines (XXVII and LSII). 
Treatment of LXII  with hydrogen bromide in acetic 
acid (30, 32) removed the N-tosyl blocking group 
to give thc required XXIII.  

An alternate route to  5-alkyl-2,4-diarnino-6- 
phenylpyriniidines such as XVII uia a-butylbenzoyl- 
acetonitrile (XLVI) was investigated since it would 
be of general utility. Attempts to  prepare XLVJ 
by alkylation of benzoylacetonitrile (XLV) with 
sodium hydride and n-butyl bromide in such diverse 
solvents as dimethylsulfoxide or benzene gave only 
0-alkylation. However, XLVI could bc prepared 
by Claiscn condensation of hexanonitrile (XLVII) 

(Schetne I.) 
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with ethyl benzoate (33). Condensation of XLVI 
with guanidine carbonate by fusion a t  180" gave 
the 2,4-diamiIiopyriiIiidirie (XVII) directly in 21 % 
yirld. (Scheme I.)  

Synthesis.-Melting points wcre detrrmined in 
capillary tubes om a Mel-Temp block and those 
below 230' are corrected. Infrared spectra were 
determined in KBr disk (unless otherwisc indicated) 
with a Perkin-Elmer inodel 13TB spectrophotorneter; 
ultraviolet spectra were determined with a Pcrkin- 
Elmer model 202 spectrophotonieter. Thin-layer 
chromatograms (TLC) were run on silica gcl GF,,, 
(Brinkmann), and spots were detected under ultra- 
violet light. 

2 - Amino - 5 - phenylbutyl - 6 - n - propyl - 4- 
pyrimidinol (XX).-To a magnetically stirred solu- 
tion of 3.1 Gin. (20 mmoles) of ethyl n-butyroyl- 
acetate in 10 ml. of reagent dimcthylsulfoxidc pro- 

coo Et  ?H 

NC 

-x- I 
1 -  
CH, 

O=C C,H, 

NC 
I 
I 

CHCIHq-n 

O=C(',H, 

XLVI 

I 
CH2-C4H0- n 

XL VII 
Scheme I 

XVII 
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reaction mixture was filtercd and thc product washed 
with alcohol, then water; yield, 1.57 Gm., m.p. 
370-372" dec. From the filtrate was isolated an 
additional 0.87 Gm. (total, 527, over-all), m.p. 
373-376" dec. Two recrystallizations from aqueous 
2-methoxyethanol afforded white crystals, m.p. 
378-380" dec. A,,,. 2.95 (NH);  5.85, 6.02, 6.08 
(NH, C=O, C=C, C-N); 12.2, 14.5 p (phenyl); 
A,,,. (pH 1): 308 mp (c  25,300); (pH 7): 285 mp 
( E  32,100); (pH 13): 295 mp ( E  16,700). 

Anal.-Calcd. for ClcHlaN30: C, 73.0; H, 4.94; 
N, 15.9. Found: C, 72.7; €1, 5.07; N, 15.6. 

2,4 - Diamino - 5 - phenylbutyl - 6 - n - propyl- 
pyrimidine (XIX).--A mixture of 500 mg. (1.76 
mmoles) of XX and 4 ml. of phosphorus oxychloride 
was heated for 45 min. under a reflux condenser in a 
bath prehcatcd and maintained at 110'. Thr  
cooled mixture was poured into 35 Gm. of ice and 
40 ml. of ether with stirring. After 15 niin., the 
layers were separated. The ether layer was 
washed with 5% aqueous sodium bicarbonate (2 X 
30 ml.) and water (2 X 30 ml.), theii dried with 
magnesium sulfate. Spin-evaporation in vucz~o 
left XLI (R1 = CeH,-(CHn)a-, R2. = n-CsH7) 
as a gum which could not be crystallized, but had 
A,,,. (pH 1): 315 nip (cf. Reference 31). 

The crudc gum was dissolved in 40 ml. of methanol 
saturated with ammonia, then heated in a steel 
bomb at  150" for 24 hr. The solution was clarified 
by filtration through a Celite pad, then spin- 
evaporated in vacuo to a small volume. The solu- 
tion was made strongly alkaline with 10% aqueous 
sodium hydroxide, then diluted with water to tur- 
bidity and cooled at -4". The crude product was 
collected on a filter and recrystallized twice from 
aqueous methanol; yield, 115 mg. (2370), m.p. 
121-127'. For analysis, the material was dissolved 
in warm lOc/ ,  aqueous acetic acid. The solution 
was clarified by filtration, then the product was 
precipitated by addition of cxcess 10% aqueous 
sodium hydroxide. Recrystallization from aqueous 
ethanol gave 70 mg. (14%) of analytically pure 
product, m.p. 126-128". A,,,. 2.80, 3.00 (NH); 

(GH5); A,,,. (pH 1): 280 mp ( e  7400); (pH 7): 
289 mp ( e  7300); (pH 13): 301 mp ( E  7900). 

Anal.-Calcd. for CliH24NP: C, 71.8; H, 8.45; 
N, 19.7. Found: C, 71.8; H, 8.60; N, 19.4. 

5 - n - Butyl - 2,4 - diamino - 6 - phenylpyrimidine 
(XVII).-Preparation A .-Conversion of 500 mg. 
(2.06 mmoles) of X L  to XVII via LXI, as describcd 
for the preparation of XIX,  gave 143 mg. (29Y0j 
of analytically pure product, m.p. 149-152°. 
A,,,. 2.80, 2.95 (NH); 6.05, 6.20, 6.40 (NH,'.C=C, 

Anal.-Calcd. for CI4Hl8N4: C, 69.4; H, 7.44; 
N, 23.1. Found: C, 69.6; H, 7.57; N, 23.3. 

Pveperation B.-a-Benzoylhexanonitrile (XLVI) 
was prepared by Claisen condensation of hexano- 
nitrile and ethyl benzoate; a yield of 60% has been 
recordcd (33). A mixture of 1 Gm. (5 mmoles) 
of XLVI and 450 mg. (2.5 mmoles) of guanidine 
carbonate was placed in a bath preheated to  120", 
then the temperature was raised to  180' over a 
period of 30 min. After an additional 10 min. at 
180", gas evolution was completc. The cooled 
residue was extracted with hot ethanol. The filtered 
solution was spin-evaporated in vacuo. The residue 
was extracted with hot 10% aqueous acetic acid 

6.05, 6.39 (NH, C=C, C=N); 13.03, 14.43 p 

C=N); 13.05, 14.25 fi  (C6H5). 

tectcd from moisture was addcd portionwise 0.867 
Gm. (20 mmoles) of 55,6y0 dispersion of sodium 
hydride in mineral oil. When the evolution of 
hydrogen had ceased, 3.85 Gm. (18 mmoles) of 
4-phenylbutyl bromide (34) was added. Aftcr 
being stirred for about 18 hr., the mixture was 
warmed on a steam bath for 30 min. and then 
neutralized with acetic acid. The warm mixture 
was poured into a stirred mixture of 50 ml. of benzene 
and 30 ml. of water. The separated aqueous phase 
was extracted once more with benzene. The com- 
bined benzene solutions were washed with several 
portions of ice cold 374 aqueous sodium hydroxide, 
then water. Dried with magnesium sulfate, the 
benzene solution was spin-evaporated in vacuo 
leaving 5 Gm. of crude XXXVI as an oil. 

The crude XXXVI was dissolved in 25 ml. of 
absolute ethanol, then refluxed with 1.62 Gni. (9 
mmoles) of guanidine carbonate for 19 hr. Thc 
cooled reaction mixture was neutralized to near pH 
7 with 3 N aqueous hydrochloric acid. The product 
was collected on a filter and washed with ethanol; 
yield, 1.54 Gm., m.p. 209-215'. By concentration 
of the a t r a t e  an additional 1.17 Gm. (total 53%) 
was obtained, m.p. 209-215". Recrystallization of 
a portion from aqucous ethanol gave white crystals, 
m.p. 209-215", which moved as onc spot on TLC 
in 3: 1 benzene-methanol. The compound had 
A,=. 2.98 (NH); 6.05, 6.10, 6.50, 6.70, (NH, C=O, 

269 m p  ( G  7800); (pII 7): 275 m p  ( E  4400); (pH 
13): 282 m p  ( c  9800). 

Anal.-Calcd. for C I ~ H ~ ~ N ~ O :  C, 71.6; H, 8.07; 
N, 14.7. Found: C, 71.6; H,  8.20; N, 14.7. 

2 - Amino - 5 - n - butyl - 6 - phenyl - 4 - pyrimi- 
dinol (XL).-Alkylation of 5 Gm. of ethyl benzoyl- 
acetate with n-butyl bromide in tert-butyl alcohol 
followed by condensation with guanidine carbonate 
in the same solvent, as described for the preparation 
of a related 6-phenylpyrimidinol(30), gave 2.24 Gm. 
(39%) of product, m.p. 309-314'. Recrystalliza- 
tion from ethanol-toluene gave white crystals, 
m.p. 310-315' dec. A,,,. 2.83 (NH); 6.05, 6.12, 

Am=. (pH 1): 233 ( t  14,400), 280 mp ( E  10,900); 
(pH 7): 235 ( E  17,400), 300 mp ( E  8100); (pH 13): 
289 mp ( 6  9600). 

Anal.-Calcd. for Cl4H17N3O: C, 69.1; H, 6.99; 
N, 17.3. Found: C, 69.4; H, 7.18; N, 16.9. 

2 - Amino - 6 - (4 - biphenylyl) - 4 - pyrimidinol 
(XXXIX).-To a solution of 5.3 Gm. (23.4 mmoles) 
of ethyl 4-biphenylylcarboxylate in 7.2 Gm. (82 
mmoles) of reagent ethyl acetate was added 3.16 
Gm. (58.5 mmoles) of sodium methoxide. The 
mixture was heated in a bath a t  80' under a con- 
denser with stirring and protected from moisturc for 
20 hr. Thc cooled reaction mixture was diluted 
with several volumes of benzene, then ncutralized 
with glacial acetic acid. The sodium acetate was 
removed by filtration and washed with benzene. 
The combined filtrate and washings were spin- 
evaporated in vacuo; ethyl acetoacetate was then 
removed by continued spin-evaporation in a hot 
water bath in high vacuum leaving 6.23 Gni. of 
crude XXXVII as an oil. 

A solution of 4.82 Gm. (18 mmoles) of crude 
XXXVII in 40 ml. of absolute ethanol was refluxed 
with 1.8 Gm. (10 mmoles) of guanidine carbonate 
with magnetic stirring for 17 hr. The cooled 

C--C, C=N); 13.5, 14.3 p (CGH5); A,,,, (PH 1): 

6.35 (NH, C=O, C=N, C=C); 11.3 p (CGH~); 
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and separated from some insoluble gum. The 
cooled extract was poured into an excess of cold 
10% aqueous sodium hydroxide. The product was 
collected and recrystallized from aquc.ous rthmol 
with the aid of charcoal; yield, 256 rrig. (21%) or 
white crystals, 1n.p. 151-152", that were identical 
with Preparation A as shown by mixed melting 
point, infrared spectra, and TLC in 3:l benzene- 
methanol. 

6 - (4 - Biphenylyl) - 2,4 - diaminopyriniidine 
(XVIII).--A mixture of 1.00 Gm. (3.8 rnrnoles) of 
XXXIX, 10 nil. of phosphorus oxychloride, and 1 
ml. of triethylamine was refluxed for 75 rnin., then 
processed and treated with ammonia as described 
for the preparation of XIX; the yield of analytically 
pure white crystals after recrystallization from 
2-methoxyethanol by addition of water was 145 
rng. (15%), 111.p. 273-275". Amax. 2.92, 3.00 (NH); 
6.25, 6.35, 6.50 (NH, C=C, C=N); 12.3, 13.71, 
14.50 p (phenyl); A,,,, (pH 1): 313 mp ( e  25,000); 
(pH 7, 13): 278 mp ( e  28,000). 

Anal.-Calcd. for ClsHlaN4: C, 73.3; H, 6.34; 
N, 21.4. Found: C, 73.7; 11, 5.43; N, 21.2. 
2 - Amino - 6 - phenyl - 5 - phenylbutyl - 4 I 

pyrimidinethiol (XLIII).-To a solution of 675 mg. 
(2 mmoles) of XLI [K1 = CsH5(CH2)a--, R2 = 
CsHs] (5) in 20 ml. of lert-butyl alcohol was added 
160 mg. (2.1 mmoles) of thiourea. After being 
rcfluxed for 2 hr., the solution was treated with 1% 
1111. of I O  yo aqueous sodium hydroxide, then was 
refluxed for 15 min. rnore. The mixture was 
diluted with 20 ml. of water and then acidified to 
about pH 5 with 3 N hydrochloric acid. The yellow 
precipitate was collected on a filter and washed 
with water; yield, 448 nig., m,p. 186-198'. The 
solid was dissolved in hot ethanol, filtered from 
some insoluble material, then the solution was 
diluted to turbidity with water; yield, 239 mg. 
(36%) of analytical sample, m.p. 225-22T0, which 
moved as one spot on TLC in 3 : 1 benzene-methanol. 
A,,,. 2.90, 2.98 (NH);  6.08, 6.40, 6.49 (NH, C=C, 
C=N); 13.3, 14.4 p (CeH5). 

Anal.--Calcd. for CK,H~~K~S: C, 71.6; H, 6.27; 
N, 12.5. Found: C, 71.6; H, f5.32; h-, 12.3. 
2 - Amino - 6 - phenyl - 5 - phenylbutylpyrimidine 

(XXVII) Hydrochloride.-To a solution of 100 mg. 
(0.30 mmole) of XLIII in 10 ml. of ethanol was 
added about 200 nig. of Raney nickel. The mixture 
was refluxed with magnetic stirring for 1 hr., then 
filtered through a Celite pad. The ethanol solution 
was spin-evaporated in uucuo leaving 50 mg. of a 
glass. A solution of this glass in ether was treated 
with excess hydrogen chloride gas. The y m m y  
hydrochloride was crystallized from ethyl acetate-- 
petroleum ether (b.p. 60-110"); yield, 30 mg. 
(30v0) of white crystals, m.p. 147-14Yo, that moved 
as a single spot on TLC in 3 : 1 benzene-niethanol. 
A,. 3.88 ( C-NIX +) , 5.99, 6.25 ( NH, C=C. C=-N) ; 
13.5, 14.1, 14.4 p (CsHs). 

Anal.-Calcd. for C20HzlN3.HC1: C, 70.5; H, 
6.47; K, 12.4. Found: C, 70.4; H, 6.60; N, 12.5. 

2 - Amino - 5 - (3 - anilinopropyl) - 6 - phenyl- 
jpyrimidine (XXIII).--A solution of 500 mg. of 
XLIV (5) in 20 ml. of ethanol was refluxed with 
;about 600 mg. of Raney nickel for 2 hr. The 
clarified solution was evaporated in uacuo. The 
residue was dissolved in chloroform; the solution 
'WdS clarified by filtration, then spin-cvaporated 
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in uacuo leaving 200 nig. (43%) of crude LXII as a 
glass. 

To the crude LXII was added 86 mg. of phenol 
and 4 rnl. of 30% hydrogen bromide iu acetic acid. 
The mixture was magnetically stirred for 18 hr.  
protected from moisture, then poured into several 
volumes of ether. The solid which separated was 
triturated with fresh ether, then collected on a 
filter. The hydrobromide salt was dissolved iri 
25 ml. of water, then the solution was made strougly 
alkaline with 10% sodium hydroxide. The product 
was collected on a filter, washed with water, then 
recrystallized from aqueous ethanol with the aid 
of charcoal; yield, 86 mg. (6475) of analytically 
pure material, m.p. 131-132". A,,,,x. 2.86 (NH); 
6.20, 6.25, 6.39 (NH, C=C, C=N); 13.41, 14.45 

6400), 325 nip ( E  6900); (pH 7, 13): 313 mp ( E  

6600). 
And-Calcd. for C19H20N4: C, 75.0; H, 6.56; 

K, 18.4. Found: C, 74.7; H, 6.53; N, 18.4. 

p (CsH5); A,,,. (pH 1): 233 (E 17,400), 285 (E 
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Water/Oil Emulsions Prepared by Low Pressure 
Capillary Homogenization I 

Effects of Emulsator and Composition Variables on Mannide 
Mono-oleate Stabilized Systems 

By C. DAVID FOX* and RALPH F. SHANGRAW 

An automated reciprocating capillary emulsator is described which duplicates the 
low-pressure homogenization principle of the interconnected glass syringe method 
used to prepare repository w/o emulsions. The w/o emulsions produced by this 
emulsator were evaluated by rotational viscometry and optical microscopy. Rheo- 
logical flow curves of concentrated emulsions could be correlated with the extent of 
dispersion and degree of coalescence. Coalescence rates were found to be an in- 
verse function of the surfactant concentration, with 20 per cent mannide mono-oleate 
furnishing the best relative stability for water-in-mineral oil emulsions. The rate of 
shear was found to govern the degree of emulsification, with a short capillary of large 

diameter producing the finest dispersion. 

T HAS been shown that antibody production in I animals can be enhanced and prolonged when 
the aqueous immunologic agent is emulsified in 
mineral oil and injected intramuscularly to pro- 
vide a depot of slowly released antigen (1). Since 
the work of Henle and Henle in 1945 (2), many 
clinicians have developed their own w/o emulsions 
of various agents in efforts to achieve a sustained 
immunologic response in humans (3-6). The 
best clinical results to date have been obtained 
by using light mineral oil as the external phase, 
since i t  cannot be metabolized by the human 
body. It is theorized that the mineral oil is re- 
moved by a slow phagocytosic process which 
appears to be the rate-limiting step in the release 
of antigen from the internal phase (7). 

Although numerous reports have confirmed the 
efficacy of this innovation in hyposensitization 
therapy for influenza and pollinosis, there is 
considerable diversity of opinion among clinicians 
as to which emulsification method arid formula- 
tion will yield the most stable emulsion with a 
uniform small particle size. Standardized w/o 
emulsions of various antigens for annual reposi- 
tory injection are not commercially available. 
Thus, the physician has had to develop his own 
individual formulation and emulsification tech- 
niques, determine the degree of dispersion, and 
estimate the appropriate dosage. The most 
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widely used method for preparing these emulsions 
consists of placing the components to be emulsi- 
fied in a 10-ml. glass hypodermic syringe and 
then connecting this syringe to a second 10-ml. 
syringe by nieans of a double-hubbed hypo- 
dermic needle. The shearing force required for 
emulsification is achieved by repeatedly forcing 
the components from one syringe to the other, 
either manually (4, or by means of an auto- 
mated device1 that pneumatically reciprocates 
the syringe pistons (8). 

This low-pressure capillary homogenization 
project was designed to study the effect of varia- 
tion in certain operating conditions on emulsifica- 
tion cfliciency and to determine how various fac- 
tors affect the stability of the w/o emulsions pre- 
pared. The variables studied were phase volume 
ratio, concentration of the emulsifying agent, 
homogenization pressure, capillary hypodermic 
needle diameter and length, and the number of 
processing cycles. The definite interrelationship 
that exists among the numerous variables was 
found to be reflected in the emulsion flow proprr- 
ties or rheologic behavior. For this reason, the 
evaluation of the experimental emulsions was 
based on particle size determination and rheo- 
logic flow curves. with an attempt to correlate 
these 2 parameters 

Mannide mono-oleate2 was chosen as the emul- 
sifying agent since it has received extensive toxic- 
ity evaluation and is generally accepted for use 
in w/o repository emulsions (9, 10). ,4 purified 
grade of light mineral oil3 was selected as the oil 

1 Brown Emulsor, Andonian Associates, Inc., Waltham, 

2 Marketed as Arlacel A by Atlas Chemical Iudustries, 

Marketed as Drakeol6VK by Pennsylvania Refining Co., 

Mass. 

Wilmiugtou, Del. 

Butler, Pa. 

32 8 
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phase since its suitaldity and safety is well doctl- 
inented (1 1). 

The maximum volume of 10 inl. of emulsion 
produced by the glass syringe mc thod is obviously 
inadequate for extensive evaluation. It was 
therefore decided to  construct an automated 
capillary homogenizer based on the intercon- 
nected glass syringe principle, but capable of 
producing sufficient emulsion for rhcological and 
stability studies (12). 

Description of the Capillary Emu1sator.- 
The eniulsator designed and  constructed in this 
laboratory consists of 2 modified hydraulic 
cylinders interconnected b y  a double-hubbed 
hypodermic needle. The emulsion coniponents 
are introduced into 1 of the  cylinders, and the 
system is thcn closed. Under a constant presct 
pneumatic force, the cylinder pistons alter- 
nately force the components repeatedly through 
the capillary hypodermic needle, producing the 
shearing action required for emulsification. A 
front view of the emulsator is shown in Fig. 1. 
The emulsator constructed has a maximum 

Fig. 1.-The reciprocating low-pressure capillary 
cniulsator. 

Fig. 2.--The reciprocating low-pressurc capillary 
emulsator. Electrical system (- - - -j, pncumatic 
system (-1. Key: 1, hydraulic cylinders, 11,$ in. 
borc, 7 in. stroke; 2 ,  double-hubled hypodermic 
necdlc; 3, solenoid valves; 4, exhaust lines; 5, air 
pressure regulator; 6, compressed air source; 7, 
clock timer; 8, interval timer; 9, impulse relay; 10, 
microlimit switches. 

capacity of I 1-1 ml., but largcr volumes ol ernul- 
sion could be produced with cylinders of increased 
bore or stroke. 

The reciprocating action of the cylinder pis- 
tons is controlled by an impulse switching relay. 
This relay alternately activates 2 independent 
circuits-a pneumatic and a n  electrical circuit to  
cach oi two %way electromagnetic solenoid 
valves. A schematic diagram of the pneumatic 
and electrical system is shown in Fig. 2 

Air pressure on cylinder pistcon A forces the 
emulsion in cylinder ,4 through the hypodermic 
needle into cylinder B. .4 micro-limit switch is 
tripped when cylinder piston A has forced all the 
emulsion into cylinder B. The limit switch 
directs :t pulse of current to the impulse relay 
which switches current from the cylinder A sole- 
noid to  the cylinder B solenoid. This simul- 
taneously exhausts cylinder A. and air pressure is 
directed into cylinder B. When cylinder piston 
B has forced the emulsion back into cylinder A,  
another limit switch i i  tripped, and thc cycle 
commences again. An electrically operated 
digital counter is connected to  the impulse relay. 
Each time the relay switches circuits, 1 count is 
recorded, with 2 counts indicating 1 complete 
cycle. 

The emulsator can he set to commence and 
ccasc operation automatically at any desired 
time within a 12-hr. period. since a clock tiiner 
and an interval timer are included in the electrical 
circuit. 

The machine parameters of operation tiin-, 
capillary diametcr, capillary length, and shearing 
stress can be held constant enabling a valid com- 
parison among emulsions since the dispersions are 
produced under reproducible and well-defined 
cunditic )ns 

EXPERIMENTAL 

Preparation of Emulsions.-In this study, the ex- 
ternal pllase of all rmulsiuns is composed o f  light 
mineral oil and tnannide mono-oleate, while the iti- 
tcrnal phase is distilled water. I t  should be noted 
that whcn all componcnts werc placcd in 1 cylindcr 
of the emulsator, a stahle o/w emulsion is invariably 
produced when the ratio of oil phase to water phase 
is I: 1. This was unexpected since mnnnide mono- 
oleate is oil-soluble and should tend to produce w/o 
emulsions. It was therefore necessary to  inject the 
aqueous pliase into the oil phase on the first stroke to  
obtain thc dcsircd w/o emulsion. 'I'hc ease with 
which mineral oil-mannide mono-olcate systems 
form o/w emukions has not been reportcd in thr  
literature. 

Measurement of Flow Properties.-The iristru- 
mcnt used in this study was the I-Iaakc Kotovisko 
rotational viscomcter (Gebriider Haake. K.G., Her- 
lin, Germany), with a rotor radius 01 2.004 cm. and 
a cup radius of 2.10 cm.. which gave a range of shear 
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the one most commonly utilized by clinicians for 
their repository emulsions. 

Effect of Variation in Mannide Mono-oleate Con- 
centration.-The effect of 4 different conccntrations 
of mannidc mono-oleate on simple 50:50 w/o sys- 
tems is shown by the size-frequency distribution 
data preseiitcd in Table 11. Concentrations of 2, 5, 
10, and 20 vol.% were used in the light mineral oil 
external phase replacing the oil, and each emulsion 
contained 50% distilled water internal phase. 
Emulsator constants were : homogenizing pressure, 
50 psig; capillary diameter, 18 gauge; capillary 
length, 1.25 cm.; and cycles, 25. Varying each ol 
the constants in turn for emulsions of identical 
composition yieldcd similar data. I t  is evident that 
a high percentage of rnannjde mono-oleate is required 
to  furnish the best relative stability; hence, a con- 
centration of 20% was used for the emulsions in the 
remainder of this study. 

Effect of Variation in Homogenizing Pressure.- 
The first emulsator parameter to be investigated 
was that of homogenizing pressure, and the influencc 
of pressures varying from 20 to 75 psig is shown in 
thc flow curves of Fig. 4. Each emulsion is com- 
posed of niannide mono-oleate, light mineral oil, and 
distilled water in the volume ratio of 2:3:5, respec- 
tively. Emulsator constants were: capillary diam- 
eter, 18 gauge; capillary length, 1.25 cm.; and 
cycles, 25. 

A microscopical examination of thc freshly pre- 
pared ernuIsions revealed that droplet diameters in 
each emulsion were essentially all bclow 1 p. Since 
a decreased particle size is the only factor which 
could have caused the increased apparent viscosities, 
i t  is assumed that the increase in pressure resulted in 
a small but significant decrease in droplet diameters. 
Previous work in this laboratory had shown that 
droplet diameters below 1 p have a profound in- 
fluence on flow curves of concentratcd emulsions. 
However, in this study, significant differences iq 
particle diameters below 1 p could not be discerned 
due to  the inherent limitations of the microscope 
technique employed. It was decided to kqep the 
homogenizing pressure constant a t  50 psig for all 
subsequent emulsions since this is the maximum 
pressure that 10-ml. glass syringes will withstand 
without leakage past the plungers. 

Effect of Variation in Capillary Diameter.-Emul- 
sions were prepared using hypodermic nccdlcs of 20, 
18, and 15 gauge (nominal inside diameters of 0.58, 
0.84, and 1.37 mm., respectively). An analysis of 
thc rheological and micromrritical data for these 
emulsions showed that, among the gauges used, an 
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Fig. 3.-Effect of phase volume variation on 
Key: --- , initial; 

(Distilled water internal phase) 
w/o cmulsion flow curves. 
- - -  -, 30 days. 
A, 5%; 13, 20%; C, 50%. 

rate from 7 X to 1.14 X lo3 sec.-l and a range 
of shear stress from 15 to 3 X loa dyncs/cm.2 All 
determinations wcre made immediately after ho- 
mogenization and after a 30-day storage period, a t  
a temperature of 30". 

Particle Size Determination.-Dark-field micros- 
copy was chosen as the method for particle size 
analysis. Although this method hdS inherent limita- 
tions in measuring submicron particles, it was still 
preferable to the problems of coping with sedimenta- 
tion or light-scattering techniques when applied to 
w/o systems. A size-frcquency analysis was per- 
formed on each emulsion immediately after ho- 
mogenization and again after 30 days, with a Leitz 
Ortholux dark-field microscope (E. Leitz, G. m. b. 
H., Wetzlar, Germany) equipped with a 95/1.32 
K.A. fluorite oil immersion objective, immersed sub- 
stage condenser, and 25X oculars for a total magni- 
fication of 2375X. A small aliquot of each emul- 
sion was diluted 1 : 400 with light mineral oil and a 
drop placed in a Petroff-Hauser bacteria counting 
chamber (Arthur H.  Thomas Co.) of 0.02-mm. cell 
depth and covered with a cover glass of 0.25-mm. 
thickness, thus permitting critical focusing. Fields 
from 2 slides were examined with the diameters of 
400 particles being measured with a screw microm- 
eter eyepiece. 

Storage of Emulsions.--The portion of each emul- 
sion used for the initial rheological determination was 
discarded and the remainder stored in 4-02. clear 
glass bottles for 30 days a t  room tempcrature. 

Effect of Variation in Phase Volume.-Rcpre- 
sentativc flow curves for w/o emulsions containing 
5,  20, and 50 vol. % of distilled water are shown in 
Fig. 3, with size-frequency data presented in Table 
I. These emulsions all contain 20% mannide mono- 
oleate. Emulsions containing smaller amounts of 
emulsifying agent exhibited lower apparent viscosi- 
ties, but their flow curves had the same general 
shape. Emulsator constants were: homogenizing 
pressure, 50 psig; capillary diameter, 18 gauge; 
capillary length, 1.25 cm.; and cycles, 25. 

It can be seen that emulsions containing 5y0 intcr- 
nal phase possess Newtonian flow properties, and 
despite the high degree of coalescence that occurred 
in 30 days, little change is reflected in the flow curve. 
Emulsions containing 50% water in the internal 
phase, however, exhibit flow curves which show a 
high degree of correlation with the extent of droplet 
coalescence. Furthermore, this concentration is 

TABLE I.-SIZE-FREQUENCY DISTRIBUTIONS FUR 
FIG. 3 EMULSIONS,= PHASE VOLUME VARIATION 
-~ 

-- Emulsions - 
A6 B C  C d  

Diam., Time, Days Time, Days Time, Days 
P 0 30 0 30 0 30 

<0 .5  388 25 392 5 389 20 
0 . 5 1  12 75 8 15 10 60 

1-3 . . . 160 . . . 75 1 80 
3-5 . . . 80 . . . 100 . . . 60 
5-8 , , , 40 . _ .  100 . . . 100 
8-15 . , , 15 . .  . 100 . . . 70 

>15 . . .  5 . . .  5 . . .  10 

a Each determination based on 400 measured droplets. 
c Z O %  aqueous internal phase. :5'% aqueous internal phase. 

50% aqueous internal phase. 
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TABLE II.--SIZE FREQUENCY DISTRIBUTIONS FOR 50 : 50 w/o EMULSIONS STABILIZED WITH MANNIDE MONO- 
OLEATEa 

Percentage (v/v) Mannide Mono-oleate in 1,ight Mineral Oil External Phase 

Time, Days Time, Days Time, Days 

_____.______~ 
~~ ~-~~ ~~ ~- --- 

20% 
Time, Days 

2% 6% 10% 

Diam., p 0 30 0 30 0 30 0 30 
(0 .5  235 . . .  229 . . .  256 20 389 30 

0.5-1 100 . . .  117 . . .  109 40 10 80 
1-3 65 . . .  54 40 35 80 1 80 ~~ 

3-5 . . .  10 . . .  32 . . .  53 . . .  60 
5-8 . . .  32 . . .  48 . . .  67 . . .  70 
8-15 . . .  78 . . .  100 . . .  60 . . .  70 

>15 . . .  280 . . .  180 . . .  80 . . .  10 

a Each determination based on 400 measured droplets. 

increase in capillary diameter resulted in emulsions 
with slightly higher apparent viscosities and a more 
uniform particle size distribution. 

Effect of Variation in Capillary Length.-The 
effect of variation in the capillary length on flow 
curves for w/o emulsions is shown in the flow curves 
of Fig. 5. Each emulsion is composed of niannide 
mono-oleate, light mineral oil, and distilled water in 
the volume ratio of 2 : 3 : 5, respectively. Emulsator 
constants were: homogenizing pressure, 50 psig ; 
capillary diameter, 18 gauge; and cycles, 25. It is 
readily evident that as the needle length is decreased, 
apparent viscosities increase, again undoubtedly due 
to a decrease in droplet size and increased uniform- 
ity. The same effect is also noted in using either 
20- or 15-gauge capillarics of various lengths. Thus, 
all subsequent emulsions were prepared with the 
largest diameter and shortest length double-hubbed 
capillary hypodermic needle, z.e., 15 gauge and 
0.625 cm., respectively. 

Effect of Variation in Processing Cycles.-The 
final emulsator variable to be studied was the num- 
ber of homogenization cycles to which the einulsion 
is subjected. The number of cycles was varied from 
13 to 100. For any given set of conditions, essen- 
tially constant rheological values were obtained aftcr 
25 cycles. and no discernible improvement in particle 
size reduction could be observed by continuing the 
homogenization process for more than 25 cycles. 

DISCUSSION 

Since 1945, thc formulation and production of 
w/o repository emulsions for human use has undcr- 
gone extensive improvement. These improvements 
have, for the most part, resulted from subjective 
observations and appear to have been empirically 

derived. At present, most reported formulations 
are composed of mannidc mono-okate, light mineral 
oil, and aqueous antigenic extract in the volume 
ratio of 2 : 3 : 5, respcctively, and it is generally recog- 
nized that a droplet diameter of less than 1 p is an 
essential requirement for satisfactory in vivo sus- 
tained antibody production (13). 

Previous workers havc probably been misled by 
the 1imit.ations of their optical equipment. It is 
quite likely they have rcported lower particle size 
limits above those which actually existed. No 
attempt is made in this work to claim accurate par- 
ticle size distributions in the submicron range, but 
only to  make comparisons of those particles which 
can be accurately determined, since, for the purpose 
of this rcsearch, i t  was of qrenter importance to  
know the size-frequency distribution of droplets 
greater than 1 p. The measurement of the droplets 
in the experimental emulsions was facilitated by the 
fact that Brownian motion was negligible, an obser- 
vation directly opposed to  that rcported by Silver- 
man (141, who stated that Brownian motion was 
especially significant in his serirs of m/o emulsions, 
which are similar in composition to  the onrs used in 
this study. 

In  the area of particle size and its effect on viscos- 
ity, this investigation has confirmed the opinion of 
Sherman (15, IG), who reported that the observed 
increase in apparent viscosity of homogenized emul- 
sions is due to a decrease in droplet size. This leads 
to  increased interfacial arca and interaction among 
droplets in concentrated emulsions, especially when 
the droplet diameters are below 2 p ,  

The representative flow curves furnish additional 
evidence to establish the fact that particle size can 
be correlated with rheological data, i .e . ,  the relative 
extent of flow curve deviation after storage when 

600 

F 300 
a 

SHEARING STRESS, dynes cm.-z 

Fig. 4.-Effect of homogenizing pressure on flow 
curves of 50:50 w/o emulsions. Key: A, 20 psig; 
B, 25 psig; C ,  50 psig; D, 75 psig. 

600 1200 1800 2400 3000 
SHEARING STRESS, dynes c n - 2  

Fig. 5.-Effect of variation in the emulsator’s 
capillary length on flow curves of 50:50 w/o 
emulsions. Key: A, 5.0 cm.; B, 2.50 cm.; C ,  
1.25 cm.; I), 0.625 cm. 
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sure differential, and an inverse function of capillary 
length. The fact that an increased emulsion veloc- 
ity through the capillary resulted in increased ap- 
parent viscosities with concomitant decreases in the 
mean diameter of the dispersed droplets would iu- 
dicate that the degree and uniformity of dispersion 
is influcnccd by the rate of shear to which the emul- 
sion is subjected. While commercial homogenizers 
operate in the range of 1000 to  5000 psig and can sub- 
ject dispersions to  shear rates of several hundred 
thousand reciprocal seconds, the highest approximate 
rates of shear encountered in this study, as calcu 
lated by the method of Henderson et al. (21), were 
17,800, 20,00, and 20,900 sec.-l for 3 emulsions of 
identical composition prepared usiiig 20, 18, and 
15-gaugc capillaries, respectively, of 0.625 cm. length 
a t  100 psig. The majority of emulsions, however, 
were prepared under approximate shear rate condi- 
tions of 10,000 sec.-l. In attempting to extend the 
calculations of rheologic parameters based directly 
and rigorously on capillary tube viscomctry and 
Newtonian liquids to the highly viscoelastic non- 
Newtonian systems encountered in this study, it is 
realized that considerable error is introduced by the 
assumptions made and by failure to include addi- 
tional parameters to account for the effects of visco- 
elasticity. However, approximate calculations of 
the Reynolds number for representative emulsions 
in this study yielded values less than 100, indicating 
that under the conditions employed, vclocity profiles 
could be assumed laminar, thus permitting reason- 
able approximations of the mean shear rates. 

On the basis of the data presented, arid as noted 
by other authors (22; 23),  tlie use of capillary rieedles 
5 cni. in length and of gauges larger than 18, ie., 
smaller diameter, actually will hinder effective cmul- 
sification by reducing the rate of shear which couse- 
quently reduces the work done on the dispersion. 
However, the lengthy process time reported by the 
majority of cliniciaris undoubtedly offsets the de- 
creased dispersion efficiency resulting from lower 
rates of shear. Thus, where repository emulsions 
are prepared by means of 2 interconnected glass 
syringes, the use of a very short, large-diameter 
doubled-hubbcd capillary (0.625 mi., 15 gauge) for 
a short interval will result in a greater work iriput 
and suhsequcnt particle size recluctiori than can be 
achieved by the use of a long arid smaller diameter 
capillary for extended periods of time. 

Although the interconnected glass syringe method 
of emulsification is extensively employed for the 
extemporaneous preparation of snxall quailtities of 
repository w/o emulsions, the recently developed 
Mulsi-Churn unit (Mulsi-Jet Inc., Elmhurst, 111.) 
(24) for the preparation of these emulsions would 
appear to be more suitable due to the extremely high 
shear rate produced by jet velocities of 300 to 800 
in./sec. which would tcnd to  insure a iiiaxiniutii dis- 
persion of the aqueous a-itigenic extract in a mini- 
mum of time. However, this device was not eval- 
uated in this study. 

compared with the initial flow curve is a direct indi- 
cation of the extent of droplet coalescence. As 
shown in Fig. 3, the validity of the above statement 
increases as the volume per cent internal phase in- 
crrases. When emulsions contain a low percentage of 
internal phase, the extent of particle-particle interac- 
tion is only LL minor contributing factor to the over-all 
rheologic behavior of the system, and the flow curve 
is influenced primarily by the viscosity of the exter- 
iial phase. The anorrialous flow behavior and high 
viscosity of concentrated homogenized emulsions is 
due primarily to the high resistance to flow offered by 
the tightly packed droplets and the increased adsorp- 
tion of emulsifying agent a t  the greatly extended 
interface. 4 s  the droplets coalesce, the emulsion 
becomes polydisperse and cubic-packing dccrcases 
with a concomitant reduction in interfacial area and 
contact among droplets. The net result of these 
reductions will be reflected in the flow curve by a 
significant decrease in both apparent viscosities and 
shear dependence. This work confirms the rota- 
tional viscometric work of Saunders ( 17), who ob- 
served that wheii the internal phase volume becomes 
greater than 5y0, shear dependence increases due to  
hydrodynamic interference. Sherman ( 18), how- 
ever, has reported observing Newtouian flow in w/o 
emulsions a t  internal phase volumes of up to 50%, as 
determined by capillary viscometry, a method which 
possesses definite inherent limitations when used to 
obtaiii rheological data on shear dependent systems. 

While o/w emulsions can generally be stabilized 
by low concentrations of surfactaiits, w/o repository 
emulsions require extremely high concentrations of 
maiinide mono-oleate, with 1 report stating that 
35y0 was required (19). This research has cow 
firmed the fact that high percentages of mannide 
mono-olente are requircd, but as repository w/o 
emulsions prepared by the interconnected glass 
syringe method are subjected to very low shear 
conditions, this would not be unexpected. The 
majority of rmulsions in this study were liomog- 
enized at  50 psig to correlate the data with that re- 
ported by workers in the repository emulsion field. 

The development of automatic devices for the 
production of sinall quaritities of repository w/o 
emulsions liits enabled thc physician to achieve some 

.tanclardization, but a review of the 
literature reveals that tremendous variatioris exist in 
methods of preparing essentially identical emulsions 
in interconnected glass syringes with pneumatically 
operated syringe plungers. The double-hubbed hy- 
podermic needle length, in almost all cases where re- 
ported, is given as 5 cm., but the needle gauge and 
process time vary over an extremely wide range, as 
illustrated by 1 report which states emulsions were 
homogenized for 1 hr. through an 18-gauge needle 
and then for 3 hr. through a 22-gauge needle (20). 
Another author reports processing 50 min. through 
ail 18-gauge needle, followed by 20 min. through a 
22-gauge needle, and finally, 20 min. through a 25- 
gauge needle (6). 

In reviewing the data, it was notcd that an in- 
crease in capillary diameter, an increase in homoge- 
nizing pressure, and a decrease in capillary length 
were each associated with an increased emulsion 
velocity through the capillary. This is in agreement 
with Poiseuille’s law for liquid flow through capil- 
laries, which states that tlie volumetric flow rate is a 
direct function of the the capillary radius and pres- 

SUMMARY AND CONCLUSIONS 

An automated reciprocating capillary ernul- 
sator has been developed which duplicates the low- 
pressure capillary homogeriization principle of the 2 
interconnected glass syringe method for preparing 
repository w/o emulsions. 

1. 
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2. The evaluation of w/o eiiiulsions by the use of 
flow curves obtained with a concentric cylinder 
viscoinetcr is demonstrated. Khcological flow 
curves were found to bc an effective mctliorl for i i i -  

dicating the extent of dispersion :tiid drgrrc of  drop- 
let coalesce~ice in  conccntrated emulsions, which 
behave as general plastic solids. 

Undcr low shear conditions, concentrations of 
mannide mono-oleate in cxcess of 10% are required 
to prepare and furnish adeqtiatc rchtive stability 
to  water-in-niitieral oil emulsions, although absolute 
stability is poor. 

The rate of shear govcriis the degrre of eniulsi- 
firation where the emulsion c~inpoiients are re- 
peatedly forced through a double-liubbed hypo- 
dermic needle, and a short capillary of large diameter 
produced thr fiiirst dispersion. 

For any given set of preparative conditions, a 
maximum degree of particle size reduction is 
achieved quite rapidly, arid eniulsntor operation for 
cxtended time periods appears unnecessary. 

For the preparation of w/o repository emul- 
sions, high shear rate emulsators would apprar to 
offer substantial advamtdgrs over the low shear rate 
interconnected glass syringe method. 

3. 

4. 

5. 

6. 
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Water/Oil Emulsions Prepared by Low Pressure 
Capillary Homogenization I1 

Stabilizing Influence of Inorganic Electrolytes, 
Secondary Emulsifiers, and Temperature 

By C. DAVID FOX* and RALPH F. SHANGRAW 

Aqueous dispersions in light mineral oil stabilized with mannide mono-oleate were 
prepared under a set of standard conditions and evaluated by rotational viscometry 
in  conjunction with optical microscopy. lnorganic electrolytes in  the aqueous in- 
ternal phase, at concentrations as low as 0.01 M, increased apparent viscosity, re- 
tarded sedimentation, and had a marked stabilizing influence. The addition of small 
amounts of water-soluble surfactants to the internal phase yielded extremely fine dis- 
persions, but these agents decreased stability and tended to  cause inversion. Storage 
of w/o emulsions at 5 O had a definite stabilizing influence when compared to room 

temperature storage. 

N AN earlier report (I)  a reciprocating capillary I emulsator was described which is similar in 
principle to  an emulsator' that is in general use 
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by physicians for the cxtemporaneouq prepara- 
tion of small quantities of repository antigenic 
w/o emulsions. However, thc new exnulsatvr 
produces a quantity of emulsion sufficient for ex- 
perimental purposes and allows a niuch greater 
flexibility in controlling shearing stress It was 
also shown tha t  rlieological flow curves furnish a n  
adequate means for evaluating w/o emulsion 
stability, thus obviating the necessity for tedious 
size-frequency analyses Fine dispersions of 
water-in mineral oil were found t o  recpirc high 
concentrations of niannide mono-olcatq2 but the 
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emulsion stability were noted when the Brown iso- 
tonic fluid was utilized for the internal phase of w/o 
systems. Emulsions exhibited sharply incrcascd 
apparent viscosities, diminished sedimentation rates, 
and a marked improvement in stability as evidenced 
by a rcduccd coalescence rate. These effects are 
shown by the flow curves of Fig. 1 for emulsions con- 
taining mannide mono-olcate, light mineral oil, and 
Brown’s isotonic fluid in the volume ratio of 2:  3 .5 ,  
rcspcctively. 

On the basis of these preliminary results, emul- 
sions containing different concentrations of various 
electrolytes were prepared t o  determine the came 
and extent of this influence as functions of concen- 
tration and valency. Each emulsion was composed 
of mannide mono-oleate, light mineral oil, and aque- 
ous phase in the volume ratio of 2 : 3 : 5,  respectively. 

The first studies utilized sodium chloride in molar 
concentrations of 0.01, 0.10, 0.154, 0.25, and 0.50. 
Some flow curves for the freshly prepared emulsions 
are presented in Fig. 2 .  

Concentrations of sodium chloride greater than 
0.10 M produced no further change in the initial 
flow curves and are not shown in Fig. 2. A concen- 
tration of 0.154 M sodium chloride, however, did in- 
fluence the stability as confirmed by the 30-day 
size-frequency data. This stabilizing influence can 
be seen in the flow curves of Fig. 3, which reflect the 
extent of droplet coalescence. The marked retarda- 
tion of sedimentation is illustratcd in Fig. 4. 

Additional emulsions were prepared to  determine 
if this electrolytic effect could be modificd by poly- 
valent cationic electrolytes, and w/o systems were 
produced containing calcium chloride, ferric chloride, 
and aluniinurn chloride, in concentrations of 0.01 arid 

absolute stability was poor and droplet co- 
alescence progressed to an appreciable extent in 
30 days. In the present paper, the same tech- 
nique of preparation and evaluation as previously 
reported has been used t o  study more complex 
dispersion systems in efforts directed toward re- 
ducing the rate of droplet coalescence. The 
major objective in this study was a determination 
of factors contributing to the objective formula- 
tion and preparation of repository antigenic 
emulsions 

EXPERIMENTAL 

Apparatus.-.4ll w/o emulsions in this study were 
prepared by means of the reciprocating capillary 
emulsator described earlier in detail (1). Each emul- 
sion was homogenized by means of 50 passes through 
a 15-gauge (1.37-mm. i.d.) double-hubbed hypo- 
dermic needle, 0.625 cm. in length, at a constant 
pressure of 50 psig. 

Materials.-Mannide mono-oleate was used as the 
primary oil-soluble emulsifying agent, and a purified 
grade of light mineral oil3 made up the remainder of 
the external oil phase. Three water-soluble surface- 
active agents, polyoxyethylene sorbitan mono- 
ole at^,^ alkyl phenoxy polyethoxy ethanol: and 
dioctyl sodium sulfosuccinate,6 were selected for eval- 
uation as secondary emulsifying agents. All in- 
organic electrolytes used were of the purest grade 
commercially availablc. 

Procedure.-The rheological behavior of each 
emulsion a t  30” was determined a t  the time of 
manufacture, and after a 30-day storage period with 
the Haake Rotovisko rotational viscometer (Ge- 
briider Haake K. G., Berlin, Germany) using the 
same cup and bob as in the earlier study (1). Size- 
frequency determinations were also performed on 
each emulsion by an optical method previously de- 
scribed (1). Unless otherwise stated, emulsions 
were stored a t  room temperature. 

Influence of Inorganic Electrolytes.-In his later 
publications, Brown ( 2 , 3 )  has stated that the use of 
a “truly” isotonic fluid as a vehicle for repository 
emulsified antigenic extracts will eliminate any local 
irritation that results when physiological saline or 
Coca’s fluid is used. Thc formula for the isotonic 
fluid recommended by Brown is as follows: 

Calcium chloride, hydrate. . .  
Magnesium chloride, hydrate. . . . .  0.301 Grn. 
Potassium chloride. . . . . . . . . . . . . . .  0,373 Gm. 
Glycine . . . . . . . . . . . . . . . . . . . . . . . .  1.201 Gm. 
Sodium sulfate, anhydrous.. . . . . . .  0.071 Gm. 
Sodium bicarbonate.. . . . . . . . . . . . .  2.270 Gm. 
Sodium phosphate, dibasic.. . . . . . .  0.142 Grn. 
Lacticacid, 857,. . . . . . . . . . . . . . . .  0.636 mg. 
Hydrochloric acid, 0.5 N .  . . . . . . . .  180 rnl. 
Sodium hydroxide, 0.5 N .  . . . . . . . .  224 ml. 
Distilled water p.s. ad.. . . . . . . . . . . .  1000 ml. 

Although the rationale behind adjusting tonicity 
of w/o emulsions is questionable, dramatic effects ou 

3 Marketed as Drakeol6VR by Pennsylvania Refining Co.,  
Rutlpr. P n  - .~ 

4 Masi ted  as Tween 80 by Atlas Chemical Industries, 

6 Marketed as Triton X 100 by Rohm and Haas Co., Phila- 
Wilmington, Uel. 

delphia, Pa. 

New York, N. Y. 
8 Marketed as Aerosol OT by American Cyanamid Co., 
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Fig. 1.-Effect of Brown’s isotonic fluid on w/o 

A,  control (507, distilled water); 
emulsion flow curves. Key: initial, -- ; 30 
days, - - - - .  , 
B, 50% Brown’s isotonic fluid. 

c 
6 

3 300 1 / 
K O  1 I -L- 8 -  

600 1200 1800 2430 3300 
SHEARING STRESS, dynes cm.? 

Fig. 2.-Effect of sodium chloride in the internal 
phase on initial flow curves of 50: 50 w/o emulsions. 
Key: A, control (distilled water); B, 0.01 M sodium 
chloride; C ,  0.10 Msodium chloride. 
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SHEARING STRESS, dynes cm.-P 
Fig. 3.--Effcct of sodium chloridc in thc internal 

phase on flow curves of 50.50 w/o emulsions after 
storage for 30 days. Key: A, control (distilled 
water); €3, 0 0 1  dl sodium chloride; C, 0.10 Af 
sodium chloride; D, 0.154 A[ sodium chloride. 

A B C D 

Fig. 4.-The influcncc of 0.54 Msodium chloride in 
the internal phase of 50:50 w/o emulsions after 30 
days’ storage. Key: A,  external phase: Drnkeol 
GVR, 40 ml., Arlacel A, 10 ml. lnternal phase: dis- 
tilled water, 50 ml. B, external phase: DrakeolGVR, 
40 ml,, Arlacel A, 10 nil. Internal phase: 0.154 
Msodiutn cloride, 50 ml. C, external phase: Drakeol 
CiVR, 30 ml., Arlacel A, 20 ml. Internal phasc: dis- 
tilled water, 50 ml. D, external phase: Drakcol6VR, 
30 ml., Arlacel A, 20 ml. Internal phase: 0.154 M 
sodium chloride, 50 ml. 

0.25 M .  A review of the rheological and micro- 
meritical data for these emulsions indicatcd that the 
divalent and trivalent cations exertcd essentially thc 
same influence as the monovalent sodium cation, 
both initially and after 30 days’ storage. 

Since an influence dependent on cationic valency 
could not be demonstrated, w/o emulsions contain- 
ing 0.01 and 0.25 M sodium sulfate in the internal 
phase were prepared to determine if the existence of 
a relation dependent upon anionic valency could be 
ihown. The results obtained indicated that the 
divalent sulfate anion exerted a much greater sta- 
bilizing influence than did the monovalent chloride 
;anion. After 30 days, a microscopical examination 
gave no evidence of droplet coalescence in the emul- 
sion containing 0.25 M sodium sulfate, with all drop- 
let diameters being less than 1 p .  A flow curve was 
obtained identical to  that of the freshly prepared 
emulsion, except for the 2 highest rates of shear 
where the apparent viscosities had actually increased 

after storage. Thesc flow curves are shown in Fig. 
5. 

The emulsion containing 0.01 M sodium sulfate 
gave an initial flow curve with apparent viscosities 
greater than those obtained from the cmulsion con- 
taining 0.25 M sodium sulfate. Furthermorc, after 
30 days the apparcut viscosities were essentially 
identical to  those of the freshly prepared emulsion 
at all except the 3 highest rates of shear, where again, 
as noted with the 0.25 hf system at  high rates of 
shear, apparent viscosities had incrcascd after stor- 
age. Droplet coalescence was negligible and all 
particles were less than 1 p in diameter. Flow 
curves for the 0.01 M sodium sulfate emulsion are 
shown in Fig. 6, with the 0.01 M sodium chloride 
system included for comparison. The decreased ap- 
parent viscosities noted with the 0.25 ili’ sodium 
sulfate emulsion, when compared with the 0.01 M 
system, may possibly be the result of the extremely 
hydrophilic nature of this electrolyte. The higher 
concentration could conceivably cause a “salting 
out” effect on the adsorbed mannide mono-oleate, 
thereby weakening the interfacial film. 

Effect of Secondary Surfactants.-An investiga- 
tion was undertaken to detcrmine what effect the 
inclusion of small amounts of water-soluble surfac- 
tants in the aqueous phasc would have on the forma- 
tion and stability of w/o emulsions. 

F’olyoxyethylcne sorbitan mono-oleate in concen- 
trations of 0.02, 0.2, 1, and 2’30 were prepared in 
physiological saline solution (0.154 M sodium chlo- 
ride), and these solutions were emulsified in equal 
volumes of a solution containing light mincral oil 
(60%) and mannide mono-oleate (40%). Flow 
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Fig. 5.-Effect of 0.25 M sodium sulfate in the 
internal phase of a 50 : 50 w/o emulsion. Key: -, 
initial; - - - - , 30 days’ storage. 
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Fig. 6.-Flow curves for N:50 w/o emulsions 
containing sodium chloride and sodium sulfate in 
the internal phase. Key: - , initial; - - - - 
30 days; A, 0.01 ,A4 sodium chloride; B, 0.01 M 
sodium sulfate. 
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Fig. 8.-Effect of dioctyl sodium sulfosuccinate 
in the internal phase of a 50:50 w/o emulsion a t  
zero time. Key: A, control (distilled water); R ,  
l.0q'k dioctyl sodium sulfosuccinate in distilled 
water. 

curves for the freshly prepared crnulsions containing 
0.02 and 0.2% polyoxyethylene sorbitan mono-oleate 
werc SUpCTimpOsdble upon that of the control which 
contained only saline solution in the internal phase. 

Emulsions containing 1 and 2p%, polyoxycthylene 
sorbitau mono-oleate exhibited progressive increases 
in apparent viscosities a t  a11 ratcs of shcar. 

After a 30-day storage period, however, marked 
differeners were noted and the effect of the various 
concentrations of surfactant 011 emulsion stability is 
shown by the flow curves of Fig. 7. The emulsion 
containing 2y0 polyoxycthylenc sorbitan mono- 
olcate had completely broken in 30 days. 

Eniulsions containing 1 yo alkyl phenoxy poly- 
etlioxy ethanol atid I % dioctyl sodium sulfosucci- 
nate in the aqueous internal phase were also pre- 
pared. As noted with 1 and 2q7, polyoxyethylene 
sorbitan mono-oleate, the freshly prepared emul- 
sions have the majority of droplet diametcrs below 
the limit of optical microscope resolution, L e . ,  less 
than 0.2 p. The apparent viscosities are correspond- 
ingly very high, a5 shown by Fig. 8, in which the 
initial flow curves for 50: 50 w/o cmulsiotis contaiu- 
ing distilled water and 1% dioctyl sodium sulfosuc- 
ciliate in the internal phase are Compared. All 
emulsions contained 20770 mannidc mono-oleate in 
the extcrnal oil phax.  After 30 days' storage at  
room temperature, however, the emulsions eontain- 
ing 1% alkyl phenoxy polyethoxy ethanol and 1% 
dioctyl sodium sulfosuccinate had completely 
broken. 
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Fig. I).-Effect of storage temperature on Bow 
curves of a Fjo:50 w/o crnulsion. Key: A4, initial 
flow curve; B, 30 days' storage at 5'; C, 30 days' 
storage at  25O. 

I t  should be noted that the m/o emulsions con- 
taining 1% or more of the previously rneritioned 
water-soluble surfactants were extremely difficult to 
prcpare in the usual manner. The aqueous phase 
had to be added dropwise to the oil phasc with 
stirring prior to capillary homogenization to prevent 
an almost immediate inversion to  an o/w system. 

Effect of Storage Temperature.-Emulsions com- 
taining giant ragweed extract in the internal phase 
were also prepared. The giant ragweed antigen used 
for this study was a commercial extract7 containing 
5% w/v antigen in Coca's fluid. For each experi- 
mental emulsion, 30 ml. of the aqueous antigenic 
extract was diluted to  50 ml. with physiological 
saline solution and emulsified in 50 ml. of oil phase 
containing 30 ml. of light mineral oil and 20 nil. of 
mannide mono-oleate. The resultant w/o emulsion 
contained 10,000 pollen units/inl. of emulsion, the 
highest concentration usually employed for the 
repository hyposensitization treatment of hay fever. 

Since all antigenic extracts must be stored under 
refrigeration for therapeutic stability, experiments 
were carried out to  determine the effect of refrigera- 
tion storage on w/o emulsions. In comparing the 
rheological and microineritical data for portions of 
the same emulsion stored at 25 and 5', it was cvidcnt 
that storage at 5" resultcd in a flow curve almost 
identical with that of the freshly prepared emulsion 
a i d  only a slight change in droplet size and distribu- 
tion was noted. The flow curves shown in Fig. 9, 
for a representative w/o emulsion, demonstrate the 
stabilizing influence of storage at 5". Regardless o f  
storage temperature, all flow curve determinations 
were made a t  a constant tcrnperature of 3 O 0 .  

DISCUSSION 

Previous studies have shown that the apparent 
viscosities of w/o emulsions can be markedly in- 
creased by a reduction in the size of the dispersed 
droplets. However, the addition of inorganic clec- 
trolytcs t o  thc aqueous phase did not result in a 
particle size reduction greater than that observed 
with distilled water. Therefore, it is obvious that 
the observed rheological effect must result from some 
other factor which, in all likelihood, is electrical in 
nature, with the negative charge in the predominant 
role. 

The conclusion, based on this research, that elee- 
trie charges have an important stabilizing effect on 

7 Supplied through the courtesy nf Abbntt 1,ahoratories. 
North Chirago, Ill. 
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w/o emulsions is contradictory to the work of Albers 
and Overbeek (4, 5 ) ,  who have stated that electric 
charges cannot be expected to stabilize w/o cmul- 
sions of more than extremely low conccutratioiis, and 
that no correlation exists between zeta potential and 
coalescence rate. Schulman and Cockbain (6) have 
stated tliat the droplets iu w/o emulsions cannot 
possess a charge and hcncc cannot be electrically 
stabilized. On the other hand, Verwey (7) has sug- 
gested that in  w/o cniulsions, the major part of the 
potential drop occurs in the oil phase, as this has the 
lower dielectric constaut, and that the interaction of 
thr double layers of the droplets will cletcrrninr the 
stability of an emulsion. 

Several authors liave indicated that the electrical 
double layer surrounding the water droplets is sev- 
eral microns in thickness for w/o emulsions. This 
thickuess w-ould therefore be greater than the dis- 
tance between the dispersed phase droplets of the 
emulsions prepared for this investigation, where 
diameters wcrc usually less than 1 p.  If the diffuse 
llouble layer is several microns in thickness, as ap- 
pears reasonahlc, then obviously these double layers 
surrounding the droplets must overlap in concen- 
trated emulsions, with a concomitant reduction in 
the potential energy of repulsion. The occurrence 
of rapid flocculation and sedimentation iii those ex- 
~xriniental emulsions that contained only distilled 
water would indicate that a substantial energy 
barrier it; absent and may only bc on the order of 
IIkT or 2kT ( 2 ,  Boltzmann's constant; T,  absolute 
temperature), depending on the droplet size and 
volumc of the interrial phase. The thermal agita- 
tion supplied by room tcmpcrature would be suffi- 
cient t o  overcome this energy barrier. However, 
the. fact that inorganic electrolytes effectively pre- 
vented flocculation would imply that the presence of 
potential-determinirlg ions in the systems resulted in 
:I. significant increase in the height of the potential 
encrgy barrier. This increased energy barrier could 
well result from a markcd increase in the zeta po- 
tential by a compact charge density of counter-ions, 
which will increase thc encrgy of repulsion. The 
extrnt of this increased zeta potential appears to be 
directly related to  the valeney of the electrolyte 
anion. Thus, the emulsion droplets are stabilized 
b8y the formation of an electrokinetic charge to a 
degree considerably in excess of the mechanical 
s-tabilizatiori achieved by the use of nonionic emulsi- 
fiers alone. 

In addition to  the significant electrokinetic sta- 
bilization, the observed iiicreases i u  apparent viscos- 
ities aftw storage, noted only in those emulsions 
cotii:tining sodium sulfate, could well be the result of 
an increased adsorption of emulsifying agent at the 
oil/water interface with the formation of a semirigid 
film which would cotitribute considerablc mechanical 
sl ability. With coalescence effectively hindered, 
the film of mannide mono-olcate surrounding each 
water droplet would grow thicker and stronger with 
agc, creating an interfacial conditiou that would be 
reflected in thc flow behavior by increased apparent 
viscosities only a t  higher rates of shear where me- 
cliariical resistance to droplet deformation would 
become more evident. 

I t  is well recogriizecl that sornctimes combinations 
of nonionic eniulsifiers may be more effective than a 
single ernulsifier in stabilizing an emulsion. The in- 
clusion of small amounts of the water-soluble surfac- 
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tant, polyoxyethylene sorbitan mono-oleate, in con- 
centrations ranging from 0.02 to 2% in the aqueous 
phase, has been reported as being effective for w/o 
repository erriulsiuus (8-10), but the authors present 
no evidence to substantiate this view. 4 s  indicated 
by the flow curves in Fig. 7 and coiifiriiied by optical 
size-frcquency analyses, the adverse effect of poly- 
oxyethylene sorbitan mono-oleate on the stability of 
w/o emulsions is a direct function of its conccntra- 
tion in the internal phase. Increasing the concen- 
tration of this surfactmt results in aii incrc.ascd 
coalescence rate and degree of polydispersity, the 
extent of which is reflected in the flow curves. 

Emulsions containing dioctyl sodium sulfosucci- 
nate in the internal phasc cxhibitcd a degrcc of 
anomalous flow behavior far greater than any dis- 
persion investigated in this study, as shown by Fig. 
8. Although the systenis were extremely unstable, 
the apparent viscosity a t  the timc of preparation 
could not be calculated at  1370 sec. l ,  since the 
shearing stress exceeded 3600 dynes a n - * ,  the 
maximum stress possible with the 500 Gm-cm. 
torsion spring and an annular gap of 0.96 mm. in the 
viscomctcr. All droplets were below the limit of 
optical resolution, a condition undoubtedly respon- 
sible for the high viscosity. Unfortunately, meth- 
ods for obtaining an initial size-frequency distribu- 
tion in the subrnicron range were not available. 
The majority of physicians have reported the prepa- 
ration of emulsions with droplet diameters of 0.1 to  
1 p, although Brow-n (11) has reported a much 
smaller size as evidenced by electron microscopic 
examination of films of flash-frozcn emulsion. How- 
ever, the electron microscopic work by Brow-n is 
questionable since he states that the frozen emulsion 
film (-35") is less than 200 A. (0.02 p )  in thickness, 
and then reports observing a droplet diameter dis- 
tribution extending from 0.02 up to 0.1 p ,  a condition 
difficult to reconcile with such a thin film, 

'The fact that water-soluble surfactants have an 
adverse effect on the stability of w/o emulsions defi- 
nitely precludes their use in repository emulsions. 
Conccntratioiis greater than O.Zyo appear t o  result 
in  an initial finer dispersion of the aqueous phase, 
but this advantage is offset by the increased coales- 
cence ratr that results. These observations may 
help to  explain the results of Gaillard et al. (12, 13), 
wlio notcd that their w/o repository emulsions o f  
aqueous insect wuom could not be stabilized for 
longer than 21 days, eveu with concentrations of 
niannidc mono-oleatc as high as 35%. The authors 
attrihutcd the rapid cracking to  an alteration of the 
manriide mono-olratc interfacial film by sotiie cotn- 
ponent in the insect verioni. Siuce i t  is known that 
insect venom contains an appreciable quantity of 
water-soluble surface-active compounds, these sur- 
factants may have been the causative agents re- 
sponsible for the instability. 

I t  is a well recognized fact that solutions of aller- 
genic materials iiiiist be stored under refrigeration a t  
5" to retain their effectiveness, although it  is not 
known what changes occur a t  room temperature 
which result in dccrcased potency. Since any w/o 
repository emulsion containing an allergen would 
also require rerrigeration, the temperature studies 
were undertaken and as indicated by Fig. 9, a storage 
temperature of 5" has a definite influence in retard- 
ing the rate of droplet coalescence. As a further 
confirmation of the adverse effect of water-soluble 
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surfactants discussed previously, emulsions stored a t  
5' containing polyoxycthylene sorbitan mono-oleate, 
when compared to those Bithout it, were found to 
have a greater degree of droplet coalescence and 
lower apparent viscosities in spite of thc stabilizing 
influence of refrigeration temperature. 

It is interesting to notr that although allergcnic 
materials theoretically require refrigeration to  main- 
tain their potency, rcpository w/o emulsions after 
intramuscular injection are maintained at  body tem- 
perature for periods of up to 1 year with no reported 
dccrcasc in effectiveness. 

The unqualified success of repository emulsion 
therapy may well depend up011 elucidation of the 
specific agent responsible for individual allergic 
reactions, since the formulation of a stable w/o 
emulsion, consistent with the desired objectives, 
certainly is not insurmountable when the exact 
chemical composition of the components is known. 
I>ificulties arise from the introduction of the un- 
known variables that undoubtedly exist in current 
antigenic extracts. The production methods for the 
extracts are a consideration since they are not stand- 
ardized. The units of potency measurement consti- 
tute another variable since 3 different systems are in 
common use among allergists The product may 
also vary as a result of variation in the amount of 
active principle in the raw material. 

Considering the tremendous number of variables 
involvcd in the techniques of preparing and stand- 
ardizing extracts of pollen and the cxtrcmely wide 
variations reported by physicians in the emulsifica- 
tion and administration of the extracts in repository 
form, the success that has beeri achieved is remark- 
able. 

SUMMARY 

This investigation has been concerned primarily 
with an evaluation of aqueous dispersions in light 
mineral oil stabilized with mannide mono-oleate and 
prcparcd under a set of standard conditions. The 
results obtained indicate the following. 

1. Inorganic electrolytes, a t  concentrations as 
low as 0.01 M ,  in the aqueous internal phase of w/o 
emulsions, increase the apparent viscosities, hindcr 
scdimentdtion, and have a marked stabilizing in- 
fluence This electrokinetic effect appcars to  be 
directly related to  the valency of the anion. 

The addition of water-soluble surfactants to 
the internal phase of w/o emulsions facilitates emul- 
sification. However, these agents dccrcase stability 
and tcnd to Cause inversion. 

3. The storage of w/o emulsions at  5" has a 
definite stabilizing influence when compared to room 
temperature storage. 

2.  

REFERENCES 
(1) Fox, C. D., and Shangraw, R. F., J .  Phavm. S c i . ,  55, 

318(1YG6). 
(2) Bmwn, B. A., Rev. Allergy A p p l .  Immunol., 15, 589 

f19f i l i  \____, .  
(3) Ibid., 16, 74(1962). 
(4) Albers, W., and Overbeek, J. T. G. ,  J .  Colloid Sci., 14, 

(A) Ibid., 15, 48Y(1060). 
(6) Schulman, C. H., and Cockbain, E. G., Trans.  Fara-  

(7) Verwey, E. J. W., ibid. ,  36, 192(1940). 
(8 )  Brnwn, E. A, ,  Rev. Allergy A p g l .  Immunol., 16, 171 

501, hlO(lS5CJj. 

day Soc., 36, 661(1940). 

( lC l f iD \  j_"__,_ 
(9) Bruwn, B. A., Ann. Allergy, 21, 432(1963). 

(10) Rapport ,  11. 0.. N .  Y .  Stale J. Med., 61, 2731(1961). 
(11) Brown, E. A,, Ann. Allergy, 20, 126(1962). 
(12) Gaillard, G. E.. Schellin, K., arid *Mayeis, R A,,  i b i d . ,  

(13) Ib id . ,  21, 378(1963). 
21, 69(1963). 

Technical Articles- 

Critical Evaluation of the ComDactor 
I 

By R. COHN, H. HEILIG, and A. DELORIMIER 

With the assistance of a suitably prepared experimental design a compactor was opti- 
mized to  prepare a basic granulation t o  which other drugs could be added and 
directly compressed into tablets. An IBM 1620 computor was employed to evaluate 
the data and to extrapolate additional information for the preparation of contour 
charrs. T h e  contour charts permitted a simple and accurate interpretation of the 
data and allowed selection of a set of optimum processing conditions. Additional 

trials confirmed the reliability of this technique. 

NUMBER OF investigations (1--3) in the chemi- operation of particle size enlargement. The!- A cal processing industry have employed have shown the compaction process to  be useful 
continuous compacting equipment for the unit in the conversion of fine powders into larger 

Received September 16, 1065, from the Squibb Institute agglomerated units. These partiCL1hkS generdlly 
Accepted for publication January 6 ,  1966. exhibitcd a reduced tendency to  cake, improved 

flowability, increased bulk density, less dust, and 

___- 
for Medical Research, New Brunswick, K .  J. 

The authors thank MI. Sam Rock lor his help in analyzing 
the data. 



328 Journal of Pharmaceutical Sciences 
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5' containing polyoxycthylene sorbitan mono-oleate, 
when compared to those Bithout it, were found to 
have a greater degree of droplet coalescence and 
lower apparent viscosities in spite of thc stabilizing 
influence of refrigeration temperature. 

It is interesting to notr that although allergcnic 
materials theoretically require refrigeration to  main- 
tain their potency, rcpository w/o emulsions after 
intramuscular injection are maintained at  body tem- 
perature for periods of up to 1 year with no reported 
dccrcasc in effectiveness. 

The unqualified success of repository emulsion 
therapy may well depend up011 elucidation of the 
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emulsion, consistent with the desired objectives, 
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involvcd in the techniques of preparing and stand- 
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variations reported by physicians in the emulsifica- 
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form, the success that has beeri achieved is remark- 
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low as 0.01 M ,  in the aqueous internal phase of w/o 
emulsions, increase the apparent viscosities, hindcr 
scdimentdtion, and have a marked stabilizing in- 
fluence This electrokinetic effect appcars to  be 
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the internal phase of w/o emulsions facilitates emul- 
sification. However, these agents dccrcase stability 
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a modified dissolution rate. On the basis of 
these earlier studies, i t  was expected that  the 
compaction process would be applicable for the 
preparation of pharmaceutical granulations in 
large volumes. 

A study was undertaken to  utilize a compactor1 
for the preparation of a basic granulation to which 
other drugs would be added and directly com- 
pressed into tablets. Potassium chloride, which 
is a major component of a number of this com- 
pany’s marketed products, was selected as the 
test material. 

The facilities of the Scpibb Scientific Comput- 
ing Center were employed for the preparation of 
an cxperimental design and the interpretation of 
the resultant data. 

A photograph of the compactor utilized is 
presented in Fig 1. 
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TABLE II.-CR~TEKIA FOR EVALUATING PHASE A 
KESPONSES 

Granulation Tablet 
Particlc flow Weight uniformity 
Particle size distribution Individual tablet assay 
Moisture content Binding 
Per cent fines Picking 

Capping 
Hardness 
Friability 
Disintegration time 

Fig. 1.-Photograph of the compactor. 

EXPERIMENTAL 

The experimental design permitted controlled 
modifications to be made on the 4 primary processing 
variables shown in Table 1. 

l’AELE I.-pHASE A PROCESSISG VARIABLES A N D  
T H E I R  RANGES FOR THE COMPACTOR 

Variable Ranges 

~~ ~- - - -~ ~- ~~ - ___ ~- - 

Oil prcssurc 220-800 p.s.i. 
Roll spced 20-80‘2, (10-40 r.p.m.) 
Feed screw speed 
Added rnoisture 0-1 TC 

20-80 (23-92 r.p.m.) 

MoiLture evaluation of the teqt material n as 
limited to thc range of 0-1‘z, since it was observed 
that the addition of more than ly0 moisture i n -  
peded material flow from the hopper of the com- 
pactor to the compacting rolls 

The criteria that were used to evaluate the quality 
of the granulation and the compressed tablets 
su bsequeritly produced in thc first phase study 
arc shown in Table I1 

The flow propcrties of the granulations were 

1 Model S N  Cbilsooalur, manufactuicd by the  Fitzpatrick 
Co. 

measured as a function of their angle of rcposc (4). 
Particlc size distributions were obtained by sieve 
analysis. Loss on drying aftcr 3 hr. a t  160” F. under 
vacuum was used to define the moisture content of 
the granulation. The term “per cent fines” refers 
to the amount of potassium chloridc that siftcd 
through”thc compactor without being conipacted. 

A Coltori 216 tablet machine mas employed for 
the preparation of the tablet cores. The criteria 
referred to as binding, picking, capping, hardness, 
friability, and disintegration time were determined 
by standard procedures. Statistically sampled 
tablcts were separately weighed on an analytical bal- 
ance. To detrrmine drug distribution, individual 
tablet assays were performed 011 10 tablets selected at 
random from each trial. 

On the basis of the data obtained from the full 
replicate factorial dcsign o f  18 runs shown in Table 
111, the TBM 1620 computer was able to extrap- 
olate a total of approximately 2000 responses. 
Satisfactory correlatioiis were obtained between the 
theoretical computer responses and the actual trial 
results. 

A statistical analysis of the data obtained from 
thcsc first 18 trials indicated that, aside from the 
moisture content of the granulations, the per cent 
fines, and the tablet hardness, all responses listed in 
Table I1 met the proposed specifications over the 
entire range of the experimerit. Hence, these were 
not considered to be of primary importance in 
planning the second phase of the study. 

During the course of the cxpcrimcnt, it  was 
noted that under certain processing co~idition~ the 

TABLE rrI.-PIIASE / I  EXPERIMENTAL DESIGN FOR 
THE COWPACTOR b A L U A T 1 O N  

- ~~~~-~ ~~ -~ - ~~~~~ 

o i l  Feed 
Pressure, Roll Speed, Screw, Moisture, 

Trial p.s.1. 1% % % 
1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

” 
I 

800 
220 
220 
800 
800 
220 
510 
800 
800 
800 
220 
220 
220 
800 
220 
510 
220 
800 

80 
80 
20 
80 
80 
8( ) 
50 
20 
20 
20 
20 
80 
20 
80 
20 
50 
80 
20 

80 0 .~ 

20 0 
80 1 . 0  
80 1 . o  
D O  0 
20 1 .0 
50 0 . 5  
80 0 
20 0 
80 1 . o  
20 0 
80 0 
20 1 .0  
20 1 . 0  
80 0 
50 0 .5  
80 1 . 0  
20 1.0 
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amperage sensor on the drive motor indicated that 
the ~iiotor was being overloaded. It thus became 
apparent that the motor arnperage response would 
bccornc :I very significant factor in the selection of 
an optimum processiiig condition. Hence, the 
responses for this factor were recorded for each trial 
and were used in the preparation of the contour 
charts. 

Plotting of scveral contour charts from the 
tabulation of phase A respouses led to the design 
for phase B.  It was dctermined from analysis of 
phase A data that satisfactory responses for mois- 
ture: fincs, hardness, and motor amperage cnuld be 
obtained within the limits of the processing variables 
as shown in Table IV. 

Jo.urnn1 of I'lmrmaceutical Sciences 

TABLE IV.--PHASE I3 PKGCESSING \;ARIAULES ASD 
THEIR RANGES 

~~~ - ~ 

~~~ ~~ 

Variable Range 
Oil pressure 300-600 p s i .  
Kvll speed 70-90% ( 3 5 4 5  r.p.111.) 
Feed screw spcecl 50-7Il% (5-80 r.p.m.1 
Added moisture 0 9; 

RESULTS AND DISCUSSION 

Data from the phase B trials were combined with 
those from pliase A for a comprehensive analysis 
and determination of an optimum operating condi- 
tion. The selected data are listed in Table V. 

The perusal of the initial trial resporises in- 
dicated that the factors of primary concern were 
pcr cent fines, motor ampemge, and tablet hardness. 
Hence; these responses were evaluated for the 
prcparation of a contour chart. 

In orcler to prcparc this type of descriptive dia- 
gram it was necessary to fix 2 of the 4 processing 
variables listed in Table I. Due to the inlierent 
simplicity of processing dry powders and the lack 
of any significantly enhanced responses, moisture 
was held at  a level of OOi,.  With added moisture 
fixed at  O%h, roll speed could be set a t  80C/h of the 
maximum. The results indicated that a t  these 
scttings the most satisfactory set of rcsponses would 
be attained arid in addition, maximum throughput 
of niatcrial could be achieved in the shortest period 
of time. 

Figures 2-1 illustratc the preparation of a cotitour 
chart and its use in determining optimum processing 
conditions. The contour lincs are drawn by con- 
necting responses of equal magnitude. For clarity 
the numerical responses that were obtained from the 
cornputer were removed from Figs. 3 and 4. 

It can be observed from Fig. 2 that there was a 
relatively simple relationship hrtween amperage 
data aiid the processing variables. It was ob- 
served that as the effective throughput of material 
or the forces acting on the compression rollers were 
increased, more power had to be cxpcnded. Since 
this work was measured as a function of motor 
amperage. any increase in either or both of these 
factors causes a corresponding increase in amperage 
levels. The niasirriurri amperage a t  which the drive 
tilotor could be satisfactorily operated was 17. 
Hence, any set of processing conditions which would 
rcsult in an amperage reading of less than 17 was 
satisfactory. 

TABLE V.-SELECTEI) DATA EMPLOYED FOR THE 
PREPARATIOX OF CONTOUR CHARTS 
~ 

~ 

~~ 

~~ 

011 
Piessuie 

100 
200 
300 
400 
300 
600 
100 
200 
300 
400 
500 
600 
100 
200 
300 
400 
500 

I00 
200 
300 
400 
500 
600 
100 
200 
300 
400 
500 
600 
100 
200 
300 
400 
500 
600 

(ion 

Feed 
Sci-en 
Speed 

40 
40 
40 
40 
40 
40 
50 
50 
50 
50 
50 
50 
60 
60 
60 
60 
60 
60 
70 
70 
70 
70 
70 
70 
80 
80 
80 
80 
80 
80 
90 
90 
90 
90 
90 
90 

__ 

Moisture. . . 
Roll Speed 

L ,  kmperage 
7.36 
8.92 

10.60 
12.40 
14.31 
16.31 

7.71  
9.32 

1 1 .08 
12.87 
14.82 
16.88 
8.22 
9.86 

11.61 
13.49 
15.48 
17.58 
8.88 

10.56 
12.35 
14.26 
16.29 
18.43 
9.69 

11.41 
1 3  .25 
15.20 
17.26 
19.44 
10.66 
12.42 
14.29 
16.28 
18 38 
20.60 

0 '/o 
go', 

Hardness 

15 00 
15 20 
15 23 
1.5 10 
14 80 
14 3 1  
14 93 
1.i 1.5 
15 20 
1,j 09 
14 82 
14 38 
14 97 
15 21 
15 29 
15 20 
11 95 
14 53 
15 14 
15 40 
15 50 
15 43 
15 20 
14 80 
15 43 
15 71 
15 83 
15 78 
15 57 
15 19 
15 83 
16 14 
16 18 
16 25 
I6 06 
15 71 

Fines 

34 67 
34 43 
34 11 
33 72 
33 26 
32 72 
33 43 
33 OF 
32 61 
32 09 
31 50 
30 83 
33 26 
32 76 
32 18 
31 53 
30 81 
30 01 
34 15 
33 52 
32 81 
32 03 
31 18 
30 26 
36 11 
35 35 
34 51 
33 60 
32 62 
31 56 
39 14 
38 24 
37 27 
36 23 
35 12 
33 94 

Hardness values have been superimposed on the 
amperage graph in Fig. 3. 

The hardness data were obtained hy measuring 20 
individual tablets for each trial on a pneutnatically 

I 

+AMPERAGE 

10 50 60 70 B" 90 
0 

f E Z D  S C R E W  

Fig. 2.-Amperap;e responses plotted as a func- 
tion of feed screw speed and oil pressure. Moisture, 
0Y0; roll speed, SOYo. 
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did not cxist, altliougli a review of thc tables of data 
confirmed that niasiniutii feed screw speed was im- 
portant to inaxirnize this response. 

The responses nicasured as functions of the 
processing variables werc fairly difficult to interpret 
for the analysis of the amourit of fincs that sifted 
through the compactor without being compacted. 
I t  was observed that reduced fwd screw speed 
trnded to  reduce the tiingriitude of this result. 
Sirice one of the major difficulties of the compactor 
was leakage of powders between the roller seals, 
as less material was brought in contact with the 
seals, less mas forced through without being corri- 
pacted. Thc assumption that increased pressure 
prevented or reduced the teridency of material to 
pass between thc rollers without compressioii is 
probably incorrect. I t  was the authors' experience 
that a better fit of the compactor roller and seals 
was obtaiiicd undrr increased pressure, as less fines 
were observed urider conditions of higher oil prcs- 
sure. In actual usagc, the fincs were recycled hack 
to thc compactor and did not effect later processing 
elements. 

Thus, as can be observed from Fig. 4, for the 
1s of moisture, Oyo, and roll speed, 

8094. the variable processing conditions of feed 
screw speed, 65!%, and oil pressure, 31)O p.s.i., 
yielded a product which manifested the rriaxitriurri 
number ol satisfactory responses. 

A sccond aud third series of contour charts were 
drawn with moisture fixed a t  Ocy0, but with roll 
speed fixed at 70 aticl goyo, respectively, at  maximum 
conditions. The resultant data indicated that a t  
optimum conditions the responses were slightly 
inferior to those obtaincd at a fixed roll speed 
of 80yo. 

A confirmatory trial was perforined a t  the ma- 
chine settirigs suggested by an analysis of the con- 
tour charts at moisture, Oyk, roll speed, ";"*, 
feed screw, MCX, and oil pressure, 400 p s i . ,  with 
thc result that  satisfactory correlatioris of the 
actual responses to theoretical values were obtained. 
Excellent tablets were prepared when portions of the 
aforementioned compacted material wrrc employcd 
for the preparation of other potassium chloridc- 
coutainirig products. 
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Fig. 3.-Tablet hardness values superimposed on 
the amperage plot. Moisture, 0<z; roll speed, 
809;. Key: 0, amperage; 0, hardness. 

operated Strong-Cobb hardness tester. Although 
one would hardly expect a significant difference in 
tablet quality for hardness values of 15.5 and 16.0, 
due to the relatively large niinibcr of samples 
(approximately 40O), a noticeable trend was ob- 
served. That is, although the individually reported 
results did not appear to be significantly different, 
the data that were obtaincd to arrive a t  these num- 
bers were diflerent. 

A perusal of this figure indicated that a simplc 
relationship between the variables and the responses 

ou ,o 50 60 70 110 90 

S E I O  SCIICW 

Fig. 1.-Pcr cent fines, amperagc, and tahlct 
hardness values displayed iis functions of roll 
spced and oil pressurc. Moisture, O%.; roll speed, 
80';1,. Key: 0, amperage; 0, hardness; 111, 
fines. 



Comparative Study of Selected Disintegrating Agents 
By WILLIAM FEINSTEIN* and ANDREW J. BARTILUCCI 

Five tablet disintegrants were evaluated using 2 especially formulated bases alone 
and with active ingredients. The test tablet bases included a highly soluble formula- 
tion and an insoluble one. The materials evaluated were Veegum WG, Solka Floc 
BW-200, Jaguar A-ZO-B, Purity 8 2 5  cornstarch, and Landalgine P. An evaluation 
of the latter 2 previously was unreported. Purity 82 5 cornstarch and Jaguar A-20-B 
at 1 0  per cent levels were found to be the most effective. No significant change in 
disintegration time was noted upon the incorporation of a low concentration of an 
active ingredient, or upon the incorporation of a high concentration of a soluble 

medicament. 

OMPRESSED tablets afford a convenient C method for administering drugs. Most com- 
pressed tablets are formulated so as to contain 
fillers, binding agents, lubricants, and disin- 
tegrating agents, in addition to the active 
medicament. Excluding the disintegrating 
agent, the aforementioned components contrib- 
ute chiefly to the smooth machine operation in 
the prepardion of the finished compressed tablet. 
Fillers provide for a convenient tablet size and/or 
carrier for small amounts of active ingredients. 
Binding agents bring about a cohesive bond be- 
tween the particles. Lubricants reduce friction 
and thereby permit the free flow of the granula- 
tion through the hopper and the ready ejection of 
the tablet from the die. I t  is the function of the 
disintegrating agent to cause the compressed 
tablet to break apart or disintegrate when in the 
presence of fluids to allow for a more favorable 
condition for the absorption of the contained 
medicament. 

The literature is replete with reports pertaining 
to the evaluation of disintegrating agents under 
a variety of conditions. Factors influencing dis- 
integration time include mechanical apparatus, 
materials, formulations, and techniques employed 
(1, 2). Several investigators (1, 3, 4) used corn- 
starch in the base formulation as a filler and/or 
binder. Kwan et al. (4) and Krebs (6) reported 
that cornstarch, when used as a filler and binder, 
caused significant changes in tablet disintegration 
times. Other investigators (6-8) reported the 
mutually potentiating effect of cornstarch when 
combined with other disintegrating agents or with 
substances that are capable of influencing the dis- 
integration time of compressed tablets. There- 
fore, in an evaluation of disintegrating agents, 
the disintegration time values obtained when 
cornstarch is used as a binder or filler are not 
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truly comparative representations of the dis- 
integrating agent's ability. A more valid ap- 
proach in evaluating disintegrating agents would 
involve the formulation of a granulation or base 
formula containing ingredients that did not in 
themselves act as disintegrating agents. 

Employing a varicty of active ingredients, the 
amounts of which were selected because they 
produced satisfactory tablets, many investigators 
(3, 7, 9-17) reported that these had an effect on 
disintcgration time. 

One objective of this investigation was the 
evaluation of reprcsentativc disintegrating agents 
from each of the most commonly used chemical 
categories of disintegrants utilizing base formula- 
tions containing ingredients that did not them- 
selves possess disintegrating properties. Dis- 
integrating agents may be chemically classified 
as starches, clays, celluloses, algins, and gums. 
Two substances from the starch and algin cate- 
gories, Purity 825 cornstarch and Landalgine P, 
respectively, not reported previously were in- 
cluded. Furthermore, the effect on disintegra- 
tion time of 3 representative types of active in- 
gredients present in realistic quantities was to be 
determined. 

EXPERIMENTAL 

Materials Used.-The chemicals employed were 
of U.S.P. or N.F. quality, or were offered by the  
manufacturer for drug use. The representative dis- 
integrators were selected from several in each of the 
chemical categories on the basis of superior per- 
formance in preliminary experimcntal hatches utiliz- 
ing an aspirin granulation. The agents tested in- 
cluded: cornstarch U.S.P. and Purity 825' (a low 
moisture cornstarch) as representative of starches; 
Solka Floc2 BW-40 and BW-200, A ~ i c e l , ~  and Meth- 
uce14 MC 400 cps. as representative of celluloses; 
JagualJ (guar gum) A-20-B and A-20-D as represen- 
tative of gums; Landalgine6 P and Kelacid' as 
representative of algins; and Veegums (magnesium 

National Starch and Chemical Co. .  N. Y .  
2 Brown Co., N. Y .  
a American Viscose Corp., Pa. ' Dow Chemical Corp., N. Y .  
6 Stein, Hall and Co.,  N. Y .  

8 R. T. Vanderbilt Co.. N. Y. 

E. Mendell Co., N. Y. 
Kelco Co., N. J. 
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TABLE I .-BASE FORMUI.ATIONS 

--- Wt.,  Gin.------ - - ~ ~  - ~~ -- ~ 

Inrredients , _ ~ _  Rase 1,s- 7 Rase HS------. 
Calcium sulfate, dihydrate 778.5 756.0 711.0 

Sucrose . . .  . . .  . . .  270.0 270.0 270.0 
Acacia 90.0 90.0 90.0 90.0 90.0 90.0 
Calcium stearate 9 . 0 9 . 0  9 .0  9 .0  9 . 0  9 . 0  
Disintegrating agent 2 2 . 5  45.0 90.0 22.5 45.0 90.0 

(2 .5)  (5 .0)  (10.0) (2.5) (5.0) (10.0) 

Lactose . . .  . . .  . . .  508.j 4iii.o 44i .b  

TABLE II.-AVERAGE DISINTEGRATION TIME (min.) OF TABLETS OF BASE FORMULATIOSS AND 
I~ISINTEGRANTS 

~ ~ 

, Base T,SB- ,- ~ Base HSIL---- 
Diaintegrants 2.5% 5.0% 10.0% 2.6% 5.0y; 10.0% 

Purity 825 cornstarch 24.5 19.0 16.0 11.5 10.0 9 . 5  
Jaguar -4-20-B 22.5 19.0 17.0 14.0 11.0 9 . 0  
Veemm WC: 39.0 29.0 37.0 12.5 10.5 16.0 
Solka Floc HW-200 3.5 5 30.0 32.0 12.0 11.0 16.0 
Laridalgine P ao 0 28.5 29.5 11.0 9 . 5  10 .5  

a Tablets prepared from the  base formulations withoiit t h r  addition of dicintegrating agents yielded an avci-age disintegrating 
time of 44 min. for base LS and an average time of 14.5 min. for base HS. 

TABLE 1 I I .  - -FORMULATIONS OF PREDNISONE AND 
BASE FORMULATIOS MATERIALS 

-~~ ~ ~ ~ _ _ _  
~~~~ 

7- Wt.,  Gm.- 7 

Ingredients Base LS Baw HS 
Prednisone 10.0 10.0 10 .0  10 .0  
Calcium sulfatc, 

dihydrdte 746.0 701.0 
1,actose . . .  . . .  4 7 i . b  431.b 
Sucrosc . . .  . . _  270.0  270.0 
Acacia 90 .0  90.0 90 .0  90 .0  

(76) (5.0) (10.0) (5.0) (10.0) 

Calcium stearate 0 . 0  9 . 0  9 .0  0 . 0  
Disintegrating agent 4 5 . 0  90.0 46 .0  90 .0  

TABLE IV.--FORMULATIOSS OF SouIuni 
SULFADIAZISC ASD SULFADIAZINE AND BASE 

FORMULATION MATERIALS 

---- Wt. ,  Gin.------ 
Ingredients Base LS Base HS 

Sulfa drug 600.0 600.0 600.0 600.0 
Calcium sulfate, 

Lactose . . .  . . .  ioS.'o s1.0 
Sucrose . . .  50.0 30.0 
Acacia 90.0 H O . O  90.0 90.0 
Calcium stearate 9 . 0  9 . 0  0 . 0  9.0  
Disintegrating agent 4 5 . 0  90.0 4 5 . 0  90.0 

( % I  (6.0) (10.0) (5.0) (10.0) 

dihydrate 156.0 111.0 

ilumirium silicate) F and WG as representative ol 
clays. Those included in the study of this report 
appear in 'I'able 11. The tableting properties of 
Purity 825 cornstarch and Landalgine P do  not ap- 
pear in the literature. 

Development of Base and Test Formulations.- 
Two basc formulations were sought that would yield 
a uniformly granular material of suficient hardness 
that could be rcadily tableted, have significantly 
different disintegrating times and sulubilities, and 
he free of materials that would cotitribute to the 
disintegration of the tablet by swelling when moist. 
Experimental hatches of tablet granulations were 
prepared arid tested. The 2 base formulations 
finally selcctcd appear in Table I, with the conccn- 
tration of each ingredient and the concentration of 
disintcgrating agcnt utilized at  each percentage 
level. The formulations produced uniform granula- 
tions which had a minimum of fines and tableted 
readily. Base LS formulations contained ingre- 
dients of low solubility while base HS formulations 
contained more soluble ingredients. The disintc- 
grating agents were incorporated with the base for- 
mubations a t  concentrations of 2.5, 5.0, and 10.0%. 
Disintegrating agents a t  the 5.0 or 10.0% level were 
selected for formulation with the active mcdica- 
ments, prednisone, sulfadiazine, and sodium sulfa- 
diazine (Tables I11 and 1x7). The concentration of 
disintegrant represented the most effective level 
from Table 11. The conccntration of active ingre- 
dient incorporated in the formulation represented a 
realistic therapeutically prescribed amount. Thus, 
prednisone tablets were studied at the 5 mg. Ievcl 
and the sulfa drugs a t  the 800 mg. level. IXsinte- 
gration times of tablets containing active ingredients 
appear in Table V. 

TABLETS CONTAINING ACTIVE MEDICAMENTS, BASE TAULE V-AVERAGE DISISTEGRATION TIME (niin.) OF 
FORYULAIION MATERIALS, AND DISINTEGRANTS 

-~ - - - - ~  ~- -~ 
~~ Prednisone---. --.Sulfadiazin- 

Ilisintegrants Base LS Base IIS Base 1.S Base HS 
Purity 825, 10% 15.5 9 .0  78.0 69.0 
Jaguar A-20-B, 10% 15.0 8 . 5  41 . 0  36.0 
\'eegum WC, 55& 27 .5  11.0 90.0 88.0 
Solka Floc BW-200, 5'2; 29.0 13.0 >loo 98.0 
Landalgirie P, 5';.;, 26.0 9 . 5  >lo0 95.0 

- - ~ ~ _ _ _ _ _  -~ 

-Sodium Sulfadiazine- 
Base LS Base HS 

9 . 5  9 . 0  
9 .0  8 . 0  

10.5 9 . 5  
11.5 10.0 
15.0 12 .5  
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TABLE VI. -GROSS  APPEARANCE^ O R  TABLET SURFACE 

Purity Jaguar Veegum Solka Floc Landalgine 
82.5 A-20-n W G  n w-200 P 

Base L,C2.50/'0 dis. agent +/+ +/+ +/+ +/+ +/+ 
5 .0% dis. agcnt +/+ +/+ +/+ +/+ +/+ 

10. 0y0 dis. agent +/+ -/+ +/+ +/+ +/+ 
Base HS -2. 5T0 dis. agent +/+ +/ + +/+ +/+ +/+ 

5 .  0y0 dis. agent +/+ +/+ +/+ +/+ +/+ 
10,07{, dis. agent +/+ -/+ +/+ +/+ +/+ 

Predtiisone-base LS +/+ +/+ +/+ +/+ +/+ 
Prednisotie-base HS +/+ +/+ +/+ +/+ +/+ 
Sulfadiazine-base LS +/+ -/+ -/+ +/+ +/+ 
Sulfadiazine-base HS +/+ - /+ -/+ - /+ -/+ 
Sodium sulfadiazine-base LS +/+ -/+ +/+ +/+ +/+ 
Sodium suliadiazine-base IIS +/+ -/+ +/+ +/+ +/+ 

L1 Whiteness/uniformity of appearance: - ,  off-white or mottled; +, white 01- nunmottied. 

Manufacturing and Testing Procedures.--The 
powders were blcndcd and passcd through a No. 40 
mesh screen. Purified water was added, and the 
mass was granulated by hand. The wet mass was 
forced through a hTo. 8 mesh screen, spread 011 trays, 
arid dried in a n  oven at  38' for 14 hr. Thc dried 
granulation was forced through a No. 14 mesh 
screen. Thc fincs smaller than No. 40 mesh werc 
separated. The lubricating and disintegrating 
agents were mixed and passed through a No. 80 
mesh screen and thcn blendcd with thc granulation 
fines. Thesc fines were incorporated in the granula- 
tion, and the granulation was compresscd. 

In the preparation of the prednisone tablets, the 
rnedicamcnt was mixed with the fines, and these were 
incorporated into the granulation. The sulfadi- 
azine tablets and the sodium sulfadiazine tablets 
wcre prepared by mixing the medicament with the 
filler before wet granulating. Two thousand 
tablcts per batch were compressed on a Colton 216 
rotary tablet machine utilizing 13//rz-in. standard 
concave punches and dies. The weight of each 
tablet was maintained at  450 f 5 mg., and thc 
hardncss, as measured on the Stokes hardness tester, 
a t  5 to  7 =t 0.5 Kg. 

Thc disintegration tests were perfotmccl soon after 
compression using the U.S.P. (18) apparatus and 
mcthod for uncoated tablets. In addition, fornmla- 
tions containing the active medicaments were re- 
examined after a minimum of 5 months' storage at 
room temperature. Test tablets were selectecl a t  
random from cach batch. Three determinations 
were made far each batch. 

RESULTS AND DISCUSSION 
It is oftrn assumed that the disintegration time 

may be decreased by increasing the concentration of 
disiritegrant. The results in 'Table I1 show this to 
be the case with Purity 825 cornstarch and Jaguar 
A-20-B. A coticentration level for optimum cffcc- 
tivcncss appears to apply with Veegum WG, Solka 
Floc BW200, and Landalgine P, albeit the data are 
too limited to be definitive. The most cffectivc 
disintegrants in the formulatious studied werc 

Purity 825 cornstarch and Jaguar A 20-B at  10% 
levels. 

A study of Tables I1 arid V reveals that no siqnifi- 
cant change in disintegration timc occurrcd upon the 
incorporation of a low concentration of the active 
ingredient, prcdnisonc, nor upon the incorporation 
of a high concentration of the soluble active ingre- 
dicnt, sodium sulfadiazine. The inclusion of a high 
concentration of the insoluble active ingredient, 
sulfadiazine, markedly increased the disintegration 
time of the tablets. 

No significant change in disintegration time or 
tablet hardness mas observed after storage at  room 
temperature for 5 months. 

To  provide additional comparative information on 
the prcviously unreported Landalginc P and Purity 
826 cornstarch, a description of the gross appearance 
of finished tablets appears in Table VI. 
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New Approach to Development and Manufacture 
of Enteric Compression Coatings 

By RAGHUNATH SRINIVAS, H. GEORGE DEKAY, and GILBERT S. BANKER 

Five commercially available polymers were evaluated for the preparation of enteric 
compression coatings utilizing a unique polymer incorporation method, which was 
part of the granulation process, and which was applicable to all of the polymers with 
slight modifications. The effect of polymer plasticization, the various methods of 
polymer incorporation, diluent ingredient properties, and physical factors of the com- 
pression coating operation were related wherever possible to the enteric disintegra- 
tion properties of the manufactured tablets. The compression coating formulations 
developed of 4 polymers were indicated to be enteric by in uitro disintegration tests, 
but only 3 of the polymer formulations were clearly enteric according to preliminary 

ill vivo tests using an X-ray technique and human volunteers. 

IIE CONVENTIONAL method of cnteric coating 
T i n  a coating pan is time consuming, empirical, 
difficult to  reproduce, and cumbersome. For 
large-scale production, newer methods of enteric 
coating h a w  been developed. These include film 
coating and coinpression coating. The problem 
of developing highly satisfactory cntcric film 
coatings, which will be stable in the gastric 
environment and at thc same time will be im- 
permeable to water and prevent leaching of the 
drug, is difficult t o  resolve. I n  the enteric coat- 
ing field, compression coating appears to  have 
the most potential based on greater precision and 
reliability of fabrication, in coniparison t o  the 
pan-coating operation which is the other primary 
enteric coating technique. 

Zapapas et al. (1 j developed an entcric coat.ing 
formulation of triethaiiolamine, lactose, and 
magnesium stedratc. James et al. (2) developed 
an enteric compression cwdting forrniilation with 
a carboxylated polymer of vinyl acetate. Swin- 
Losky obtained a U. S. patent (3)  for an enteric 
comprcssion coating formulation consisting of 
,XI to 90y0 of a pharrnaceutically~ available or- 
ganic acid and a pharmaccutical binder. Miller 
and Lindner (4) patented an enteric compression 
coating formulation of penicillin, a water-soluble 
sulfonamide, and ammotlisted polyvinyl acetate 
phthalate. 

In this study a new method of enteric granula- 
tion preparation was utilized which may be more 
rapid and economical than other conventional 
comprrssion coating granulation manufacturing 
procedures. The  lactors of formulation, granula- 
tion manufaclure, compression properties, and 
probable mechanisms oi' enteric action were 
studied for thcir cffccts on the enteric charac- 
teristics of the final tahlct coatings. 
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EXPERIMENTAL 

Polymeric Materials 
The polymers studied (Table I )  were selected for 

evaluation on the basis of meeting the followiiig 
criteria as completely as possible: (u) water in- 
solubility or substantial insoliibility a t  pH values 
of 1.2 to  6, with increasing solubility a t  higher pH 
values, ( b )  resistance to moisture and water, (6) 
solubility in common organic solvents, ( d )  stability 
to  heat and light under extreme conditions of 
pharmaceutical storage, (e) white or light in color 
and free from objectionable taste or odor, ( j )  
chemical and physiological inertness, and (g) 
compressibility alone or in combination with other 
ingredients in the fornmlation. Cellulose acetate 
hydrogen phthalate was selected as a standard based 
on its wide use as an enteric coating. 

Granulation Preparation Procedures 
Core Formulatiom-Cores of 2 dissimilar inert 

commonly used diluents, lactose and calcium sulfate 
dihydrate, as well as a radiopaque core of barium 
sulfate (Table 11) were prepared. Lactosc repre- 
sented an organic soluble diluent and calcium sulfate 
an inorganic insoluble diluent. 

Twelve-mesh core granulations of lactose and 
calcium sulfate arid 16-mesh granulations of barium 
sulfate were prcpared by wet granulation using a 
Stokes oscillator1 and drying a t  45" for 12 hr. The 
other formula ingredients were added to  the sized 
granulations. Amaranth was incorporated iu the 
cores to  indicate leaching of a soluble ingredient 
through the coat. 

Coat Granulations.-The coat formulations wcre 
prepared using the basic components and composi- 
tion ranges given in Table 111. 

The granulations were prepared by mixing the 
dry polymer, coat dilucnt, polyethylene glycol 
6000; massing the mixed powder with the granu- 
lating solvent containing the plasticizer (Table IV), 
if any, for 15 min. in a plaiiary mixer t o  produce a 
very wet mass; reduction of the wet mass to pieces 
of about 1-in. diameter; and oven drying at 45' 
for 12 hr. (38' for the CAP granulations). The 
dried pieces werc coarse-sized through a Fitzpatrick 
comminutor2 operated a t  high speed with knives 
forward using a punched plate screen with 0.5-in. 

1 F. J .  Stokcs Crrrp.. Philadelphia, Pa. 
2 W. J. Fitzpatrick Cu., ChictLgo, Ill. 
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TABLE r.-POLYMERS STUDIED AS ENTERIC COMPRESSION COATING COMPONENTS 
__---____- - _____ 

Polymer Commercial Physical 
Designation Chemical Designation Name Form 

CAP Cellulose acetate hydrogen phthalatea C-A-P Flakes 
PVM/MA I69 Poly(methy1 vinyl ether/maleic anhydride)b Gantrez AN-169 Powder 
PVAc-C-H Carboxylated copolymer of vinyl acetateC Gelva C-3 V-30 Beads 
PVAc-C-L Same as above but lower viscosity grade Gelva C-3 V-10 Beads 
PVAc Polyvinyl acetated Vinac ASB-10 Rcads 

-- 
a 

Shawinigan Kesins Corp., N. Y. 
Eastman Organic Chemicals, Distillation Products Industries, Rochester, N. Y. * General Aniline & Film Cor-p., N. V. 

Colton Chemical Co.. N. Y. 

TADLB II.-CORE FORMULAS FOR In Vilro AXD In Vivo TESTING 
- - __ 

Lactose 
Diluent, % 

Barium Sulfate 
Calcium Sulfate Iiadiopaque 

Diluent, % Core, % 
Diluent 88.0 88.0 66 .0  
Lactose . . .  . . .  19.0 
Polyethylene glycol (40 mesh) 2 . 0  2 . 0  . . .  
Cornstarch (dry) 10.0 10.0 15.0 
Amaranth 0 . 5  0 . 5  0.3 
Magnesium stearate 0.1 0.1 0 . 7  
Granulating agent 9,s. 12y0 Gelatin-4yo acacia l0y0 Starch paste 1070 Starch paste 

soh.  

diameter openings. The coarse granules so ob- 
tained were further sized through a 12-mesh screen 
with a Stokes oscillator. 

All compression-coated tablets were prepared with 
a Manesty DryCota series 5003 compression coating 
machine with 6 / ~ e  in. and 7/16 in. s. c. punches on the 
core side and coat side, respectively. The cores 
and coated tablets had the following average speci- 
fications: 

Coated 
Core Tablet 

Weight. . . . . . . . . . . . . .  ,185.0 mg.. . . . .  .650.0 mg. 
Hardness. . . . . . . . . . . . .  0.5 Kg.. . . . .  .17-25 Kg. 
Diameter. . . . . . . . . . . .  . O .  795 cm..  . . . . .  1,114 cm. 
Crown thickness. . . . . .  .0  ,355 cm.. . . . .  .O .634 cm. 

RESULTS 

The following factors were systematically in- 
vestigated for their effcct on the in oitro enteric 
disintegration, core centering, and other properties 
of the tablets: (a) the concentration of the polymer 
required in the coat composition, ( b )  the coat 
diluent materials employed, (c) the granulating 
solvent system cmployed, ( d )  the necessity for a 
plasticizer, ( e )  the addition of lubricant-intergranular 
enteric bonding agent and granule binder, and (Jj 
the particle size and particle size distribution of 
the granulation. 

In Vitro Enteric Properties 
Each polymer (Table I )  was prepared in a series 

of coating granulations according to the basic coat 
formula in the range of component concentrations 
shown in Table 111. Based on in vitro enteric 
disintegration tcsting, the following results were 
obtained. 

None of the initial CAP formulations tested, 
using polymer concentrations up to  30%, produced 
a product with enteric protcction in gastric fluid. 
Such enteric protection was achieved when the 
plasticizcrs (Table 111) wcre added in a compatible 
solvent system. Actual plasticization of the 

3 Manesty Machines Ltd., Liverpool, England (Thomas 
Engineering, Skokie, Ill.). 

TABLE III.-BASIC COATING FORMULA AND RANGE 
OF CONCENTRATIONS EVALUATED 

__ ~~ 

~ 

Ingredients 
Polymer (40-mesh powder) 
Polyethylene glycol 6000 (40-mesh 

powder)" 
Diluent (lactose or calcium sulfatc 

dihydrate) 

acetin) 

bonding age& 

Plasticizer (diethyl phthalate or tri- 

Lubricant and intergranular enteric 

Granule biridep (powdered acacia or 

Organic solvent (Table I\') 
PVP )d 

Concn.. 
% w/n 

10.0-30.0 

1.0-1 5 

4 6 . 5 4 5  0 

0.0-10.0 

2.0-5,O 

1.O-5.0 
q. s. 

This material was present to promote core-coat bonding. 
In some combinations, the material used for lubricaut- 
inter-granular enteric bonding would also promote core c o l t  
bonding. Magnesium stearate, stearic acid, polyethplcne 
glycol 4000, and calcium stearate were evaluated. r A  
substance which serves as a strong adhesive material and 
holds the granules together during exposure to gastric fluid. 

Polyvinylpyrrolidone. Plasdone K-30, General Aniline 8; 
Film Corp., New York, P;. Y. 

polymer in the granulations was reflected by the 
elastic nature of the granules. Drying the plasti- 
cized CAP granulations above 38" diminished the 
plasticization effect and produced brittle granules 
with a resultant loss of enteric properties. As with 
all the polymcrs studied, to achieve satisfactory 
enteric properties in oitro, an intergranular bondin.? 
agent (5% magnesium stearate) and a granule 
binder (5% PVP) were rcquired. A 30% plasti- 
cized CAP formula (formula l b ,  Table IV) thus 
prepared, produced a satisfactory enteric product 
by in vitro test. The resultant tablets wcre highly 
speckled. To  produce a more elegant rionspeckled 
tablet, the 30% CAP granulation could be success- 
fully combined with an insoluble granulation 
(formula l a ,  Table 1V) in combinations containing 
as little as 30y0 of the CAP formula. The tablets 
thus obtained were nonsprckled and resistant to 
darkening at  elevated storage temperatures. 
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Y V M / M A  169, as the anhydride, was granulated 
with acetone to maintain the slowly soluble an- 
hydride form. A t  a levcl of 10% polymer, using 
3Cr, magnesium stearate intergranular bonding 
agent and 37" PVP granulc binder, satisfactory in 
vitro enteric propertics were obtained when all the 
fines below 60 mesh were removed from the coat 
granulations (Table 1x7). 

The 2 grades of carboxylated vinyl acetatc co- 
polymers, at a 30% concentration in the coat 
granulation produced tablets with a disintegration 
timc in intestinal fluid which excerdrd 2 hr. At a 
ZOyO polymcr concentration, whm granulation 
fines below 60 mesh were removed, satisfactory in 
oitro enteric properties were obtained with as little 
as 1% magnesium stearate and 27'; PVP (Table 
IV). 

PVAc, due to its swelling properties, could not be 
successfully dcveloped as an enteric coat by the 
granulation method described here. All formulas 
studied prematurely liberated the soluble dye in 
gastric fluid. Plasticization did not improve this 
property. 

Of the 4 lubricant-intergranular enteric bonding 
agents (Table III), a t  the range of concentrations 
studied, magnesium stearate was found to be the 
most efficient. However, none of the intergrariular 
bonding agents when incorporated alone resisted thc 
action of gastric fluid. It was also nccessary to 
employ an efficient granule binder (PVP) to prevent 
-tablet splitting during in oitro disintegration testing. 
The compositions of the 4 final enteric compression 
coating formulations are summarized in Table IV. 
'When lactose was replaced with calcium sulfate 
dihydrate as the coating diluent in these formnla- 
i.ions, the coated tablets split in simulated gastric 
fluid in 30 min. 

Isopropanol alone did not prove to be a satis- 
factory granulating solvent for any of thc polymer 
systems studicd. I t  was iieccssary to use an inter- 
mediate polarity mixed organic solvcnt system 
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(Table IV)  as a granulating agent. Also, it was 
found advantageous to use a warm solvent system, 
with the exception of the CAP granulatiou. 

The mechanism of in vztro disintegration of each 
formulation was studied by subjecting the coated 
tablets to the following disintegration tcsts in the 
U.S.P. apparatus: (a)  3 hr. in TJ.S.P. XVI simulated 
gastric fluid, ( b )  and (c) 1 hr. in U.S.P. XVI sirnu- 
lated gastric fluid followed by immersion in U.S.P. 
XVI sirnulated intcstinal fluid with and without 
pancreatin. The CAP formulations were also 
subjected to disintegration test in intestinal fluids 
of pH 8.9 and 7.5. The tablets were evaluated 
during the above tests for leaching (release of soluble 
dye from the core through the coat), intergranular 
corrosion (erosion of the coat surface particularly 
along the granular boundaries), coat splitting, swell- 
ing, or disintegration. 

The PVM/MA 169 compression coating formula- 
tions satisfactorily resisted gastric fluid in nitro 
for up to 1 lir. with slight swelling. The tablets 
comprcssion coated with PVAc-C-H and PVAc-C-L 
forrnulations resisted gastric fluid in vitro for 2 hr. 
after which they demonstrated substautial coat 
erosion and slow leaching of the core ingredients. 
Tablets compression coated with CAP were intact 
after 3-hr. exposure to simulated gastric fluid. 
Pancreatin had no effect on the disintegration of 
tablets coated with any of the 4 formulations. 

Physical and Mechanical Properties 
Selected physical and mechanical properties of 

the 4 compression coating formulations having satis- 
factory enteric propertics by in witro tests, wcrc 
evaluated as follows. 

Particle Size Distribution.-The particle size 
distribution of the 4 coat formulations is given in 
Table V. To prevent or adequately retard inter- 
granular corrosion in gastric media, i t  was found 
necessary to rcmove the fines below 60 mesh from 
thc coat formulations 2, 3, and 4 (Table IV). The 

IXluent tion 
Polymer and 1,actose. Triacetin, 6000, rate, PVP, Time, 

No. % Concn. % Granulating Solvent 4.5. % L?u 7% % mima 
1 all . . .  70 Gelatin-acacia soln. . . .  . . .  30 . . .  7 2  
lbb  CAP(30) 3 8 . 3  Ethyl acetate-isopropanol 10" 1 . 5  5 5 
2 PVM/MA (10) 84 Hot acetone (50") . . .  s 3 80 
3 PVA~:C-H (20 j 75.5 Ethyl acetate-isopropanol . . . 1 . 5  1 2 90 

4 PVAc-C-L 120) 7,5.d Ethyl acetate-isopropanol . . . 1 . 5  1 2 90 
(1 : 1) 60' 

( 1 : 1 )  60° 

"tAverage disintegration time (in min.) in simulated intestinal fluid duiing U.S.P. XVI test. bSeirenty per cent of l a  and 
The same concenti-ation of diethyl phthalate was 30% of I b  were mixed to give enteric compression coatini: formulation 1. 

also an etfective enleric plasticizer. 

TABLE V.--SIEVE ANALYSW OF THE 4 COAT GKANULATIONS 
- - ~. -_ -__________~ _ _ _ ~  

Through 
Coal On Screen, % No. G O ,  

Formulations No. 1% No. 16 No. 20 No. 10 No. 60 % ." 
CAP . . .  20.57 31.20 24.11 8 .51  15.60 
PVM/MA 169b 0.23 2.03 10.78 53.91 33.02 . . .  
PVAc-C-Hb . . .  0.43 11.84 *59.20 23.53  . . .  
PVAc-C-Lb . . .  0.89 3 .91  50.78 44.92 . . .  

~- 

' Determined with a Cenco Meinzer sieve shaker a t  setting No. 1 for 5 min. Coat formulations were freed of tines below 
60 mesh. 
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percentage of fines removed arid discarded averaged 
about 5yh for granulations 2,3,  and 4 .  

The selected coat formulations of each polymer, 
comprcsscd over corcs of calcium sulfate dihydrate 
and lactose, were evaluated by the following tests. 

Hardness.-An average hardncss of 10 coated 
tablets, randomly selected, was determined on a 
Dillon prototype direct force hardness t e ~ t e r . ~  
In a comparison of Dillon, Monsanto, and Strong 
Cobb, the following relationships were found (5): 
1 unit on the Dillon = 1 unit on the Monsanto, and 
1.5 unit on the Dillon = 1 unit on thc Strong Cobb. 

compression-coated tablet hardness was found 
to be a very important property affecting the enteric 
properties of the tablets. The approximate opti- 
mum hardness range to achieve in uitro enteric 
properties for thc 4 coat formulations is summarized 
in Table VI. Tablets having a hardness below the 
optimum hardness rangc wcrc subjcct to core 
composition Ieaching, and except for tablets coated 
with CAP, those which had a hardness above the 
optimum hardness range did not disintegrate in 
simulated intestinal fluid within 2 hr. 

Joilriial of Phicvmnceiitictrl Sciences 

TABLE VII.---INFLUENCE o w  C o m  COMPOSITION 
ON THE OFF-CENTERING OF TABLETS COMPRESSION 
COATED WITH CAP, PVM/MA 169, PVAc-C-H, 

AXD P\T.4C-c-L 

Decrease 
in Increase 

Av. %, Crown in l'ablct 
Coat Core UIT-Cexi- Thick Core 

Formulation Comp. tering ness, To Diam., ?& 

TABLE V1 .-OPTIMUM HARDNESS RANGE FOR 
ENTERIC COMPRESSION COATED TABLETS 

Optimum Hardness Kange, Kg. 

Dihydrate Barium 
and Lactose Sulfate 

KO. Coat Formulation Coresa Coresa 
1 CAP 4-6 4-6 

Calcium 
Sulfaie 

2 PVM/MA 169 24-25 15-18 
3 PVAc-C-H 24-25 22-2-5 
4 PVAc-C-L 24-25 22-25 

The compositions of the core tahlets are given under 
Expeuinzentd. 

Friability.-The friability of the tablets was de- 
tcrmincd in a 5.5-in. diameter baffled cylinder, 
revolving at 50 r.p.m. (6). A loss in tablct weight 
of less than in 20 tablets for 100 rev. was not 
considercd significant. At their optimum hardness 
range, none of the tablets were friable, according to 
this tcst. 

Weight Variation.-The enteric compression- 
coated tablets as well as the cores mere found to 
vary less than 17, in weight. 

Horizontal Expansion and Centering of Cores.- 
i\t a niacliinc speed of 2% tabletslmin. and with 
the same die fill arid pressure settings, 1.500 tablets 
o f  thc 4 successful coat formulations with lactose 
and calcium sulfate corcs were collected and ob- 
served for visible off-centering. The percentage 
increase in diameter and decrease in crown thickncss 
of a sample of the sectioned exposed cores of the 
coated tablets wcrc compared with uncoated cores 
(Table VII). In  every case, the calcium sulfatc 
cores underwent less dislocation but demonstrated a 
greatcr decrease in crown thickness than did the 
lactose cores. Core composition appeared to havc 
a much greater effect on centering properties than 
did the polymer coat formulation. 

Minimum Coat Thickness.-Cores with an 
average weight of 120.0 mg., average dianietcr of 
7.93 mm., and an avcrage crown thickness of 3.20 
mrn. were compression coated with varying tliick- 
-~ ~ ~~~ 

1 W. C .  Dillon and Co., Inc.. Van Nuys, Calif. 

CAP Lactose 7 2 24 03 2 11 
CAP CaS04 5 0 31 99 2 40 
PI.M/MA 169 Lactose 7 5 15 37 3 15 
PVMIMB 169 CaS04 6 0 31 28 1 15 
P'I'Ac-C-H Lactose 5 18 20 I1 1 Fi0 
P'I'Ac-C-II CaSOj 2 2 2.5 52 7 00 
PVAc-C-L Lactose 5 0 13 -11 3 39 
I'VAc-C-I, CaS04 2 2 31 29 2 14 

iiesses of the 4 different coat Fortnulntions, keeping 
the hardness of the coated tablets within thc opti- 
mum range for each coating. The tuinimuni coat 
thickness required to give adequate entcric protec- 
tion by in oitro standards was 1.3 nmi. for all forriiu- 
lations. 

Storage Stability Tests.-The final tablet furmu- 
l a t h s  of each polymer with the core compositions 
were stored in capped bottles a t  50 f I", 25 f 2", 
and 2 f 1" for a period of 8 wceks. Thc ia zlitro 
disintegration properties of none of the 4 final 
tablet formulations were affected by any of the above 
storage conditions. The tablets, enteric coni- 
pression-coated with PVAc-C-H and PV.4c-C-L 
formulations progressivcly incrcascd in hardncss 
by 5 to 10 Kg. wheti stored for 8 weeks at  50". 
This increase in hardness did not affect the dis- 
integration properties of the formulations. 

In Vim Evaluation5 
The preliminary in, v i zw  evaluation of the entcric 

compression coated tablets was based on an X-ray 
examination of the tablets in the gastrointestinal 
tract of human voluntecrs, using 3 to 5 volunteers for 
each coat formulation. 

The second 
tablet was adniiriistered 2 to 3.5 hr. after the first 
tablet, and the third tablet was administered 1 to 3 
hr. after the second tablet. The first and third 
tablets were of the same size and the second was of 
a different size (3/8-i~1. arid i/16-in. tablets with 0.25- 
in. and 5/16-in. barium sulfatc cores, respectively). 
The radiographs were taken at  calculated intervals 
after localization of the tahlets using a Fluoricon 
image intensifier. Figures I to 4 are photographic 
reproductions of the X-ray films as they appear on a 
vicwcr. 

CAP formulations were found to  bc intact in the 
stomach ol human volunteers as long as 4 hr. niid 
15 niin., while PVAc-C-L and PVAc-C-I1 tablets 
were found intact as long as 4 hr. and 33 min. and 
4 hr. and 25 min., respectively, following adtninistra- 
tion. In  the intestinal tract, CAP Cormulations 
were found to disintegrate within 6 hr. and 45 min. 
total time following administration, while W A C -  
C-L and PVAc-C-I1 tablets were found to disinte- 
grate within A hr. and 45 min. and 7 hr. and 30 riiin. 
or less, respectively. 

Each volunteer was given 3 tablets. 

5 The authors are indebted Lu llr. P. L. I l 'cbstcr .  Radi- 
ologist, and Mr. James Barhre, Student Health Center. 
Purdue University, for their help in this study. 
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I n  the case of tablets enteric corripression-coated 
with PVM/MA 169, 1 tablet was found broken in 
the stomach after 6 hr. and 25 rnin. in 1 voluntecr, 
but 4 tablets were found to be intact in the intestinal 
tract of othrr subjects where the disintegration 
time appeared to be 6 hr. and 35 min. or less. 
Thus, this formulation appears t o  have an eriteric 
coating potential. The failurc of 1 of the tablets in 
the stomach is due to  the slow swelling ratc of this 
polymer at gastric pH arid the unduly long sojourn 
of the tablet in the stnmach. 

DISCtJSSION 

In this study, the respective polymers (Table I j 
were dry mixed with the coat diluent and granulated 
with an organic solvent system (Table 1V)  in which 
the polymer was solublc. This simple reproducible 
granulation-polyiiier incorporation method had the 
potential advantage, in addition to  circumvetit- 
ing a formal coating step, of permitting the con- 
venient uniform incorporation of higher proportions 
of polymers with much less solvent than would be 
fcasible if the polymer was added in solution form. 

The main objective of an eiiteric compression 
coating is t o  produce a strongly bonded coat layer 
over the core, without cracks or flaws, so that  the 
coat will resist the penetration of gastric fluid and 
leaching of the core ingredients. This study in- 
dicated that  this objective can be approached using 
the direct coat granulation method described and 
the following principles. 

Use of materials which weaken the inter- 
particular boiid. Shotten and Ganderton (7) 
refer t o  such materials as interparticular bonding 
agents. An interparticular bonding agent produces 
a strongly bondrd tablet thcrcby minimizing prc- 
mature intergranular corrosion and coat failure. 
111 this application interparticular bonding ageuts 
were sought which were also enteric. 

( b j  Use of a “granule binder.” This serves as a 
strong adhesive material and holds the granules 
together during exposure to  gastric fluid. 

( c )  Removal of fines and fine granules. Petch 
(8) has reported that a coarser granule fraction gave 
a stronger bond. 

One nf the critical factors in this study, in addition 
to the selection of the polymeric material, was the 
role played by the nonpolymeric coating dilucnt in 
determining the enteric characteristics of the coat. 
T o  visualize gastric fluid permeability into the com- 
pression coatings, tablets were sectioned following 

( u )  

Fig. 1 .-Film A, for cellulose acetate phthalate, 
illustrating second arid third tablets intact in tlic 
Ftotnach after 7 hr. atid 10 rriin. and 3 hr. and 10 
inin., respectively. 

Fig. 2.-Film Ad for cellulose acetatc phthalate, 
illustrating the third tablet disintegrating in the 
intestinal tract after 6 hr. and 50 min. 

Fig. 3.--Film F, for PVAc-C-H formulation, 
illustrating second and third tablets intact in the 
stoiriach after 4 lir. and 27 rriin. and 3 hr. and 22 
tiiit1 , respectively. 

Fig. 5.-A diagrammatic illustration of the 
probable structure of the successful eriteric com- 
pression coating layer. Key: A, matrix of par- 

Fig. 4.-~Film Dr for PVAc-C-H formulation, tially coated granules; B, bed of intergranular 
illustrating the first tablet disintegrating in the enteric bonding agent-granule binder mixture; 
intcstiiial tract after 6 hr. and 49 min. C, core. 



340 

varying periods of disintegration testing, and micro- 
scopically examined for soluble dye migration 
through the coat layer. Calcium sulfate dihydrate, 
due to its water absorbant character, drew test 
fluid into the coating resulting in coat failure. 
Lactose, though complctcly soluble, did not have 
the water-sorptive character of calcium sulfate, 
and was a satisfactory coat diluent in this study 
Microscopic examinations of tablet cross sections 
also indicated that enteric compression coatings 
were produced when the matrix of partially coated 
granules is bound by the intergranular cntcric 
bonding agent forming an impervious coat as illus- 
trated in Fig. 5 .  

The greater off-centering found with thc lactose 
cores in all of the compression-coated tablets, 
regardless of coat formulation (Table VII), is prob- 
ably related to the greater expansion of the lactose 
cores during recovery which accentuates the core 
dislocation (9). Experiments by Kaplan and Wolff 
(10) have shown that calcium sulfate dihydrate is 
more compressible than lactose under the same 
conditions 

Of thc 4 carboxyl-containing polymers evaluated 
in this study, 3 were subject to  slow swelliug or coat 
erosion in gastric fluid in oitro. The principle of 
enteric disintegration of PVM/MA 169, PVAc-C-H, 
and PVAc-C-L formulations appeared to be slow 
solubility a t  lower simulated gastric pH values and 
faster rates of solubility a t  higher simulated intestinal 
pH values. Bauer and Masucci (11) found that the 
disintegration of CAP coatings in intestinal contcnts 
of pH 6.9 is the result of the hydrolytic action of 
intestinal esterases In this experiment pancreatiu 
was found to have no influence on the disintegration 
of tablets compression coated with CrZP in intestinal 
fluids of pH 6 9 and 7.5 This probably is due to the 
modification of the enteric properties of the polymer 
by the plasticizer, triacetin. 

PVM/MA 169, which most quickly swelled in 
vitro was observed to fail in 1 subject in nrivo as an 
enteric coating. A partially esterified derivative 
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of the polymer (12, 13) with a slower dissolution 
rate would probably produce a more satisfactory 
cnteric coating. 

CONCLUSIONS 
A method has been developed for the incorpora- 

tion of slowly soluble polymer materials in a diluent 
by simple mixing and standard granulation pro- 
cedures to produce enteric compression coatings. 
The granulations thus produced with each of 4 
polymer materials when mixed with an intergranular 
enteric bonding agent, magnesium stearate, and an 
effcctive granule binder, polyvinylpyrrolidone, and 
compression coated at  an optimum hardness 
range was found to be enteric by in vitro disintegra- 
tion tests. Thc formulation factors, physical and 
tablet properties of the formulations, wcrc investi- 
gated for their effect on in vitvo enteric properties. 
In vivo evaluation using an X-ray technique and 
human volunteers indicated that 3 of the polymer 
systems studied were enteric and that the reported 
simplified method of polymer incorporation to 
produce enteric compression coatings is feasible. 
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Evaluation of Amylose as a Dry Binder 
for Direct Compression 

By K. C. KWAN* and GEORGE MILOSOVICHt 

Because of the economies of direct compression, there exists a need for good dry 
binders which will effect compression of drugs at relatively low filler-to-drug ratios. 
This paper reports an evaluation of amylose for this purpose. The  results on 
compression effects, physical properties, stability, and drug availability show that 

this material has the characteristics desired of the ideal binder. 

HE DEVELOPMENT of forced-feed mechanisms conimercial tableting by  direct compression (I). 
Tfor tableting presses and relatively free flow- The objective of direct compression is to  produce 
ing tablet excipients has stimulated interest in pharmaceutically elegant tablets with a minimum 

cannot be compressed directly, 1 or more agents 
must be added to impart suitable compression 
properties. Unfortunately, many of these addi- 
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effcctive granule binder, polyvinylpyrrolidone, and 
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range was found to be enteric by in vitro disintegra- 
tion tests. Thc formulation factors, physical and 
tablet properties of the formulations, wcrc investi- 
gated for their effect on in vitvo enteric properties. 
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human volunteers indicated that 3 of the polymer 
systems studied were enteric and that the reported 
simplified method of polymer incorporation to 
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TABLE I.-€'ROPERTIES OF AMYLOSE-BASED TABLETS 
- ~ ______-__ - ~~ ~~~ 

- ----- ~ - ~ ~~ ~ ~ 

Amylnse, ?,; Other Wt. \rariation,d 
Drug of ToLal Addilives Llisinlejii-ation" Hardness I:! iability Gm. 

Asp iri t i  20 160 st 47 4 8 f 1 . 2  0 .4  0.234 f 0.004 
Sodium PAS 55 5% Talc' >1800 5 . 9  f 1 . 6  0 . 2  0.238 j= 0.004 
Ascorbic acid 55 5yu Talc 74 f 36 5 . 7  f 1.8 0.3 0.232 f 0.006 
Sulfathiazole 59 1% Stearic acid 43 =k 6 5 . 7  f 1 .6  0 .3  0.220 f 0.008 
Sodium phenobarbital 62 3'9; Stearic acid 969 f 336 4 .  I f 1 . 4  0 .5  0.210 f 0.004 
Phenacetin 80 . . .  148 f 22 4 .3  f 1 . 2  0 .6  0.209 f 0.004 

___ 
U.S.P. test without disks sec. & 2 S.E., 12 tablets. "Pfizer, K s .  1 2  S.E., 20 tablets. 'Roche Pi-iabulatoi-, "/o on 6 Gm. 

of tatilets. J Mean =t2  s.E.,' io tablets. 

tives are either too costly or react with the active 
ingredients to  decrease stability. Also, the ratio 
of these fillers to  the drug necessary to  effect 
compression may preclude use with higher dosage 
drugs. 

The amylose used in this study1 is un- 
usual in that  it can be tablcted directly into 
pharmaceutically acceptable tablets. It is frcc- 
llowing, sclf-lubricating, and self-disintegrating so 
that  it, by itself, functions as the filler, lubricant, 
and disintegrant. Since aniylose is composed of 
large molecular weight polymcrs of glucose at- 
tached through 1-4 linkages, it has a minimum of 
reducing groups; thus, it should have very little, 
i f  any, reactivity with drug molecules. I t  does, 
however, require about 10-12y0 moisture for 
optimum compression and may be unsuitable for 
use with drugs subject to hydrolytic decomposi- 
tion. 

It was the purpose of this investigation to  
evaluate this amylose for its potential useful- 
ness in direct compression applications. 

EXPERIMENTAL 

Six drugs known to be diiiicult t o  compress di- 
rectly were selected for this study. Sulfathiazole, 
sodium p-aminosalicylate, ascorbic acid, sodium 
phenobarbital, phenacctin, and aspirin either do riot 
form tablets of adequate hardness when compressed 
directly or form tablcts with poor weight variation. 
Each of these materials, received from their respec- 
tive suppliers as U.S.P. or N.F. grade, was mixed 
with an equal arnount of atnylose for 5 min. 
in a twin shell blender (Patcrson-Kelly model 
LB2630). The resulting mixes then were tablcted 
,nil a Colton 216 using 5/ls-in. standard concave 
:punches and the standard feed frame. ,411 tablets 
'were prepared at  maxirrium pressure obtainable with 
this press. Appropriate changes in the 1 : 1 formuka 
were then made to establish the minimum amylose- 
to-drug ratio necessary for suitable tablets. The re- 
sulting tablets were tested for disintegration, hard- 
ness, friability, and weight variation. 

To assess the possibility of classification and bridg- 
ing in these powder mixes, weight variat.ion and drug 
content were dctermined on samples removed 
periodically during tableting of a full hopper (2.0 
Kg.) of mix. Aspirin, 300-mesh powder and 40- 
mesh crystals, and ascorbic acid, 200-mesh powder 

1 Ncpol amyluse, pharmaceutical grade, a development 
product of the A. E. Staley Manufacturing Co., Decatur, 111. 

.~ 

TABLE II.-WEIGHT AND DRUG COXTENT VARIATION 

Sample Time, 
min. Wt., Cm. 

Ascorbic Acid Powder 
0- 1 0.229 f 0.006 

16- 17 0.232 f 0.004 
24-25 0.233 f 0.005 
32-33 0.233 f 0.006 

Ascorbic Acid Crystal 
0-1 0.254 f 0.008 
8-9 0.253 f 0.007 

16-17 0.253 =k 0.006 
24-25 0 . 2 5 1 3 ~  0.008 

0-1 0.232 f 0 . 0 0 4  
16-17 0.240 f 0.004 
32-33 0.230 =!= 0.003 
40-4 1 0.238 f 0.003 

Aspirin Powder 

Aspirin Crystal 
0-1 0.246 f 0.007 

12-13 0.252 f 0.006 
28-29 0 . 2 4 8 f 0 . 0 0 7  
36-37 0.342 + 0.010 

Urug, 70 

40.4 
40.2 
40.3 
40.6 

42.3 
41.7 
41.6 
42.5 

78.9 
77.8 
78.0 
79.5 

78.1 
78.0 
78.1 
78.1 

TABLE III.-RELATIVE STABILITY OF AMYLOSE AND 
COMMERCIAL ASCORBIC ACID TABLETS 

_. 
7 ~~ -T.w Values, Days 

Temp.. -----75% R . H . 7  ,--45Y0 R . H . 1  
*C. Amylose Control Amylose Control 
55 37 20 6 6 
45 15 15 5 5 
37 43 43 16 I6 

and 40/80-mesh crystals, were chosen to represent 
the range in particle sizes and amylose-to-drug ratio 
used in this investigation. 

A4spirin and ascorbic acid tablets were chosen also 
to test the effect or arnylose on chemical stability. 
These and comrncrcially available tablets were 
powdered using a mortar and pestle and were stored 
in loosely capped vials at 3 elevated temperatures 
and 2 relative humidities. The sample vials were 
arranged randomly in each desiccator and were 
withdrawn in a raridoni manner to eliminatc possible 
bias due to variation in storage conditions. Periodic 
assays were conducted using the U.S.P. method for 
acetylsalicylic acid tablets (2) and thc method of 
Barakat et al. ( 3 )  for ascorbic acid. 

To estimate the effect of aging on physical prop- 
erties, tablets of each drug were stored in tightly 
capped amber bottles at 55' for 24 days, and their 
respective hardness, friability, disintegration time, 
and appearance were re-evaluated. 
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TABLE IV.-EFFECT OF AGING AT 55'C. FOR 24 DAYS ON PHYSICAL PROPERTIES 

Disintegration Time, 
Hardness, Kg. zk 2 S.E. sec. i 2 S.E. Friability, Yo Appearance after 

1)rug Before After Before Aftei- Hefore After Storage 
Aspirin 4 .8  i 1 . 2  7 . 2  f 1 . 6  160 =!= 47 32 f 30 0 . 4  0.4 Needle crystals of sali- 

cylic acid on cap and 
neck of bottle 

Ascorbic acid 5 . 7  f I. 8 4 .8  =I= 1.8 74 f 36 52 f 26 0 .3  0 . 5  Discolored 
Sulfathiazole 5 .7  f 1 . 6  6 . 3  f 1.6 43 d= 6 220 f 132 0 . 3  0.4 N o  visible change 
Sodium 4 . 1  =k 1 . 4  2 . 8  =k 1 .2  969 f 336 861 f 56 0 . 5  1 . 0  Discolored 

phenoharhi tsl 
Phenacetiii 3 . 4  f (J.5 4 . 3  f 1 4 333 f 53 

loo r 

4 8  24 
TIME, hr. 

Fig. 1.-Cumulative urinary excretion of salicyl- 
ates following ingestion of amylose and comniercial 
aspirin tablets. Key: -0-, average of 8 sub- 
jects, amylose tablets; --o--, average of 8 subjects, 
commercial tablcts; vcrtical lines, ranges of indi- 
vidual values obtained. 

100 + 

4 8  24 
TIME, hr. 

Fig, 2.-Cumulative urinary excretion of aro- 
matic amines lollowing ingestion of amylose and 
commercial sodium p-atninosalicylate tablets. Kcy : -*-, average of 8 subjects, amylose tablets; 
--o--, average of subjects, commercial tab- 
lets; vertical lines, ranges of individual values 
obtained. 

tispiriri and sodium p-aminosalicylate tablets 
were chosen for investigation of drug relcasc from 
aniylose-hascd tablets. These tablets represented 
the 2 extremes in the in citvo disintegration test. 
Eight apparently healthy males werc used in a cross- 
over experiment, and urinary excretion data were 
obtained follnwitig controlled ingestion of test arid 
commercially available control tablets. Prior to 
breakfast, each subject voided completely and was 
given 240 nil. of water. One hour latcr the subjects 
voided and were given their respective doscs with an 
additional 240 ml. of water. They were then 
allowed to eat regular meals comtiiencing 1 hr. after 

422 f 80 0.6 0 8 No visible change 

dosing-. Urine samples w-ere collected at  0, 1, 2, 4, 
8, and 24 hr. for assay. Aspirin was determined on 
the basis of total salicylate content using Trindcr's 
reagent, and sodium p-aminosalicylate by the 
method of Way et  al. (4) for aromatic amities. 

RESULTS 

Amylose to Drug Ratios.-Table I gives the re- 
sults obtained with the 6 test drugs. Acceptahlc 
tablets were obtained with each drug, although the 
proportion of amylose required varicd from 200/'0 for 
aspirin to 80% for phenacetin. The physical prop- 
erties would be considered statisfactory for pharma- 
ceutical application except for the relatively poor 
disintegration of sodium p-aminosalicylate. This 
was attributed to the basicity of this conipourid 
which may be sufficient to dissolve amylose to forin 
a viscous gummy coating at  the tablet suriace re- 
tarding further penetration of watcr. From these 
results it appears that amylose can be used to effect 
successful direct compression of evcn the most difti- 
cult materials. I t  is expected that the amount of 
arnylose required will depend on thc inherent com- 
pression characteristics of a drug and that minimum 
amounts of arnylose will suffice for drugs approaching 
aspirin in compression properties. 

Weight and Drug Content in Extended Operation. 
--The data obtained from tablets made during ex- 
tended operation in which the pressure and fill sct- 
tings were held constant are given in Table 11. The 
constancy of tablet weight and drug content during 
the time required to empty the hopper is a strong- 
indication that classification was not prevalent for 
these mixes. Since these mixes represent wide ratigcs 
in both particle size arid amylose-to-drug ratio, it is 
expected that classification will not be a problem 
with most amylose-drug mixes. 

Stability -Considering that amylose contains 10- 
12yo water and can absorb considerably more a t  high 
humidity, i t  was cxpectcd that amylosc would ac- 
celerate the hydrolytic degradation of aspirin. The 
results of this study showed, however, that even at  
75y0 R.13. and 55", amylose-based aspirin was 
equivaleiit in stability to thc control. Since there 
was much more water in the arnylose system, it 
appears that this water was bound tightly and not 
free for reaction. 

The ascorbic acid powders exhibited considerably 
morc decomposition than was evidenced with as- 
pirin. Table I1 1 gives the T.so values for the various 
storage conditions. It is known that ascorbic acid 
degradation is very complex and no attempt is made 
to interpret these results. The important considera- 
tion is that there was no significant difference in 
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stability betwccri arriylose arid the cornmercial cow CONCLUSIONS 
trol. 

Thc results of accclimlctl agiiig on arnyhse-based 
tablets are shown in Table IV. It can bc seen that 
physical stability was relatively good, even in  cases 
whcrc chemical dccornposition was marked. Al- 
though changes in hardness, disintegration, and 
friability occurred, they were still well within the 
limits for acceptable tablets. Data on sodium p -  
aminosalicylate tablets are not included since this 
compound degraded to such an extcnt that  the tab- 
lets were destroyed under the coriditions of this test. 

Drug Availability.-The results of thc availability 
cxperirnents are shown graphically in Figs. 1 and 2, 
where the mean and range of cumiilative urinary 
excretion are plotted for each time period. I t  can be 
seen that wen for the sodium p-ainitiosalicylate 
tnblcts showing poor in vitro disintegration the 
availability is essentially the same as for the control. 
Apparently the viscous surface film which retarded 
in z1iti.o disintegration was mechanically eroded in 
the gastrointestinal tract. 

I t  appears, frorn the results of this investigation, 
that aniylose merits serious consideration for use as 
a direct cornprcssion tablet binder. In the form 
used in this study it can efiect compression of prob- 
lem drugs a t  relatively low concentration and yields 
tablcts possessing the characteristics desired for phar- 
maceutical use. Although each drug formulation is 
unique and must be thoroughly tcstcd, there is every 
indication from these results that successful appli- 
cation can be obtained. I t  should be pointed out 
that these results relate only to this particular amy- 
lose and may  riot ertrapnlatc to other atnyloses or 
amylose derivatives. 

KEFEKENCES 
( 1 )  Milosovich, C., O ~ L S  C o s m ~ l i c  I s d . ,  92, 567i1963). 
(2) “United States Phartnacopeia,” 16th rev., Mack Pub-  

(3) Barakat, M. Z., El-Wahab, M. F. A,, and El-Sadi-, 

(4) Way, E. L., Smith, P. K., Hoaie, D. I-., Weiss, R., and 

lishing Co., Easton, Pa., 1960, p. 20. 

M. M., Annl Chem., 27, 536(1955). 

Swanson, R., J .  Phar.tnncoZ. ISzfitl. Thevufi.,  93, :308(1948). 

Notes- 

New Drugs in Xanthine Derivatives XXVI. 
Pyridylthioethyl Derivatives of Theobromine and 
Theophylline, and Products of Their Oxidation 

By M. ECKSTEIN and J, SULK0 

The synthesis of new 1- or 7-pyridylthioethyl- 
dimethylxanthines and their oxidation 
products (sulfoxides, N-oxides, and sulfones) 

are described. 

, among previously synthesizcd theo- SEVERAL phylline ( 1 ) and theobrominc (2) derivativus 
containing in the side-chain -S, -SO, ---SO2 
groups, displayed interesting pharmacodynamic 
properties (3,  4). Compounds of the alkylthioether 
type are more hypotcnsivc and less toxic than 
aniinopliylliue. Water-soluble arylalkylsulforide 
derivatives appear to be active diuretics and their 
therapeutic index more Iavorable than aniirio- 
phylline. The authors werc interested in the sym- 
thesis of new sulfur derivatives of diniethylraiitliiiies 
containing pyridyl rest in  tlic side-chain. Among 
;-substituted theophyllines, only a few compounds 
with a pyridine ring of type A are known. 

Jucker et al. (5) patented 7-(pyridylL4’)-theophyl- 
line ( A ,  n = O), arid 7-(picolyl-3’ and 4’)-theophyllinc 

0 

I cl$:3 n = O , l ,  2 

h 

B 

T = 7-Theophyllinyl, resp. x = --s, --so, -so, 1-theohrorninyl rcst. 

(A,  n = 1) as the reaction products of sodium theo- 
phylline with 4-chloropyridimc or picolyl chlorides, 
respectively 7-p-( 2’ and 4’-Pyridylethyl) theophyl- 
lines were obtaiiird in the reactions O F  pyridyleth- 
ylation. 

Tn this papcr the synthesis of compounds of type 
B is described in which pyridine is coupled with the 
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indication from these results that successful appli- 
cation can be obtained. I t  should be pointed out 
that these results relate only to this particular amy- 
lose and may  riot ertrapnlatc to other atnyloses or 
amylose derivatives. 
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Notes- 

New Drugs in Xanthine Derivatives XXVI. 
Pyridylthioethyl Derivatives of Theobromine and 
Theophylline, and Products of Their Oxidation 

By M. ECKSTEIN and J, SULK0 

The synthesis of new 1- or 7-pyridylthioethyl- 
dimethylxanthines and their oxidation 
products (sulfoxides, N-oxides, and sulfones) 

are described. 

, among previously synthesizcd theo- SEVERAL phylline ( 1 ) and theobrominc (2) derivativus 
containing in the side-chain -S, -SO, ---SO2 
groups, displayed interesting pharmacodynamic 
properties (3,  4). Compounds of the alkylthioether 
type are more hypotcnsivc and less toxic than 
aniinopliylliue. Water-soluble arylalkylsulforide 
derivatives appear to be active diuretics and their 
therapeutic index more Iavorable than aniirio- 
phylline. The authors werc interested in the sym- 
thesis of new sulfur derivatives of diniethylraiitliiiies 
containing pyridyl rest in  tlic side-chain. Among 
;-substituted theophyllines, only a few compounds 
with a pyridine ring of type A are known. 

Jucker et al. (5) patented 7-(pyridylL4’)-theophyl- 
line ( A ,  n = O), arid 7-(picolyl-3’ and 4’)-theophyllinc 

0 

I cl$:3 n = O , l ,  2 

h 

B 

T = 7-Theophyllinyl, resp. x = --s, --so, -so, 1-theohrorninyl rcst. 

(A,  n = 1) as the reaction products of sodium theo- 
phylline with 4-chloropyridimc or picolyl chlorides, 
respectively 7-p-( 2’ and 4’-Pyridylethyl) theophyl- 
lines were obtaiiird in the reactions O F  pyridyleth- 
ylation. 

Tn this papcr the synthesis of compounds of type 
B is described in which pyridine is coupled with the 
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T-CH2-CH2-X f n’a-S-Py --f T-CH2-C€I~-S-Py + 
Na -S- -CH?--Py 

I, 11, 111, IV, VIII, IX 

I 
/%\ 

T-CHI-CH,-SO--P~ + T-CH~--CH~--SO~-PY 
1 

T--CHz-CH? -S-CHz-Py 
XI11 V, VI, V I I  x, X I ,  XI1 

T = the 7-Theophyllinyl; resp. 1-theobrominyl rest. 
X = CI, Br 

I ,  V,  X, T = Tb,  Py = 2-pyridyl 
11, T = Tb,  Py = 4-pyridyl 
V l I I ,  T = l’h, Py = 2-pyridyl iV-oxide 

111, 1‘1, X I ,  T = Th, Py = 2-pyridyl 
IV, V I I ,  XI I ,  T = Th, Py = 4-pyridyl 
IX, T = Th, Py = 4-pyridyl N-oxide 

XI l I ,  T = Tb, Py = 3-pyridyl 

Schemc I 

xanthine system through an aliphatic chain con- 
taining sulfur as the thioether, sulfoxy, or sulfonyl 
group. The presence of a pyridyl group in thcse 
compounds intensifies their basic character in 
cornparison with previously described sulfur- 
containing xanthine dcrivatives (1, 2). 

The authors obtained 2- and 4-pyridylthioethyl 
derivatives of theobromine, and theophylline (I-I\‘) 
through condensation of 1-p-chloroethyltheobromine 
or 7-p-bromoethyltheophylline with sodium salts of 
2- or 4-mercaptopyridines in anhydrous ethanol 
solution. Compounds 1-11’ arc colorless, crystallinc, 
easily soluble in alcohols, well soluble in dilute 
mineral acid solutions, and less soluble in water. 
They give stable picrates. By oxidation of I, 111, 
and IV with an equimolar quantity of hydrogen 
peroxide in glacial acetic acid a t  roo111 temperature, 
V,  VI, and VII were formed. From comparison of 
physicochemical properties of V, 1’1, and VII with 
those of isomeric N-oxides (VIII and IX), it can be 
concludcd that the former have a sulfoxide grouping. 
1‘111 and IX were prepared in an unambiguous way, 
in the reaction of halogentoethyl derivatives of theo- 
bromine resp. theophylliiie with the well-known 2- 
mercapto (6) or 4-mercapto-pyridine N-oxides (7). 
It is also in accordance with observations of other 
authors t h a t  in the oxidation conditions used, the 
pyridine N-oxides are formed only on heat (8-10) 
whereas the S-oxides are formed readily a t  room 
temperature. Alkyl-pyridyl sulfides give, by oxida- 
tion with hydrogen peroxide in acetic acid or with 
perbenzoic acid, the respective sulfoxides (6,  11). 
Taking into account the fact that purines are either 
degradated or unaffected by hydrogen pcroxide ( 12), 
it  may be assumed that purine A-oxides are not 
formed in the applied conditions of oxidation. Com- 
pound V I  (Amax. 2 i 2  mp, log B 5.04) and IX (Amax. 291 
mp, log E 5.71) showed no absorption band at -230 
nip, which is characteristic for purine N-oxides (in 
neutral or alkaline solution) (13, 14). Similar re- 
sults were obtained by U.V. examination of hydrogen 
peroxide oxidation products of sulfides I and IV. 
This supports the presence of a sulfoxide group in 
compounds V, VI, and VII. When, for the oxida- 
tion of I, I l l ,  and 1x7, an excess of hydrogen peroxide 
was used under analogous conditions the sulfonyl 
compounds (X, XI, XII) were obtained. The 
latter can be prepared also by oxidation of the cor- 
responding sulfoxides. Sulfones ( X ,  XI, X I I )  in 
thescries of sulfide-sulfoxide-sulfone, have the highest 
melting points. X, XI, and XI I ,  are readily soluble 
in ethanol and insoluble in water. Moreover, the 

condensation of pyridine-3-methanthiol ( 15) with 1- 
P-chloroethylthcobromine carried out in  a manner 
analogous to compounds I-IV gives l-p-(pyridyl-X’- 
methyl)-thioethyltheobromine (XI1 I ) ,  with a reln- 
tively low melting point.’ 

Analyses are reported in Table I. 
EXPERIMENTAL2 

l-P-(2’-Pyridyl)-thioethyltheobrornine (I).-To a 
solution of 0.23 Gm. (0.001 mole) of sodium in 20 
ml. of absolute ethanol, 1.11 Gm. (0.01 mole) of 
hncrcdptopyridinr (16) and 2.42 Gm. (0.01 mole) 
of 1-6-chloroethyltheobromine (17) were added, and 
the mixture was refluxed for 10 hr. The solvent was 
evaporated under reduced pressure, and the residue 
was crystallized from ethanol to obtain colorless 
needles, 1~1.p. 197”. Picrate, m.p. 185’ (from 
ethanol). 

1-~-(4’-Pyridyl)-thioethylthcobromine (11), 7-p- 
(2’-pyridyl)-tliioethyltheophylline (111), and 7-p- 
(4’-pyridyl)-thiocthyltheophylline (IV) were ob- 
tained similarly. 

1-p-(2’-Pyridy1)-sulfoxyethyltheobromine (V).- 
To a solution of 0.95 Gm. (0.003 mole) of l-p-(2’- 
pyridy1)-thioethyltheobromiiie ( I )  in 10 ml. of 
glacial acetic acid, 1 drop of sulfuric acid solution 
and 0.34 ml. (0.003 mole) of 30yn hydrogen peroxide 
were added. The mixture was allowed to  stand for 
3 days a t  room temperature. Acetic acid thcn 
was evaporated in vacuo, and the residue was 
crystallized from iOOi,,  ethanol to obtaiu colorless 
needles, m.p. 181”. 

Similarly, thc sulfoxides (V1 arid VII) were ob- 
tained from I1 and I I I ,  correspondingly. 

I-p-(2’-Pyridyl)-sulfonylethyltheobromine (X).-- 
Method A,-To a solution of 1.19 Gm. (0.006: mole) 
of 1 -p-(2’-pyridyl)-thioethyltlieobromiIie ( I )  in 20 
nil. of glacial acetic acid, 1 drop of sulfuric acid in 
acetic acid solution (10 ml. of acetic acid + 2 drops 
of concentrated sulfuric acid), and 1.4 ml. (0.012 
mole) of SOYo hydrogen peroxide were added. The 
mixture WRS kept a t  room temperature for 3 days. 
After vacuum evaporation of the acetic acid, thc 
rcsiduc was crystallizcd from 50% ethanol, and a 
colorless product, m.p. 21 ti”, was obtained. 

I It is pi-nhably due to t h e  presence of a mrthylene bridge 
hetween the pyridine ring and sulfur. Similarly, 7-7- 
picolyltheophylline has a lower melting point than 7-7- 
pyridinetheophylline (5). 

2 Melting points were determined by the open capillary 
tube method and are not corrected. The analyses were 
done by T.  Kulawik and 2. Pasternak from this laburatory. 
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T A B L E  1 .-PYRIDPLTIIIOETIIYL DERIVATIVES OF THEOBROMIXE AND THEOPHYLLINE 

No. 
I 

I1 

I11 

I V  

v 
v I 

VI I  

vm 
IX 

x 
XI 

XI1 

XITI 

'r 0 

Tb 

Tb 

T h  

Til 

Tb  

Th 

Th 

T b  

T I1 

TI) 

Th 

Th 

T b  

X 
S 

S 

S 

S 

so 
so 
SO 

S 

S 
SO2 

SO, 

so, 
S 

2-PyridyP 

4-Pyridyl 

2-Pyridyl 

4-Pyridyl 

2-Pyridyl 

2-Pyridyl 

4-Pyridyl 

2-Pyridyl 
A'-oxide 
4-Pyridyl 
iV-oxide 
2-Pyridyl 

2-Pyridyl 

4-Pyridyl 

3-Picolyl 

M.p., " C . ,  
Solv. for 

Kecrystn. 
195-197" 
Ethanol 
174-175" 
Ethanol 
17&1'71" 
Ethanol 
183-18.5' 
Ethanol 
181" 
Ethanol 
16.51H'i0 
Ethanol 
204-206O 
80% lithanol 
200-201 " 
Ethanol 
220-221 
Ethanol 
2 14-2 16 
Ethanol 
193-19 4 " 
50'5 Ethanol 
205-208" 
SO(,% Ethanol 
123 -124" 
Ethanol 

Formula, 
Mol. Wt. 

c~aH~sP\'r,oaS 
317.36 
ClaHisNeO2S 
317.36 

Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 
Calcd , 
Found 

~ Anal.- 
H c 

53.04 
53.64 
53.04 
53.13 
53.04 
52.86 
53.04 
53.15 
50.49 
$9.96 
50.49 
50.31 
30.49 
50.20 
50.49 
50.17 
50.49 
30 56 
48.18 
48.18 
48.18 
47.62 
48.18 
48.63 

4.77 
5.03 
4.77 
5.00 
4.77 
4.90 
4.77 
5.21 
4.54 
4.45 
4.54 
4.73 
4.54 
4.93 
4.54 
4.49 
4.54 
4.32 
4.33 
4.52 
4.33 
4.08 
4.33 
4.01 

N 
22.09 
22.30 
22.09 
22.53 
22.09 
22.26 
22.09 
22.40 
21.03 
20.78 
21.03 
20.91 
21.03 
21.15 
21.03 
20.72 
21.03 
20.72 
20.07 
20.15 
20.07 
20.33 
20.07 
20.53 
21.21 
21.49 

" T =  the 7-theophyllinyl, resp. I-thcobrominyl rest. "Pici-ate m.p. 185' from ethanol. And-Calcd. for CznHlsOeNaS: 
(1, 43.87, H. 3.33. Found: C, 43.Y7; H, 3.50. 

The sulfones (XI and XII) were prepared similarly. 
Method B.-To a solution of 0.5 Gm. (0.0015 

mole) of l-p-(2'-pyridyl)-suIfoxyethyltheobromine 
(V)  in 20 ml. of glacial acetic acid with the catalytic 
amount of sulfuric acid, 0.2 ml. (0.0018 mole) of 30% 
hydrogen peroxide was added, and the mixturc kcpt 
a t  room temperature for 2-3 days. After evapora- 
tion of acetic acid in vucuo, the residue crystallized 
from 507L ethanol yiclded the product, 1n.p. 215'. 
No melting point depression was found for a mixturc 
of the 2 products. 

N-Oxideof 1-p-(2'-Pyridy1)-thioethyltheobromine 
(InII).-A solution of 0.23 Gm. (0.01 mole) of 
solium and 1.2'7 Gm. (0.01 mole) of 2-mercapto- 
pyridine LV-oxide (6) in 25 rnl .  of ethanol was 
added dropwise to a boiling solution of 2.42 Gin. 
(0.01 mole) of 1-p-chlorocthyltheubromine in 25 ml. 
of ethanol. Heating was continued for 4 hr.; 
the hot solution was filtered and then cooled. Thc 
precipitate recrystallized from ethanol yielded the 
product, m.p. 201'. NOxide of 7-8-(4'-pyridyl)- 
thioethpltheophylline (IX) was obtained in thc 
above manncr by condensation of 7-p-bromoethyl- 
theophylline ( 18) with 4-mercaptopyridine Noxide 
(7) in ethanolic sodium ethoxide solution. 

1 - p - (Pyridyl - 3' - methyl) - thioethyltheo- 
bromine (XIII).--To the solution of 0.23 Gm. (0.01 
mole) of sodium and 1.23 Gm. (0.01 mole) of 3- 
mercaptomethylpyridine (16) in 20 ml. of ethanol, 
2.42 Gm. (0.01 mole) of 1-p-chloroethyltheobromine 

was added, and the mixturc was heated under reflux 
for 8 hr. The solvent wits evaporated under rc- 
duccd prcssure, and tlic residue was crystallized 
from ethanol to obtain a colorless product, m.p. 
124". 
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Oxygen Flask Method for Iodine Determination in Thyroid Protein 
By W. F. DEVLIN and SAKAH P. ROSS 

Nitrogenous oxidation products formed during the combustion of thyroid powder 
give rise to  an appreciable error in the oxygen flask method for total iodine as de- 
scribed in the British Pharmacopoeia. This error can be reduced to  negligible 
proportions by the use of a sulfamic acid reagent and an increased period of stirring 
of the combustion residue before the addition of excess iodide and titration with 

thiosulfate. 

HE OXYGES flask combustion method as applied T to halogen determination in organic material 
(1) was modified by Vickers and Johnson (2) for 
the analysis 01 iodine in certain pharmaceuticals. 
More recently this mcthod has been adopted by the 
British Pharmacopoeia ( 3 )  for iodine determina- 
tion in thyroid. \Tickers and Johnson mentioned 
that the presence of nitrogenous oxidation products 
in their method was undesirable. This communica- 
tion describes the magnitude of the error thus 
caused in thyroid iodine mcasurements and assesses 
the effectiveness of sulfamic acid as used by Backer 
(4) to  eliminate it. 

EXPERIMENTAL 

Equipment.--A Thomas-Lisk combustion flask, 
black wrappers with fuse, magnetic stirring ap- 
paratus with Teflon covered bar and ring as supplied 
by A. H. Thomas Co., Philadelphia, Pa., or similar 
equipment. 

Reagents.-Prepare reagent solutions as de- 
scribed by Vickers and Johnson (2), using watcr 
which has been distilled over alkaline permanganate. 

Bromine Solution.-Dissolve 100 Cm. of potas- 
sium acetate in glacial acetic acid, add 4 nil. of 
brominc, and dilute to 1 L. with glacial acetic acid. 

Sii&amic Acid.-Dissolve 4 Gin. of sulfamic acid in 
200 ml. of watcr. 

Sodium Thhiosulfate.-Standardize accurately t o  
about 0.005 N.  

Formic /lcid.-88‘%, HsCOa. 
Stavch Indicator.-0.5(x, in water. 
Procedure.-Accurately weigh an amount of 

thyroid containing 0.2-0.5 mg. of iodine and enclosc 
in a black paper wrapper. Use not more than 100 
mg. of protein material when combustion is to be 
performed in a 1-L. flask. With larger amounts, 
cornbustioti was often incomplete. -4dd 10 ml. of 
water and 2 nil. of N KaOH to the flask.’ Place the 
magnetic stirring bar in the bottom of the flask and 
thoroughly flush the flask with 1005% oxygen. After 
combustion of the thyroid powder, stir the residue 
for 16 min. rather than 5 min. as required in the 
R.  P. procedure. .4dd 5 ml. of bromine reagent and 
let stand for 2 min. Add 0.5 ml. of formic acid and 
flush out the broniine vapors with air. Carefully 
wash down the sides of the flask with 15 to 20 mi. of 
water, add 2 ml. of sulfamic acid reagent, and allow 
to stand a further 2 min. Finally, add 1 Gm. of 

Received November 12, 1965, from the Research Labora- 
tories Food and Drug TXrectorate Department of National 
Health and Welfare, Ottawa, Onta’rin, Canada. 

Accepted for publication December 28, 1965. 
1 With the use of a magnetic stirring apparatus and a 1-1,. 

round-bottom flask it has been found that the alkalinity and 
volume constituted by 10 ml. of water and 2 ml. of N NaOH 
is adequate to capture the iodine products of combustion. 
The B. P. procedure employs a 50-ml. volume of water in a 
2-L. flask and 2 ml. of N NaOH. I.:xcluding this minor de- 
parture, the term “B.P. method’’ in this text is as described 
in the “British Pharmacopoeia,” 1963, p. 835. 

crystalline potassium iodide to the f l a k  and titrate 
immediately with 0.005 N sodium thiosulfatc using 
starch indicator as the end point is approached. 

For combustion of standard amounts of o-monoio- 
dobeiizoic acid (MIB j accurately prepare alcoholic 
solutions containing about 10 mg. of MIB/rnl. 
Apply carefnlly measured aliquots of these solu- 
tions directly on thc black wrappers. Prepare dry 
mixes in mortars containing nicotinic acid and urea, 
rcspcctivcly, and 80-10U mg. of MIB/10 Gm. total 
weight. For the preparation of combustion packets 
weigh the dry mixes or thyroid powders directly 
on the wrappers, enclose, and place in the platinum 
basket with wick protruding. 

RESULTS A N D  DISCUSSION 

Carbon Dioxide and Iodine Determination.- 
There was no appearance of free iodine or cvidence 
ol erroneous recoveries of added iodate when, 
followiug the usual procedure, 100 tng. of lactose 
was burncd in a 120-mg. black paper wrapper. 
Carbon dioxide, and other oxidative residues which 
may result from the wrapper, did not therefore 
seem to produce an error. 

Nitrogenous Oxidation Products of Urea Com- 
bustion.-Urea, if i t  is clieniically pure, will yield 
only water, carbon dioxide, and nitrogenous oxides 
during combustion. Table I illustrates the cxtent 
of oxidation of iodide by nitrogenous products of 
urea combustion in this method. Willen an amount 
of urca containing 32 mg. of nitrogen (=ZOO ~ n g .  of 
protein) was burned and the combustion residue 
stirred for 5 min. thcre appcared 0.20 meq. of free 
iodine following addition of excess iodide. When 
the stirring time was increased to 15 min. the 
amount of iodine appearing at the time of titration 
was reduced to 0.002 meq. Similarly, if sulfaniatc 
were added to thc combustion residue alter a 5-tnin. 
stirring period and thc usual bromine treatment, the 
amount of frec iodine appearing at the time of 
titration was also reduced to about 0.002 meq. 
When the longer stirring period was combined with 
the sulfarnate treatment in the prescribed manner, 
there was no detectable iodine present a t  the time of 
titration. 

I t  is reasonable to prcsume that a t  least some of 
the gaseous nitrogenous products of combustion 
will form nitrites in solution. Sulfainic acid reacts 
with nitrite in the manner indicated by the equation 
(5): 

NH2SO8H + HNOa -+ Ha0 f N2 f H S O I  

In view of the effectiveness of the sulfatnic acid in 
prevention of the undesirable iodide oxidation, it 
seemed probable that the part of thc nitrogenous 
oxidation products, which was present as, or could 
give rise to nitrites, caused most or all of the error. 
As confirmation of this hypothesis, a sensitive test 

346 
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TABLE ~.--E:FFICIESCY OF SULRAMIC ACID IN REMOVAL OF NITROGENOUS OXIDATION PRODUCTS WIXICII 
0 X I l ) I Z E  IODIDE TO FREE IODINE 

~ - Time Between r-- lodine, rneq. ~ ~ ____ 
Addition of K I  

Urea and Titration, 5 min. Stir-ring After Comhustion 15 min. Stirring After Combustion 
No Sulfamate Sulfamate 

32 2 0.20 <0 .002 <0.002 No 
32 5 0.21 0.002 0.002 detectablc 
32 10 0.21 0,002 0.002 iodine 
32 30 0.21 0.002 0.00;1 
32 60 0.22 0.002 0.004 

Nitrogen, rng. min. No Sulfamate Sulfamate 

TABLE II.-THE RECOVERY O F  IODINE FoLLON'IhG COMBUSTION O F  O-MOSOIODOBENZOIC ACID (MIB., 
51.1iyO IODINE) 

~~~ 

~~ ~~ 

M1B 
Combnstion 

Pregn. 
h.1 i x 

Wt., nu+! 
Alcoholic soh. ,  . . .  

1.01 mg. n t r s /  . . .  
ml. . . .  

. .  

. . .  
Urea 53.7 
MID 71.4 
Dry mix, 0.8055 45.2 

mg. M I H / l O O  

\v 1. 
hlIB, mg 

0.101 
0.202 
0.104 
0.606 
0.808 
1.010 
5.050 
0.430 
0.572 
0.368 

Thcor-ctical 
Iodine, mg. 
0.0517 
0.1034 
0,2067 
0.3102 
0.4136 
0.5170 
2.5840 
0.2220 
0.2960 
0.1905 

111 g . 
Nicotinic acid 101.2 1.068 0.552 
RUB mis, 1.067 97.2 1.037 0.531 

mg. NIIB/100 99.1 1.0% 0.541 

Recovered 
Iodine. mg. 
0.0497 
0,1025 
0.1870 
0.2740 
0.3760 
0.4370 
2.1450 
0.2210 
0.2835 
0,1850 

0.551 
(1.507 
0.527 

yo Recovery 
96.0 
99.2 
90.4 
88.2 
91.0 
84.5 
S . 0  
99.5 
95.8 
97.2 

99.8 
95.6 
97.6 

for the presence of nitrite was performed on com- 
bustion residues. By this method, if nitrite is 
present in the test solution the diazoniuni derivative 
of sulfanilic acid is formed and couples with a-riaph- 
thylamiuc giving a red-colored solution (6). In this 
manner, nitrite was demonstrated to bc present in 
urea and thyroid powder combustion residues both 
before and after treatment with bromine, notwith- 
standing a greatly diminished color intensity in the 
latter instance. After treatment of the combustinu 
residucs with sulfamic acid in the prescribed way, no 
nitrite could be detected by this method. 

T h e  recommended procedure, therefore, included 
the addition of sulfamate as wcll as the longer 
stirring period for the combustion residue. The 
longer stirring period evidently allowed the flask 
solution to reach a new chemical equilibrium which 
favored the disappearancc of nitrite. 
The Recovery of Iodine from Combustion of 

M1B.-Whcn alcoholic solutions of MIR were ap- 
plied to the black paper wrappers arid the coin- 
bustiori and iodine measurement carricd out in the 
recorrimcnded manner, it was possible to recover 
only about 90%, of the theoretical amount (Table 11). 
'l'he recoveries of iodine under these conditions were 
observed when the iodine prcscnt on the wrapper 
ranged from 0.1 to 2.5 ing. 'l'he fluctuating re- 
covery values suggested that combustion of the 
wrapper and M I  K did not uniformly convert all the 
iodine to an inorganic forni. When the combustion 
of MIB was carricd out in the presence of organic 
riitrogeiious material, as reprcscntcd by urea and 
nicotinic acid, there was a distinct incrcase in rc- 

covcrable iodine. Recoveries under thesc condi- 
tions ratiEed from about 96% to the theoretical 
value. Evidcntly, the slower burning, which would 
be expected with the greater bulk of organic material, 
allowed the iodinc to reach an inorganic state before 
burning ceased. 

Iodine Determination in Thyroid Powders.-Four 
differerit thyroid samplcs were analyzed for their 
iodine content by the ( a )  U.S.P., ( a )  B.P. (3) or 
Vickers- Johnson, and (c) B.P. modified procedures. 
The results are shown in Table 111. The B.P. 
modified procedure included thc 15-min. stirring 
period and thc addition 01 sulfamic acid. The 
U.S.P. procedure (7) employs a carbonate ashing 
step at 67.5 to 70O0, bromine treatment to convert 
all iodine to  iodate, subsequent acidification with 
phosphnric acid, and expulsion of excess brotniiie by 
boiling. Traces of remaining bromine are organ- 
cally bound by addition of a phenol solution, and the 
iodine is measured by a thiosulfate titration. With 
the proposed modifications in the oxygen flask 
procedure, the observed iodine levels arc indistin- 
guishable from those given by the U. S. P. method. 
These results indicate that, under the prescribed 
conditions, nxygcn flask combustion of thyroid com- 
bined with bromine treatment of the residue, coil- 
vcrts the organically bound iodine to iodate, and 
retains it in that form at  least as efliciently as the 
U.S.P. method. Iodatc is the required chemical 
state of iodine before addition o f  excess iodine and 
tliiosulfate titration. 

The B.P. method gave as much as 15ff:, higher 
valucs than those obtained by thc authors' modified 
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TABLE 111.--A COMPARISON OP RESULTS OF IODINE 
ANALYSIS ON THYROID POWDERS AS DETERMINED 

BY THE U.S.P. AND OXYGEN FLASK PROCEDURES~ 

Journal of Pharmaceutical Sciences 

Table 1V demonstrates that the recovery of the 
added iodine was quantitative, and, thereforc, it 
appears that no combustion product of thyroid 
affected the titration conditions. 

SUMMARY AND CONCLUSIONS 

The British Pharmacopocia method for the dc- 
termination of iodine in thyroid was modified by 
the adoption of a 15-min. stirring period for the 
combustion residue and later addition of sulfamic 
acid to remove nitrites. With these modifications, 
the iodine lcvcls obtained in thyroid powder analyses 
were comparable to those obtained by the U.S.P. 
proccdure. 

These measurements were performcd on amounts 
of thyroid containing between 1.5 X 1 0 F  and 6 X 

Gm. equivalent iodine. Tomlinsoii (8) lias 
drawn attention to the error in halogen dctcrmina- 
tion at this concentration due to high blank values 
causcd by the wrapping material. It was demoti- 
strated that the wrappers employed here do not givc 
a blank value. He also pointed out that conibus- 
tion may be incomplete by the very nature of thc 
combustion operation. This was not in evidence 
in this investigation whcrc sample size was restricted 
to 100 mg. or less and where the iodine constituted 
between 0.2 and l.Oyo of the total organic substance 
burned. However, when amounts of MIB contain- 
ing comparable quantities of iodine were burned 
with the wrappcrs only (120 mg.), thc iodinc could 
not be quantitatively recovered. The combination 
in thyroid powdcrs of organic material and iodine in 
what appears to be fortuitous proportions, makes 
the oxygen flask method for iodine determination in 
thyroid most attractive. This procedure can be 
completed in 30 min. and there is no transfer of 
solutions. 

REFERENCES 
(1) Belcher, R.,  MacDonald, A. M. G., and Nutten, A. J . ,  

Mikvochim. .4cta, 1954, 104. 
( 2 )  Johnson, C. A.. and Vickers, C., J .  Plaorm. Phauma~oi., 

11, 218T(1959). 
(3) “British Pharmacopoeia” 1963, Pharmaceutical Press, 

London, England, p. 835. 
(4) Backer, B. ,T., Pharm. Wcekblad 98 754(1963). 
(5) Feigl, F. ,  Spot Tests in 1no;ga;ic Analysis,” 5th 

ed.. Elsevier Publishing Co., New York, N. Y. ,  1958, p. 325. 

( 7 )  United States Pharmacopeia,” 17th rev., Mack Pub- 
lishing Co., Easton, Pa., 1965. p. 718. 

(8) Tomlinson, C. ,  Z’alosta, 9, 1965(1962). 

(6) :bid., p. 330. 

,--Oxygen Flask. - 
Thyroid U. S. P. XVII B. P. 
Sample Procedure €3. P.  Modified 

1 0.970 1.14 1.01 
0.977 1.16 1 .02 
0.960 1.17 1.01 

1.08 1.00 
2 0.730 0.864 0.740 

0 748 0.849 0 714 
0.812 6.718 
0.796 0.728 

3 0.196 0.220 0.206 
0.206 0.226 0.207 
0.203 0.234 0.206 

0.240 0.209 
4 0.516 0.632 0.549 

0.543 0.678 0.545 
0.560 0.644 0.543 

0.583 0.555 

a All concentrations are expressed as per cent by weight 
iodine. 

method. The difference, it  is contended, is due to 
the spurious oxidation of iodidc by nitrite. Furthcr- 
more, the noticeably greater variation between in- 
dividual determinations may possibly be due to the 
recurring end point which is a characteristic of the 
R.P. method. 

Recovery of Iodide from Thyroid Combustion 
Residues.-Iodine was added as potassium iodide 
to a thyroid powder combustion residue immcdiatcly 
after the 15-11lin. stirring period, and the iodine 
detcrmindtion was carried out in thc usual manner. 

TABLE IV.-‘rHE RECOVERY OF IODINE ADDED TO 
A THYROID POWDER COMBUSTION RESIDUE 

Thyroid -Iodine, mg.- 
(0.548% I),a From Added 70 

mg. Thyroid as KI Recovered Recovery 
50.8 0.278 0.200 0.476 99.5 
48.7 0.266 0.200 0.466 100.0 

‘“This iodine concenti-ation is the average of the 4 de- 
terminations listed for sample 4 in Table 111. 



Synthesis of Certain 5-Nitropyridine Derivatives Structurally Related 
to Some Chemotherapeutic Agents 

By K. M. GHONEIM, M. KHALIPA, and Y. M. ABOU-ZEID 

The condensation of 2-chloro-5-nitropyridine with 1-aminohydantoin, sulfa- 
guanidine, and semicarbazide is described. With sulfaguanidine the N4 derivative 
was always obtained even under the conditions supposed to  afford the Ni deriva- 
tive. With semicarbazide the condensation in all cases yielded a disubstitution 
product even when equimolecular amounts of the reactants were used. With amino- 
hydantoin the condensation was effected in  1 per cent hydrochloric acid while in  10 
per cent acid no condensation took place, and the haloheterocycle was hydrolyzed 
to  the corresponding hydroxy compound. O n  the other hand, attempts to condense 

the halonitropyridine with 3-amino-2-oxazolidone were unsuccessful. 

N RECENT pears, hetcrocycles with a nitro group in I position 5- gained success as antitnicrobials, e.g., 
nitrofurans ( l) ,  and as amebicides, e.g., 2-dietha- 
nolamino-5-nitropyriditie (2, 3). As a coiiseqiience 
the authors decidcd to synthesize compounds 
having the 5-nitropyridyl radical together with dif- 
ferent side chains in position 2- in thc hopc that the 
new products would show superior amebicidal 
action1 with lower toxicity. For the synthesis of 
such compounds 2-chloro-5-nitropyridine was con- 
densed with certain amino derivatives. 

2-Chloro-5-nitropyridine was prepared from 2- 
aminopyridine by a procedure derived from the 
method of Phillips (4), and that of Caldwell(5). The 
aminopyridine was first nitrated to the corresponding 
nitraminopyridine which was then rearranged with 
concentrated sulfuric acid to 2-amino-5-nitro- 
pyridinc and its isomer the %nitro derivative, with 
the former predominating. The crude 5-nitro com- 
pound was then converted to the hpdroxy derivative 
by treatment with sodium nitrite in presence of 
dilute sulfuric acid (4, 5). Thc chloronitropyridine 
was finally obtained from the hydroxy compound by 
reacting with phosphorus pentachloride in the pres- 
ence of a small amount of the oxychloride. 

Phillips reported that when sulfanilatnidc was 
condensed with 2-chloro-5-nitropyridine according 
to ( a )  Bobranski’s (6) and ( b )  Ullmann’s conditions 
(71, the reaction afforded thc fV4 derivative in the 
former case and a mixture of the N 4  and N 1  deriva- 
tives in the lattcr casc. However, when the sulfa- 
guanidine was condensed with 2-chloro-5-nitro- 
pyridine adopting the two procedures mentioned 
above, the authors obtained the same product 
in both cases. This was shown qualitatively to be 
the N4 derivative since it failed to diazotizc and 
this conclusion was confirmed by ultraviolet 
analysis.* The absorption spectrum of the con- 
densation product in methanol shows 2 niaxinia at 
263.5 nip (log E 4.28), and 368 rnp (log t 1.44). 
The former band is att.ributcd to absorption of sul- 
fanilaniido chrornophore (hmsx. 262 mp; log t 4.25, 
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I T h e  products at present arc undei- preliminary screening 
for possible amehicidal action o r  any othei- useful pharma- 
cnlogical activity. 

2 l’hc ultraviolet and infrared specira weie run on Spectra- 
cold rrwdrl 4000 4 and Infracord model 137 spectrophotom- 
eters, respeclively. 

in ethanol) (8 ) ,  while tlie latter may be ascribed to 
the absorption of the AT-substituted 2-amino-5-nitro- 
pyridine. The absorption in methanolic 2 N hydro- 
chloric acid shows 2 maxima at 266.5 mp (log c 4.01) 
atid 364 r n N  (log E 4.30). The hypsochroniic shift 
and the hypochromic effect are due to salt formation. 
Such a phenomenon is observed in all aromatic 
amincs (cf. thc absorption spectra of p-nitroaniline in 
ethanol and in HCI). The absorption spectrum in 1 
N sodium hydroxide shows 3 bands: 337.6 mp 
(log E 4.18), 295 nip (log E 3.92), a.id 466 mp (log t 
4.46). The latter band which is indicative of a 
highly conjugated system may be ascribed to the 
aci-form I of the N4 derivative which is expected to 
be present in the alkaline medium (I). 

The strong bathochroniic shirt observed in alkaline 
solution indicates that the condensation product is 
the “J derivativc and not the Nl ,  since the latter is 
expected to be insoluble in alkali and possesses identi- 
cal spectra both in alkaline and ncutral solutions. 

Condensation of 2-chloro-5-nitropyridine with 1- 
aminohydantoin in dry pyridine, according to a 
method reported by Whitmore et al. (F)), resultcd in 
decomposition of the aminohydantoin with libera- 
tion of ammonia (confirmed qualitatively) which 
caused ammonolysis of the halonitropyridine yield- 
ing 2-aniino-5-1iitropyridine. The samc happened 
when 1-aminohydantoin was replaced with 3-amino- 
2-oxazolidone. However, when the condensation of 
the aminohydantoin and the aminooxazolidone with 
2-chloro-j-nitropyridiiie was eoiiductcd in aqueous 
hydrochloric acid in the presrncc of ethanol following 
Banks’ directions ( lo ) ,  in lOyo acid, the halohetero- 
cycle was hydrolyzcd to the corresponding hydroxy 
compound while with lSr, acid the condensation was 
succcssful with the former amine arid with the latter 
the starting materials were recovered unaffected. 
Furthermore, in the case of aminooxazolidone. no 
success attended Mangini’s inethod (11-13). which 
consists of hrdting the rt>actants undcr rcflux with 
absolute alcohol in presence of fused sodium acetate. 

2-Chloro-5-nitropyridine was condensed with 
semicarbazide by rcfluxing together equirriolecular 
quantities of the 2 reactants in the presence of 1% 
hydrochloric acid and ethanol. From the reaction 
mixture a high melting substance was isolated. I t  
was obvious from the microanalytical data that 2 
molccules of the halonitropyridine had condensrd 
with 1 molcculc of semicarbazide. Theoretically, 
5 structures are possible for such a condensation 
product (11). 

Structures IIa arid IIb were excluded by thc fact 
that no arnmonia evolvcd when the condensation 
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I 

4 3 '  

H~N-CO-NH-NH? 

I!n = R  in 1, l ;  IIh =R i n  1,2; IIc = R in  4:4 

0 I Id=R in 2 ,4 ;  ILe=R in 1.4; R =O,N 

product was heated with sodium hydroxide. 
Obviously, tlie reasons which prevented the forma- 
tion of a compound having the structure IIa and IIb 
would also prevent the formation of 1Ic or LId. 
These reasons arc probably steric effects. On the 
other hand, the infrared analysisZ favored structure 
IIe and showed that it did exist in the chelatcd form 
(111). 

111 

Gm.) mcltcd a t  265-266" after 1 crystallization from 
ethanol. 

AnnZ.4-Calcd. for CleHIJVsO&: C, 42.85; H, 
3.57; N, 25.00; S, 9.52. Found: C, 42.90; H 
3.70; N, 24.30; S, 9.80. 

Method B.-The above experiment was repeated 
but in the presence of anhydrous potassium car- 
bonate (2.7 Gm.) and copper powder (0.2 Gm.) 
and the fusion conducted at 100-130" for 1 hr. 
(Ullrnann's conditions). The solid cake thus ob- 
tained was then extracted with hot water, and thc 
aqueous extract was acidified with 2 AT acetic acid. 
The product after being crystallized from ethanol 
melted a t  265-266", and the melting pointwas not de- 
pressed on admixture with a pure specimen prcpared 
by Method A .  

5' - Nitro - 2 '  - pyridyl - 1 - aminohydantoin and 
N', N4-Di(5'-nitr+Z'-pyridyl) Semicarbazide.- 
These were prepared by the following general 
method. 

A mixture of equimolecular amounts of 2-chloro- 
5-nitropyridine and the amino compound5 (1-amino- 
hydautoin iii the former and sernicarbazide in the 
latter) was rcfluxcd with hydrochloric acid solution 
(1 nil. concentrated HC1, d 1.19, in 80 ml. of water 
and 20 ml. of ethanol) for 30-32 hr. The reaction 
mixture was then concentrated under diminished 
pressure to about 15-20 nil. when the condensation 
product separated out. The  yield in both cases 
w3s 257" and the product was crystallized from 
ethanol. 

The observed frequency about 2985-3080 cm, - 1  colrlpourld at 247-2490. 
Anal.-Calcd. for C8H~N50d: C, 40.50; 11, 

2.95; N, 29.50. Found: C, 40.68; H, 3.05; N ,  
29.37. 

(broad) may be ascribed to the chelatecl NH (Refer- 
eme 14, p.195). while thc sharp band a t  3400 cm-1 
may be assigned to the NH stretching lrequency of 
the secondary amide (Reference 14, p. 176). Further- 
more, the carbonyl stretching frequency of 5-nitro-2- 
acetylaminopyridinc was found to occur a t  1700 
cm.-l. Accordingly, the frequency of 1724 ern.-' 

The latter compound did not melt until 350'. 
~'lnUl.-cdlcd. for CiiHgN7Oj: c, 41.00; 11, 

2.80; N, 30.70. Found: C, 41.13; IT, 2.89; N ,  
31.02. 

iiiav be attributed to the amide I band. Finallv. REFERENCES 
_ I  

the-bands a t  1997 and 1550 cm. --I may be assigned to 
the C=N (Reference 14, p. 226) and NO2 (Reference 
14, p. 250) stretch vibrations, respectively. 

EXPERIMENTAL 3 

5-Nitro-2-acetylaminopyridine.-This compound 
was prepared from 5-nitro-2-aminopyridine by 
acetylation with acetic anhydride. The product 
was crystallized from benzene aud i t  melted a t  196" 
as reported (15). 

p - (5 - Nitro - 2 - pyridy1amino)benzenesulfonyl- 
guanidine.-Method A,-A mixture of 2-chlnro-5- 
nitropyridine (3.16 Gm.) and sulfaguanidine (4.64 
Gm.) mas fused at 130-150' for 20 min. (Bohran- 
ski's conditions). The solid cake resulting was 
then extracted with boiling 2 N sodium hydroxide 
solution. Thc deep red extract was acidified with 
dilute hydrochloric acid and buffered by the addition 
of excess saturated solution of sodium acetate. 
The product which was obtained in 5276 yield (3 .3  
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Synthesis of Methylglyoxal-l*C 
By VICTOR C. BRUM 

Methylglyoxal-1,3-1C and rnethylglyoxal-Z-'4C of relatively high specific activity 
were prepared by the oxidation of acetone with selenium dioxide followed by dis- 
tillation under a nitrogen atmosphere and concentration under reduced pressure. 
Analysis of the synthesized compounds by melting point determination and also by 

paper and gas-liquid chromatography indicated the samples were of high purity. 

HE OCCURRENCE of methylglyoxal in thc form of T an aberrant metabolite in vitarriiu B1 deficiency 
has hcld the interest of many investigators (1-8) 
in the field of nutrition and carbohydrate metab- 
olism. Its existence in the aminoacctonc cycle 
(9), its accumulation in dystrophic muscle (lo), 
and its possible role as a carciriostatic agent (11) 
have resulted in a revived intcrcst in this cornpound. 

In order to study the metabolic pathway and 
fate of this compound in animals, radioactive 
methylgly0xal-1,3-1~C and metliylglyoxal-2-14C wcre 
prepared. 

Threc nirthods wcrc considcrcd for the prepara- 
tion of the labeled compou~id. ( a )  The convcrsion 
of acetone to isonitroacctonc and warming the latter 
with dilutc sulfuric acid (12). ( b )  The distillation of 
dihydroxyacetone in a dilute aqucous solution from 
calcium carbonate or by in vucuo distillation from 
phosphorus pentoxide (13). (c)  The oxidation of 
acetone with selenium dioxide followed by distilla- 
tion under a nitrogen atmosphere arid concentration 
under reduced pressure (14, 15). 

Both methylglyoxal-2-14C (CH314COCHO) and 
methylglyvgal-1,3-'4C ( l4CCH3COl4CHO) may be 
obtained by method (u) utilizing 14C-labelcd 
acetone as a precursor. The preparation by 
method ( h )  requircs 14C-labcled dihydroxyacetone 
which can be prcpared enzymatically utilizing 
labeled glycerol as a precursor. Both mctllods ( a )  
and ( b )  result in the formation of the following 
contaminants which are difficult to  separate from 
methylglyoxal: glycols, formaldehyde, and formic 
acid. 

These disadvantages do riot exist for method (c) 
which was, therefore, selected for the synthesis of 
iiietliylglyoxal-14C. 

Methylglyoxal-1 ,3-14C was prcpared from 0.5 IIK. 
of acetonc-1,3-14C with a specific activity of 9.1 mc./ 
mmole.1 Methylglyoxal-2-'4C was prepared from 
0.5 mc. of acctone-2-1'C with a specific activity of 
5.4 ~nc./mmole.' 

METHOD 

Procedure for Refluxing.-To a 125-1111. conical 
flask containing 16.0 ml. (0.19 molc) of @-dioxatie 
and 1.1 ml. of water was added 3.04 Gin. (0.027 
molc) of purified selenium dioxide. The mixture 
was slowly brought up to  50' and maintaincd a t  this 
temperature whilc being constantly stirred hy a lint 
plate magnetic stirrer. The selenium dioxide was 
cvnipletely dissolved in 20 min. The solution was 
coolcd to 25" and transferred to a 50-ml. pcar- 
shaped distillation flask. TCJ this solution was 
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I Both 14C labeled acetone prrcnrsors were ohtained from 

h-uclear-Chicago Corp., Des Plaines, 111. 

added 2.0 1n1. of the radioactive acetone and carricr. 
A water-coolcd upright Lcibig condrnscr was 
attached to the flask arid the mixture was allowed 
to rcflux gcntly for 4 hr. in an oil bath maintaiiicd 
at  100". At the completiori of the reflux period 
the solution was dark and tarry in appcarance. 

Procedure for Distillation.-On completion of tlic 
refluxing the distillation fla.sk was removcd and 
attached to a distillation assembly. A capillary 
was introduced into tlic distillation flask and served 
as an inlet tube for the admission of nitrogen gas a t  a 
pressare slightly above atmospheric. Duririg the 
entire distillation process nitrogen gas was allowcd 
to slowly bubble in to prevent the oxidation of 
niethylglyoxal. The mixture was distilled over an 
oil bath by slowly raising the teniperature to 130". 
Three separate distillate frac.tions were collected in 
an icc bath. 

Fraction I consisted of 6 nil. of a clear distillate 
collcctcd at  a vapor tcmperature of 80 to 90'. It 
was found to contain less than 5yo methyiglyosal 
as determined by the ?1.L-iiitrobenzhydrazide reaction. 

Fraction I1 consisted of 8 ml. of a pale ycllow 
distillate collected a t  a vapor temperature of 90 t o  
100" and contained a 15% solution of methylglyoxal 
in water and dioxane. 

Fraction I11 consisted of 5 ml. of a distillate 
collected a t  a vapor temperature of 100 to 105" and 
contained a mixture of dioxanc, water, oily droplets, 
and an unstable selenium methylglyoxal complex. 

By collccting thrce. fractions it was found that the 
highest yield came over iii lractiori I1 at  a vapor 
tcmpcraturc of 90 to 100'. Fractions I and It1 
which distilled over a t  lower and higher tcmpcra- 
tures, respectively, produced lower yields and in- 
dicated that the ideal ternpcrature range for maxi- 
mum yield was that of fraction TI. 

Procedure for Concentration.-The distillate 
fractions were transferred to  a 50-iIll. pear-sbnped 
flask arid attaclierl to a vacuum system containing 
two 29 X 200 mni. culturc tubes conncctcd in scrics 
and immersed in Dewnr flasks containing liquid 
nitrogen. These tubes served as traps for the lower 
boiling solvents. 

At the end of 6 hr. of vdcuum distillatiou at 50 
mm. ol mercury, water arid diosane were removed 
aud 2 ml. of a solution pale yellow in color atid syrupy 
in consistrncy remained, 

Quantitative Determination of Methylglyoxal- 
as the m-Nitrobenzoylosazone Derivative.-The 

methylglyoxal-1,3-14C and mcthylglyoxal-2 . I T  yiclds 
arid specific activitics wwrc deter~~iinerl by diluting 
25.0 pl. of tlie coiiceiitratc in 100 nil. of watcr 
and then adding 10 nil. of n?-nitrobcnzhydrazide 
reagent ( 16). The precipitntr formrd W:IS quantitn- 
tively transferred to preweiglied stainless steel 
planchets, dried to constant weight, and the radio- 
active samples counted using a proportional flow 
counter with a laboratory scaler. A 45.670 yield 
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chromatography. The purpose of analyzing the 
radiolabeled t~iethylgIyoxal-~~C by gas chroma- 
tography was to determine its purity and not it3 
radioactivity since the radioactivity of the com- 
pound had previously been established by both 
paper chromatography and as the m-nitrobenzoyl- 
osazone of methylgly~xal-~~c.  The instrument used 
was a Perkin-Elmer gas chromatograph model 801 
with a 6 ft. X 0.085 in. i. d. 

The stationary phase used was SE 30/EPON 
lo01 with a gas-chrom P as the support (ratio of 
4/0.2%). Helium gas was used as the carrier gas 
and introduced at a flow rate of 40 ml./min. The 
instrument utilizcd a Aame detector and the analysis 
was carried out using hydrogen gas a t  18 psig 
and air a t  46 psig. The temperature of the injec- 
tion block was 280", detector 220°, and the initial 
temperature of the column 200'. A Leeds and 
Northrop model G ( 5  M V  range) was used aid the 
data recorded a t  a chart speed of 0.5 in./min. 

One major peak was recorded with another 
following 2.0 cm. behind which represented thc other 
isomer. There was no decomposition, little tailing, 
and the purity of the methylglyoxal-l4C appeared 
satisfactory from a quantitative as well as qualita- 
tive point of view. 

of m~thylglyoxal-l,3-~~C with a specific activity of 
9.0 mc./mmolc and a 16.6% yield of methylgly- 
oxal-2-14C with a specific activity of 5.0 mc./mmole 
was obtained. 

The purity of the radioactive compounds was 
assayed by melting point determinations, paper, and 
gas-liquid chromatography. 

The melting point of the 2,4-dinitrophenyl- 
hydrazine derivatives of the 14C-labeled methyl- 
glyoxal determined on a Fisher- Johns apparatus 
was found to be 297-298", uncorrected, in agreement 
with the theoretical value (17). 

Analysis by paper chromatography (18, 19) was 
carricd out with the following modifications. To a 
solution containing 50.0 mcg. of methylglyoxal-14C 
was added 0.2 ml. of a 2.4-dinitrophcnylhydrazine 
reagent (O. l '% in 2 N hydrochloride). After the 
mixture was allowed to  stand for 1 hr., 1 ml. of 
chloroform was added. The hydrazone formed was 
extracted by vigorous shaking followed by a 5-min. 
period of centrifugation at 2000 r.p.m. to separate 
the layers. 

A 100.0 pl. aliquot of the chloroform layer was 
spotted on Whatrnan No. 1 paper. The ascending 
technique was employed and the development 
solvent used was n-butanol-ethanol-aqueous 2 N 
arnnionium hydroxide (7: 1 :2 ,  by volume). After 
16 hr., the paper was dried at room temperature in a 
fume hood and sprayed with alcoholic sodium 
hydroxide solution (2% sodium hydroxide in 90% 
ethanol). 

The colored spots were identified by coniparison 
with the color and R, values of a known standard 
run simultaneously. 

Two isomers of methylglyoxal were observed : 
a bluc-violet spot with an R, value of 0.00 and a 
pinkish-brown spot with an Rj value of 0.90. 
Values were in agreement with those reported in the 
literature (19). 

The colored spots identified as methylglyoxal 
wcre cut from the paper, macerated 3 times with 
0.5-ml. aliquots of 1 A7 ammonium hydroxide, and 
cach quantity was centrifuged. The supernatants 
of the washings were pooled, transferred to a 
planchet, evaporated to dryness, and counted. All 
sainples prepared in this manner and identified 
as methylglyo~al-1~C wcre found to be highly 
radioactive. 

The samples of 14C-labeled ~nethylglyoxal arid 
standards wcre successfully analyzed by gas-liquid 
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Separation and Analysis of Degradation Products of Tetracycline 
by Gel Filtration on Sephadex G-25 

By B. W. GRIFFITHS 

The anhydrotetracycline and 4-epi-anhydrotetracycline degradation products of 
tetracycline have been found to separate from tetracycline on  a column of Sephadex 
G-2 5. The tetracycline elutes as the “fast” component, whereas the degradation 
products which are not separated from each other elute as the “slow” component. 
The ease of column preparation, rapidity of analysis, and repetitive use of a single 
column make the technique a useful screening procedure for gross contamination 
of tetracycline preparations with anhydro- and 4-epi-anhydrotetracycline degradation 

products. 

N VIEW of receiit findings that relate a reversible I Fanconi-type syndrome to the ingestion of de- 
graded tetracycline capsules (I-5), interest has de- 
veloped in the analytical determination of products 
of degradation of tetracycline (TC). Particular in- 
tercst has centered on the 4-epi-anhydrotetracycline 
derivative, since a similar syndrome to the above 
was induced in rats and dogs on the ingestion of large 
doses of this cornpound (6).  
,4 column chromatographic method has been 

developed by Kelly (7) for the determination of both 
anhydrotetracycline (ATC) and 4-epi-anhydrotetra- 
cycline (EATC) in the presence of large quantities of 
TC. In the author’s experience the method was 
found workable and reproducible but had thc dis- 
advantage of tedious column preparation and the 
limitation of a singlc analysis per column. 

During a search for an alternative method, it was 
found that a partially degraded TC compound sep- 
arated into 2 colored components on a colunin of 
Sephadex G-25. The “fast” component was found 
to have the U.V. characteristics of TC whilc the 
“slow” one had those of ATC or EATC. The po- 
tential of this observation for use in analysis was 
studied and a test was developed for the gross 
analysis of ATC and EATC in pharmaceutical prepa- 
rations of TC. Although the method is not ex- 
pcctcd to be a substitute for one providing a separate 
:inalysis for ATC and the epimer, the features of ease 
of column preparation, rapidity of analysis, and 
repetitive use of the same column make it a tecli- 
nique highly useful for the routine screening of TC 
preparations for gross ATC and EATC content. 

EXPERIMENTAL 

Reagents and Materials 
Compounds of Tetracycline and Derivatives.- 

Commercial tetracycline HC1 (TC) of a high degree 
of purity by microbiological assay was used. An- 
hydrotetracycline (ATC) and 4-epi-anhydrotetra- 
cycline (EATC) were obtained from Lcdcrle 
L.aboratories. 

Sephadex Columns.--A cid Column.-A pledget 
of glass wool was placed in the outlet of a glass 
column (1.8 X 35 cm.) over which werc placed 
small glass beads to a depth of 1 cm. The Sephadex 
G.-25 (medium) previously swollen in 0.03 N HCI 
was applied as a slurry to the closed column. At 
this normality the cpimcrization rate of tetra- 
cycline is small and acid-catalyzed dehydration to 
anhydrotetracycline docs not occur (8). After about 
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5 min. the outlet was opened and more slurry added 
until a bed length of 23 cni. was attained. Flow 
rates of 180-200 ml./hr. were obtained. An over- 
head volume of about 400 nil. provided continuous 
delivery of solvent. Fractions wcrc collected usually 
in 5-ml. portions with the aid of an LKB Rddi-Rac 
fraction collector. 

Alkaline Column.-Thc Sephadex was cquilibrated 
with 0.04 iM phosphate buffer, pH 7.7-7.8. The 
column preparation followed the abovc outline with 
the exception that the length of the bed was 30.5 cm. 

Method for Tetracyline Oral Preparations 
The powdered tablet or capsule material is accu- 

rately weighed and dissolved in 0.03 N HCl to give 
20 nig. of TC/ml. The insoluble residue is ccntri- 
fuged and 0.5 1111. of the supernatant is applied to the 
acid column and washed in gently with the HC1 sol- 
vent. The T C  passes rapidly through the column 
while the BTC and EATC elute as a slower singlc 
component which is visible as a diffuse, bright yellow 
band. This band, which is eluted after approxi- 
mately 1 15 nil. of solvcnt has passed over the column, 
is detected by U.V. analysis a t  273 mp. The routine 
collection of samples is implemented at  a slightly 
emlier stage in the elution, and the occasional check 
of samples a t  253 mp indicates the complete elution 
of the band. The contents of the tubes are trans- 
ferred to a volumetric flask (100 or 250-mi.) and 
corrected to volume with the dilute HCI. The ab- 
sorption is read at  273 mp, and the content of degra- 
dation product is expressed as ATC. The absorp- 
tivity (defined as absorbance/mcg. ATC/ml., 1-cm. 
light path) of ATC at  wavelength maximum of 273 
nip was found to he 1.01 X lo-’. The ATC obeyed 
Bccr’s law over the range of 1.0-10 mrg./ml. 

The oral suspensions and syrups are diluted with a 
volume of solvent t o  give :in estimated tetracycline 
concentration of 10 rng./ml. A volume of 0.5 mi. 
of the solution (centrifugation is necessary for clari- 
fication of the suspension) is transferred to the col- 
umn and eluted with either the acid or phosphate 
buffer solvent. When the analysis is carried out 
with the latter solvent the absorption of the pooled 
tube contents from the second L.V. peak is read at 
wavelength Inaxirnuni of 269.5 nip. The ATC 
absorptivity a t  this wavelength was found to  be 
8.2 x 10-2. The absorptivities for EATC a t  the 
waveleiigth niaxinia of 273 and 26Y.5 rnp were 
slightly lower than those for ATC 9.6 X 1 0 F  and 
7.1 X respectively. 

RESULTS AND DlSCUSSION 
I n  an initial cxperimcnt it was observed that a 

partly degraded commercial tetracycline preparation 
separated into 2 colored components on Sephadex 
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Confirmation of this observation was made by thc 
application of pure products of TC, ATC, and EATC 
to Scphadcx G-25 (Figs. 1 and 2). In Fig. 1, A ,  ’TC 
and ATC, when applied separately to the same acid 
column, wcrc found to clutc as 2 distant peaks. It 
may be seen that the TC contained a small percen- 
tage of ATC as evidenced by thc significant absorp- 
tion in the region of the ATC elution. The TC 
showed full recovery of biological activity by tnicro- 
biological plate assay. Figure 1, B ,  shows the idcn- 
tical elution pattern for a mixture of T C  and ATC. 

Figure 2, A ,  outlincs the clution diagrams of ATC, 
EATC, and an equal mixture of the latter from the 
same acid column of Sephadex. I t  is of interest that 
the ATC and EATC exhibited slightly different 
clution rates when they wcrc applied separately to 
the column, whereas an admixture eluted as a single 
band with an elution rate which was an apparcnt 
mcan of that for the separate components. Figure 
2, B ,  shows a similar effect on a longer column of 
Sephadex. 

The time required for the elution of the TC deg- 
radation products from either the acid or alkaline 
columns was about 1 hr., and continuous sampling 
allowed for the analysis of several T C  preparations 
in 1 day on a single column. I n  2 experiments in 
which 200 mcg. of ATC was applied to a column, the 
rrcoverics were 92.5 and !Ti’:,$,, ‘The recovery of 
EATC under the same conditions was 97.1%. No 
significant changes in tlie absorptivities were found 
for ATC arid EATC in either 0.03 N IICl or 0.04 &f 
phosphate buffer for periods of up to 4 hr. 

Duriug the analysis of certain syrups of TC con- 
taining amaranth dye on acid columns, it was found 
that the dye contaminatecl the ATC barid to produce 
false high results. An examination of several sol- 
vents of varied pH revealed that the amaranth was 
retarded at  pH 7.7 so as to completely separate from 
tlie “faster” ATC band. The slight overlap of the 
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Fig. 1.-A. The elution diagram of tetracycline 
HCl arid anhydrotctracyclinc on Scphadex G-25. 
Key: X,  tetracyclinc HCI, applied 1.0 nil. of 5 
rn,q./rnl. ; 0, anhydrotctracycline, applied 7 .0 nil. 
of 200 mcg.jml. Scphadcx column, 1.8 X 23 cm. 
Elution solvent, 0.03 N HCI. R. The elution di- 
agram of 5 mg./rnl. tetracycline HC1 containing 
200 mcg./ml. anhydrotetracycline : 1 .O nil. solution 
addcd to coluinn; solvent and column conditions 
as above; collected 5-ml. samples. 
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Fig. 2.--Kcy: , the elution diagrams of 
anhydrotetracyclinc; 0, 4-epi-auhydrotetracycline; 
X,  an equal mixture of thc 2 compounds. All 
samples were added in 1.0-ml. vol.; ATC = 200 
mcg., EATC 4- ATC = 100 mcg. each and, EATC 
= 200 rricg., the elution solvent was 0.03 N HCl; 
the Scph3dt.x column in A was 1.8 X 23 mi.; the 
Scphadex column in B was 1.S X 45 cm.; collected 
5-ml. samples. 

G-25. Thc first elution band had the U.V. charac- 
teristics of tetracycline while the second had those 
of anhydrotetracycline and/or 4-epi-anhydrotetra- 
cycline. 
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Fig. 3-The Re1 filtration of tetracycline syrup or1 
Sephadex G-25. Sephadex column, 1.8 x 23 C I ~ . ;  
elution solvent, 0.03 N HCI; 0.5 nil. of syrup (25 
mg./ml. tetracycline HCI) added to column; col- 
lected 5-ml. samples. 
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TC band with the ATC barid under the5c conditions 
required tha t  the column be Icngthcned for their 
adeyu:ttc, sep:imtion. 

Although the main eflect o f  Scphadex is to scliaratr 
molecules with respect to size, some secondary 
effects have bcert rioted. Porath (9) arid Gelntte 
(10) have fourid tha t  lieterncyclic and aromatic com- 
pounds intcract. with the Sephadex bed material 
which results in their delayed elution. The  diffcr- 
enccs in elution rates hetwecn TC and ATC (3s well 
as ATC and EATC) are presumed to be due to a 
similar adsorption phenomenon. 

Of a group of about 50 tetracycline preparations 
analyzed on Sephadex, only about 7 of these cow 
tained degradation products in excess of 1 :% of the 
labeled atnnunt of tctracycline. This figure of lyl 
represents the arbitrary amount (tentative) abnve 
which the samples were analyzed for both ATC and 
EhTC by tlie partition chromatography method (7).  
Figure 3 shows the elution diagram of a tetracyclinc 
syrup containing an  unusually high quantity of  deg- 

3 i j  

radation products. Thc arnount exprissed as 4 T C  
was found to he 4.35 nig./nil. of syrup. T h e  analysis 
of the sarnc prnduct by the partition chroriiatog- 
raphy iurthotl gave a gross value or 4.10 n~g./iiil .  
syrup, most of  which was in thc form of  EATC. In 
gcncral, the analysis of the T C  degradation products 
by Sephadex analysis has been in closc ajireeiiient 
with tha t  by partition chromatogntphy when apprc- 
ciable quantities were present. 
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Synthesis of 1,2 -Diethyl-4- (2 -hydroxyethyl) pyrazolidine 
By MILTON J. K O R N E T  

T h e  reaction of 1,2-diethythydrazine with monomethyl itaconate has been investi- 
gated and  found t o  give a mixture of 1,2-diethyl-4-carbomethoxymethyl-~-pyrazol- 
idinone and its hydrolysis product, the  corresponding acid. Reduction of either the 

ester or the acid affords 1,2-diethyI-4-(2-hydroxyethyl)pyratolidine. 

HE AUTHOR'S interest in compounds which coil- T tain both an alcoholic hgdroxyl group and an 
alkylatcd hydrazine group as necessary interme- 
diatcs in tlie synthesis of nciv medicinals prompted 
the prcparation of the title compound. Recently thc 
synthesis of 1,2-diethyl-3-hydroxymethylpyr;lzoli- 
dine, a inolcculc which embodies the above structural 
features, was accomplished. Estcrification of the 
lattcr alcohol with several aromatic acids afforded 
esters whose hydrochloride salts exhibited local 
anesthetic activity (1). As the first step in the syn- 
thesis of 1,2-diethyl-4-( Z-hydroxyethy1)pyrazolidirie. 
it was decidcd to investigate the reaction of 1,2- 
dicthylhgrlmzirie with an  itaconic acid derivative. 

A large number of reagents have been aclcled to 
itaconic acid and its rsters (2-16). Unsymmetrical 
reagents add contrary to  Markovnikoff's rule and 
the addition may be represented by Scheme I .  

Itaconic acid rcacts with primary amines to  give 1- 
substituted-4-carboxp-X-pyrrolidi1iones ( 1 T ) .  The 
latter are formed hy the addition of thc aminc to  the 
@-carbon of the double bond followed by ring closurc 
t o  the  5-mcmbered ring with the eli~rii~iatiori of a 
niolecule of water. 

In the reaction of 1,2-dietliylhydrazinc, with an 
itaconic acid derivative, ring closure to  either :I 6- or 
A-nicnibered ring is possible. Because o€ this possi- 
bility rrionomethyl itaconatc was utilized. Scpara- 
tion of products could be more easily achieved since 
a mixture would consist of a 5-~nenibered ring methyl 
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Scheme 1 

ester arid a fi-nicmbcred ring carboxylic acid. 'Yreat- 
merit of 1 ,L'~diethylliydrctzinr ( I )  with monornethyl 
itaconate ( I  I j afforded a mixture o f  43.9 
diethyl - 4 - carbornethoxyrriethyl - 3 - pyra 
( I V )  and 41.64; of its hydrolysis prodcct, 1,2- 
dietliyl-4-carboxym~tli~~l-3-pyrazolidi1~onc ( 1 V n ) .  
Both compounds gave crystalline picrate derivatives. 
Conipouncl IV can he visualized as arisimr from an 
addition of I to  the P-carhon of the double bond o f  I1 
followed by ring closure ;$in the carboxyl group with 
the elirninatiori of water. The acid (ITIIuj uri- 
doubtedly arises from thc hydrolysis of I V  during the  
course of thc reaction. Elcmcntal aiialyscs and 
infrared spcctra arc in agrcenient with the proposed 
structures for IV and IVa.  That  the isomeric acid, 
(111) which would arise iron1 the addition of I to  
the p-carbon of the double bond of I1 followed by 
ring closure ~ l i u  the ester carbony1 with simultaneous 
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esters whose hydrochloride salts exhibited local 
anesthetic activity (1). As the first step in the syn- 
thesis of 1,2-diethyl-4-( Z-hydroxyethy1)pyrazolidirie. 
it was decidcd to investigate the reaction of 1,2- 
dicthylhgrlmzirie with an  itaconic acid derivative. 

A large number of reagents have been aclcled to 
itaconic acid and its rsters (2-16). Unsymmetrical 
reagents add contrary to  Markovnikoff's rule and 
the addition may be represented by Scheme I .  

Itaconic acid rcacts with primary amines to  give 1- 
substituted-4-carboxp-X-pyrrolidi1iones ( 1 T ) .  The 
latter are formed hy the addition of thc aminc to  the 
@-carbon of the double bond followed by ring closurc 
t o  the  5-mcmbered ring with the eli~rii~iatiori of a 
niolecule of water. 

In the reaction of 1,2-dietliylhydrazinc, with an 
itaconic acid derivative, ring closure to  either :I 6- or 
A-nicnibered ring is possible. Because o€ this possi- 
bility rrionomethyl itaconatc was utilized. Scpara- 
tion of products could be more easily achieved since 
a mixture would consist of a 5-~nenibered ring methyl 
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ester arid a fi-nicmbcred ring carboxylic acid. 'Yreat- 
merit of 1 ,L'~diethylliydrctzinr ( I )  with monornethyl 
itaconate ( I  I j afforded a mixture o f  43.9 
diethyl - 4 - carbornethoxyrriethyl - 3 - pyra 
( I V )  and 41.64; of its hydrolysis prodcct, 1,2- 
dietliyl-4-carboxym~tli~~l-3-pyrazolidi1~onc ( 1 V n ) .  
Both compounds gave crystalline picrate derivatives. 
Conipouncl IV can he visualized as arisimr from an 
addition of I to  the P-carhon of the double bond o f  I1 
followed by ring closure ;$in the carboxyl group with 
the elirninatiori of water. The acid (ITIIuj uri- 
doubtedly arises from thc hydrolysis of I V  during the  
course of thc reaction. Elcmcntal aiialyscs and 
infrared spcctra arc in agrcenient with the proposed 
structures for IV and IVa.  That  the isomeric acid, 
(111) which would arise iron1 the addition of I to  
the p-carbon of the double bond of I1 followed by 
ring closure ~ l i u  the ester carbony1 with simultaneous 
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elimination of mcthanol, is not a product of the 
reaction was shown in the following way. 1,ithiu;n 
aluminum hydride reduction of both IV and IVu 
resulted in the formation of the same alcohol, 1,2- 
diethyl-4-( 2-hydroxyethy1)pyrazolidine ( V) in yields 
of 70 and 7lY0, respectively. Both the elemental 
analysis and the infrared spectrum support the 
structure for V. The alcohols obtained from the 
reduction of IV and IVu were converted to their 
p-nitrophenylurethan derivatives by means of p -  
nitrophenyl isocyanatc. The mclting points and 
the infrared spectra of the 2 derivatives were iden- 
tical and a mixed melting point was not depressed. 

Further evidence that IVu is a 5-membered ring 
structure like IV was obtained by treating compound 
IVu with diazomethane. The methyl ester which 
formed in a yield of 78.5y0 was converted to its 
picrate derivative. The melting point of this picrate 
was identical with the melting point of the picrate 
derivative of IV and a mixed melting point of the 2 
picrates was not depressed. For a summary of these 
reactions see Scheme 11. As a result of this investi- 
gation a convenient 2-step synthesis of the alcohol 
(V) was achieved. 

EXPERIMENTAL' 

1,2 - Diethyl - 4 - carbomethoxymethyl - 3 - pyra- 
zolidinone (IV) and 1,2-Diethyl-4-carboxymethyl- 
3-pyrazolidinone (IVa).-To a solution of 9.25 Gm. 
(0.105 mole) of 1,2-diethylhydrazine (I) (18) in 
5 ml. of anhydrous methanol was added dropwise a 
solution of 14.4 Gm. (0.100 mole) of monomethyl 
itaconatc (11) in 13 ml. of absolutc methanol with 
stirring (magnetic) and ice-bath cooling. The 
reaction mixture was allowed to stir and come to 
room temperature overnight and then refluxed for 
4.5 hr. The mcthanol was distilled irk UUCUO on a 
water bath and the residue was distilled under re- 
duced pressure and gave 9.39 Gm. (43.9%) of the 
ester (IV), b.p. 90" (0.1 mm.), n z  1.4724, 
X_=.,3 5.8 p (ester C=O), 6.0 p (amide C=O), 
and 8.93 Gm. (44.67,) of the corresponding acid 
(IVa), b.p. 169" (0.18 mm.), n: 1.4943, A:::3 

5.g6.2 p (carbonyl of acid and amidc), 2.8-4.2 p 
(associated OH of acid). 

C, 56.05; 

CHCl 

And-Calcd. for CloHlsNzOa (ester): 

1 Melting points were determined with the Fisher-Johns 
melting point apparatus and are corrected. Infrared spectra 
were recorded on a Reckman IR 8 spectraphotometer using 
sodium chloride optics. Micioaoalyses were pcrformed by 
Dr. Kurt Eder, Geneva, Switzerland. 

I\' I V U  
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v 
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CH?CH?OCNHC(,H,NO,(p j 

+% 
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v I 
Scheme11 (Et  = CHICHP) 

H,8.46; iV, 13.08. Found: C,55.74; H,8.52;  N, 
12.90. 

And-Calcd. for C,H1,N20, (acid): C, 53.98; 
H, 8.05; N, 13.99. Found: C, 53.59; H,8.32; h', 
13.90. 

The ester was converted into its picrate derivative 
and recrystallized from absolutc cthanol, m.p. 11Y- 
120.5 O .  

And-Calcd. for C16HzLNsOlo: C, 43.34; H, 
4.77; N, 15.80. Found: C, 43.47; H,  4.99; N, 
15.91. 

The acid was converted into its picrate derivative 
and recrystallized from absolute ethanol, m.p. 131- 
132". 

And-Calcd. for ClsHl~NsOlo: C, 41.96; H,  
4.46; N, 16.31. Found: C, 41.73; H, 4.86; N, 
16.24. 
1,2-Diethyl-4-(2-hydroxyethyl)pyrazolidine (V) 

by Reduction of the Ester (IV).-A solution of 
7.57 Gm. (0.0354 mole) of IV in 10 ml. of anhydrous 
ether was added dropwise to  a suspension of 1.97 
Gxn. (0.052 mole) of lithium aluminum hydride in 
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30 nil. of ether with stirring (magnetic). After 
rcfluxing overnight the complex was decomposed 
with 40y0 KOH, and the salts werc cxtractcd with 
ether. The combined ether laycrs were dried over 
MgSO4, and the ether was distilled on a water bath. 
The residue remaining was distilled and gave 4.28 
Gm. (70.3%) of a colorless oil, b.p. 86’ (0.33 mm.), 
ng 1.4763, 2.8-3.3 p (OH). 

N, 16.26. Found: C. 62.75; H, 11.73; N,  16.21. 
A p-nitrophenylurethan derivative (19) was pre- 

pared arid recrystallized from carbon tetrachloride, 
m.p. 115.5-116.5“, A:::. 2.94 p ( N H ) ,  5.76 p 

And--Calcd. fur C1RI121r\;404: C, 57.13; H, 
7.19; N, 16.66. Found: C, 57.20; H, 7.00; h’, 
16.76. 

1,2 - Diethyl - 4 - (2 - hydroxyethy1)pyrazolidine 
(V) by Reduction of the Acid (IVa).-The pro- 
cedure for the rrduction of the acid ( N u )  was 
analogous to that used for reduction of the ester 
( IV).  The alcohol (V), b.p. 80” (0.22 Inrn.), ny 
1.4780, was obtained in 71.5y0 yield. It was con- 
verted to its p-nitrophenylurethan derivative and re- 
crystallized from carbon tetrachloride, m.p. 115.5- 
116.5”. Thc idcntity of this derivative was con- 
firmed by a mixed melting point and comparison of 
infrared spectra. 

Methylation of 1,Z-Diethyl-4-carboxymethyl-3- 
pyrazo1idinone.-To a solution of 7.90 Gm. (0.0395 

And-cdlCd. for CQHDON~O: C ,  62.75; H, 11.70; 

iC=O). 
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mole) of IVa in 25 ml. of ether was addcd suficient 
ethereal di.dzumethane to give a yellow color which 
persisted. The solution was dried with MgSOr and 
the ether was evaporated on a steam bath. The re- 
maining residue was distilled, b.p. 90” (0.1 mm.), 
n’,” 1.4728, to give 6.64 Gm. (78.5%) of the ester. 
A picrate was. prepared and recrystallized from 
absolute ethanol. m.p. llY-120.5°. The identity of 
this picrate was confirmed by a mixed melting point. 
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Books 
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Dictionary of Organic Com@ounds. Fourth revised 
edition in five volumes, and First Supplement, 
1965. Oxford University Press, New Tork, 
N. Y., 1965. xxx f 3282 pp. 20 X 26.5 cm. 
Price $280.00. 
The Fourth Edition of the “Dictionary of Organic 

Compounds” has undergone extensive revision from 
the preceding 3rd edition published in November 
1 9 S .  The entries, which total 12,000 and rep- 
resent 7,000 new compounds, are contained in  five 
vulumes instead of four. 

A niajor change is the general policy of adopting 
(chemical synonyms as principal entries with ap- 
propriate cross-references to popular or trivial 
names used predominantly in previous rditions of the 
“Dictionary.” A second important change is the 
inclusion of three double bonds for benzenoid rings 
in place of the simple hexagon to denote aromatic 
compounds. The implications of this revision are 
i.wofold. First, the aromatic compounds arc more 
itasily distinguished at  first glance, and second a 
simplification of the structural formulas of saturated 
ring compounds has been made possible. The 
latter are now represented by a simple polygon and 

the compact structure saves considerable space 
alloted to the structural formula. 

Improvements in the “Dictionary” are noted by 
the inclusion of stereochemical relationships in 
molecules and substantially more supplemental 
information for many compounds (ie., recrystalliz- 
ing solvents, specific reactions, derivatives with 
melting points). The numbering systems for 
structnral formulas including rings have been made 
to conform to the internationally accepted rules 
laid down by the I.U.P.A.C. A supplement to the 
present edition exists and further supplements are 
to be added annually to cover revision of existing 
entries and inclusion of new entries from the chemical 
literature. 

The “Dictionary” can be iniproved in two re- 
spects. First by adopting thc arrangement of 
symbols in organic formulas in strict alphabetical 
order following carbon and hydrogen if also present. 
This system typified by Chemical Abstvucts has 
gained wide acceptance and allows ready com- 
parison of formulas from multiplc sources. A 
second area of concern pertains to the melting 
points included for many principal entries and cer- 
tain important derivatives which are used as drugs. 
These mclting ranges caxried over from each previous 
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edition do not coincide with current literature values. 
Admittedly, it would constitute a major undertaking 
to rcscarch and revise the melting points of the 
pniicipal entries, but such effort would be rogni7ant 
of the high quality of standards associated with 
this “Dictionary.” 

The Uniqueness of Biological i1faterials. By 
A. E. NEEDHAM. Pergamon Press, Inc., 122 
East 55th Street, New York, h‘, Y. 10022, 1963. 
xi + 593 pp. 18 X 23 cm. Price $15.00. 
“Is the uniqueness of life inherent in the material 

of living organisms?” By posing this question the 
author states one of the reasons for writing the 
book. l‘hr other reason is a practical one. I t  was 
prompted by the need to persuade students that 
the study of the properties of biological materials 
such as lipids, carbohydrates, proteins, riucleic 
acids, and other cell components is not only cs- 
sential but also very interesting. 

The evidence as surveyed in thc various chapters 
of the book seems to show rather consistently that 
the compounds used by living organisms are out- 
standing if not absolutely unique among the matc- 
rials available on earth. It is further pointed out 
that thcsc substances are uniquc in respccts which 
make them ideal for some particular biological 
function. 

All of the relevant elements and compounds are 
surveyed systematically. The author concentrates 
on the significance and interpretation of the prop- 
crtics studied rather than on the properties them- 
selves. Biological rather than any other applica- 
tions of the properties arc stressed. Illustrations 
by use of figures, tables, and formulas are numerous. 

Ihe coverage of the subject matter is compre- 
hensive; the bibliography, while not too extensive, 

,. 

and their relationships to intra- and intcrmolec- 
ular structure and interactions axe discussed. 
More than one-half of the book is devoted to X-ray 
diffraction arid irilrarecl spectroscopic studies with 
particular emphasis on crystal polymorphism. 
Separation techniques, ultraviolet, nuclear magnetic 
resonance, electron spin resonance, and mass 
spectroscopy and their application to lipids are 
discussed in the remainder of the book. It is shown 
that the combined applications of these techniques, 
particularly X-ray, infrared, and NMR, have 
unraveled a number of difficult problems such 
as the existence of the multiple melting points of 
triglyccrides arid their relationship to X-ray data. 

The author has chosen to organize the subject 
matter from the standpoint of experimental tech- 
niques rather than from that of lipid chemistry. 
As a result, the book is somewhat difficult to read; 
but, on the other hand, this arrangement has per- 
mitted the presentation of a large amount of data. 

It is the rcviewcr’s opinion that the book is an 
outstanding contribution to the field and very uselul 
for rescarchcrs in the field. 

Kcviewed b y  William I. Higuchi 
College of Phnvinacy 
University of Michigan 
Ann Arbor 
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BERT. Masson et  Cie, Editeurs, Libraires De 
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Gcrmain, Paris VIe, France, 1965. 222 pp. 
16 X 24 cm. Paperbound. 
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The concluding chapter entitled, “The Origin znd rev. ed, B~ A, M. wALTER and 1,. H ~ ~ ~ -  
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stimulating. Herdweg 63, 7000 Stuttgart 1, Germany, 1965. 

‘l‘hc book is vcrY valuable to not only students of u, s, atld Canadiarl agent: Interco~ltiIlental ~ ~ d i -  
biocherrlistry, biology, and zoology, but a h  to cal Book Gorp,, New york 16, N. Y .  897 pp. 14.8 
students of chemistry. Students of pharmacy will 21 cm. price DM 88, 
find the t e x t  vcry informative and interesting. 

Reviewed b y  Ernst R. Kirch By E. N ~ R E z  
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Sons, Inc., New N. p.: 1uB5. xii + 323 Little, Brown and co., Boston, Mass., 1966. xii 
pp. 16 X 24 cm. Price $10.50. 
In the past ten to fifteen years there has been a 

considerable increase in research in the field of 

tipicla. This intensified interest in this class or 
corripounds has stenlIrled largely from the growing 
interest in the causes of lipid diseases such as athero- 

Techniqocs. By D, cHAPMAX. john Wiley Study Group. Edited by E. G. ETTLINGER. 

f 156 pp. 12.5 X 19 cm. Price $3.75. 
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of niodern physicochemical cxperimental methods Foundation Study Group. Edited by G. E. W. 
that have been used extensively in recent years to W-OLSTENHOLME, F. I. BIOL, and J. K N I C H ~ .  
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standing if not absolutely unique among the matc- 
rials available on earth. It is further pointed out 
that thcsc substances are uniquc in respccts which 
make them ideal for some particular biological 
function. 

All of the relevant elements and compounds are 
surveyed systematically. The author concentrates 
on the significance and interpretation of the prop- 
crtics studied rather than on the properties them- 
selves. Biological rather than any other applica- 
tions of the properties arc stressed. Illustrations 
by use of figures, tables, and formulas are numerous. 

Ihe coverage of the subject matter is compre- 
hensive; the bibliography, while not too extensive, 

,. 

and their relationships to intra- and intcrmolec- 
ular structure and interactions axe discussed. 
More than one-half of the book is devoted to X-ray 
diffraction arid irilrarecl spectroscopic studies with 
particular emphasis on crystal polymorphism. 
Separation techniques, ultraviolet, nuclear magnetic 
resonance, electron spin resonance, and mass 
spectroscopy and their application to lipids are 
discussed in the remainder of the book. It is shown 
that the combined applications of these techniques, 
particularly X-ray, infrared, and NMR, have 
unraveled a number of difficult problems such 
as the existence of the multiple melting points of 
triglyccrides arid their relationship to X-ray data. 

The author has chosen to organize the subject 
matter from the standpoint of experimental tech- 
niques rather than from that of lipid chemistry. 
As a result, the book is somewhat difficult to read; 
but, on the other hand, this arrangement has per- 
mitted the presentation of a large amount of data. 

It is the rcviewcr’s opinion that the book is an 
outstanding contribution to the field and very uselul 
for rescarchcrs in the field. 

Kcviewed b y  William I. Higuchi 
College of Phnvinacy 
University of Michigan 
Ann Arbor 
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Review Article 

The Adrenergic Receptor 
By RAYMOND P. AHLQUIST 

t this moment in time it is appropriate to A review briefly the status of the adrenergic 
receptor. 

The nomenclature of CY and p receptors in- 
troduced by this laboratory in 1945 (1 )  is now 
used internationally (27, 37, 45, '70, T i ,  105). 

.A new class of drugs having potential thcra- 
peutic value, the p adrenergic blocking agents, 
has appeared ('23, 21, 26, 44, i 0 ,  77, 115, 117, 

In the study of receptors the biological ap- 
proach based on observations of tissue and organ 
response is yielding to a biochemical approach 
based on studies of binding, membranes, and 
enzyme kinetics. Therefore, this review will 
attempt only to summarize the biological studies 
of the adrenergic receptor. Some biochemical 
views will be found in papers by Ariens (la, 13), 
Belleau (19), Burn (X), Furchgott (A1-67), 
~ 0 1 1 ~  (139), and Bloom (26). 

For purposes of this review the adrenergic 
rcceptor is defined as the specific molecular site 
or structure in or on effect.or cells with which 
molecules of adrenergic agonists (epinephrine, 
etc.) react in order to elicit the characteristic 
response of the cell ( 6 i ) .  There is some tendency 
to call any and all sites of uptake or binding re- 
ceptors (85). However, the receptor is usually 
considered to be the site of drug-effector interac- 
tion that produces an observable response. 

118, 125). 
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wet-e supported hy grant HE-03514 f rom the National 
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Md. 

I t  is the opinion of this reviewer that the 
adrenergic receptor is the most important link 
in the adrenergic neuroeffector transmission 
chain. Effector cells without adrenergic re- 
ceptors, the ciliary inuscle of thc eye, for example, 
cannot respond to adrenergic agonists. This is 
true whether the agonist is administered by a 
pharmacologist, a nerve end, or the adrenal 
medulla. Although this is obviously circular 
reasoning (the response depends on a receptor 
and the receptor is defined by the response) it is, 
however, the way in which all receptors have 
originated. Regardless of Ihe exact chemical 
structure of the adrenergic transmitter the ef- 
fector response is controlled by the receptor and 
by the natural function of the effector cell. 

There are others, however, that do not place 
much importance 011 the receptor For example, 
Euler puts most emphasis on structure, synthesis, 
storage rclease, and uptake of the transmitter 

There are two classic ways to characterize 
biologically the adrenergic rrccptors; Sir Henry 
Dale pioneered both methods. One is to coni- 
pare responses to structurally different but chem- 
ically related agonists (16). The other is to 
compare responses to specific receptor blocking 
agents ( 4 i ) .  This review will consider both 
views of the adrenergic receptor 

As previously pointed out by this reviewer (i), 
experimental design, deliberate or unconscious, 
favors results that best support the experimenter's 
currently held notions. Reviewers, including the 

(60). 
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contraction of the smooth muscle of the uterus, 
nictitating membrane, ureter, and pupillary 
dilator) and one important inhibitory function 
(intestinal relaxation) 

The B receptor is associated with most 
of the inhibitory functions (vasodilation, and 
inhibition of the uterine and bronchial smooth 
muscle) and one excitatory function (myocardial 
stimulation). 

Epinephrine is the one aniine that is most 
active on both O( and 0 receptors; the adrenergic 
receptor seems to be designed to fit best with the 
molecular shape of epinephrine ( 5 ) .  

Two of the catecholamines used in this study, 
the I -methyl derivatives of arterenol and epi- 
nephrine, were dropped from the experimental 
procedures bccause of questionable puritv and 
optical activity. Furthermore, the letlo-rotatory 
isomer of arterenol (levartcrenol) became com- 
monly available. Therefore, for testing adren- 
ergic receptors by the comparative potency 
method only cpincphrinc,l levartcreno1,l and 
isoproterenol’ are usually considered 

Two other adrenergic receptor theories have 
been proposed. Lands (86) ,  on the basis of 
responses to a large variety of sympathomimetic 
amines, suggested receptors A c (excitatory), A r 
(inhibitory), and A cr (undifferentiated). The 
undifferentiated receptor was to he found in 
the heart and prcsumably the intestine, and re- 
sponded equally to almost all sympathomime tic 
amines. Furchgott (65) added two receptors. 
The y receptor for glycogenolysis and the 6 
receptor for intestinal inhibition, As will be 
described below the receptor blocking agents 
seem to have clarified partly the cardiac and in- 
testinal receptor. However, catecholamine met- 
abolic effects, including glycogenolysis. may re- 
quire a different receptive mechanism. 

(6)  

2. 

ALPHA ADRENEKGIC RECEPTORS 

The 01 receptor is characterized by being most 
responsive to epinephrine and least responsive to 
isoproterenol. In ternis of comparative po- 
tency the order of activity is, epinephrine is more 
potent than levarterenol which is more potent 
than isoproterenol. 

Eye.-Therc is no douhl that  epinephrine 
is the most potent catecholamine on the adren- 
ergically controlled smooth muscle of the eye. 
This is true whether the racemic or Levo forms 
of epinephrine and norepinephrine are coni- 
~ 

1 l o  discussing comparative potencies of the catechol- 
amines it should be understood that epinephriue and levar- 
terenol are levn rotatory compounds and that isoproterenol is 
a 1-acemic mixture. These are the forms compared unless 
otherwise specified. Iu some of the older studies. prior to 
1948, racemic epinephrine was compared to racemic nor- 
epinephrine (arterenol). In some more recent studies l ~ s o  
isoproterenol has been used. 

present one, are not immune to this phenomenon. 
Therefore, comparative potencies assigned to 
various agonists are not necessarily the same as 
those assigned by the authors of thc qnoted 
papers. In some cases the authors made no 
estimates of comparative potency although their 
published results give sufficient information to  
allow these estimates to  be made. In other cases, 
older papers have been reinterprctcd in the light 
of newer ideas. 

HISTORICAL VIEW 

Ehrlich proposed the basic idcas of rcccptor 
theory (52) He considered chemicals as having 
two functional parts: a selective group that 
governs distribution in the body, tissues, and 
cells, and a pharmacophore group that evokes the 
specific effect produced by the chemical. In 
modern terms, affinity and intrinsic activity 
(13) could be substituted for Ehrlich’s terms 

Dale was the first to make significant IISC of 
the receptor concept in connection with the syin- 
pathetic nervouq system (4‘7). He recognized 
that the sympathetic neuromyal junction could 
be viewed as “the receptive mechanism for adren- 
aline,” and he used this concept to explain the 
differential blocking effect of the ergot alkaloids 

Initiated by the work and ideas of Cannon 
(as), theories of differential activity based on 
the chemical structure of the transmitter started 
to develop. Cannon’s sympathins E arid I 
were followed by sympathins A (from adrenal) 
and N (from adrenergic nerves) (14,58,59) ; syni- 
pathin A was thought to be epinephrine and N 
norepinephrine. 

In the course of a search for a compound to 
prevent the myoinetrial stimulation induced by 
vasopressin some unexpected (to this experi- 
menter) observations were made These were : 
phenylephrine, a potent vasoconstrictor, ye- 

laxed the smooth muscle of the gut while a methyl 
derivative of epinephrine, a potcnt depressor 
agent, did not as readily relax the gut; isopro- 
terenol in high dosage contracted rabbit uterus; and 
arterenol was less potent than epinephrine as a 
vasoconstrictor. These findings suggested a inore 
thorough comparison of closely related catechol- 
amines. The relative potencies of five amines, 
including epinephrine, were studied on a variety 
of effectors. The conclusions drawn froin the 
results were as follows (1, 4. 5, 7). 

There are two distinct types of adreno- 
tropic (adrenergic) receptors as determined by 
their relative responsiveness to closely related 
sympathomiinetic aniines. 

The (Y receptor is associated with most of 
the excitatory functions (vasoconstriction, and 

1. 

(a )  
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pared. This is shown by mydriasis produced 
by intra-arterial injection in the intact cat 
( I ,  58, 781, by intraocular injection in the dog or 
rabbit (2 l ) ,  or in the isolated eye of the ra t  

The smooth muscle controlling the nictitating 
.membrane, usually studied in the cat, has long 
been used to show the difference in potency be- 
tween epinephrine and levarterenol (1, 33, 134, 
143). On the isolated membrane of the cat, 
epinephrine is five times more potent than levar- 
iterenol ( 133). The chronically denervated or 
cocaine pretreated nictitating membrane be- 
comes supersensitive to both epinephrine and 
levarterenol (33, 134). The increase in sen- 
sitivity to the latter exceeds that to the former so 
that the potency difference between thcse amines 
becomes smaller. However, epinephrine re- 
mains the more potent. 

The smooth muscle of thc orbit of the eye seems 
to be more sensitive to epinephrine than to 
levarterenol (personal observation). However, a 
quantitative study has apparently been done 
only in the rat; epinephrine was found to be 
about twice as potent as levarterenol (68). 

What is the effect of isoproterenol on the iris 
dilator and the nictitating membrane? On intra- 
ocular administration, this amine produces mydri- 
asis by causing contraction of the radial muscle 
(62) ; this is an CY receptor response as shown be- 
low by tests with specific blocking agents. A 
similar result is obtained in the isolatcd eye of 
the rat (18). In the intact eye of the cat my- 
driasis is obtained only with very large doses of 
ieoproterenol (1). On the isolated nictitating 
membrane of the cat isoproterenol in a concentra- 
tion of 1 mcg./ml. produces relaxation il the mus- 
cle is in spasm (123) ; a concentration of 10 mcg./ 
ml. produces only contraction (,133). In sum- 
mary, isoproterenol activates the QI receptors as- 
sociated with the eye, and its potency is a tenth to 
a hundredth that of epinephrine, depending on the 
tcst method used to compare the drugs. 

Spleen.-The smooth muscle of this organ 
is contracted by the catecholamines. Epi- 
nsephrine is more potent than levarterenol. 
This has been determined using measurements 
of whole spleen size in anesthetized dogs (9, 
41), contraction of isolated strips of cat spleen 
(B), and by hematocrit increases in sheep 
(1 36) .  Isoproterenol in relatively high dosage 
also produces splenic contraction in the dog 
or cat (22, 102). 

Seminal Vesicles.-When tested on isolated 
preparations from the rat, epinephrine is 
more potent than levarterenol in causing con- 
traction (42, 126). 

(18). 
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Retractor Penis.-The smooth muscle of this 
canine structure in situ is contracted by 
catecholamines. Epinephrine is more potent 
than levarterenol (91, 95). Occasionally, high 
doses of isoproterenol will produce contraction. 

Myometrium.-It has long been known that 
the myometrial response to epinephrine varies 
from species to species and depends on the 
hormonal status a t  the time of experiment 
(72). Rabbit or dog uterus, i n  situ or isolated, 
contracts in response to epinephrine or levar- 
terenol; the former is the more potent ( 1 ,  3, 
58, 142). Results similar to those obtained in 
the rabbit have recently been found in the sloth 
(Choloefius h08man Peters) (1 14). Isoproterenol 
produces both relaxation and contraction, the 
latter occurring only with high concentrations 
(I). The uterus of the pregnant cat also re- 
sponds to epinephrine and levarterenol with 
contraction, but the latter is now the more 
potent (142). This is due to the fact that the 
inhibitory receptor is dominant over the excita- 
tory receptor. The dominance between recep- 
tors varies from the rabbit, in which the excitatory 
is predominant, to the rat, in which the inhibi- 
tory is dominant. In the human female both 
receptors are apparently present since epi- 
nephrine can produce either relaxation or contrac- 
tion depending on dosage, and levarterenol pro- 
duces contraction (43, 81, 116, 145). 

Arterial Pressure (Pressor Response).-The 
acute transient rise in mean arterial pressure 
in the anesthetized animal is the classic hall- 
mark of sympathomimetic activity. Levar- 
terenol under ordinary circumstances, ad- 
ministered intravenously, is a more potent 
pressor agent than epinephrine (1, 16, 42, 58, 
78, 94, 95, 142). However, epinephrine is the 
more potent agent in eviscerated dogs (42), in 
dogs anesthetized with ether (131), and in rabbits 

Isoproterenol produces a depressor response 
in most species of animals In the rabbit a 
pressor response may occur (1). 

While i t  is true that arterial blood pressure 
responses give clues as to how drugs effect the 
peripheral resistance and cardiac action, other 
more direct measurements are needed. Arterial 
pressure can be elevated by either vasoconstric- 
tion or cardiac stimulation. Reflex effects ini- 
tiated by pressure changes can conceal or even 
reverse the responses due to direct drug action. 

Vasoconstriction.--Epinephrine is the most 
potent adrenergic vasoconstrictor. This has 
been demonstrated in dogs in the renal circula- 
tion (1, 9, 124), in the skin ( 7 5 ) ,  in the mesen- 
teric circulation (1, 7 3 ) ,  and in the femoral 

(1). 
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Bronchial Smooth Muscle,-The relative 
potencies of the catecholamines on this muscle 
are, isoproterenol > epinephrine > levarterenol 
(42, 78, 95). This relationship is the same 
whether the test method used is protection 
against histamine asthma in guinea pigs, per- 
fusion of the isolated lung, or mechanical re- 
sponse of tracheal ring chains. 

Myometrium.-The isolated uterus of the 
ra t  is relaxed by all of the catecholamines and, 
indeed, by all sympathomimetic compounds 
tested. The relative potencies of the catechol- 
amines are : isoproterenol > epinephrine > 
levarterenol (1, 95, 142). ,4s stated above, the 
myometrium of other species appears to have 
both a and /3 receplors. ,4s will be described 
below the myometrium can be used to detect the 
specific blocking agents of these receptors. 

Arterial Pressure (Depressor Response) .-- 
Isoproterenol injected intravenously produces 
a transient but well marked fall in pressure in 
most species (1, S7, 114). There is no un- 
equivocal evidence tha t  epinephrine or levar- 
terenol can produce a similar depressor re- 
sponse. However, after an a adrenergic 
blocking agent (see below) epinephrine evokes 
a depressor response. This change from a 
pressor response to a depressor response is 
termed epinephrine reversal. 'This is con- 
sidered to be due to an unmasking of a vaso- 
dilator action that is normally concealed by a 
predominant vasoconstricting effect. In addi- 
tion, epinephrine and levarterenol evoke special 
depressor reflexes (2, 76). 

Vasodilation.-Intra-arterial injections of 
epinephrine produce vasodilation in the vascu- 
lar bed of skeletal muscle of dog and man (15, 
74, 121). Epinephrine is said to increase 
hepatic blood flow in man (17). 

Isoproterenol produces vasodilation when in- 
jected intra-arterially in the femoral and mesen- 
teric vascular beds (1). In the renal vascular 
bed isoproterenol has either no significant effect 
(1) or produces some vasoconstriction (124). 

Although there have been few detailed corn-. 
parative studies of the potency of the three. 
principal catecholamines the information avail- 
able shows isoproterenol > epinephrine > levar- 
terenol as direct vasodilators. 

Heart.-Isoproterenol is the iiiost potent of' 
the three catecholamines in producing a p s i - .  
tive chronotropic effect on the heart (1, 80, 87).. 
Epinephrine is probably more potent than! 
norepinephrine ( I ] ) ,  bu t  reflexes due to pres- 
sure changes can obscure the positive chrono- 
tropic effect. For example, in animals with 
intact buffer reflexes, vagal bradycardia may 

circulation (9). Epincphrine is more potent 
than levarterenol as an intracutaneous vaso- 
constrictor (42, 7 8 ,  95). It is also more potent 
in the perfused rabbit ear (95) and perfused 
frog (142). 

Levarterenol is more potent than epinephrine 
as a vasoconstrictor in the canine skeletal muscle 
vascular bed (74). This is due to the fact that 
epinephrine is a more potent vasodilator than is 
levarterenol (see below). 

Coronary blood flow is increased by the cate- 
cholamines. There is, however, little conclusive 
evidence that this is a direct relaxing effect on 
coronary smooth muscle. Changes in heart rate, 
ventricular contractile force, and diastolic pres- 
sure can markedly change coronary flow by 
mechanical or metabolic means. These effects 
complicate and obscure attempts to measure the 
direct coronary effects of the catecholamines. 
I t  is possible that epinephrine and levarterenol 
are direct coronary vasoconstrictors. 

Aortic Muscle.-The smooth muscle in 
rabbit aorta is contracted by the catechol- 
amines. Epinephrine is equipotent with levar- 
terenol, and isoproterenol is the least potent 
(63, fj4, 144). These studies include blocking 
agents, and the results are consistent with 
existence of a single receptor ( a ) .  

Intestinal Smooth Muscle.-On the two 
standard experimental preparations for testing 
drugs on the gut, isolated rabbit ileum and intact 
canine intestine, all ortecbolamines and all sym- 
pathomimetics, produce an inhibitory effect. In 
comparing epinephrine and levarterenol the ma- 
jority of studies show epinephrine to he the more 
potent (1, 9, 33, 3 i ,  58, 142). Isoproterenol is 
sometimes the least potent of the three catechol- 
amines, and somctimcs the most potent. And in 
intact animals, isoproterenol olten produces 
stimulation of the ileum instead of inhibition. 
Although an a receptor could be assigned to 
intestinal smooth muscle, i t  will be shown below 
that this would not be a complete explanation. 

BETA ADRENERGIC RECEPTOR 

The 6 receptor is most responsive to isopro- 
terenol and epinephrine and in general is least 
responsive to levarterenol. In terms of potency: 
isoproterenol > epinephrine > levarterenol. 
Only two smooth muscle inhibitory responses 
seem unequivocally to be controlled by a p 
receptor. These are: the bronchial smooth 
muscle and the rat myometrium. All other 
smooth muscle adrenergic responses are best 
described as being controlled by a balance be- 
tween a and /3 activity. 
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completely overshadow any tachycardia. 
Levarterenol in this casc produces more 
bradycardia (less positive chronotropic effect) 
than epinephrine (9). 

In man, levarterenol produces reflex brady- 
cardia while epinephrine produces sinus tachy- 
cardia ( i l ,  145). 

The rclative potency for producing a positive 
inotropic cardiac effect is isoproterenol > e p  
inephrine = levarterenol(4fi, (i 1, i 8 ,  87, 120). In 
‘ccrtain amphibia epinephrine is definitely morc 
potent than levarterenol (142) and the same is 
true in isolated rabbit hearts under some experi- 
mental conditions (1). 

Intestinal Smooth Muscle.-The potency 
of isoproterenol as compared to epinephrine 
and levartercnol is difficult to  determine. On 
isolated strips of rabbit ileum thc response 
seems to depend on the order of adiiiinistra- 
tion. Using equimolar doses, if isoproterenol 
is applied first, and applied only once to each 
strip, it is the least potent catecholainine in 
producing cessation of movement. On the 
other hand, if isoproterenol is applied repeatedly 
or after the other two amines, it  appears to be 
the most potent. If the strip is pretreated with 
atropinc its response to isoproterenol becomes 
more uniform, but the rclative potency is still 
variable. The evidence makes it difficult to 
assign cither an cy or a receptor on the basis of 
relative response to the catecholamines. Furch- 
g-ott (64) assigned a b receptor. However, an 
dternative explanation will be presented below 
under p adrenergic blocking agents. 

ALPHA RECEPTOR BLOCKADE 

The classical adrenergic blocking agents such 
as dibenamine, phenoxybcnzine, and phentol- 
amine have long been known to block most of 
the excitatory responses to epinephrine and other 
catecholamines. The excitatory responses that 
are not blocked are the positive inotropic and 
cfironotropic effects on the heart. This class of 
drugs has been reviewed extcnsively (110, 11 1). 
Green and co-workers have published extensively 
on adrenergic block in skeletal muscle vascular 
bed (74), mesenteric bed (73) ,  and skin ( i 5 ) .  
The iris has been studied by Rennet et a/.  (21). 
the spleen by Bickerton (22), and the isolated 
seminal vesicles by Stone and Loew (1213). 

Levy and Ahlquist (91) have described a 
general method for examining adrenergic block- 
ing agents. This consists of recording arterial 
pressure, heart rate, intestinal contraction, and 
contractions of the retractor penis in thc an- 
,esthetized dog. Four test amines are adminis- 
tered before and after the unknown blocking 
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agents. These are: epinephrine and cthyl- 
norepinephrine (N and p activators), phenyl- 
cphrine (a relativcly pure N activator), and iso- 
proterenol (the most potent p activator). An N 
blocking agent diminishes or prevents the effect 
of epinephrinr and phenylephrine on the retractor 
penis, blocks the pressor action of phenylephrine, 
reverses the pressor action of epinephrine, and 
does not essentially alter the responses to iso- 
proterenol. 

It was found that these blocking agents also 
blocked the inhihitory effect of phenylephrine 
on the intestine (8). 

It is fair to say that all rcsponscs described 
above as being controlled by a receptors arc 
blocked by the agents known as classic adrenergic 
blocking agents. This includes vasoconstriction 
and contraction of iris dilator, seminal vesicle, 
spleen, and retractor penis. 

BETA ADRENEKGIC BLOCKADE 

In lY5X Powell and Slater described the actions 
of the dichloro analog of isoprotcrenol, DCI 
(114). This compound had effects that could 
only be described as due to blockade of thc f3 
adrenergic receptors (122). Moran (106) sug- 
gested that the term “bettz adrenergic blocking 
age.nt” was most appropriate. This was the 
start of a continuing search for ncw p adrenergic 
blocking agents for possible therapcutic use in 
cardiac arrhythmias. 

I t  is of historical inlcrcst that a t  least two com- 
pounds preceded dichloroisoproterenol as fl 
blocking agen 1s. Ethylnorepinephrine, to be 
described in great er detail below, in large doses had 
/3 adrenergic blocking activity. The first dosc of 
this compound administered intravenously pro- 
duced a transicnt pressor response followed by a 
more prolonged depressor response. If the dose 
was immediately repeated the pressor response 
increased and the depressor response decreased. 
After three or four doses of about 0.5 mg./Kg., 
ethylnorepinephrine produced only a pressor 
response (132). The reason for this “reversal” 
was not found until 25 years later (90). 

Butylsympatol blocked the depressor responsr 
to isoproterenol and increased the pressor re- 
sponse to epincphrine (41, 113). 

Many substances have been found to have 
/3 adrcnergic receptor blocking properties. At  
the present time the principal compounds are as 
follows. 

Dichloi-oisoproterenol, IICI (88, 90, 115). 
Naphthq.lisoprotereno1, I-(~-iiaphthyl)-3-iso- 

propylaminoethanol, nethalide, pronethalol (24) . z  

Trademarked as Alderlin 
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1 - Isopropylamine - 3 - (1 - naphtliyloxy) - 2- 
propanol, propranolol (23). 3 

4 - ( 2  - Isopropylamino - 1 - hydroxyethyl) 
methanesulfanilide, MJ1999 (51, 125). 
4 - (2 - Methylamino - 1 - hydroxypropyl) 

methanesulfonanilide, MJ1998 (51, 125). 
Arterial Pressure.-The p adrenergic block- 

ing agents diminish or block the depressor 
response to isoproterenol (91). This effect can 
serve as a basic indicator for these com- 
pounds. A more sensitive screening test has 
been described; this is known as the “ethyl- 
norepinephrine reversal” test (90). This 
catecholamine in a dose of 50 mcg./Kg. in 
anesthetized dogs treated with atropine con- 
sistently produces a small pressor response 
followed by a more prolonged depressor response. 
Blood flow studies show this to be due to vaso- 
constriction followed by vasodilation. Following 
an effective dose of a @ blocking agent, 
ethylnorepinephrine produces only a pressor 
response due to peripheral vasoconstriction. 
Many vasoconstrictors of prolonged action also 
produce ethylnorepinephrine reversal by obscur- 
ing the dilator effect of this catecholamine. 
Therefore, to be certain only 0 receptor blockade 
is involved, blood flow studies should be done. 
Isoproterenol block but not reversal must also be 
present. 

The p blocking agents also potentiate the pres- 
sor action of epinephrine (6). This is consistent 
with the idea that the pressor response to epi- 
nephrine is reduced by the vasodilating action of 
this catecholamine. 

Bronchial Smooth Muscle.-The broncho- 
dila.tion produced by epinephrine, norepi- 
nephrine, or isoproterenol is blocked by fl  
adrenergic blocking agents (100). Epinephrine 
and levarterenol now produce a contraction 
tha t  is blocked by  a adrenergic blocking agents. 

Myometrium.-Inhibition of the feline myo- 
metriuni i n  situ produced by epinephrine is 
blocked by p adrenergic blocking agents (122). 
Inhibition of isolated uteri by epinephrine is 
also blocked by these agents (65, 92, 115). 
All of the fi blocking agents have some in- 
trinsic activating effect on the fi receptors. 
This renders the assessment of blockade of in- 
hibitory adrenergic effects difficult (137). For 
example, isolated strips of rat myometrium, are 
persistently relaxed by the fi blocking agents. 

Intestinal Smooth Muscle.-The inhibitory 
effect of isoproterenol on the canine intestine 
in situ is blocked by a @ blocking agent (4, 87). 
In the same experiments the inhibitory effect 
of phenylephrine was blocked by an a blocking 

3 Trademarked as Inderal. 
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agent. When it became apparent that  the 
inhibitory effect of epinephrine was blocked 
only by a combination of an a and a /3 blocker 
the conclusion was drawn that the intestine 
has both types of receptors and that both 
control inhibition. Confirniatory results have 
been obtained using isolated intestine (96, 143). 

Myocardium.-Cotton et al (45) found 
evidence that led them to believe that the 
a blocking agents, phenoxybenzamine and 
phentolamine, blocked the positive inotropic 
effect of epinephrine in the open-chest dog. 
Following the description of the blockade of 
the myocardial actions of epinephrine by di- 
chloroisoproterenol (49, 50, 106) the effect of 
blocking agents was re-examined. I t  was 
found that the relative increase in force of con- 
traction produced by epinephrine was reduced by 
phenoxybenzamine. However, the LY blocking 
agent had by itself markedly increased the force 
of contraction. This increase in control level 
resulted in the decrease in relative response to  
epinephrine. The absolute increase, however, 
was not reduced. Therefore, the suggestion 
that CY blocking agents prevent the cardiac ef- 
fects of the catecholamines was withdawn (107, 

DCI blocks the effects of catecholamines in 
dog heart-lung preparations (62) and blocks 
action of epinephrine to increase automaticity- 
in isolated hearts (50). 

Pronethalol blocks positive inotropic and 
chronotropic effects of catecholamines (24,83,84). 
This substance also prevents hydrocarbon- 
epinephrine fibrillation (IOX), fibrillation due to 
cardiac glycosides (138), and blocks catechol- 
amine induced heart rate increases in man (40). 
It also blocks the effects of catecholamines on 
the heart-lung preparation (48). 

Propranolol is somewhat more potent in block- 
ing action than pronethalol and is said to have 
practically no intrinsic 0 activating effect (23). 
It also acts as an antifibrillatory substance (20). 
In man propranolol decreases heart rate, cardiac 
output, arterial pressure, and cardiac work (57). 

Any agent that blocks the positive chronotropic 
effects of catecholamines should be a potential 
antiarrhythmic drug. Propranolol is now under- 
going extensive clinical testing (70, 77, 117, 118). 
There is some question, however, whether the 
demonstrable antiarrhythmic effect is due to f l  
blockade or to some other effect (69, 93). 

A modification o€ the ethylnorepinephrine 
reversal test (see above) based on the blockade 
of the positive chronotropic effect has h e n  sug- 
gested (130). In anesthetized dogs with intact 
buffer rdexes, slight, transient direct, and reflex 
tachycardia is produced by ethylnorepinephrine. 

112). 
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Following /3 blocking agents this response is 
converted to one of reflex bradycardia. This 
test is sensitive enough to detect the j? blocking 
activity of 10-50 mcg./Kg. of pronethalol. 

METABOLIC EFFECTS OF CATECHOLAMINES 

In addition to the effects on smooth and cardiac 
muscle, epinephrine and related compounds pro- 
duce a variety of metabolic effects. This in- 
cludes hepatic glycogenolysis, lipolysis in adipose 
tissue, and an increase in blood lactic acid. It is 
tempting to assign an CY or j? receptor for each of 
these actions. However, as will be pointed out, 
this is not possible a t  the present time. 

Comparative Potencies of Catecholamines.- 
As far as these metabolic effects are concerned 
the onIy consistent finding reported is that  
epinephrine is the most potent catecholamine 
when all effects are considered. This has been 
found for hyperglycemia in rabbits (421, 
hyperglyceniia in rats (136),  hepatic gly- 
cogenolysis (54, 140), increase in hepatic 
active phosphorylase in rabbit liver slices (1 27), 
lipolysis from adipose tissue (141, 140), and in- 
creased blood lactic acid (54, 99). 

It is the lack of uniformity of the compara- 
tive potency of isoproterenol to epinephrine 
that prevents a clear assignment of a receptor. 
In some cases isoproterenol is the least potent. 
In some cases it is even inactive, for example, in 
producing hepatic glycogenolysis (52). Only 
in the case of increasing active phosphorylase 
in the heart (101) and the increase in cyclic 
3-5-AMP (128) is isoproterenol the more potent. 

On the basis of comparative potencies it is not 
possible to assign a single receptor, although it 
:seems that a f i  type receptor would be appropri- 
:ate. 

Blocking Agents.-The /3 adrenergic re- 
ceptor blocking agents have been found to 
block epinephrine induced hyperglyeemia in 
cats ( 5 3 ,  55), myocardial and skeletal muscle 
glycogenolysis (821, increase in active phos- 
lphorylase in the dog heart ( IOl ) ,  rat  diaphragm 
and liver (lo), increase in plasnia free fatty 
acid ( 3 5 ) ,  and free fatty acid release from 
adipose tissue (28). 

Many of the same effects are also blocked hy- 
(Y blocking agents (10,28,29,39,53). In addition, 
lhe compound isopropylmethoxamine which is 
not a /3 blocking agent (89, 129) blocks these 
effects too. And most recently, the compound 
N-tertiary butyl methoxamine, another substance 
with no /3 blocking properties has been shown to 
block these metabolic effects (36). However, 
there is some evidence that methoxamine itself 
may have some f i  blocking properties (25). 

In the opinion of the reviewer the adrenergic 
metabolic actions do not seem to be controlled 
by a receptor that fits with the smooth or cardiac 
muscle effects. Celander’s (39) idea that the 
sympathetic adrenergic nerves and the adrenal 
medulla have two different general controlling 
effects seems most attractive. In his view epi- 
nephrine from the adrenal should he regardedsolely 
as a metabolic hormone. The theory set forth 
by the Lundholms (97, 98) that the vasodilator 
and inhibitory actions of the catecholamines are 
secondary to metabolic changes deserves further 
study. Furchgott’s original suggestion of a y 
adrenergic receptor (F5) for metabolic effects 
appears to be useful. 

CONCLUSIONS 

1. How valid is the adrenergic receptor con- 
cept? It is as valid as any other receptor 
mechanism. It would be better to define a site of 
drug or hormone action by the actual enzyme or 
enzymes involved. However, if these are not 
known, some other way to characterize sites of 
action is Reeded. 

The receptor concept correctly describes the 
site of drug-effector interaction as belonging to 
the effector cell. The effector responds to the 
drug (or hormone). Drugs do not act on just 
any cell. 

What is the usefulness of the adrenergic 
receptor concept? In the first place it allows 
prediction of drug action. For example, the f i  
receptor blocking agents wcre characterized be- 
fore any such compounds were recognized. 
Dale (47) and Rothlin et al. (119) suggested that 
ergot alkaloids could block the effects of epi- 
nephrine on the heart and on the gut. However, 
the predominant (Y adrenergic blocking actions 
of these alkaloids strongly interfered with early 
definitive studies of /3 blockade. Holzbauer and 
Vogt (79) tested 27 different substances, in- 
cluding classical adrenergic blocking agents, on 
the rat  uterus without finding a single 0 blocker. 

It also follows that different kinds of chemicals 
than previously thought to be adrenergic block- 
ing agents should be sought to block the metabolic 
effects of catecholamines. 

Prediction of drug response is also necessary 
in determining what are the active parts of a 
given chemical structure. Biochemical studies 
of drug-enzyme interactions have usually been 
based on structure-response studies. 

Can adrenergic receptor stiidies determine 
the nature OF the adrenergic neuro-transmitter? 
Considering all adrenergic rcsponses, epinephrine 
is the most potent catecholamine. Therefore, if 
potency i s  a measure of drug-receptor interac- 

2. 

3 .  
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(13) Ariens, E. I., van Rossum, J. M . ,  and Simonis, 

(14) Bacn. 2. M.. A;?z. Phvsiol. Phvsicochem. Siol..  10. 
-4. M. P h a r m o d  Rev. 9 218(1957). tion, the adrenergic receptor seems to be de- 

signed to “fit” epinephrine. However, potency 
can also reflect changes in metabolism, binding 
to inactive sites, membrane penetration, and 
other things beside drug-receptor interaction. 
However, epinephrine is the most potent, in 
ciuo or in vitro, and under many different cir- 
cumstances. From this we must assume that 
the superior potency of epinephrine is a true drug- 
receptor property. 

Until definitive evidence to the contrary is 
obtained there is no reason for this rcviewer to 
discard his assumption that epinephrine is the 
ultimate adrenergic neuro-hormone. Epineph- 
rine is the end product of the catecholamine 
biosynthetic pathway (30). It is thc receptor that 
determines the effector response. The reviewer 
has no information on the exact mechanism of the 
transmitter-receptor interaction. Therefore, i t  
can be assumed that although adrenergic trans- 
mission is based on epinephrine as the trans- 
mitter the receptor would allow prccursors such 
as levarterenol or even dopaminc to affect trans- 
mission if necessary. 

On the basis of relative responsiveness to 
sympathomimetic amines, and on the basis of 
specific blockade, the a receptor is associated with 
all adrenergic excitatory smooth muscle rcsponses 
and with intestinal relaxation. 

receptor is associated 
with all adrenergic inhibitory effects on smooth 
muscle and with the adrenergic positive inotropic 
and chronotropic cardiac effects. 

On the basis that epinephrine is usually the 
most potent catecholaminc metabolically, and 
that a specific class of blocking agents for these 
effects has not yet been found, a y receptor could 
be assigned to the adrenergic metabolic effects. 

5. The adrenergic receptor concept should 
not interfere with or negate other studies or 
findings in regard to the cellular responses to 
catecholamines The biophysical changes as 
described by Bulbring (31), for example, are a 
step beyond the drug-receptor interaction. 

4. 

On the same basis the 
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Research Articles- 

Simplified Computation of Confidence Intervals for 
Relative Potencies Using Fieller’s Theorem 

By C. PHILIP COX and DONNA J. RUHL 

Confidence intervals for relative potencies in bioassays are usually calculated by using 
Fieller’s theorem, but the procedures presented in standard texts are computationally 
cumbersome. It is shown that Fieller’s formula can be expressed in an alternative 
form which takes advantage of calculated quantities from the analysis of variance 
(ANOV) and thus simplifies computations. Slope ratio assays and parallel line 
assays are discussed, and 2 examples illustrate the use of the proposed alternatives. 

ONFIDENCE intervals for relative potencies in C bioassays based on normally distributed 
responses are calculated from the formula derived 
by Fieller (I) which, for present purposes, is 
restated as follows. Suppose that the ratio 
estimate of p = p/-y is 

R = u/v (Eq. 1) 

where u, the unbiased estimate of p ,  and v, the 
unbiased estimate of y, are linear combinations 
of variates which are normally distributed with 
variance u2. Suppose also that the variance and 
covariance estimates are 

where s2, with f degrees of freedom, is the un- 
biased estimateof u2, and aur a,, and a,, are known 
constants depending on the construction of u 
and v. The usual derivation of Fieller’s theorem 
leads to R b  and RU, the lower and upper 100 
(I - a)% confidence limits on p ,  as 

(Jk. 3) 

where F,, the 100(1 - a)% tabulated critical 
value from the F-distribution, with 1 and f 
degrees of freedom, has replaced t2 in the usual 
formulation. 

Users (2) know that, as usually presented, the 
formula is computationally cumbersome, and 
it will be shown that the formula can be thrown 
into a simpler alternative form. The beneficial 
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results for slope ratio and, particularly, parallel 
line assays are exemplified. 

SLOPE RATIO ASSAYS WITH ONE TEST 
PREPARATION 

For slope ratio assays with responses at the zero- 
dose level and at doses xsi and X T ~ ,  i = 1, 2, . . ., 
k ,  and j = 1, 2,  , . ., kz, for the standard and test 
preparations, respectively, the relative potency 
estimate, R, is obtained as 

R = bT/bs (Eq. 4) 
where bs and bT are the cstimated slopes of the (x, y )  
dose-response lines for the standard and test prepa- 
rations, respectively. The 2 slopes are givcn by 

b.9 = ’ ( ( z ’XTz ) ( z ’ xSy )  - ( z ’ X S X T ) ( z ’ x T ) ’ ) )  
A 

br = ( - ( Z ’ X S X T ) ( Z ’ x S y )  f (Z‘XS*)(Z‘XTy))  A 

where, if Z denotes summation over all the observa- 
tions for each preparation, 2 ’ denotes “corrected” 
summation so that the quantities in Eq. 5 are ob- 
tained as follows: 

Z’XTY == Z X T ~ Y T ~  - G ~ ~ ( Z X T ? )  (Eq. 7) 

in which N is the total number of observations, G 
is the grand total of all the responses, and 

A = ( ~ ’ X , ~ ’ ) ( Z ’ X T ~ )  - ( ~ ‘ x s x T ) ~  (Eq. 8) 

Hence, by comparison with Eqs. 1 and 2 

(Eq. 9) u = bT<, v = b s  

368 
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and Finney (3) shows that 

369 

illustrate the computational procedures. The 
numerical quantities required arc 

N = 20, bs = 118.629, R = 0.6847, 
s2 = 14.43 (15 d.f.) 

From the ANOV, the regressions sum of squares is 
31456.9, while, for 95yo confidence limits, F, = 
F1,16(0.05) = 4.54 from standard tables. Since 
FS from Eq. 18 will plainly be large relative to F,, 
the approximate formula can safely be used in this 
case. Hence, from Eq. 20 

RL, Rr; = 

If now quantitics F, and FS are defined as 

2 F ,  = (regrcssions sum of squares)/? (Eq. 11) 

Fs = hs2/a ,s2  (Eq. 12) 

then it is shown in the Appendix that the confidence 
interval on the ratio, p ,  can be expressed as 

RL? Ru = 

RFs ~. - Fda,,/U,) ~~ F dFC(zF7 - F,)/Aa,' (Eq, 13) 

Using Eq. 10, Eq. 13 can bc put into the alternative 
form 

(Fs - Fc) 

RL, Rv = 

(Eq. 14) 

With A from Eq. 8, the alternatives given in Eqs. 
13 and 14 are already more convenient than the usual 
form in the general case described. Further ad- 
vantages occur in applications to  the common 
symmetrical assays for which explicit values of uu, 
uor and a,, are available. 

Thus, for the symmetrical 5-point assay with a 
zero dose and coded doscs of 0.5 and 1 for each of 
the standard and test preparations, 

(Eq. 15) 

so that, from Eqs. 8 and 10, 

A = 175N2/1O1, a, = a,  = 64/7N, auv = 36/7AT 
(Eq. 16) 

Substitution in Eq. 13 leads to  the very simple 
expression of the confidence limits as 

K L ,  Ru = 
16FsR - 9Fc F d l 7 5 F c ( 2 F 7  - Fr) 

16(Fs - F c )  

(EY. 17) 

Fs = 7Nbs2/64s2 (Eq. 18) 

where, from Eq. 12, 

Taking 175/256 

RL. Ru = 

0.6836, Eq. 17 becomes 

(Eq. 19) 

In microbiological assays the quantity F,/Fs, 
which is g as used by Finncy (3), is often small 
enough to be neglected. In this case Eqs. 17 and 
19 reduce to the very convenient approximate form 

RL, Ru = 
20 

Nbb2 R 7 ---T .\/Fc(regressions sum of squares)s2/7 

(Eq. 20) 

Numerical Example.--Vdtues from the assay by 
'Wood (4), analyzed in Finncy (3), will be used to 

1 
0.6847 ~- .\/(4.54)(31456.9)(2.06) (118.629)2 
= 0.6462, 0.7232 

which compare well with the accurate rcsults that 
are obtained below and given in Finney (3). To 
obtain the accurate values, 2F, and FS are first 
computed as 

2Fr = 31456.9/14.43 = 2179.9653 

and, from Eq. 18, 

Fs = (7)(20)( l18.629)2/(~4)(14.43) = 2133.3566 

so that, from Eq. 19, 

RL, Ru = 

= 0.6464, 0.7236 

PARALLEL LINE ASSAYS 

The logarithm of the relative potency estimate in 
parallel line assays is obtained by Finney (3) as M 
where 

(T.S-7-1 M = Ps - 3~ - b (EY. 21) 

in which 3s and f~ are the mean log-doses, 9 s  and j+ 
are thc mean responses for the standard and test 
preparations, respectively, and 6 is the estimated 
common slope of the log-dose, response lines. Since 
3s and fl are taken as fixed, the confidence interval 
is therefore obtained for the ratio quantity 

M - 3s f f~ = - (9s  - g r ) / b  (Eq. 22) 

Here the numerator and denominator on the right 
hand side are statistically independent so that, from 
Eq. 2, uuu = 0. It is shown in the Appendix that 
the confidence limits can be represented as 

RL. Ro = 

(Eq. 23) 
where 

-1 

( x  - x ) ~  + (x - Z ) 2 [  (Eq. 24) 

and 
F, = the F-ratio for preparations in the ANOV 
F, = the F-ratio for regression in the ANOV c (m. 25) 
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and ns and RT are the total number of responses to 
thc standard and test preparations, respcctively. 

Some simplification occurs if F,/F, is small enough 
to be neglected but, in practice, the gain is so slight 
that the use of Eq. 23 may be generally recom- 
mended. Simplificd forms can, however, be pre- 
sented for the common, balanced 4- and 6-point 
parallel assays using explicit values for a, and a, as 
follows. 

Four-Point Parallel Line Assay.--If S,, S2, arc 
the total responses to the lower and upper doses 
of the standard preparation, respectively, and TI and 
1’2 are the corresponding response totals for the 
test preparation, and linear contrasts L, aud L, are 
defined as 

L,  = -(S1 + Sd + (T ,  + Td (Eq, 26) 
Lr = -(S1 + TI) + (S2 + Tz) 

the logarithm of the relative potency is calculated 
from thc ratio of R = dL,/L,, where d, as used by 
Finney (3), is the logarithm of the ratio betwecn 
successive doses, this ratio being the same for both 
preparations. Since V ( L p )  = V(L,) from Eq. 26, 
the confidence limits for dL,/L, are found by using 
Eq. 23 with up = a,. 

Joiwnal of Pharmaceutical Sciences 

of oestrin by Biilbring and Burn (5) as used by 
Finncy (3) is taken. In that cxample L,  = -42, 
L, = 448 and the ANOV was essentially 

d.f. m.s. 
Preparations. . . . . 1. , . . 63 
Regression. . . . . . . 1. , , ,7168 
Divergence.. . , . , 1 . .  . . 210 
Residual crror.. . .13. , . . 551.15 

where the term “divergence” is introduced in pref- 
erence to “parallelism” or, uglier, “antiparallelism.” 
Hence, for 95y0 limits, 

Fc = Fi, 13(0.05) = 4.67 

and 

g = (4.67)(551.15)/7168 = 0.3591 

The ratio of upper to lower doses was 2 so that, 
with d = log 2, from Eq. 29, 

(Eq. 27) 

where, as before, F, is the 100(1 - a)% tabulated 
F-value with 1 and f degrees of freedom, f bcing 
the number of degrees of freedom for sz in the 
ANOV, F,  and F, are as defined in Eq. 25. 

g = F,s2/(regression mean square) 

If g is computed as 

(Eq. 28) 

an alternative computational form of Eq. 27 is then 

preparations mean square 

(Eq. 29) 

which is perhaps the most expedient formulation 
Six-Point Parallel Line Assay.-If L, and L, are 

the usual contrasts for the 6-point assay, corrc- 
sponding to those in Eq. 26, the confidence limits for 
- Ts/b = 4dL,/3Lt. are obtained from Eq. 23 as 

,.. 

)i \$F 4% (1 - g + regression mean square 
preparations mean square 

with all quantities as previously defined. 
Numerical Example.-To illustrate the identi- 

fication of the required quantities the 4-point assay 

X 
0.301 03 

u 0.6409 

= -0.2709, 0.1828 

The basic doses were 0.2 mcg. and 0.0075 ml., for 
the standard and test preparations, respectively, 
so that the limits for the actual relative potency 
estimate ;d., are, 

PRECISION 

The formulas derived above are useful in dis- 
cussions of the precision of bioassays. For examplc, 
from Eqs 29 and 30 thc squared length of the con- 
fidence interval for 4- and 6-point parallcl line 
assays is seen to  depend on the quantity, 

1 preparations mean square 
- g + regression mean square --> t 

- g +-- g \preparations mean squae 

g --i ( 
(1 - E Y  

t l--g (1 - g)z 1 regression mean square 
(Eq. 32) 

From the definition of g in Eq 28, i t  therefore 
simply follows that the basic requirements are small 
values for F,, J ~ ,  and the mean square for prepara- 
tions, and a large value for the regression mean 
square. 

CONCLUSION 

Detailed presentations of the above formulas 
have been made because of the assurancc [Schultz 
(S)] that they give considerable computational 
advantage. In particular, the gain arises because 
values in the necessarily computed ANOV do double 
duty. The exact rather than the approximate 
formulas may be recommended, for parallel line 
assays at  least, because Once F J F ,  has been cal- 
culated for arbitration, its retention involvrs little 
extra labor. 
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APPENDIX 

Slope Ratio Assay.-Using the values for a,,, 
a,, and aui. for a slope ratio assay as given in Eq. 10, 
the cxpressiorl auw2 -- Xn,,.uv + a,u2 under the 
radical of Eq. 3 can be written as 

aUZ2 - ~UUuU‘LI  + IL&‘ cLI(UuZI - Uz4&) f LL(adA - UuvZ‘) 

= {bsjbsZ’xsz + b T Z ’ X S X T )  + a 
b T(  b TL: ’ S T 2  4- b SZ ’XRYT) 1 

(Eq. 3 3 )  

This follows from the normal equations of which 
Eq. 5 is the snlutioii. Further, the numerator 011 

the right of Eq. 33 is the sum of squares for regres- 
sion in the ANOV. Also, 

ai,nu - a,*,Z = 

1 
= ~ jh,sS’rsy + hrZ’x?’yj 

1 
A2 A 
-1 ((Z‘xsz)(z’xT2) - (Z’xsn . )*)  = (Eq. 34) 

Substituting from Eqs. 33 and 34 into 6q. 3,  the 
confidcncc limits can therefore be written as 

RL, Ru = 

371 

~~ 

&?F$rcgressiins sum of squares - S*E.’,)/AI 

(Eq. 35) 

Hence, with F, and F.7 defined as in Eqs. 11 and 12, 
the confidence limits can bc expressed as 

RL, Rrr = 

as given in Eq. 13. 

Eq. 3 with uuv = 0 reduces to 
Parallel Line Assay.-For a parallel line assay, 

(Eq. 37) 

F ,  = u2/aUs2 and F, = v2/a,,s2 (Eq. 38) 
For the general parallel line assay, comparison of 
Eqs. 1 and 23 shows that the above result can be 
applied to obtain the confidence interval for M - 
X,s + 2~ if 

ZL = (4s  - j T j  and v = h (Eq. 39) 
If ns and n~ arc the total number of responses to the 
standard and test preparations, respectively, the 
variance of (7s - j i T )  is estimated as 

where F, and F, are defined as 

V ( U j  = V(4s - TP) = ($ + $2 = nus* 

(Eq. 40) 

so that, from Eq. 38, 

which itself is the I?-ratio for preparations in the 
-4NOV. Similarly 

2: (w - f)* + Z (x - 1)2[ (Eq. 42) 

which is the F-ratio for regression in the ANOV. 
If then F p  and F, are defined as in Eq. 25, the con- 
fidence interval from Eq. 37 is 
RL, Rcr = 

I;, = 
:z { s 

1 i -~ RF,  T F J F ,  + F, - F,) 
(Fr - Fc) I. 

(Eq. 43) 
which establishes the result given in Eq. 23. 
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Identification and Differentiation of Organic 
Medicinal Agents I11 

Amine-Containing Antiparkinson Agents and 
Newer Muscle Relaxants 

By LESLIE G. CHATTEN and LYNN A. DOAN* 

A series of specific physical criteria, by which four amine-containing antiparkinson 
agents and a newer amine-containing skeletal muscle relaxant, currently in popular 
clinical application, can be identified and differentiated, is presented. Twenty- 
three derivatives of these compounds were prepared using a variety of characterizing 
agents which included picric acid, ammonium reineckate, sodium tetraphenylborate, 
chloroplatinic acid, and methyl iodide. By the use of microcrystal tests, and forma- 
tion of derivatives, it  is possible to differentiate biperiden, cycrimine, procyclidine, 
trihexyphenidyl, and phenyramidol. Photomicrographs are presented as a supple- 

mental and additional parameter for characterization purposes. 

ARIOUS techniques for the identification of 
V t r i h e x  y phenidy 1, cycrimine, and procyclidine 
hydrochloride salts have appeared in the litera- 
ture. These include microcrystal tests and color 
spot tests (I), chromatographic studies (2-4), 
published infrared spectra (5), and derivatization 
(6-9). 

A few isolated derivatives have been reported 
for phenyramidol hydrochloride (10-12) and 
those can be used as a n  aid to  identification. 
No method for the qualitative estimation of 
biperiden hydrochloride could be found in the 
literature. 

All of these preparations are potent systemic 
drugs and are intended for oral or parenteral 
administration; hence reliable criteria for their 
identification and differentiation are of great 
importance to the forensic chemist and toxicolo- 
gist. It is the purpose of this investigation to 
develop a comprehensive series of several physical 
reference criteria which can be utilized to posi- 
tively identify these compounds in the least 
amount of time. 

EXPERIMENTAL 

Apparatus.-Fisher- Johns melting point appa- 
ratus; Beckman IR-5A infrared spectrophotom- 
eter; Bausch & Lomb biological microscope; 
Metrohm potentiograph model E336. 
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ence maTerials supplied by the following drug manufacturing 
companies: procyclidine HCI, Burroughs Wellcome & Co., 
Canada, Ltd.; cycrimine HCI, Eli Lilly & Co., Canada, 
Ltd.;. biperiden HCI, Knoll Pharmaceutical Co.; trihexy- 
phenidyl HCl, Lederle Laboratories, Canada, Ltd.; pheny- 
ramidol HCl, Neisler Laboratories, Inc. 
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Compounds Investigated.-Phenyramidol HCl 
or 2-P-hydroxyphenethylamiiio-pyridine HCl; 
biperiden HC1 or [a-bicyclo (2.2.1)-hept-5-cn-2-yl- 
a-phenyl-1-piperidino-propanol HCl] ; cycrimine 
HC1 or 1-cyclopentyl-1-phenyl-3-piperidino-1-pro- 
pariol HC1; procyclidine HCl or l-cyclohexyl-l- 
phenyl-3-pyrrolidino-1-propanol HCl; trihexi- 
phenidyl HCl or 1-cyclohexyl-1-phenyl-3-piperidino- 
1-propanol HCl. 

Reagents and Solutions.-All rcagents used were 
A.C.S. grade or the highest grade commercially 
available. Aqueous and ethanolic (95%) solution 
of: trihexyphenidyl HC1, 0.25, 0.5, 1%; cycrimine 
HCl, 0.25, 0.5, 1%; proeyclidine HCI, 0.25, 0.5, 
1%; phenyramidol HCl, 0.25, 0.5, 1%; biperiden 
HC1, 0.05, 0.1%; aqueous Reinccke salt solutions, 
0.1, 0.25, 0.5, 1.0%; aqueous and ethanolic (95%) 
picric acid solutions, 0.25,0.5, l .O%,  and in acetone, 
0.5, 1%; aqueous and ethanolic (95%) styphnic 
acid solutions, 0.16, 0.32, 0.64, and 0.25, 0.5, l . O % ,  
respectively; aqueous chloroplatinic acid solutions, 
0.25, 0.5, 1.0%; ethanoljc (95%) solutions of 
picrolonic acid, 0.25,0.5, and 1.0%. These solutions 
were stored in 15-ml. amber dropper bottles. 
Formation of Derivatives 

All purified derivatives were dried in a vacuum 
desiccator over phosphorus pcntoxide at room 
temperature for 24 hr. before the final melting point 
was taken on a Fisher-Johns melting point appa- 
ratus. Melting points were corrected by a calibra- 
tion graph prepared from U.S.P. melting point 
reference standards. 

Picrate%-The general procedure for preparation 
of picrates was that employed by Shriner et al. (13). 
The crude material was recrystallized from 9595 
ethanol and the equivalent weights determined by 
the titration technique of Clark and Wang (14). 
The data obtained, together with the elemental 
analyses (C, H, and N) verified the purity and 
identity of the derivatives. 

Reineckates-The procedure o€ Chatten and Levi 
(15) was used. The resulting derivatives were 
recrystallized by adding approximately 5-10 ml. of 
methanol and sufficient acetone dropwise to solu- 
bilize the derivative if i t  had not alrcady dissolved. 
Water was then added dropwise with agitation until 
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a turbidity was sccn to pcrsist. All recrystalliza- 
tions were performed without the aid of heat. 

Purity and identity of the reineckates was estab- 
lished by clcmcntal analyses (C, 11, N, and Cr). 

Tetraphenylborates-The general technique of 
Koehler and Feldniann (16) was used. Products 
were recrystallizcd from methanol or mcthanoll 
acetone by adding water dropwise with agitation 
until a turbidity pcrsistcd and then cooled. 

Equivalent weights of the tetraphenylboratcs 
were determined by the nonaqueous titration 
procedure of Chatten et al. ( I T ) .  These data, 
together with the elemental analyses (C, H, N),  
confirmed the identity and purity of these deriva- 
tives. 

Methiodides.-The procedure by Cheronis and 
Entrikin (18) for thc preparation of mcthiodide 
derivatives was used. Products were recrystallized 
from isopropanol or acetone-cther. 

Purity and identity was confirmed by elemental 
analyses (C, H, N).  

Chlorop1atinates.-The method outlined by Wild 
(19) for thc preparation of chloroplatinic acid dcriva- 

RESULTS ANI) DISCUSSION 

Formation of Derivatives 

The melting ranges of the derivatives prcpared 
from the compounds under investigation, together 
with previously reportcd litcrature values, are 
presented in Table I. 

Picrates.--A review of thc literature has re- 
vealed that relatively few picrates have been re- 
ported for the basic amino muscle rclaxants. Del- 
aby et at. (11) have reported the prrparation of the 
picrate of phenyramidol with a melting point of 
15 1 .O- 1 32 .O0 . 

Trihexyphenidyl and biperiden picrate were not 
obtained in a crystalline state. These products 
initially formed an oily mass, and repeated crys- 
tallization attempts from various solvents (ethanol, 
methanol, acetone) proved unsuccessfuul. 

The other picrate derivatives were obtained in 
good yield, were easily purified, and had sharp, 
well distributed, characteristic ineltirig points. 

Reineckates.-In every instance, the amine 
muscle relaxants studied fornied the anhydrous 

TABLE I.-MELTING POINTS OF DERIVATIVES OR THE AMINE COMPOUNDS, "C. 
- 

Drug Picrate Reineckate 
Biperiden 160.0-164.0(dec.) 
Cycrimine 145.0-146.5 154.0-158.0(dec.) 

f'rocyclidine 63.5-65.0 149.0-154.0(dec.) 

Trihexy- 
D hcnidvl 

Phknyramidol 153.5-154.5 156.0-158.0(dec.) 
151.0-152.0(11) 

tivcs was modified and adapted for these amine 
hydrochloride salts. 

Biperiden hydrochloride, being aliiiost insoluble 
in water, was dissolved in a minimal amount of 
mcthanol to which a slight excess of aqueous chloro- 
platiriic acid was added with stirring. The mix- 
tures were allowed to stand for 20 min in an ice 
bath and then filtered. The rcsulting products were 
purified by washing well with cold water. 

Elemental analyses (C, H,  N )  confirmed the 
purity and identity of the derivatives. 

Infrared Spectra 

Infrared spectra of the parent compounds and 
derivatives were measured by thc potassium 
bromide pellet technique 

Preparation of Photomicrographs 
One drop of an aqucous or alcoholic solution of 

the amine muscle relaxant salt was placed on a 
microscope slide and 1 drop of a reagent solution 
was added. These were mixed well and covered 
with a cover glass. For the potassium iodide test, 
1 drop of an aqueous solution of the parent compound 
was placed on a microscope slide, and a few particles 
of finely ground potassium iodide were sprinkled 
over the surface of the drop. 

In all instances, the timc of crystal formation was 
noted and the photomicrographs were taken before 
the slide became dry. 

Teti apbenyl- 
borate Methiodide Chloroplatinate 

208.0-209.5 207.0-208.0 142.0-147.0(dec.) 
157.5-159.0 135.0-146.0 179.0-182.0(dec.) 

235.0-237.U 9 I 
148.0-150.0 204.0-205.O(d;c.) 199.0-203.0(dcc.) 

157.0-159.0 208.0-208.5 132 0-137.0(dec.) 
204.0-205.0(6) 

203.0-204.N6.8) . . .  
124.0-126.0 165.5-166.5 156-160.0(dec.) 

164.0-166 O( 10) 

reineckate. This was verified by elemental analyses 
(carbon, hydrogen, nitrogen) and the gravimetric 
determination of chromium calculated as Cr20a. 

All reineckates prepared in this program were 
observed to have a rcasonably sharp decomposition 
range. However, some overlap in the melting 
ranges of the derivatives was cvident, thus necessi- 
tating the preparation of other derivatives for con- 
clusive identification. 

Tetrapheny1borates.-It has been stated that 
washing TPB salts free of excess reagent, and drying 
under vacuum yields compounds which arc suffi- 
ciently pure for characterization purposes (20, 21). 
In  this investigation, the TPB derivatives were re- 
crystallized to obtain well-defined crystalline prod- 
ucts for infrared spectra. Crane (31) has shown 
several TPB salts to be hcat labile, and for this 
reason the derivatives were prepared and recrys- 
tallized a t  room temperature. 

Since good yields of easily purifiable product were 
obtained and well distributed melting points were 
noted, the tetraphenylboratc salts proved to be 
highly desirable derivatives for qualitative identifica- 
tion. Whcn titrated in nonaqueous media. ex- 
cellcnt quantitative recoveries were obtained for all 
derivatives. 

Methiodides.-The observed melting point of 
cycriminc methiodide is radically different from that 
reported in the literature. Xo apparent reason for 
this anonialy could be found other than the failure 
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of the workers (9) to confirm identity of the deriva- 
tive by clcmental analysis. 

The methiodides were rcadily prepared and easily 
purified dcrivatives with sharp melting points. 
Their only apparent disadvantage is thc overlap in 
the melting ranges which precludes their use for 
qualitative identification without the preparation 
of additional derivatives. 

Ch1oroplatinates.-All of the amino muscle 
relaxants studied in this investigation were mono- 
basic and formed the 2:1 derivative with the 
divalent platinic anion. 

Thc literature reveals no record that chloro- 
platinic acid has bccn used previously to charac- 
terizc any of the amino muscle relaxants investi- 
gated in this program. -411 chloroplatinate deriva- 
tives decomposed on heating but the decomposition 
ranges were reproducible and characteristic. Re- 
crystallization was a factor encountered during the 
preparation of thcse derivatives. Generally the 
chloroplatinates were only sparingly soluble in 
ethanol (95%) or methanol, and any amount of 
heating resulted in a partial or complete decomposi- 
tion of the product. In order to avoid this the 
chloroplatinatcs were purified by washing well with 
cold distilled water prior to submission for ele- 
mental analyses. Excellent results were obtained 
and decomposition ranges were characteristic in 
each instancc with no overlap. 

Infrared Spectroscopy 

Examination of the spectra of the parent com- 
pounds provided an additional parameter for 
differentiation, although the same functional groups 
(tertiary amino and alcoholic) are present in all of 
the drugs. 

Medium to weak adsorption in the 3500 cm.-l 
region (OH stretching vibration) and medium ab- 
sorption throughout the 3050-2850 c r ~ i . - ~  aromatic 
and aliphatic CII stretching region is common to the 
picratcs in this investigation. Multiple or broad 
bands in the 2700-2250 crn.-’ region due to  NH+ 
stretching vibrations, overtones, and combinations 
are also present. Intense bands at  1560 and 1360 
cin-1 represent the iiitro asymmetrical and sym- 
metrical stretching vibrations, respectively. In the 
“fiugerprint” region two sharp characteristic bands, 
common to the three spectra, appear a t  785 and 
740 cm.-l. 

Spectral interpretations appearing in a previous 
paper of this scries (22) are applicable to  the 
rcincckates and tetraphenylborates, respectively. 
However, the methiodide spectra are sufficicntly 
different to merit special mcntion. These latter 
spectra exhibit numerous common bands, in keeping 
with their structural similarity. Strong absorption 
bands at 3300 ctii.-* duc to  OH stretching vibrations 
and medium to strong aromatic and aliphatic CH 
stretching throughout the 3050-2900 crn.-l regions 
are obvious for all methiodides except that of 
phcnyrarriidol. In addition, the 8-16 p region, with 
its very characteristic CH out-of-plane bending 
bands in tlic lower frequencies and especially the 
9-14 p region, is most useful for differentiation of 
these compounds. 

Thc chloroplatinatc spectra were poorly resolved, 
perhaps due to the damping effect of the anion, 
and hence were of no value for differentiation of 
the compounds. 

Jaz~rnnl of Plziirmnceihcal Sciences 

Photomicrography 

A large number of reagents were employed in an 
attempt to obtain complete and comparative sets of 
photomicrographs. However, success was limited 
to a few of these. All photomicrographs were taken 
a t  50X magnification, and only those depicting 
distinctive crystal formations are rcproduced in 
Figs. 1-5. It must be understood that the crys- 
talline habits of these compounds are not to bc used 
as thc solc criterion for identification, but rather 
as an adjunct to the other physico-chemical methods 
previously discussed. 

Phenyramidol hydrochloridc was the only com- 
pound to  yield well-defined microcrystals with 
either picric or styphnic acid and these are presented 
in Fig. 1. Combinations of these reagents with the 
other parent compounds yiclded oils or oily films 
which would not crystallize. 

Phenyramidol Picrate 

Fig. 1.-Photomicrographs of 
styphnatcs. 

Cycrimine 

Phcnyramidol 
Styphnate 

the picrates and 

Procyclidine 

Fig. 2.--Photomicrographs of thc Chloroplatindtes. 

Procyclidine 

Biperiden 

Phcnyramidol 

Trihexyphenidyl 

Cycrimine 

Fig. 3.-Photomicrograplis of the reineckates. 
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lonate of phenyramidol could not be obtained in 
crystalline form under any of the varied conditions 
employed. The material invariably separated as a 
golden yellow oil. Clarkc (1) has described the 
morphology of procyclidine picrolonate, and favor- 
able agreement was noted with this iuvestigation. 

The method of Hucknell and Turiitt (23) was 
used for thc prrparation of the hydroiodides. As 
illustrated in Fig. 5, satisfactory photomicrographs 
wcre obtained for four of the five compounds 
studied. Phcnyrarnidol yielded a fine amorphous 
precipitate, but thc other compounds gave easily 
aiid rapidly prepared microcrystals. 

The conditions under which thc charactcristic 
microcrystals mere formed are summarized in 
Table 11. All solutions are aqueous unlcss otherwise 
indicated. 

Procyclidine Biperiden 

Fig. 

Cycrimine Trihexyphenidyl 

4.--Photomicrograplis of the picrolonatcs. 

Fig. 

Procyclidiue Biperiden 

Cycrimine Tri hexpphenidyl 

5.-Photomicrographs of the hydroiodides. 

SUMMARY 

1. A serie? of spccific physical criteria, by which 
four amine-contaming antiparkinson agciits atid 
one amine-containing sktlctal muscle relaxant can be 
positively identified arid differentiated, has bccn 
presentcd 

Tweritythrcc derivatives of these drugs have 
becn prepared in a systematic manner, of which 
18 have not been reported to date in the literature 

The infrared qpectra of these derivatives and 
their parent compounds have been obtained as a 
further paramrter for their qualitative differentia- 
tion. 
4. A series of photomicrographs have been in- 

cluded in F i g  1-5, together with a summary of the 

2 

3. 

TABLE II.-AMINE MUSCLE RELAXANTS CHARACTERIZED BY MICKC!CRYsTALLOCRAPHYa 

Chloroplatinic Ammonium Picrulonic Potassium 
Parent Compd. Picric Acid Styphnic Acid Acid K eineckate Arid Iodide 

Biperiden HC1 . . .  . . .  . . .  0.1-0.1 0.1-0.25" 0.1 
(5) (15) 

Cycriminc HC1 . . .  . . .  1 .o-1 . o  0.5-u . 5  0.5-1. Ob 0 . 5  
(5) (1) 

Pheriyrarnidol HCI 0. Ti-0.5 0.5-0.64 . . .  0.5-0.5 . . .  . . .  
(15) 

0.5- 1 . P  7 .0  
(15) ( 2 0 )  

Procyclidine HC1 . . .  . . .  0.5-1 .o  o.5-n.ci 
(5) 
1 . 0  

(5) 
0.FPl.Ob 

(5) 
0.5-0.5 

(3) 
Trihexyphenidyl HC1 . . . . . .  . . .  

(5) (5) (10) 

(10) 

- 
~ l u s c l e  relaxant concentration (%I, reagent conccntration (yo) ; numbers in parentheses denote time in minutes when 

CI ystals formed. Ethanolic (95%) solution. 

Chloroplatinic acid did not prove to be a satis- 
factory reagent for the identification of all the amine 
muscle relaxants in this study. Figure 2 shows 
distinctive, well-defined crystals for only cycnmine 
and procyclidine. The other compounds formcd 
light amorphous precipitates which were not charac- 
trristic. Clarke (1) prepared the chloroplatinate 
of cycrimine and his dcscription complimented our 
findings. 

Ammonium reineckate proved to be a11 excellent 
reagent since characteristic and distinctive crystals 
wcre obtained for all five of the aminc muscle 
relaxatits. 

Figure 4 shows that picrolonic acid proved l o  be a 
highly satisfactory reagent for characterization of 
four of thc five compounds studied. The picro- 

Thc results are depicted in Fig. 3. 

conditions under which they were formed (Table 
11). 
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Sulfaethylthiadiazole 
Dispersion for 
Medication 

By EVELYN B. DRAPER* and CHARLES H. BECKER 

Drug-wax particles were prepared by pouring heated aqueous solutions of sur- 
factants into melted wax which contained dispersed sulfaethylthiadiazole (SETD). 
The systems then were slowly cooled to room temperature with stirring. The 
SET-wax particles were recovered, washed, dried, and sieved into predetermined 
mesh size ranges. There appeared to be a direct relationship between drug re- 
lease rate and average theoretical surface area of the SETD-Glycowax S-932 
particles in vitro. This relationship was not seen in the SETD-beeswax particles. 
The dissolution rates of all the mesh ranges of particles studied seemed to be pseudo 
first order after the first 1 5  min. of testing. SETD-Glycowax S-932, 50- to 60- 
mesh particles, showed reasonably good prolonged-release properties in an in wivo 

urinary excretion study. 

YUMBER of methods and techniques have been A used in the manufacture of oral dosage forms 
intended to impart prolonged, sustained, or long- 
acting therapeutic effect. The production of 
prolonged release of a drug in a wax matrix by 
means of aqueous dispersion or an emulsification 
process is mentioned in the literature, but dc- 
tailed information is not given Spray-congeal- 
ing and spray-drying methods using wax with 
drugs have received quite a bit of attention. 

Yamamoto and Baba (1) dcscrihe in their 
patent an aqueous dispersion method for pro- 
ducing wax pearls containing drug for prolonged- 
release medication. As an example, a melted 
wax containing dispersed drug is poured into a 2y0 
polyvinyl alcohol aqueous solution, previously 
heated to 80°, and stirred until cool. The wax 
pearls that form are strained, washed with water, 
and dried. In this patent, several suitable dis- 
persing agents arc recommended and a number 
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of wax or wax-likc dissolution retardants are 
illustrated. 

Kowarski et al. (2) describe a similar process in 
the preparation of prolonged-rclease sulfametha- 
zine in small size batches. In  this method, 2 
parts of Japanese synthetic wax was melted with 
1 part of sulfamethazine and poured into a 
running Waring blender containing cold water 
After a few minutes of blending, the resulting 
suspension was filtcrcd and dried, The particles 
were then washed with hydrochloric acid to 
remove sulfamethazine embedded on the outside 
of the granules, which was determined to be about 
58% of the total drug in and on the granule. 

The purpose of this investigation was to study 
some wax formulations of sulfaethylthiadiazole 
(SETD) produced by an aqucous-dispersion 
method for prolonged action. Bleached beeswax 
and Glycowax S-932 were used as the dissolution 
retarding materials. Beeswax was selected be- 
cause it is a natural product and has plastic 
properties, whereas Glycowax S-932, a synthetic 
wax-like product is brittle. Both materials are 
edible, and the melting points of both are about 
the same, approximately 63’. 

It was hoped that this study might reveal some 
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YUMBER of methods and techniques have been A used in the manufacture of oral dosage forms 
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acting therapeutic effect. The production of 
prolonged release of a drug in a wax matrix by 
means of aqueous dispersion or an emulsification 
process is mentioned in the literature, but dc- 
tailed information is not given Spray-congeal- 
ing and spray-drying methods using wax with 
drugs have received quite a bit of attention. 

Yamamoto and Baba (1) dcscrihe in their 
patent an aqueous dispersion method for pro- 
ducing wax pearls containing drug for prolonged- 
release medication. As an example, a melted 
wax containing dispersed drug is poured into a 2y0 
polyvinyl alcohol aqueous solution, previously 
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of wax or wax-likc dissolution retardants are 
illustrated. 

Kowarski et al. (2) describe a similar process in 
the preparation of prolonged-rclease sulfametha- 
zine in small size batches. In  this method, 2 
parts of Japanese synthetic wax was melted with 
1 part of sulfamethazine and poured into a 
running Waring blender containing cold water 
After a few minutes of blending, the resulting 
suspension was filtcrcd and dried, The particles 
were then washed with hydrochloric acid to 
remove sulfamethazine embedded on the outside 
of the granules, which was determined to be about 
58% of the total drug in and on the granule. 

The purpose of this investigation was to study 
some wax formulations of sulfaethylthiadiazole 
(SETD) produced by an aqucous-dispersion 
method for prolonged action. Bleached beeswax 
and Glycowax S-932 were used as the dissolution 
retarding materials. Beeswax was selected be- 
cause it is a natural product and has plastic 
properties, whereas Glycowax S-932, a synthetic 
wax-like product is brittle. Both materials are 
edible, and the melting points of both are about 
the same, approximately 63’. 

It was hoped that this study might reveal some 
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generalizations pertaining to  the preparation of 
prolonged-release drug-wax particles produced by 
the aqueous-dispersion method, such as effect of 
temperature, emulsifier and rate of mixing, as 
well as to  the release pattern of the drug from 
several specific mesh sizes of drug-wax particles. 

The present study involves 3 parts: first, the 
preparation of thc drug-wax particles ; second, 
the study of their in uitro release patterns; and 
third, the in vino evaluation using a urinary excre- 
tion study of 1 drug-wax product that proved 
satisfactory by the in oitvo screening test. 

EXPERIMENTAL 

Throughout this invcstigation official or drug 
grade materials were employed wherever feasible, 
except for some chemicals used for tcst or assay 
purposes which were usually reagent grade. Sulfa- 
ethylthiadiazole (SETD) was obtained from Amer- 
ican Cyanamid Co. Wherever the term SETD- 
beeswax or SETD-Glycowax is cmployed, this means 
an approximate ratio of 1 part of SETD to 3 parts 
of Glycowax S-932 or beeswax. Drug-was par- 
ticles dcsignated 16 to 20, 30 to 40, and 50 to 60 
mesh mean that the particles passed through the 
lower-numbered sieve but were retained or did not 
pass through thc higher-numbered sieve. 

Preparation of Various Mesh Sizes of SETD- 
Beeswax and SETD-Glycowax Particles.- 
Preliminary work shomcd that many factors had an 
influence on thc production of various mesh sizes 
of SETD--wax particles as well as the release rate 
of the SETD from the wax matrix. A combination 
of sorbitan monooleate' and polysorbate SO2 was 
found to be a suitable dispersant. To  minimize 
variables as much as possible the following SETD- 
becswax formula was used: bleached beeswax, 
24.0 Gin.; SETD, 8.0 Gm.; sorbitan monooleate, 
1.0 ml.; polysorbatc 80, 1.15 ml.; and distilled 
water, 400.0 ml. The SETD -Glycowax formula 
employed was: Glycowax ,5932, 24.0 Gm.; SETD, 
8.0 Gm.; sorbitan monoolcate, 1.0 ml.; poly- 
sorbate 80, 0.25 ml.; and distilled water, 400.0 ml. 

The bleached beeswax or Glycowax S-932 and 
SETD were placed in a 1000-ml. bcaker, heated on a 
water bath to  75", and well dispersed. The 
sorbitan monooleate, polysorbate 80, and distilled 
watcr were combined in another bcaker and heated 
to 80". The aqueous phase was added slowly to 
thc SETD-wax phase while hot with continuous 
stirring a t  a predetermined speed, using a Light- 
nin laboratory type, model F mixer, until the re- 
sulting dispcrsion reached a temperature of about 
4j0. Cooling the product to this temperature took 
about 25 min. When the combincd hot SETD- 
wax and aqueous phase was stirred at about 150 
r.p.m., the majority of the resulting SETD-wax 
particles produced werc in the range of 12 to 30 
mesh. When the mixture was stirred a t  about 300 
to 400 r.p.m,, most of the SETD-wax particles were 
in the rangc of 30 to  100 mesh. 

The SEWD--wax particles were separated from 
the aqueous phase by means of filtration through 

1 Marketed as SVan 80 by the  Atlas Powder Co., Inc., 
Wilmington, Del. 

f Marketed as Tween 80 by the Atlas Powder Co., Inc., 
Wilmington, Dd. 
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filter paper and washed with distilled water to re- 
move any free SETD. The SETD-wax particles 
were then dried. 

The air-dried SETD--beeswax and SETD-Glyco- 
wax particles wcre classified into 3 mesh sizes, 
namely, 16 to 20, 30 to 40, and 50 to 60, using 
U.S.P. sieves and the 1J.S.P. XVII method (3) for 
determining uniformity of fineness. 

Assay of SETD Content in Wax Particles.--The 
SETD-beeswax particles were assayed for SETD 
by placing exactly 0.5000 Gm. of the air-dried1 
sample in a 25-ml. portion of warm benzene and' 
extracting the SETD with several portions of warm 
3.57" HCl using a separator. The SETD-Glycowax 
particles were similarly treated, cxcept the organic 
solvent employed was chloroform. In each case, 
the acid extract was made up to 100 ml. with dis- 
tilled water in a volumetric flask. An aliquot 
portion was assayed for SETD content by the 
Bratton-Marshall colorimetric method (4). A 
Klett-Summerson eolorimetcr with a No. 54 filter 
was employed to determine the color intensity, 
which was compared to that of standard solutions. 

In Vitro Dissolution Studies.-The in uidm 
cvaluation of the various mesh sizes of SETD- 
beeswax and SETD-Glycowax particles for pro- 
longed release was essentially the same as that 
described by Robinson and Swintosky (5). Using 
simulated gastric fluid (0.1 N HCl, pH l . l) ,  exactly 
0.5000 Gm. of the air-dried SETD-wax samples 
was employed, 2 for each time interval. Likewise, 
an equivalent amount of the wax formation particles 
without SETD was treated similarly to serve as a 
blank. Three bottles (I for the blank and 2 for 
the product) were withdrawn for analysis after 
intervals of 0.25, 0.5, 1, and 2 hr. and a t  appro- 
priate times to determine when equilibrium of 
release was reached. For evaluation of dissolu- 
tion in simulated intestinal fluid (alkaline pancrea- 
tin solution, pH 8.3), exactly 2.000 Gm. of the air- 
dried SETD-wax samples was used, 2 for each time 
interval. Similarly, a blank was employed, and 
test bottles were withdrawn for analysis after 
intervals of 0.25, 0.5, 1, 3, and 6 hr. and at appro- 
priate times to determine when equilibrium of re- 
lease of SETD was reached. With all samples, 
the content of each bottle was filtered and 1 ml. of 
the filtrate was diluted to an appropriatc volume 
with distilled watcr in a volumetric flask. Then 1 
ml. of the dilution was assayed for SETD content 
by thc Bratton-Marshall colorimetric method (4) 
as described above. The rotating bottle dissolution 
apparatus employed was the same as that described 
by Soudcr and Ellenbogen (6). The temperature 
of the water bath was 30 =I= 0.5". 

In Vivo Evaluation.--The method used in this 
study was basically the same as that described by 
Nicholson et al. (7) for the clinical cvaluation of 
sustained-rcleasc tablets of SETD using urinary 
excretion studies. Four healthy adult males were 
utilized in the clinical evaluation of a 50- to 60-mesh 
formulation of SETD-Glycowax consisting of ap- 
proximately 1 part of SETD and 3 parts of Glyco- 
wax S-932, which gave a satisfactory in oitro 
release pattern. As a control, 3.9 Gm. of plain 
SETD was administered in a suspension form in a 
sweetened, flavored, methylcellulose solution using 
the following 2-part formula: (a) methylcellulose,3 

0 Marketed as Methocel. 
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400 cps., 3.0 Gm.; methyl salicylate, 0.2 ml.; 
distilled water, to 200.0 ml.; and ( b )  SETD, 3.9 
Gm.; and sucrose, 20.0 Gm. Each subject was 
told to add the solid ingredients of part ( b )  to solution 
( a ) ,  mix well for several minutes, and drink. It was 
instructed that the bottle bc rinsed well with about 
2 fluid ounces of water to assure ingestion of all 
the SETD. Two wecks after the control was run, 
each subject received the same amount of SETD 
in a SETD-Glycowax combination, 50 to 60 mesh, 
in a suspension prepared from the 2-part formula 
describcd above. 

Concentrations of the free and of the total (free 
plus conjugatcd) SETD in urinc wcre determined 
colorimetrically as described by Bratton and 
Marshall (4). 

Mathematical Calculation of Rates of Dissolution 
and Excretion.-The rates of dissolution and ex- 
cretion were determined by use of the Noyes- 
Whitncy equation: dc/dt = k ( C ,  - C), where C 
is the concentration a t  time t ,  C, is equilibrium solu- 
bility a t  the experimcntal temperature, and k is 
the rate constant. 

C, was determined in the in vitro tests to bc the 
concentration a t  which there was no change with 
time. C, in the in vivo tests was the cumulative 
amount excreted a t  the end of 72 hr. 

From plots of log (C, - C) versus time, 
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The temperature of the drug-wax phase and of the 
dispersion solution, the rate of cooling and the 
spced of mixing of the combined phase during the 
cooling period, and the ratio of dispersion medium 
to disperscd phasc wcrc all important factors in 
influencing the size of particles produced. The 
higher the temperature, the smaller the particles. 
Slower rates of cooling, increased amounts of dis- 
persion medium in relation to dispersed phase, and 
highcr speeds of mixing yielded smaller particles. 
Optimum conditions were determined and were 
kept constant thereafter. 

In Vitro Dissolution Studies.-One of the ob- 
jectives of this investigation was to study the 
effect of particle size upon rate of release of SETD 
from the wax matrix. For this rcason the drug-wax 
particles were classified into size ranges of 16 to 20, 
30 to 40, and 50 to 60 mesh. The average diameter 
of these would be 1050, 505, and 230 g, respectively, 
assuming spherical shapc, which is a ratio of approxi- 
mately 4, 2, 1. Since specific surface area is in- 
versely proportional to diameter of the particles, 

= surface of particlcs/wcight of particles = 
~ Z n d ~ / ( a / G ) , Z n d ~  = 6 / p d  (9), the ratio of specific 
surfacc arca for the samplcs in all 3 groups is 1, 2, 
and 4. 

RESULTS A N D  DISCUSSION 

Preparation of Drug-Wax Particles.-In prelim- 
inary work, various nonionic emulsifiers and dis- 
persants were tried. Uamamoto and Baba (1) 
recommended polyvinyl alcohol (PVA) in a similar 
process. The partially hydrolyzed PVA,' 50-42 
gradc. was evaluated in this study in varying coti- 
centrations, from 0.25 to  4.0y,. Regardless of 
amount used, however, over 50% of thc particles 
produced were of size 40 to 80 mesh. Not enough 
of the 20- to 40-mesh size could be produced. 
This investigation requirrd a greater range and a 
more uniform distribution of particle size than was 
obtained with PVA. 

The effect of the HLB of some surfactants upon 
particle size was studied. The required HLB values 
of beeswax (8) are 5 for a w/o emulsion and 10 to 16 
for an o/w emulsion. Various proportions of 
sorbitan monooleate and polysorbatc 80 were used 
with beeswax; and the combination which produced 
bead-like particles of satisfactory texture and the 
most desirable range and distribution of particle 
size had a HLB of 10 and was 1 part of sorbitan 
monooleate to  1.15 parts of polysorbate 80. The 
required HLR values of Glycowax S-932 were not 
available. However, the most satisfactory com- 
bination was 1 part of polysorbate 80 to 4 parts of 
sorbitan monooleatc, having an HLB value of 6.44. 
The proportion of emulsifier to  thc total volume of 
dispersion made was less than 1% for both waxes 
because too much emulsifier would have had a 
pronounced effcct on dissolution of SE?'D from the 
wax matrix. 

4 Marketed i t s  Elvanol. 
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Fig. l.--ln vitro dissolution rates of SETD from 
various mesh sizes of SETD-beeswax particlcs in 
0.1 N HCl. Key: 0, 16 to 20 mesh; A, 30 to 40 
mesh; 0, 50 to 60 mesh. 
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Fig. 2.--In oitro dissolution rates of SETD from 
various mesh sizes of SETD-beeswax particles in 
alkaline pancreatin solution. Key: 0.  16 to 20 
mesh; A, 30 to 40 mesh; 0, 50 to 60 mesh. 
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I t  was theorized that the rate of dissolution of drug 
from the particles during the first 15-min. period in 
the test solutions would be in direct relation to spc- 
cific surface area, since the particles were assunied 
to have a uniform distribution of drug on the sur- 
face. This theory proved to be correct for just 
thc SETD-Glycowas product (Figs. 3 and 4). 
The SI.:TI)-beesB-ax particles showed a slower rate 
of releasc of SETD for the medium size range than 
for the smaller or larger (Figs. 1 and 2). The fact 
that this was slower than the smaller size range 
follows the theory. The fact that it  was slower 
than the larger sized particles seemed very likely to 
be due to  the aggregation of srnaller particles to 
form some larger ones. Microscopic examination 
revealed that most of the larger particles werc aggre- 
gates of smaller ones. 

After the first 15-min. period, the rate of dissolu- 
tion of SETD from the wax matrix varied in all 
cases (Figs. 1-4). The rate was constant from the 
end of the first hour to  the termination of the test 
period, and was pseudo first order. The rate of 
dissolution should change as surface area changes. 
Some of thc groups of particles showed dissolution 
rates of different ratio to apparent particle size 
during the last period of dissolution thatt during 
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Fig. 3.--ln zdro dissolution rdtcS of SETD from 
various mesh sizes of SETD-Glycowax particles in 
0.1 N HC1. Key: 0,  16 to 20 mesh; A, 30 to 40 
mesh; 0, 50 to 60 mesh, (C, - C) = 0. 
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Fig. 4.--In d v o  dissolution rates of SET11 from 
various mesh sizes of SETD-Glycowdx particlcs in 
alkaline pancreatin solution. Key: 0,  16 to 20 
mesh; A, 30 to 40 mesh; 0, 50 to 60 mesh. 
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Fig. 5.-1 rrage uriiiary excretion rates c free 
SETD for 4 hurnatis receiving a 3.9-Gm. oral dose 
of SETD in ( a )  plain form and ( b )  SBTD-Glycowax 
combination. Key: 0, plain SETD; 0, SKTD- 
Glycowax combination. 
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Fig. 6.-*4verage urinary excretion pattern of 
free SETD/hr. for 4 humans receiving a 3.9-Grn. 
oral dose of SETD in ( a )  plain form and ( b )  SETD- 
Glycowax combination. Key: 0,  plain SETD; 
B, SETD-Clycowax combination. 

the first period. This could be due to the fact that 
some of the particles werc more porous than others, 
the porosity being due. to the speed of stirring caus- 
ing some air to be trappcd in the particles during 
prcparation. 

The per cent of SETD released in 0.1 N HCI 
(Figs. 1 and 3) was less than that in alkaline pan- 
creatin solution (Figs. 2 and 4) for the same type 
sample a.nd for the same time period. The rate of 
release was greater in the 0.1 N HCl, however. In 
alkaline pancreatin solution the peripheral portion 
of drug was apparently released at about the same 
rate as in the 0.1 N HC1. The increase in amount 
of release of SETD in the alkaline pancreatin 
solution could most likely be due to the fact that 
the wax matrix is partially solubilizcd, emulsified, 
and disintegrated by the surfactants arid alkalinity 
of this solution. 

It was theorized that the first part of dissolution 
of SETD from the drug-wax particle in both test 
solutions involved the simultatieous dissolution of 
drug by 2 first-order rates, c = ale-fill + a2e-fisl 
(10). Dissolution data for 30- to 40-mesh SETD- 
beeswax particles werc used in an attempt to test 
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this theory. From the semilog plot of ( C ,  - C) 
z’ersus time, the difference in ( C ,  - C) values as 
obtained by the data during thc first 0.75 hr. in 
the solution and that which would be obtained if 
the rate of dissolution was the same as that for the 
last period of the test was plotted seniilogarithmically 
erersus time. Since this gavc a straight line, one 
rate appears to be that of the dissolution of the 
drug on the surface of the particle and the other 
that of the drug within the particle. Of course, the 
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a concentration of colloidal particles around the 
SETI)-max beads. 

In Vivo Study.-The SE’L’D-Glycowax product 
of 50- to 60-mesh size was chosen because the in 
erilro results were most similar to the in oitro data 
of a well-known commercial prolonged-release prep- 
aration of SETD (11). Although in viuo release 
does not follow that of in vitro, it can be predicted 
from it by various patterns which can be correlated 
by experienced diagnosis. 

From Figs. 5 and 6 ,  i t  can be seen that the SETD- 
Glycowax particles as compared with plain SETD 
did show a decrease in the rate of release of SETU 
by about 50% during the first 3 hr. The rates 
were about the same for the second 3-hr. period. 
After this time, the rate increased for the SETD- 
Glycowax particles so that a t  the end of 24 hr. 
717, of the total SETD had bccn excreted from 
the SETD-Glycowax particles as cornpared to 85 70 
from plain SETD. The total free plus conjugated 
SETD excreted within 72 hr. after ingestion of 
SETD-Glycowax was 8570, whereas that released 
in vitro a t  equilibrium was Sly,, a fairly close re- 
lationship. Since the ideal prolonged-release prep- 
aration maintains a proper therapeutic blood level 
for a 12- or 24-hr. period, the 50- to 60-mesh SET& 
Glycowax product evaluated in this study appears to 
be a reasonably good prolonged-release preparation. 
Previous work (7) using SETD in urinary excrc- 
tion studies showed the biological half-life to be 
about 6 hr. The present work showed a similar 
half-life period for SETD. 
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Pharmacological Studies of 
Norphenyl Hemicholinium 3 

By S. N. THAMPI, FLOYD R. DOMER, VERNON B. HAARSTAD, 
and F. W. SCHUELERt 

Norphenyl HC-3 (NP-HC-3), an analog of HC-3 in which the biphenyl nucleus is 
replaced by a monophenyl moiety, has been synthesized. NP-HC-3 has been shown 
to resemble the parent compound in  most of its pharmacological properties. Its 
LDw in  mice was found to range from 45-680 mcg./Kg. NP-HC-3 in low doses 
induced a slowly progressive respiratory paralysis. In  higher doses the neuro- 
muscular blocking action was antagonized by choline. Neostigmine reversed only 
the effects observed with low doses of NP-HC-3. NP-HC-3 did not have adrenergic, 

antihistaminic, analgesic, or local anesthetic activity. 

TRUCTURE-ACTIVITY relation studies concern- S ing analogs of hemicholinium number 3 (HC- 
3) have been carried out by  many investiga- 
tors (1-4). The structure-activity relationships 
and actions on the peripheral nervous system of 
some of these analogs have been reviewed by  
Long (5 ) .  The hemicholiniums are characterized 
by a high toxicity which is slow in onset at 
minimal lethal doses. They interfere with 
cholinergic transmission at such sites as nerve- 
skeletal muscle junctions, autonomic ganglia, 
and postganglionic parasympathetic endings (6). 
To date HC-3 remains the most active of the 
analogs studied for the over-all hemicholininm- 
like action. The earlier modifications of the 
HC-3 molecule involved alterations in the 
cationic moiety and/or the biphenyl nucleus. 
Schueler (1) found tha t  the phenacyl analog 
(ie., half of the parent compound) was inactive. 
The purpose of this paper is to discuss the syn- 
thesis and pharmacology of a n  analog of HC-3 
in which the biphenyl nucleus has been replaced 
by  a monophenyl moiety. This compound 
hereafter will be referred to as norphenyl-HC-3 
(NP-HC-3). 

METHODS 
Chemical Procedure 

pBis(bromoacety1)benzcnc was prepared accord- 
ing to the method described by Krohnke and Vogt 
(7) from 1,4-diacetylbenzene. The product was 
recrystallized from tetrahydrofuran in the form of 
stout hexagonal prisms, m.p. 178" (lit. value m.p. 

1,4 - Bis(1,l - dimethyl - 3 - hydroxy - 3 - morpho- 
linyl) Benzene, Dibromide (NP-HC-J).-p-Bis- 
(bromoacetyl) benzene, 10 Gm. (0.031 mole), was 
dissolved in 200 ml. of boiling tetrahydrofuran. 
The resulting solution was treated with activated 
carbon' and filtered hot under suction, through 

177-178"). 
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diatomaceous earth supported on a sintcred-glass 
funnel. P-Dimethylaminoethanol, 57 ml. (0.05 
mole), was added to the hot filtrate, and the mixture 
was allowed to cool to room tcmpcraturc. The 
resulting white precipitate was collccted on a filter, 
washed well with tetrahydrofuran, and recrystalliicd 
from a mixture of absolute ethanol and methanol 
(3:2). The product, collectcd on a filter, washed 
well with dicthyl ether, and dried over phosphorus 
pentoxide in a vacuum desiccator, afforded 10.50 
Gm (67.2y0) of white crystals, m. p. 228' dec. 

Anal.-Calcd. for C18H30Br2N204: C, 43.39, H, 
6.08; N, 5.62. CL81330Br2N20i.H20: C, 42 17; H, 
6.37; N, 5.47.2 Found: C, 4252; H, 6.34; K, 
5.54.3 

HC-3 
CHa CHn CHn CHn 

NP-HC-3 

Pharmacological Procedures 
Toxicity Studies in Mice.-Two strains of albino 

mice (Swiss Wcbster and lCRCD-') of both sexes, 
each weighing 20 f 2 Gm. in groups of 20 were 
used for each dose of NP-HC-3. The drug was 
administered ititraperitoneally in a volume of 0.01 
ml./Gm. body weight in normal saline. I n  one 
experiment two LDbo determinations were made on 
the same day, one in the morning and the other in 
the late afternoon. The LDSo was computed by 

2 VBH and FWS (unpublished data) HC-3 has been found 
to crystallize in variable hydration states. NP-HC 3, as 
well as HC-3, is very hygroscopic before recrystallization. 
The watel- of crystallization is very difficult to remnve from 
HC-3. Thus, it is felt that the NP-HC-3 could have picked 
up water before and retained it during the recrystallization. 

8 The chemical analysis was pel-formed by Alfred Bernhardt 
Microanalytical Laboratories, Mu1 hcim, Germany. 
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means of thc probit-log dose method (8). The 
animals were observed for signs which differed 
from those of control animals, and the viscera were 
examined post-~riorteni in a few cases. 

Antagonism Studies in Mice.-Swiss Webster 
albino mice of both sexes (20 i 2 Gm. each) were 
used. All drugs were injccted intrapcntoneally in 
a volume of 0.01 ml./Gm. body weight in normal 
saline. Three groups of 10 mice received 1 mg./Kg. 
of XP-HC-3 followed 1 min. later by a second 
injection of saline, 10 or 20 mg./Kg. of choline. 
Three groups of 5 mice were given 1-3 rng./Kg. 
NP-HC-3 followed 1 min. latrr by saline, 1A0 or 
300 mcg./Kg. of neostigrnine. 

Blood Pressure-Neuromuscular Preparation.-In 
this series of experiments, 5 mongrel dogs (9-15 Kg.), 
5 albino rabbits (2-3 Kg.), and 2 chickens (2-3 Kg.) 
of either sex were used. All the animals were 
anesthetized with sodium pentobarbital (35 mg./ 
Kg., i.v,). The blood pressure was recorded from 
cannulated arteries connected via a Statham pressure 
transducer to a Grass model 5-DWC polygraph. 
Heparinized saline (50 u./ml.) was used as an anti- 
coagulant in this system. The Achilles tendon was 
isolated and tied with a thin copper wire, about an 
inch above the joint, sectioned distally, and at- 
tached to a force-transducer (model FT-03). The 

Jo  uniul oj  Pharmncei~tiL n 1 Scievzces 

muscular contractions were recorded on the pdy-  
graph. The ipsilateral sciatic nerve was isolated, 
sectioned proximally, and thc peripheral stump 
stimulated with a bipolar, shielded, platinum elec- 
trode, using a Grass stimulator (model S G )  so 
as to obtain rnaxi~rial muscular contractions. The 
leg was immobilized with an iron pin which passed 
through the knee joint while the foot was clamped 
to  a rigid frame. The trachea was exposed, cannu- 
latcd, and artificial respiration was used whenever 
necessary. The fenioral vein of the dog, the jugular 
vein of the chicken, and the ear vein of the rabbit 
were cannulated to  pcrmit drug administration, 
In the dog and the rabbit, blood pressure recordings 
were obtained from the right carotid artcry, whereas 
in the chicken the femoral artery was uscd for this 
purpose. In both the dog and the rabbit the left 
vagus was isolated, ligatured, sectioned ecntrally, 
and the distal portion stimulated with a Mallory 
model 12 Rs6D inductorium. 

Two chickens (2.5 Kg. male) were prepared as 
described above. In  addition, the branch of the 
femoral artery feeding the gastrocnemius muscle 
was isolated, and a loose loop oi thread was placed 
around it. A side branch was caiinulated i t i  the 
direction of blood flow to permit the injection of 
acetylcholine. 

TABLE I.-BLOOD PRESSURE-NEUROMUSCULAR PREPARATION 

Fre- 
quency 

of 

No. Kg. sec. mg./Kg. min. 

Stimula- Onset of 
Wt., lation/ Dose, Actions, 

1 14.1 2 

2 10.0 2 

3 12.0 a 
2 
4 

4 9 . 1  2 
4 

5 10.0 2 
4 

1 3 . 2  0 . 4  
2 2 5 0 . 4  

3 2 5 0 . 4  
4 2 6 2.0 
5 2 0 2.0  

0 . 1  
1 .0  

0 . 3  
0 . 7  
1 . 0  
1 . 3  
1 . 5  

0 . 7  
1 . 0  
1 . 0  
1 .o 
0 .7  
0 .7  
0 .7  
0 . 7  

15 

10 
1 . 5  
1 . 0  
1 . 0  
0 . <5 

20 
2 5 
3 
6 

10 
1 . 5  

20 

1 
0 . 6  
0 .6  
0.6 
0 . 6  
0 . 3  
0 . 5  
0 . 7  

13 

10 
4 

15 
. .  
. .  

10 

yo Neut-o- 
muscular 
Blockade 

-Dogs-- 
0 

100 

10 
50 
90 
95 
97.5 

<10 
37 
76 
42 
90 
90 
50 
. . .  

Rabbits- 
100 

30 
100 
98 
0 
0 

50 

Duration of 
Blochide, 

min. 
__-_- 

. . .  
34 

30 
55 
80 
95 

Indefinite 

< 10 
60 

120 
65 
4 5 

>180 
30 

Remarks 

Died of respiratory failure 
a t  this time 

Blockade not reversed 
cven after 2 hr. 

Died of respiratory failure 
after this dose 

105 

35 
60 

120 
. . .  
. . .  

45 

Died before recovery 

1 2 5  0 4  0 3  . . .  0 0 
0 . 6  . . .  0 0 
1.2  2 65 60 

2 2 ti 0 . 9  1.0 15 100 30 Died during total block- 
ade 

~~ 
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Irrespcctivc of the increment of the doses above 
the lethal levels, a minimum of about 5 min. elapsed 
before the observable onset of action. At autopsy 
the hcart was still beating, and the intestinal 
motility appeared to be stimulated slightly more 
than in control animals. 

The LDno (i.p.) in two different batches of 1CR- 
CD-1 albino mice was 680 mcg./Kg. and 320 mcg./ 
Kg. The LDjo (i.p.) of NP-HC-3 in a strain of 
Swiss Wcbstcr albino mice was 45.5 mcg./Kg. in the 
morning and 46.3 mcg./Kg. in the late evening of 
the same day. This is in contrast to thc large 
variation which previously has been found with 

Antagonism Studies.--All mice receiving 1 mg./ 
Kg. of NP-HC-3 died within 30-35 min. Three of 
ten given 10 mg./Kg. of choline died at 10-15 min. 
Only one of ten treated with 20 mg./Kg. of cholinc 
dicd in 15 min. 

A dose of 150 tiicg./Kg. of neostigmine protected 
all mice treated with 1 mg./Kg. of KP-HC-3. All 
mice died which were given 2 or 3 mg./Kg. of NP- 
HC-3. In these animals neostigniine produced 110 
marked parasympathomimetic activity. Mice given 
300 mcg./kg. of neostigmine died within 3 niin.. 
and exhibited excessive salivation, lacrimation, 
urination, and defecation (SLUD syndrome). 
Animals which received this dose of ncostigminc 1 
min. after a 1 mg./Kg. of NP-HC-3 mere slightly 
ataxic after 20 min. and did nut exhibit the SLUD 
syndrome. 

Blood Pressure-Neuromuscular Preparation.- 
Doses of NP-HC-3 from 0.1-1.5 mg./Kg. did not 
have any effect on the blood pressure of the dog, 
rabbit, or chicken. Also, it  did not modify the 
control responses produced by vagal stimulation and 
double carotid occlusion of injections of acetyl- 
choline, epinephrine, or histamine. 

The results found with the neuromuscular prepara- 
tions may be seen in Table I. Doses of 1 mg./Kg. 
or less exerted varying degrees of blockade. In- 
creasing thc ratc of stimulation incrcascd the 
amount of blockade as well as its duration, e.g., 
dog 3. Choline (5-20 mg./Kg. i.v.) reversed the 
neuroniuscular blockade either partially or com- 
pletely. Four 3 mg./Kg. (i.v.) doses of tetraethyl- 
ammonium bromide given at  3-min. intervals to a 
rabbit during partial neuromuscular blockade with 
-UP-HC-3 caused a partial reversal of the blockadr 
with the initial dose. The amount of reversal 
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A 

B 

C 

Fig. 1 -Bilateral 
contractions of the 
gastrocnemius mus- 
cles of the chicken. 
In the upper trac- 
ing the rate of 
supramaximal elec- 
trical stimulation of 
the ipsilateral sci- 
atic nerve was 0.2/ 
SCC. The rate of 
stimulation in the 
lower tracing was 
0.8/sec. In A, rip- 
HC-3 (1 mg./Kg.) 
was given intra- 
venously (n). In 
B, the first injec- 
tion of TEA (3 
mg./Kg. Lv.) was 
given. In C, the 
fourth dose of TEA 
( 3  ii?g,/ICg., i.v.) 
was given. 

Bilateral sciatic-gastroctieiiiius preparations werc 
done with 3 rabbits and 2 chickens. The arrange- 
ment of the apparatus was the same as previously 
described except that thc contractions of both the 
gastrocnemius muscles of each animal were re- 
corded. One of the musclcs was stimulated a t  a 
low frequency (0.2-0.4/sec.), and the othrr was 
stimulated a t  varying, higher frequencies. The 
blood pressure of the chickens was not recorded. 

RESULTS 

Toxicity Studies in Mice.-About 5 min. aftcr thc 
administration of a 700 mcg /Kg. dose of NP-HC-3 
the animals exhibited dyspnea, exophthalmos, and 
ataxia. Some of the animals exhibited a Straub 
tail reaction. Then clouic convulsions developed 
and thcy stood on their hind limbs. Nearly half of 
thein fell on their sides and died within 15-20 min. 
Survivors were apparcntly normal after 2 hr. 

TABLE II.--EFFECTS OF INTRAVENOUS NP-HC-3 ( 1 mg./Kg.) ON BILATERAL SCIATIC KERVE-GASTROCNEMIUS 
PREPARATIONS IN RABBITS AND CHICKENS 

Frequency Onset Dura- 
of Stimu- of Neuro- tion of 

Wt., lation/ Action, muscular Blockade. N eostigmine. 
1-3 rng./Kg. Animal Kg. Side sec. min. Rlockade min. Choline, 10 rng./Kg. 

Rabbit 1 2 . 6  Left 0 . 8  1.5 100 30 Completely reversed No change 

Rabbit 2 4 . 0  Left 3.0 30 50 48 Partially reversed No change 
Right 0 .4  25 10 . . . No change Potentiation 

Right 0.4 40 10 20 No change Poteii tiation 

Right 0 . 8  
Rabbit 3 3 .4  Left 0.4 9 70 70 Partially reversed . . .  

4 90 85 Partially reversed . . .  
Chicken 1 3 .4  Left 3 . 0  90 30 Partially reversed . . .  

Right 0 .4  20 5 0  25 IYo change . . .  
Chickcn 2 3.0 Left 0 . 2  40 50 60 Partially reversed . . .  

Right 0.8 2B 95 120 Partially reversed . . .  

7 

- 
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according to the method of Koster et al. (9) or any 
narcotic analgesic activity in mice tested according 
to the method described by D’Amour and Smith 
(10). There was also no topical or infiltrative local 
anesthetic activity found using the rabbit. 

DISCUSSION 

KP-HC-3 was synthesized in an attempt to in- 
vestigate the minimum requirements for the hemi- 
cholinium-type of activity and also to  gain more 
insight into the mechanism of action of the hemi- 
choliniurns. NP-HC-3 ranks next to HC-3 itself 
in potency among the compounds previously studied 
for the hemicholinium-type of activity. The 
primary toxic manifestations of iVP-HC-3 are a 
slowly progressive respiratory depression and 
muscular weakness. As in the case of HC-3 the 
LDjo in mice varied widely with different batches of 
mice used, arid the observed effects occurred after a 
latent period which was independent of the dose 
On a molar basis the LDso of NP-HC-3 was about 3 
times that of the parent compound, HC-3. 

The toxicity of both NP-HC-3 and HC-3 is 
antagonized by choline and neostigmine. As with 
HC-3 (11) there was a rough correlation atnong 
the lethal dose with NP-HC-3, the size of the 
animal, and the time required for the onset of action 

The neuromuscular blockade produced in the 
sciatic nerve-gastrocncmius muscle of the rabbit, 
chicken, and dog was slow in onset and could be 
augmented by increasing the rate of stimulation. 
The duration of the blockade was from 30 min. to 
2 hr. With successive doses, the time of onset 
decreascd, and the duration of the neuromuscular 
blockade increased. Similar effccts were observed 
with curarization in humans by Bush and Baraka 
(12). The apparent potentiation of a second dose 
of tubocurarine had been discussed by Levy (13). 
He established a quantitative relationship between 
the duration of action and the concentration of the 
drug in successive doses. The observations made 
with NP-HC-3 are compatible with Levy’s hypoth- 

decreased with successive doses until no effect was 
observed (Fig. 1). 

The effcct of frcquency of stimulation on the 
intensity and duration of neuromuscular blockade 
and the action of choline and neostigmine are listed 
in Table 11. Here again, increasing the frequency 
of stimulation increased the rate of onset of neuro- 
muscular blockade as well as the strength and 
duration of the blocking action. In rabbits, nco- 
stigniine (0.1 mg /Kg.) potentiated the strength of 
contraction on a side being stimulated at 0.4/sec. 
atid had almost no effect on the side being stimu- 
lated a t  3/sec. (Fig 2, B). The same effect was 
seen with edrophonium (Fig. 2, C ) ,  in which case 
the potentiated height of contraction was more 
than twice that of the control. Following these 2 
drugs, choline administration reversed completely 
the neuromuscular blockade in thc leg being stimu- 
lated more rapidly and had no effect on the other 
side (Fig. 2, D). The contraction produced by a 
close-arterial injection of 6 mcg. of acetylcholine on 
the unstimulated muscle of a chicken was com- 
pletely abolished 30 min. after the i.v. administra- 
tion of 1 nig./Kg. of NP-HC-3 (Fig. 3 A-C). This 
was at the onset of the neuromuscular blockade. 
When the electrical stimulation was resumed 
following the administration of acetylcholine, there 
was an initial increase in the strength of the muscular 
contraction (Fig. 3, D). Ten micrograms of 
acetylcholine caused a slight depolarization which 
lasted about 0.5 min. During complete neuro- 
muscular blockade either 6 or 10 mcg. of acetyl- 
choline administered close-artcrially during the 
electrical stimulation resulted in a burst of weak 
contractions. A dose of 10 mg./Kg. of choline 
administered i.v. resulted in a series of contractions 
which were 14% of control and which lasted for a 
period of 6 min. (Fig. 3, F). 

Miscellaneous Studies.--NP-HC-3 did not have 
any effect on the rat or guinca pig ilia or on re- 
sponses produced by test doses of acetylcholine, 
epinephrine, and histamine. It did not exhibit 
any non-narcotic analgesic activity in mice studied 

A 

C 

B 

D 

Fig. Z.-Bibdteral contractions of the gastrocnemius muscles of the rabbit. In the upper tracing the rate 
The rate of stimulation 

In B, neostigmine (p),  0.05 
In D, choline (c), 10 mg./ 

of supramaximal electrical stimulation of the ipsilateral sciatic ncrve was 3/sec. 
in the lower tracing was 0.4/sec. 
mg./Kg., i.v. was given. 
Kg., i.v. was given. 

In A, NP-HC-3 (n) 1 nig./Kg., i.v. was given. 
In C, edrophonium (e), 0.2 mg./Kg., i.v. was given. 
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B 

D 
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esis. The neuromuscular blockade produced by 
high frequency stimulation could be reversed par- 
tially, and often completely, with choline and not 
with neostigmine. However, with muscles being 
stimulated a t  a lower frequency, there was 110 an- 
tagonism with choline, whereas neostigmine caused a 
considerable augmentation in the height of con- 
traction. This may be explained by assuming that 
during the total blockade seen during high fre- 
quency stimulation, all of the acetylcholine stores 
had been depleted. Thus, even relatively high 
concentrations of the indirect-acting neostigrnine 
were ineffective in increasing the acetylcholine 
concentration to  an effective level. On the other 
hand, choline, being the precursor of acetylcholinc, 
replenished the reserves. During low frequency 
stimulation the acetylcholine stores were only 
partially depleted. 

The temporary reversal observed with initial 
doses of tetraethylammonium (TEA) during total 
neuromuscular blockade with high frequency 
stimulation, and the ineffectiveness of subsequent 
doses of TEA, has bccn observed previously by 
Volle (14) with HC-3. TEA has been shown to be 
a releaser of acetylcholine from presynaptic nervc 
endings (15). This is suggestive of a situation in 
which NP-HC-3 or HC-3 inhibit the synthesis of 
acetylcholine in prcsynaptic nerves, and the effect 
observed with the initial doses of TEA was a facili- 
tated release of the residual acetylcholine. The 
effect of TEA on the neuromuscular blockade 
produced by NP-HC-3 and HC-3 should also be 
reconsidered in the light of recent findings by 
Bhatnager et al. (16). They found that TEA and a 
variety of other quaternary ammonium compounds 
acted as inhibitors of acetylcholine synthesis in 
nervous tissue. The apparent paradox posed by 

Fig. 3.-Femoral arterial blood prcs- 
sure and gastrocnemius muscular con- 
tractions of the chicken. I n  A ,  three 
close-arterial injections of acetylcholine 
(a)O.D06mg./Kg., i.v. In B, KP-HC-3 
(n), 1 mg./’Kg., i.v. was given. In C, 
D,  and E acetylcholine was given in 
(loses of 0.006 mg./Kg. (a )  and 0.01 
mg./Kg. (a1) i.v. In F,  cholinc (c), 10 
mg./Kg., i.v. was given. 

the observations of Volle, Bhatnager, and ourselves 
may be resolved by pointing out that quaternary 
ammonium compounds such as HC-3, RP-HC-3, 
and TEA, may act in a t  least two ways: ( a )  they 
may either increase the fragility of the synaptic 
vesicles, or ( b )  they may inhibit formation of 
acetylcholine. 

It is possible that these quaternary ammonium 
compounds act like detergents and cause an emulsi- 
fication of the vesicular membranes Under such 
conditions the acetylcholine formed would be ex- 
posed to immediate hydrolysis by acetylcholin- 
csterase. In addition, the rate of transport of these 
quaternary ammonium compounds to the site of 
acetylcholine synthesis may be altered during v a r y  
ing levels of nervous activity, e g., resting nersus 
high frequency stimulation. Perhaps this may be 
the reason why the increase in frequency of stimula- 
tion lowered the effective ncuroniuscular blocking 
doses and accelerated the onset and increased the 
duration of action 

The lack of response to the close arterial iiijcc- 
tions of acetylcholine in the unstimulated gastroc- 
nemius muscle of the chicken during the course of 
complete neuromuscular blockade indicates a curare- 
like cffcct of XP-HC-3 However, the temporary 
reversal of the neuromuscular blockadc scen when 
dcetylcholine m a s  administered close-arterially 
during or immediately prior to electrical stimulation 
suggests an additional mechanism of action, i e . ,  
the injected acetylcholine is taken up by the nerve 
and is then available for release in response to 
stimulation. The release of the newly acquired 
acctylcholinc from the nerve ending may require 
extraneous stimulation such as electrical impulses 
or TEA. The lack of effect of neostigmine during 
total neuromuscular blockade in preparations 
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stimulated at high frequencies could reflect either a 
deficiency of acetylcholine release or that the end 
plate receptors are already occupied. Obsema- 
tion that the blockade is reversed by acetylcholine 
injected close-arterially during stimulation indicates 
that the latter situation does not obtain. There- 75(1964). 
fore. since the receptors can still respond to  adminis- 
tered acetylcholine, the evidence is it1 favor Of a 
presynaptic, rather than a postsynaptic, mechanism 
of action. 

NP-HC-3 may be assumed to act, at lcast in part, 
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Fluorome tric Determination of Acetylsalicylic 
Acid and Salicylic Acid in Blood 

By WINTHROP E. LANGE and SAUL A. BELL* 

A useful micro-method has been developed for the paper chromatographic separa- 
tion of acetylsalicylic acid and salicylic acid with subsequent determination of each 
compound by fluorometry from a 0.1-ml. sample of capillary blood. This method 
permits frequent determinations of both acetylsalicylic acid and salicylate blood 
levels on the same subject. The accuracy and precision of the micro-method has 
been studied. In uivo studies utilizing the method emphasized the validity of results 

obtained by a rapid micro-method of analysis. 

ANY METHODS for the determination of salicy- 
lates in blood and in plasma have been de- 

scribed in the literature. The generally ac- 
cepted methods of Brodie (1) and Routh (2) 
involve the extraction of the salicylatc from the 
blood sample and the determination of the con- 
centration colorimetrically by measuring the 
absorhance of an iron complex. However, 
Saltzman (a) and Chirigos (4) have described the 
determination of salicylate in biological tissucs 
by measurement of the characteristic fluores- 
cence of the salicylate ion on exposure to ultra- 
violet light. 

The quantity of acetylsalicylic acid in the bio- 
logical tissues was estimated from the difference 
between "free" salicylate and "total" salicylate, 
and conjugated salicylate being considered to be 
acetylsalicylic acid (5). Mandel (6) has re- 
ported a paper chromatographic procedure for 
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the separation of acetylsalicylic acid from 
salicylic acid in a plasma sample, and their sepa- 
rate determination fluorometrically. Recently, 
Nikclly (7) described the gas chromatographic 
determination of acetylsalicylic acid in the 
presence of salicylic acid 

Although the information obtained from any 
of the above methods is valuable. there does not 
seem to be general agreement among investigators 
about the levels of acetylsalicylic acid in the 
blood after taking aspirin. Since the time span 
of the analgesic effect of aspirin (2-4 hr.) appears 
to be more closely related to the time that the 
acetylsalicylic acid persists in the blood, the blood 
level of acetylsalicylic acid would seem to be a 
critical measure of the potential analgesic ef- 
fectiveness of an aspirin formulation. Thus, 
for the in oioo study of acetylsalicylic acid blood 
levels it is desirable to have a niicro method re- 
quiring small volumes of blood for the repeated 
sampling required to observe simultaneously sus- 
tained blood levels of acetylsalicylic acid and 
salicylic acid. The method should also l x  fast, 
practical, and accurate. 
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stimulated at high frequencies could reflect either a 
deficiency of acetylcholine release or that the end 
plate receptors are already occupied. Obsema- 
tion that the blockade is reversed by acetylcholine 
injected close-arterially during stimulation indicates 
that the latter situation does not obtain. There- 75(1964). 
fore. since the receptors can still respond to  adminis- 
tered acetylcholine, the evidence is it1 favor Of a 
presynaptic, rather than a postsynaptic, mechanism 
of action. 

NP-HC-3 may be assumed to act, at lcast in part, 
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A useful micro-method has been developed for the paper chromatographic separa- 
tion of acetylsalicylic acid and salicylic acid with subsequent determination of each 
compound by fluorometry from a 0.1-ml. sample of capillary blood. This method 
permits frequent determinations of both acetylsalicylic acid and salicylate blood 
levels on the same subject. The accuracy and precision of the micro-method has 
been studied. In uivo studies utilizing the method emphasized the validity of results 

obtained by a rapid micro-method of analysis. 

ANY METHODS for the determination of salicy- 
lates in blood and in plasma have been de- 

scribed in the literature. The generally ac- 
cepted methods of Brodie (1) and Routh (2) 
involve the extraction of the salicylatc from the 
blood sample and the determination of the con- 
centration colorimetrically by measuring the 
absorhance of an iron complex. However, 
Saltzman (a) and Chirigos (4) have described the 
determination of salicylate in biological tissucs 
by measurement of the characteristic fluores- 
cence of the salicylate ion on exposure to ultra- 
violet light. 

The quantity of acetylsalicylic acid in the bio- 
logical tissues was estimated from the difference 
between "free" salicylate and "total" salicylate, 
and conjugated salicylate being considered to be 
acetylsalicylic acid (5). Mandel (6) has re- 
ported a paper chromatographic procedure for 
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the separation of acetylsalicylic acid from 
salicylic acid in a plasma sample, and their sepa- 
rate determination fluorometrically. Recently, 
Nikclly (7) described the gas chromatographic 
determination of acetylsalicylic acid in the 
presence of salicylic acid 

Although the information obtained from any 
of the above methods is valuable. there does not 
seem to be general agreement among investigators 
about the levels of acetylsalicylic acid in the 
blood after taking aspirin. Since the time span 
of the analgesic effect of aspirin (2-4 hr.) appears 
to be more closely related to the time that the 
acetylsalicylic acid persists in the blood, the blood 
level of acetylsalicylic acid would seem to be a 
critical measure of the potential analgesic ef- 
fectiveness of an aspirin formulation. Thus, 
for the in oioo study of acetylsalicylic acid blood 
levels it is desirable to have a niicro method re- 
quiring small volumes of blood for the repeated 
sampling required to observe simultaneously sus- 
tained blood levels of acetylsalicylic acid and 
salicylic acid. The method should also l x  fast, 
practical, and accurate. 
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or by using the equation 1/1 - (hematocrit X 0.01) 
if the subject's hematocrit has bcen dctermined. A 
comparison oi results as calculated by the 2 methods 
is shown in Table I. The failure to  consider the 

METHODS AND PROCEDURES 

The fluorornetric assay described below is based 
on the characteristic chromatographic separation of 
acetylsalicylic acid and salicylic acid and the ultra- 
violet emission of alkaline salicylate ion at 415 mp 
when activated a t  325 nip. 

Blood Sampling.-To 100 p l .  of blood in a 3-ml. 
centrifuge tube was added 250 pl. of ethylcnc di- 
chloride (redistilled). The sample was stirred 
vigorously with a glass rod for 10 sec., 50 pl. of 6 N 
hydrochloric acid was added, and the mixture 
thoroughly mixed for 1 min. Thc sample was  then 
centrifuged a t  GO00 r.p.m. for 15 sec., thoroughly 
mixed for 1 miii., and ccntrifugcd again for 1 min. 
I t  was found that  for reproducible results the finger 
bcforc puncture had to  bc pretreated with isopropyl 
alcohol and the blood sample representative of the 
capillary circulation. 

Paper Chromatography.-Thc cthylcnc dichloride 
layer in the centrifuge tubes was withdrawn by  
means of a 250-pl. transfer pipet. The contcnts of 
the pipet were carefully streaked in a narrow band 
across a X l,Y/8 in. strip of S 8r S 589 White 
Ribbon chromatography paper. The strips were 
dried and developed by ascending tcchniquc in 
chromatographic tanks containing a 0.75%:, nitric 
acid dcvcloping solution. The strips were de- 
veloped a t  25" until the solvent front reached 21 
cm. (about 1 hr.), and then were removed from the 
tanks and air dried. Two 4-CIll. wide rectangular 
pieces were cut from the strips at R f  0.6 and 0.8 
corresponding to the salicylic acid and acetylsali- 
cylic acid, respcctivcly. The picccs from the 
chromatographic strip were placed in 50-nil. conical 
flasks and cxactly 6.0 ml. of 5 A: sodium hydroxide 
was added. 'I'he alkali was alloivcd t o  rcmain for 
cxactly 8 min. in contact with the papers. The 
flasks were gently swirled during the hydrolysis and 
extraction pcriod. 

Fluorescent Measurements.-The alkalinc solu- 
tions were poured into 12 X 75 mm. cells and read 
in a fluoronieter (Turner model 110) containing a 
"sandwich" excitation filter consistini: of two 7-54 
filters and a Wrattcn No. 34A filtcr; for the emis- 
sion filter a half-thickness Corning No. 5-58 filter 
 as used. A 4-cm. rectangle cut from the lower 
portion of a devcloped chromatograph strip was 
trcated with exactly 5 ml. of 5 N sodium hydroxide 
to  give an instrument blank. 

Preparation of Standard Curves.-Known 
amounts of acetylsalicylic acid in the range ol 0-1.0 
mcg./100 p l .  atid 0--100 mcg./l0.0 pl. of salicylic acid 
were added to  whole citrated blood. Thesc samples 
w cre carried through the complete chromatographic 
svparation and fluorometric assay. The meter 
readings from the fluorometer were plotted against 
concentration to givc standard curvcs for the sali- 
cylic acid and acetylsalicylic acid. 'To provide 
:issuratice of the continuing validity of thc standard 
curves, standard samples were carried through the 
complete procedure periodically. So long as pre- 
cautions were taken to control the temperature and 
drafts of the chromatographic room, the standard 
deviation reported in the discussion was not ex- 
ceeded. 

The drug concentration in plasma can be csti- 
mated from the whole blood coilcentration either b y  
assuming a 50"jl, hematocrit and using a factor of 2, 

TABLE  COMPARISON OF SALICYLIC ACID BLOOD 
LEVELS BY THE MICRO-METHOD A N D  THE BRODIE 

PROCEDURE 
~~ ~~~ -- Salicylic Acid, mg. 70- 7 

I Micro-Method- -Brodic-- 
Suhj. Subj. Subj. Subj.  

Sampling A a  A h  A B 
Wliolc blood 

iveninuncturc'l 1.8 6 . 7  2 . 0  8.5 
~ i i o l e  61nod 

(fingertip) 
Plasma 

1.8 6 . 6  . . _  . . .  
3 3 12 .5  4 . 2  15.8 

Plasma (from whole 

Plasma (from whole 
bloody 3 .5  1 2 . 7  . . .  . . .  

blood jd  3 . 6  13.2 . . .  . . .  
__ .- 

a Ihsage  was 10-gr. aspirin; blood samples taken 2 hr. 
after dosage; hematwrit ,  490/,. * Dosage was 10 gr. aspirin 
every 4 hr. for a total of 70 gr.; blood samples taken 2 hr. 
after last dose; hematocr-it, 48r0. I_ Calculated from whole 
hlood hy  applying a correction for hematocrit as follows: 
mg. yo plasma = mg. yo whole blood X 111 ~ (hematocrit X 
0.01). Calculated from whole blood by applying a correc- 
tion factor of 2 .  

actual hematocrit or binding of thc drug by plasma 
proteins has no effect on the validity of results con-  
paring different dosages or different dosage forms in 
thc same group of individuals. 

Comments on Analytical Procedures.--All of thc 
procedures in the assay were studied to eliminate 
unnecessary steps and variables and to reducc back- 
ground fluorescence to a minimum. All glassware 
was scrupulously clean, cells were selrctcd to  have 
low fluorcscerice readings, and only reagents with 
low iiativc fluorcscence were used. Special care 
was taken to  prevent contamination by dust that  
might produce fluorescence. Variability of subjects 
was reduced by requiring the dose of medication to  
be taken in a fasting condition with a fixed quantity 
of watcr. When repeated dosage studies were con- 
ducted the subscquent doses were taken at fixed 
times in relation to  meals. Subjects were cautioned 
rcgarding the use of topical preparations because of 
the possibility of their containing salicylates or 
ultraviolet absorbers. 

The time required for acidification and extraction 
of the blood samples was found to be critical as is 
well known in order that  hydrolysis of the acetyl- 
salicylic acid might bc minirriized and that the ex- 
traction could be as complete as possible. The 
method of application of the sample to  the chroma- 
tographic papcr by streaking was critical because of 
the large volumc to  be spotted and thc necd for well- 
separated sharply defined developed zones oi 
acetylsalicylic acid and salicylic acid. The spotting 
of the large volume of sample was facilitated by 
passing a current of cool air over thc paper during 
the operation to speed the volatilization of thc 
cthylene dichloridc. The selection of the chroma- 
tographic paper was depcndcnt on its purity and 
scparation characteristics. Whatman No. 1 paper 
gave the same separation of acetylsalicylic acid and 
salicylic acid as the paper used, but had to  bc prc- 
trcatcd with dilute nitric acid solution due to a high 
and variablc background fluorescence. With the 
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S & S paper the Rf for the salicylic acid was approxi- 
mately 0.6 while the acetylsalicylic acid Rf was 0.8 
at room temperature which agreed with the values 
reported by Mandel (6). The Rf values were 
establishcd by visual examination of a paper strip 
containing a reasonable concentration of salicylic 
acid and acetylsalicylic acid under ultraviolet light, 
The salicylic acid appears as a blue fluorcscent spot 
while the acetylsalicylic does not fluoresce. How- 
ever, its RJ was determined by its hydrolysis to sali- 
cylic acid on the paper strip in the presence of 
ammonia vapors. Hydrolysis of the acetylsalicylic 
acid on thc paper strips with alkali or animoriia 
vapors was found to be unnecessary. Kinetic 
studies showed complete conversion of the acetyl- 
salicylic acid to salicylic acid and complete elution 
from the paper in from 5-8 min. in the 5 N sodium 
hydroxide solution. 

The fluorescence of salicylic acid aud acetylsali- 
cylic acid was somewhat greater in solutions of 
higher sodium hydroxide concentration, but solu- 
tions stronger than 5 N disintegrated the paper sub- 
strate too rapidly and gave solutions difficult to 
handle due to their high viscosity. The filter com- 
bination used produced excitation at  318-327 m p  
and emission fluorescence in the range of 350480 
mp (maximum a t  410 nip). Other iilter combina- 
tions wcre investigated but in most cases these 
combinations (i.e., primary, Corning No. 7-54 and 
Wratten No. 34A; sccondary, Corning No. 7-54) 
permitted some overlap of transmitted wavelengths. 
Fluorescence was found to  be linearly proportional 
to the concentration of acetylsalicylic acid and sali- 
cylic acid up to  12 mg. yo in 5 N sodium hydroxide 
and reproducible for a period of at least 1 hr. 

In the preparation of standard curves for the sali- 
cylic acid and acetylsalicylic acid it was found that 
the recovery of either drug was higher from an 
aqueous solution than from whole blood. Thus, if 
aqueous solutioiis wcre uscd to prepare the standard 
curves one would obtain low concentration values 
during actual zn vivo blood level studies. In a 
check of the accuracy and precision of the method 
it was found that 90 to  llOyO of acetylsalicylic acid 
and salicylic acid was recovered from whole citrated 
blood to which known amounts of the drugs had 
been added in the following ranges: acetylsalicylic 
acid-0.20, 0.50, and 1.20 mg. yo; salicylic acid-2.00, 
5.00, and 12.00 mg. 7c. In these same ranges, pairs 
of duplicatc determinations made by the same 
analyst showed standard deviations of the pairs to  
be 0.015 to 0.021 mg. yo for acetylsalicylic acid, and 
0.07 to 0.14 lug. yo for salicylic acid. 

The micro-method was also studied in a compari- 

Journal of Plzarrnnceaiical Sciences 

son with the procedure of Brodie (1). Two sub- 
jects were given aspirin in different doses, and blood 
samples were assaycd for salicylic acid by the 2 
methods. Because the Brodie procedurc is pro- 
posed for plasma separated from a sample of venous 
blood while the micro-method uses a sample of whole 
blood, subjects were sampled for both and each 
method was employed to estimate salicylic acid in 
both whole blood and in the separated plasma. 
The results are summarized in Table I. The data 
for the micro-method show good agreement be- 
tween the venous whole blood and the capillary 
whole blood in both subjects. Also by applying a 
correction valuc for the hematocrit in each case the 
plasma salicylate values when calculated from whole 
blood agrce well with that actually recovered from 
plasma by the micro-method. The higher rcsults 
obtained by thc Brodic method, which determines 
only salicylate, are possibly due to  acetylsalicylic 
acid which hydrolyzed during the assay to salicylic 
acid. 

APPLICATION OF THE PROCEDURE 

This technique is not suitable for routine clinical 
use because of the critical time factor between col- 
lection of the blood sample and extraction of the 
acetylsalicylic acid. KO more than 4 min. should 
elapse before completion of the extraction procedure, 
and no more than 6 min. should elapse before the 
extracted sample is ready for chromatography. 

Past methods of analysis have, in general, dc- 
pended on making the assumption that the difference 
between “total” and “free” salicylates in the plasma 
constituted the acetylsalicylic acid. Because of 
failure by some investigators to  take into account 
the very rapid hydrolysis of acctylsalicylic acid by 
the serum csterase, investigators rarely agreed 
about the plasma levels. As a consequence, they 
werc misled in drawing conclusions about the mech- 
anism of absorption. 

The authors have observed that absorption of 
acetylsalicylic acid is very rapid froiii the stomach, 
and therefore it can survive long enough to  be ab- 
sorbed into the blood stream. The authors have 
observed that absorption of acetylsalicylic acid 
from the intestines is much slower, and that, there- 
fore, the rate of entry into the blood is too slow to 
permit an appreciable level to be built up. These 
observations are consistent with the conclusions of 
Schanker (8) and Smith (9). They both have shown 
that an increase in pH reduces the rate of absorption 
of acetylsalicylic acid and salicylic acid to  a lesser 
extent. 

TABLE 11 .-PLASMA SAT,ICYIsATE LEVELS“ 
_- 

Subj. Detd. Given 0.5 1 2 4 4.5 D 6 8 
Drug Dose 

Av. (15males) ASAb 20rc 1.27 0.69 0.17 0.13 1.10 0.79 0.08 0.02 
Av.(20femalcs) ASA 20r“ 1.20 0.76 0.28 0.17 1.61 0.89 0.14  0.03 
4v .  (15 males) TS” 20rc 3 . 8  4 . 7  4 .8  3 .4  6 . 1  7 .5  7 .3  5 . 8  
Av. (20 females) TS 2Orc 3 .9  5 . 3  6 . 3  5.0 9.2 10.4 10.3 7.9 
Av. (11 males) ASA 20” 2.17 1.30 0.29 0.07 . . . . . .  0.04 0.01 

Av. (11 males) T S  208 6 . 4  8 . 6  9 . 5  8 . 4  . . .  ... 6 . 8  6 .4  
Av. (13 females) TS 20e 6 .6  8 . 5  11.7 10.1 . . .  . . .  8 . 0  6 . 9  

Av. (13 females) ASA 20” 2.30 1.42 0.55 0.14 . . . . . .  0.09 0.01 

mg % in plasma was calculated from whole blood with assumed hematocrit of -50% in a11 cases. ’ ASA = acetylsalicylic 
20 = four acid. 

%gr. aspirin tablets taken at time zero. 
20r = two 5-xr. aspirin tablets at time zero and two R-gr. tablets again at 4 hr. TS = total salicylate. 
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1 me l h r r l  

Fig. 1.-Comparison of average plasma levels of 
acetylsalicylic acid (ASA) after taking single and 
divided doses of aspirin a t  equal total dose of 20 gr. 
Key: 0,  aspirin, single dose (4  X 5 gr.) 20-gr. 
dose a t  time 0; 0,  aspirin, divided dose (2 X 5 gr.) 
10 gr. a t  time zero and (2 X 5 gr.) 10 gr. after 4 hr. 
for a total 20-gr. dose. 

l 2  I 

Fig. Z.-Comparison of average plasma Icvels of 
salicylatcs after taking single and divided doses of 
aspirin at equal total dose of 20 gr. Key: 0 ,  
aspirin, single dose (4 X 5 gr.) 20-gr. dose at 
time zero; 0 ,  aspirin, divided dose (2 X 5 gr.) 
10 gr. a t  time zero and (2 X 5 gr.) 10 gr. after 4 hr. 
for a total 20-gr. dose. 

To provide a picture of the levels 01 acetylsalicylic 
acid and total salicylate in the blood after normal 
doses of aspirin, 35 subjects took 10 gr. of aspirin at 
time zero (8: 00 am.)  and a sccond 10 gr. exactly 4 
hr. later. Blood samples wcre taken at various 
time intervals and assayed for acetylsalicylic acid 
and salicylic acid. Twenty-four of the above panel, 

a t  a later date, also took single 20-gr. doses of aspirin. 
The results of the 2 studies are summarized in 
Table 11. Figure 1 is a graphic comparison of 
average plasma levels of acetylsalicylic acid after 
taking 10 gr. of aspirin repeated after 4 hr. for a 
total of 20 gr., and after taking 20 gr. of aspirin in a 
single dose. Figure 2 conlpares average total 
salicylate plasma levels after the same 2 dosage 
regimens. 

The levels of acetylsalicylic acid and of the total 
salicylates in the plasma resulting from typical dos- 
age regimens for aspirin provide a framework of 
reference for this new method of analysis of the 
content of drug and its principal degradation prod- 
uct in the blood. The peak values provide guidance 
in product formulation with respect to what levels 
in the plasma may be considered safe for a ncw 
aspirin dosage form. They also provide informa- 
tion which may be considered related to effcctive- 
ness. For instance it can be seen that a 20-gr. dose 
of aspirin, compared with a 10-gr. dose, gives a 
peak plasma level of acetylsalicylic acid almost twicc 
as great (2.24 versus 1.25 mg. %). However, 
doubling the dose only slightly prolongs the plasma 
level of acetylsalicylic acid. 

It will also be noted from Table I1 that differences 
are apparent in the average plasma levels for males 
and femalcs. These are especially prominent in 
the total salicylate levels. A portion of this dif- 
ferencc can be accountcd for by the assumption 
made in calculating plasma levels that the hemato- 
crits were all 50%. In the case of the femalcs this 
would generally lead to a 9% high result. Also no 
consideration was given to differcnccs in blood 
volumes of the individual subjects. This also on 
thc avcragc would show female plasma lcvcls to be 
about 11% high. 

A more detailed discussion of the clinical aspects 
of the micro-method atid its implications in regard 
to the pharmacology of aspirin will be published at a 
later date. 
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Thyroxin-Triiodothyronine Concentrations 
in Thyroid Powders 

By W. F. DEVLIN and H. WATANABE 

Eleven thyroid powders were assayed for their respective goiter prevention activi- 
ties in thiouracil treated rats. These activities were compared with the corre- 
sponding triiodothyronine and thyroxin levels of the powders as determined by 
a chemical method. A comparison between pronase, enzyme P, and an erepsin- 
trypsin mixture was made with respect to their effectiveness in  releasing thyroxin and 
triiodothyronine from commercial thyroid. Pronase was demonstrated to  be 
preferable. There was a consistent relationship between the triiodothyronine 
levels of the powders and the goiter prevention activities. This relationship was 
independent of the thyroxin level. Bioassay of diets containing measured amounts 
of thyroxin and triiodothyronine confirmed the validity of the chemical analyses 
and the preponderant contribution of the triiodothyronine component to goiter 

prevention by this assay. 

F ALL the iodine-containing substances in 0 thyroid powders, i t  is believed that tri- 
iodothyronine (T3) and thyroxin (T4) account for 
the total biological activity (1). Reported 
discrepancies in activity between thyroid prepara- 
tions (2, 3) might therefore be attributed to  
varying amounts of TS and T4 even though the 
total iodine remains constant. Correlation be- 
tween the iodothyronine content and biological 
activity has been hampered mainly by difficulties 
in chemical procedures which must take into 
account such factors as (u) iodothyronine in- 
stability in solution (4-6), and ( b )  the slowness of 
iodothyroninc release from thyroid protein by 
most proteolytic agents (7, 8) .  I n  this report, the 
hydrolytic actions of pronase, enzyme P, and an 
erepsin-trypsin mixture have been compared 
with respect to  their effectiveness in releasing 
T 4  and T3 from thyroid powders. The T4 and T3 

concentrations of thyroid powders were com- 
pared with their corresponding goiter prevention 
activities. The activities of diets containing 
measured amounts of T g  and Ta were employed 
to  confirm the analyses. 

METHODS 

Lodoamino Acid Determination.--A quantity of 
the thyroid powder, containing 50-200 mcg. of 
iodine, was placed in 2 ml. of 0.05 M Tris buffer a t  
pH 8.5 One milligram of pronase' or enzyme P2 
was sclcled, and the mixture was incubated at 39' 
for periods of time ranging from 6-96 hr. For the 
erepsi~i-trypsin~~~ digests, 10 tng. of each enzyme was 
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added at  the beginning of the digestion time and 5 
mg. ol erepsin was added daily thereafter. Oc- 
casional gentlc shaking during the first hour of 
incubation was helpful in dispersing the powder. 
Butanol extraction, paper chromatography, and 
~~ieasureinent of the thyronines were performed as 
previously described (7).  U.S.P. reference standard 
triiodothyronine (liothyronine) and thyroxin ( B  
grade, Calbiochem, Los Angeles, Calif .) were e n -  
ployed throughout as thyronine standards. Thc 
iodothyronine values reported were the average of 4 
separate determinations. 

Goiter Prevention Assay.--The biological activi- 
ties of the thyroid samples were determined by the 
goiter prevention assay employing thiouracil- 
treated adult female rats as the test animals (9). 
For the preparation of diets containing T1 and T r ,  
solutions of each thyronine were made up in acid 
ethanol (90 1111. of ethanol plus 10 ml. of 2 N HISO,) 
a t  a concentration of 100 nicg./ml. The required 
volumes of the thyronine solutions wcrc mixed in a 
mortar with %Gin. amounts of casein, then dried in 
a stream of nitrogen and dispersed in ground Fox 
Cubes .5 

RESULTS AND DISCUSSION 
Rate of ReIease of the Iodothyronines, Ta and T,, 

During Proteolysis in Tris Buffer.-In Fig. 1 the 
effectiveness of pronase and enzyme P in releasing 
iodotliyronines from commercial thyroglobulin 
(sample 6 ,  Table I) is compared with that of crcpsin 
and trypsin in combination. Sirriilar peaks of 
recovery of Ta and T, were obtained in both cnzyine 
P and pronase digests. The largest amount of T3 
was recovered following 6 hr. digestion, and the 
amount of T4 recovered reached a near maximum 
level at 24 hr. Pronase was considered to  be 
superior because a greater quantity of the iodo- 
thyronincs was recovered. The reduced recoveries 
of the T3 and Tr with longer digestion periods in 
enzyme P and pronase digests were apparently duc 
to iodothyronine instability in this buffer medium. 
A similar decline in recovcrable T.? and T4 from enzy- 
matic hydrolysates as the period of digestion was 
lengthened, has been reported by others (10, 11). 
Since the stability of Ts relative to T4 in this 
medium is not known with precision, it is lint pos- 
sible to say that pronase favors the release of T3 over 
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Fig. 1.-The recovery of thyroxin arid triiodothyronine from enzymic digests of commercial hog thyro- 
Digestion was performed in 0.05 M Tris (hydroxymethyl aminomethane j buf- 

Butdnol extracts of the hydrolysate were taken to dryness and the residue redissolved 
globulin (1.02'+; iodine). 
fercd a t  pH 8.5. 
in ammoiiiacal alcohol immediately before application to paper chromdtograms. 

TABLE I -IOUOTHYRONINE CONTENT OF COMMERCIAL TIIPROIU POWDERS 
____ ~~~ - ~ ~~ ~~ ~ ~ ~ 

~~ ~ _ _ _ _ _ _  
Snecieq Total I I.( IT9 ,I;I 

X 100 Ratio of Geographic Iodine, mcg . jmg .  Iodine A x 100 ~ 

Sample Origin Origin % T4 T3 I Total 1 ToVal Ta:Ta 
I . . .  . . .  0.63 114 41 7 . 5  2.4 2 . 3  
2 Beef U.S. 0.62 226 49 14.8 2.9 3 .9  
3 Beef U.S. 0 55 294 50 19.2 2.9 4 . 9  

22.7 3.5 4.8 
73 4 .3  3.2 

4 . 1  3 . 1  
" 18.3 

4 Beef . . .  0.44 348 
5 Sheep U.K. 0.48 280 
6 Hog u s .  1.02 274 75 17.9 
7 Hog us .  0.73 268 78 17.5 4 . 6  2.9  
x Beef U.K. 0.35 340 83 22.2 4.9 3 . 4  
9 Hog U S .  0.20 210 87 13.7 5 . 1  2 . 0  
10 Hog us.  0.86 268 95 17.5 5.6 2 . 1  
I t  Hog U.K. 0.60 256 100 16.7 5 .9 2 . 1  

'r,$ in thc carly stages of hydrolysis as might be de- 
duced from Fig. 1 .  There was a steady increase 
in iodothyronine recoveries up to  96 hr. in the erep- 
sin-trypsiii digests which indicated that the rate 
of their release from the thyroid protein under these 
conditioiis exceeded the rate of degradation. The 
greater bulk constituted by the erepsin-trypsin mix- 
ture in the hydrolysate medium may have coii- 
ferred a measure of stability to the free iodothyro- 
nines iii solution. In  this connection, Rosenberg has 
observed that the rate of disappearance of Tq is less in 
Viokase thyroid hydrolysates when cornpared with 
proriase hydrolysates ( 11). Although the recoveries 
of TI and Ta continucd to incrcasc during the diges- 
tion period with the erepsin-t.rypsin mixture in 
Tris buffer, the final amounts of Ta and T4 actually 
obtaincd were lcss than the peak levels found with 
the other enzymes. 

In a previously rcportcd investigation (7) com- 
parable peak recoveries of T3 and T4 were achieved 
in 9B-hr. erepsin-trypsin digests when perlorrned in 
borate buffer. However, the short digest periods 
required by pronasc action reduced risk of losses by 
degradation or iriicrobiological contamination, Also 
Tris buffer provided a better buffering capacity than 
the boratc medium. Therefore, optimum conditions 
for the proteolytic renioval of T 3  and Ta from com- 
mercial thyroid powders has been defined as nver- 
night digestion (15-1X hr.) in the presence of 1 mg. 
of pronase per 2 ml. of Tris buffer. 

Iodothyronines in Commercial Thyroid Powders. 
-Table I summarizes the results of analyses of the 
Ti and Tq content in 11 thyroid powders obhined 
from 4 different laboratories. Sample 9 was diluted 
with filler of unspecified composition to meet the re- 
quirements of the "United States Phnriiiacopeia" 
(12). Sample 1 possessed an exceptionally low iodo- 
thyronine level which was reflected in bioassay 
experiments here and elsewhere. Samples corn- 
parable in quality and :tctivity to sample 1 have 
been judged "clinically defective" in human therapy 
trials.6 In general, the beef thyroid powders had a 
lower per cent ol total iodine than the hog powders. 

Excluding the defcctivc samplc, the per cent of the 
total iodine accounted for by the Ta component 
ranged from 2.9-5.0. The per cent ol the total iodirie 
accounted for by the T4 compoiient ranged from 
13.7-22.7. The molar ratios ranged from 3.4-4.9 
in the bccf powders and from 2.0-3.1 in thc hog 
powders. This species difference in T1:T3 M ratios 
seems to be R characteristic which results from siniul- 
taneous elevated T4 levels and reduced T, levcls in 
the beef thyroids when compared with thosf originat- 
ing from the hog. I'ileggi et  ul. (13) have rcpor1c.d 
essentially the Yaine range of TS concentratioiis as 
listed in Table I but slightly lower l a  levels in a 
number of commercial thyroid powders of UII- 

specified species origin. The single sheep sample 

0 Private communication from rlr. I.. Meister ,  Veteran 's  
Administration Hospital, L o n g  Beach, Calif. 
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Fig. 2.-The relation between triiodothyronine 
and thyroxin concentrations in thyroid powders 
and goiter prevention activity in thiouracil-treated 
rats. The numbers in parentheses correspond with 
thyroid samplc numbers listed in Table 1. Vertical 
bars rcprcsent thc 959$ confidence limits for each 
estimate of potency. 

reported in Table I had a molar ratio of 3.2; 22.6% 
of the total iodine was accounted for by the T3 and 
Tq components. In these respects, it was therefore 
intermediate between the hog and beef thyroid 
powders. 

Goiter Prevention Versus Ta Content in Orally 
Administered Thyroid.-In the goiter prevention 
assay the dose of desiccated thyroid was adjusted 
according to the total iodine content. Experiments 
employing this bioassay suggested that the T3 com- 
ponent probably accounted for most of the response 
(14). To test this hypothesis, the individual T3 and 
T4 concentrations expressed as mcg./mg. total iodine 
in the thyroid powders were plotted against the re- 
spective goiter prevention activities (Fig. 2). All 
activities were expressed as a percentage of that 
possesscd by the refcrence standard (sample 7, Table 
I). It was noted that, with the exception of sample 
8, all thyroids possessing activity of more than 100 
by this system of comparison originated from the 
hog. The T4 levels within this group varied from 
21&340 mcg./mg. iodine, and did not correlate well 
with the observed activities. However, in spite of 
the fluctuating Tq levels, there remained a consistent 
relationship between the Tt concentrations and the 
respective goiter prevention activities. 

I t  was desirable also to compare the level of goiter 
prevention activity of thyroid powder with that of a 
synthetic mixture containing similar amounts of 
TI and Ta. If the same level of activity could be 
demonstrated in this manner, it mould, in addition 
t o  lending support to the validity of thc chcmical 

analysis, show that neither the union of the hormones 
with thyroid protein a t  the time of administration 
nor thc presence of other components nornially 
present in thyroid powders contribute to the re- 
sponse. Conscqnently, the 3 diets listed in 'Table 
I1 were prepared. Diet A contained the reference 
thyroid powder while diet B contained a mixture of 
T4 and T3 in the same proportions as diet A .  Diet 
C had the same content of T3 as diets A and B but 
had no T4. Diet D had T, only in a conccntration 
which would reduce the gland weight in the assay 
to  a suitable level for cornparison with the other 
diets. For purposes of calculating the relative 
potency it was supposcd that the added thyronines 
provided the same fraction of the total iodine content 
as thc refrrence powder. The activities of the 
the powder and the corresponding thyronine mix- 
ture were approximately thc same. Thc artificial 
mixture of TA and T3 in diet B possessed only slightly 
higher activity than that of the reference powder. 
If the accuracy of the chemical analysis is accepted, 
this small discrepancy may be due to  incomplete 
intestinal hydrolysis of the orally ingested powder 
and consequent reduced absorption of T4 and T3. 
This possibility has been raised by Levy and Knox 
(15) who observed a discrepancy of similar 
magnitude between the activities of a thyroid powdcr 
and its hydrolysate. Diet C which contained the 
same amount of T s  as in the reference thyroid pro- 
duced essentially thc same activity as that of the 
powder itself. Diet D ,  with more than 5 times the 
thyroxin present in the refcrencc powdrr diet mix, 
was only about one-seventh as active. The minor 
contribution of Tq relative to T, undcr thesc condi- 
tions of assay is therefore confirmed. These find- 
ings are consistent with the relationships illustrated 
in Fig. 2. 

I t  is acknowledged that the metabolic effective- 
ness of T4 may be impaired in thiourdd-treated 
animals (16), and therefore in this assay the contri- 
bution of T3 relative to  T4 will be somewhat cxag- 
gerated. However, the essential agreement between 
the activity of the powder and its corresponding 
T3-T4 mix suggests at least the validity of the T3 
measurement. It has now been deduced that the 
T3 component of many thyroid tablets when admiti- 
istered orally during clinical therapy probably 
accounts for the greater part of the response (26). 

The widely varying levels of T, and TI which 
have been reportcd for thyroid (17, 18) have often 
been attributed to the physiological state of the 

TABLE II.-THE GOITER PREVENTION ACTIVITIES OF THYROXIN-TRIIODOTHYRONINE 
MIXTURES RELATIVE TO A CORRESPONDING THYROID POWDEK 

________~ __ 
Dose/100 Gm Dieta Relative Potency 

-Material with 95%. 
Diet Added to Diet pm T3 pm T4 Confidence Limits 
A Thyroid powder 0.004 0.013 1 .o 

o no7 0 022 - ._- .  - .  _ - ~  
L3 T4 - T3 0.004 0.013 l.lO(O.99-1.25) 

0.00'7 0.022 l . l l (1 .00-1.23)  

C T1 

D T, 

0.004 ... 1.03(0.84-1.28) 

. . .  0.096 0.14 (0.12--0.21) 
0.007 

0.145 

a Two dosage level- of the thyioactive diets were administered in all bioassays. The amounts listed indicate the ratio 
present. Each dose group comprised 8 animals. 
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TADLE III.-T4 AND Tt LEVELS IS 1-gr. U.S.P. 
THYROID (65 mg. 0.2‘;,; IODINE) 

~~ ~ 

mcg.. gr. 1T.S.P. Thyroid M Pat io  
Species Sample“ ‘rr T3 T+ : Ta 
Reef 2 29 6 . 4  
Beel 3 38 6 . 5  
Beef 4 45 7 . 8  
Beef 8 14 10.8 

Av. 39 7.9 4 . 0 

39? 

ministration of desiccated thyroid rcduccd thioura- 
cil-induced goiter in rats t o  an extent which was com- 
parable to  that  brought about by an equivalent mia- 
ture of TS arid TI. In view of such factors as diet and 
specics which arc known to affect the availability of 
orally ingested T4 (23, 24) the fraction of activity 
contributcd by the T4 component in a T4-TJ mixture 
tilay be influenced by the conditions of the cxperi- 
mcnt. Lavietes and 12pstein (25) have denioii- 
strated the d iku l t i e s  in following the course of 
thyroid therapy from observation of serum P.B.I. 
levels whcn the T,:T3 ratio of the administered U.S.P 
thyroid is abiiornially low. Cliniciaris have uutcd 
also some qualitative differences betwcen thc rc- 
sponscs of and T4 when adniinistercd separately 
(26,27j. In  any event, an expression of potency for 
a thyroid powdcr will depend not only on its T,$ and 
T1 content but also on the physiological effect 
selected as the response metanieter. 
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animals from which the glands were takcn (19). 
Thyroid powders prepared on the North American 
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activity (20j, the possibility of losses or degradative 
changcs during processing must be considered as a 
cause. Fresh thyroid tissuc is known to  possess 
autolytic activity (21) which could bring about 
sclcctivc losses of iodine-containing constituents, if, 
for example, the tissue were not processcd or frozen 
immediately following collection. Also the unusual 
prospect of a thyroid powder acquiring a gain in 
activity during processing operations has been raised 
by Braverman and Ingbar (22). Thcp have treated 
patients with commercial thyroid powder stand- 
ardized to  1J S.P. specifications which gave 
P.B.I. levels and other clinical responses indicativc of 
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Effect of Complex Formation on Drug Absorption I11 

Concentration- and Drug-Dependent Effect of a Nonionic Surfactant 

By GERHARD LEVY, KAREN E. MILLER, and RICHARD H. REUNING* 

The effect of various concentrations of the nonionic surfactant polysorbate 80 o n  
the absorption of a number of alcohols and barbiturates by goldfish has been studied. 
The  absorption rate of the barbiturates was increased significantly in the presence 
of low concentrations of polysorbate 80, and decreased by higher concentrations 
of the surfactant. The  absorption rate of the alcohols studied was not affected 
significantly by the surfactant. The retardation of barbiturate absorption at higher 
polysorbate 80 concentrations, which occurred also during mechanical agitation 
of the solution (when diffusion of drug to  the absorbing membranes is definitely 
not absorption rate limiting), is interpreted as being indicative of the absence of a 
dissociating effect of the biologic membranes on the drug-micelle complex. The  
drug-micelle complexes differ in this respect from the nonmicellar dye complexes 
studied previously, apparently due to the greater exposure of substances in  simple 
1 : 1 complexes. Equilibrium dialysis and surface tension determinations have 
been carried out in an attempt to elucidate the mechanisms of the effects of poly- 
sorbate 80 on drug absorption. It is shown by kinetic analysis that the modifica- 
tion of barbiturate absorption by polysorbate 80 represents the net effect of en- 
hanced absorption and decreased thermodynamic activity of the drug due to  mi- 

cellar complexation. 

UMEROUS studies of the eflect of surfactants N on drug absorption have shown that these 
agents can either increase, decrease, or exert no 
apparent effect on the transfer of drugs across 
biologic membranes (1). Some of the complexi- 
ties and biopharmaccutical aspects of this prob- 
lem have been reviewed recently (2). It is now 
appreciated that the type and magnitude of effect 
can be a function of the concentration (3 )  and 
chemical nature of the surfactant and that a 
given surfactant also may have certain specific 
pharmacologic properties of its own (2). I t  has 
been suggested by one of the authors that the 
observed effect of a surfactant on absorp- 
tion may represent, in a certain concentration 
range, the net result of both enhancement and 
retardation of absorption (2). 

Most of the studies of surfactant effects on 
drug absorption h a w  been carried out on micro- 
bial systems. The results thus obtained may have 
limited applicahility to multicellular organisms, 
since the latter are able to maintain homeostasis 
much more effectively. Moreover, the presence 
of enzymes and other vital cell constituents in the 
cell membrane makes unicellular organisms par- 
ticularly sensitive to direct effects of surfactants. 
Absorption studies using small animals, isolated 
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intestines, or man present othcr difficulties- 
dilution effects and interaction with mucus and/or 
other components of intestinal fluids and tissues 
make i t  practically impossible to maintain a 
constant known concentration of surfactant and 
drug. The results of such experiments, therefore, 
can be interpreted only qualitatively or, at best, 
serniquantitatively. These difficulties are not 
encountered when using fish for absorption studies 
(4-6). The major advantage of the fish system is 
due to the large volume of drug solution which 
may be used; this permits the maintenance of 
an essentially constant concentration gradient of 
drug and surfactant across the biologic membrane, 
despite continuous absorption of the drug and pos- 
sible binding of some of the surfactant to mucus 
and/or membrane constitutents. Previous studies 
have shown that the drug absorption character- 
istics of fish membranes are similar to those of 
rats (3 ) ,  while the latter yield results similar to 
those obtained in man (7). 

The investigation described here is part of a 
continuiiig study of the effect of complex forma- 
tion of drug absorption (8, 9). The purpose of the 
presently described investigation was to deter- 
mine the effect of various concentrations of a 
representative nonionic surfactant, polysorbate 
SO, on the absorption of certain noninteract- 
ing and interacting drugs by goldfish. It was 
desired also to elucidate the mcchanism of the 
observed effects, and to examine their relationship 
to certain physico-chemical characteristics of the 
drug-surf actant system. 

This statement 1-eiet-s to absorption by passive diflusiun; 
there 81-e appleciable differences between species in active 
transport characteristics. 
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EXPERIMENTAL 

Goldfish, Curussius nuratzis, common variety, 
weighing from 15 to 2.5 Gm., wcrc used. a11 fish 
utilized in a given set of experiments were from the 
same lot. 

Drug Solutions.-All solutions were prepared in 
bulk on the day of the experiment from reagent, 
U.S.P., or N.F. grade chemicals. The drugs were 
dissolved in 0.05 1M tris(hydroxymethy1)amino- 
mcthane (Tham) buffer, adjusted to pH 5.9 a t  20" 
with hydrochloric acid. 

Determination of Absorption Rate.-Single gold- 
fish were placed in 250-ml. capacity bcakcrs con- 
taining 1'75 ml. of drug solution a t  20 f lo. The 
time of death, evidenced by cessation of gill and 
mouth movements, was noted. Absorption rate 
constants were calculated as previously described 
( 5 ) .  

All determinations of time of dcath wcrc carried 
out by the Same individual. Prior to the experi- 
nient, all beakers containing the various drug solu- 
tions were labelled with code numbers by an in- 
dividual not otherwise associated with the study. 
The codes were broken only aftcr completion of 
the cxpcriment. 

Effect of Stirrine on Time of Death.-Single nold- " -~ 
fish were placed in 250-1111. capacity beakers con- 
taining 100 ml. drug solution at 28 f 1'. Half 
of the solutions were stirred with a magnetic 
stirrer a t  about 500 r.p.m. The dimensions of the 
stirring bar were: diameter 0.25 cm., lcngth 1.7 
cm. The solutions could not be coded in this 
experiment since foaming on stirring made the 
surfactant-containing solutions readily recognizable. 

Determination of MiceHar Complexation.--The 
possiblc binding of ethanol by polysorbate 80 was 
investigated by equilibrium dialysis, using a method 
similar to that described previously (8). Ten milli- 
liters of 270 w/v polysorbatc 80 in 0.05 M Tham, 
pH 5.9, was placed in nylon dialysis bags.2 Each 
bag was suspended in a 125-ml. conical flask con- 
taining 110 ml. of 2% v/v ethanol in 0.05 iM Tham, 
pH 5.9. The solutions were cquilibrated for 14 
to 20 days at room temperature. The concen- 
tration of ethanol inside and outside the dialysis bag 
was then determined by the method of Hoult and 
Pawan (10). 

The binding of secobarbital by polysorbate 80 
was determined also by equilibrium dialysis. A 
number of different drug aud surfactaiit coiicentra- 
tions were employed. The solvent system was 
0.05 Af Tham a t  yH 5.9. Due to the very poor 
permeability of the nylon rriembrdne to secobarbital, 
cellulose dialyzer tubing3 was used. In agreement 
with observations by others ( l l ) ,  this material was 
found to be impermeable to polysorbate 80. Equal 
concentrations of secobarbital were placed initially 
inside and outsidc the dialysis bag, and the solutions 
were equilibrated for 2 to 4 days at 20 f 1". The 
concentration of secobarbital on each side of the 
dialysis bag then was determined spectrophoto- 
metrically a t  255 mp, using 0.5 M sodium hydroxide 
solution as the diluent and blank. Polysorbate 
80 interference in the secobarbital assay was addi- 
tive; analytical results from polysorbate 80-con- 

Tomac Nylon bags, American Hospital Supply Carp., 
Evanston, Ill. 

3 Fisher Scientific Co 

30-1 
._ 

8 20 
LL i 0 4 

1 0 - i  

0 0.01 0.02 2.0 

POLYSORBATE a0 CONC, x wV 
Fig. 1.-Effect of polysorbate 80 on the time of 

death of goldfish imrnersecl iri 5V0 ethanol solution 
(pH 5.9, 20"). Mcari of 10 fish each. Vertical 
bars indicate +1 standard deviation. 

taining solutions were corrected appropridtely. 
The binding data yielded Freundlich-type isothtrrni~ 
(8) which permitted determination of the degree 
of binding a t  various total sccobarbital concentra- 
tions. 

Surface Tension Determinations.-Surface ten- 
sions were determined with a Du Nouy tensiometer? 
a t  20 3~ l o ,  using standard procedures for cleaning 
of the ring and for correction of the instrumental 
readings (12). To reduce surfacc aging effects, 
the solutions were swirled and agitated rnoderatcly 
i~rirnecliately before each reading. The reported 
valucs arc therefore dynamic rather than equi- 
librium values. 

RESULTS AND DISCUSSION 

It was found in prcliminary experiments that 
immersion of goldfish in 0.01 to 2.0y0 polysorbate 
80 solutions for 24 hr. had no apparent deleterious 
effect on the fish. This is consistent with the very 
low acute systemic toxicity of polysorbate 80 in 
othcr animals; for example, Nissirn (13) reported 
that subcutaneous injection of up to 8 Gm. of 
polysorbatc 80 per Kg. body weight did not produce 
any untoward effects in mice. 

Polysorbate 80 had no significant cffcct on thc 
rate of absorption of ethanol by goldfish, as judged 
by the time of death of the fish after immersion in 
5% cthanol solution coutaining up to 2.0y0 of the 
surfactant (Fig. 1). Equilibrium dialysis showed 
that there was no binding of ethanol by polysorbatc 
80. 

The surfactant had a pronounced, concentration- 
dcpendent effect on the absorptiori rate of seco- 
barbital (Fig. 2). The barbiturate was absorbed 
more rapidly in the presence of low concentrations 
of polysorbate 80; higher concentrations of the 
surfactant decreased the rate of absorption sig- 
nificantly. Equilibrium dialysis indicated that 
there was considerable binding of secobarbital by 
polysorbate 80 when the concentration of the sur- 
factant was in the range which caused retardation 
of sccobarbital absorption. Since a previous study 

Model 70545,  Central Scientific Co. Chicago Ill 
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TABLE ~.-SECOBARBITAL ABSORPTION ny GOIJ- 
FISH FROM A STIRRED AND AN UNsTIKRED MmiubP 
.~__~__~ 

Ratio of 
Times of 

Concn. of Ueath, With 
Polysorbate: 

so1 bate Time of Without 
80, w v Stining Ueatl1.b min. Polysorbate 

PUlY 

0 0.01 0.02 1.0 2.0 
POLYSORBATE 80 CONC. %W/v 

Fig. 2.-Effcct of polysorbate 80 on the time of 
death of goldfish immcrsed in 0.020yc sodium seco- 
barbital solution (pH 5.9, 20”). Mean of 10 fish 
each. Vcrtical bars indicate f 7  standard devia- 
tion. Arrows connect values which differ sig- 
nificantly (p < 0.05) from one another. 

(9) has shown that biologic membranes can have a 
dissociating effect on certain typcs of cornplexcs, 
an experiment was designed to determine if the 
absorption-retarding effect of polysorbate 80 was 
due to  the decreased thertnodynamic activity of 
secobarbital as a consequence of its partial micellar 
complexation, or if the effect is due to a decreased 
rate of diffusion of the drug in micelles to the bio- 
logic membranes. For this purpose, the effect of 
polysorbate 80 on secobarbital absorption from 
intensively stirred solutions was compared to the 
effect obtained in unstirred solutions. There was no 
difference in the respective ratios of the times of 
death in solutions with polysorbate 80 to  those with- 
out polysorbate 80 (Table I). Since the absorp- 
tion-retarding cffcct of the surfactant was prcscnt 
also during rapid stirring, where diffusion of drug 
molcculcs and molecular aggregates is definitely 
not absorption rate liniiting,5 i t  may be concluded 
that fish membranes do not have adissociating effect 
on secobarbital-polysorbate 80 micellar complexes. 
The diffrrcnce in the effect of biologic membranes 
on micellar complexes and certain simple 1: 1 corn- 
plexes (9) is due probably to the greater exposure of 
drugs in the latter. This permits better contact 
and facilitates the interaction between the drug and 
thc biologic mcmbranc. 

Differences in the times of death listed in Table I 
and those shown in Fig. 1 reflect the effect of tem- 
perature on the absorption rate and thc lethal 
dose of sccobarbital, and on the binding of the drug 
by polysorbate 80. Technical dificulties made it 
impossible to carry out the stirring experiments a t  
20”. Stirring itself apparently enhanced drug 
absorption; this was due probably to the more rapid 
flow of drug solution through the mouth and thereby 
across the gills. The gills are responsible for about 
50‘2 of the total drug absorption ( 6 ) .  

In view of the apparent lack of dissociating cffcct 
of thc biologic membranes on the micellar complex 

5 It is believed that this is true even in unstirred solutims, 
due to the constant movement of tbe fish. The descrlbed 
experiment was carried out t o  establish this fact under more 
rigorous conditions. 

-~ 

1.5 0 no 19.0 + 5.7 
2 I10 28.6 f 7 . 4  

I .5 0 Yes 13.8 f 2.8  
2 Yes 20.8 i 3 . 9  

.- - ~~ ~~~ 

0.020% sodium srcobarhital 111 0.05 A4 Tham buffer. 
pH 5.0.  b Mean of 5 animals zt1 standai-d deviation; 
detelmlned at room temperatuie (28 i 1’). 

of secobarbital and polysorbate 80, and the absorp- 
tion enhancing effect of polysorbate 80 itsclf, the 
model shown in Scheme I is bclicved to represent 
the over-all effect of the surfactant. 

The possibility that the morc rapid absorption 
of secobarbitat in the presence of tow concentrations 
of polysorbate 80 is mediated by a nonmicellar 
secobarbital-polysorbate W complex will be con- 
sidered in a subsequent paragraph. Disregarding 
this possibility, a kinctic model based on an equation 
derived previously (4,5) would consist of the follow- 
ing relationships. 

No polysorbate present: k = L/(CTL),  
Polysorbate concentrations below CMC: 

Polysorbatc concentrations abovc CMC: 
k‘ = L / ( C T L )  

k‘ = L/(C,TL) 

where k a.nd k‘ represent the “normal” and the 
“enhanced” absorption rate constant, respectively; 
L is thc lethal dose of the drug; C and Cj  are the 
concentrations of total and free drug, respectively; 
TL is the time of death, and CMC is the critical 
micelle concentration. This model may be verified 
by showing that the value of k‘ remains constant 
over a wide concentration range of polysorbate 80. 

The apparent and corrected constants for seco- 
barbital absorption in the prcscnce of various con- 
centrations of polysorbate 80 are listed in Table 11. 
Thc corrected constants are bascd on the conccn- 
tration of free secobarbital as detcrmined by equi- 
librium dialysis. The low conccntration of poly- 
sorbate (0.01 yo) is approximately the critical micelle 
concentration (14). Binding of secobarbital a t  
this concentration was either absent or very slight 
(<5o/u). The values of k’ were reasonably con- 
stant a t  0.01, 1.0, and 2.0% polysorbate 80 conccn- 
trations and were appreciably greater than k. 
These results verify, within the limits of experi- 
mental accuracy, the kinetic model presented in the 
preceding paragraph. The data show also that 
the effect of the surfactant above the CMC rep- 
resents the net result of absorption-enllalanung and 
rctarding effccts, as has bccn suggested previously 
by onc of the authors (2) .  

The question arises why polysorbate 80 enhances 
the absorption of secobarbital but has no such effect 
on the absorption of ethanol. I t  was thought 
possible that ethanol itself decreases the surface 
tension of the solution so much that addition of 
polysorbate 80 would have no appreciable additional 
effect. This possibility was ruled out experi- 
mentally (Table 111). Moreover, i t  was found that 
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secobarhital- 
Sccoharbital k polysorbate-miccllc f polysorhatc micellc 2 polysorbate 

1 - _______ Nonmicellar complex? - - ~  

4 
(More rapid absorption') Permeability- 

enhancing effect 
on membrane 

I 
Absorption 

Scheme I 

T A B L E  II.-RATE CONSTANTSz FOR SECOBARBITAL ABSORPTION I N  GOLDFISH 

Concn. of 
Cuncn. of Sodium ApparentC k Correctedd k 

Polysorhate Secoharbital, Time of T,. Gm.-' I, Gm.- '  
80, % w/v % w/v Free Drug, % Death: min. m m - 1  x 106 min.-' X 1 0 6  

0 0.020 7 00 23.2 8.19 

13.0 k' 
11.4 "3 0.010 0.020 >95 16.6 

1.0 0.020 50 29.3 6.48 
2.0 0.020 36 46.2 4 .11  

a k = L / ( C T L ) ,  where L = 0.038 mg./Gm. body weight. Mean value, based on 10 animals; determined at 20 =I= lo. 
Based on total secobarbital concentration. Based on free sccobarbital concentration. 

the surface tensions of secobarbital-polysorhatc 80 
and ethanol-polysorbate 80 solutions were quite 
similar at any given surfactant concentration. 
Alcxandcr and Trim (3) have suggested that the 
enhanced absorption of a drug in the presence of 
surfactant concentrations below the CMC may he 
due to formation of a nonmicellar complex of in- 
crcascd interfacial activity which augments the 
amount of drug on the surface of the biologic mem- 
branes. No evidence for an association of seco- 
barbital and polysorhate 80 at concentrations of 
0.005 and O.0lo,  of the latter was obtained from 
solubility, equilibrium dialysis, and ultraviolet 
absorption data. However, i t  is possible that such 
interactions may yet he found by other, more sen- 
sitive methods. 

Another possible reason for the difference in the 
effect of polysorbate 80 on the absorption of ethanol 
and secobarbital, respectively, can be related to 
the different routes of absorption of these 2 drugs. 
Ethanol can diffusc across membranes through porcs, 
while secobarhital diffuses through the lipoid harrier 
(4). Polysorbate 80 in 0.01% concentration had 
no significant effect on the absorption of other low 
molecular weight alcohols but increased significantly 
the absorption of another barbiturate (Fig. 3). 
This lends support to the theory that polysorbate 
80 could have a specific effect on the permeability 
of thc lipoid barrier portion of the biological mem- 
branc. There is some direct and biochemical evi- 
dence which suggests such an effect (15). 

TABLE II I . -EFFECT OF POLYSORBATE 80 01- S U K -  
FACE TENSION OF DRUG SOLUTIONS 

Polysurbatr Surface 
80 Concn., Tension,& 

Drugn % w/v dynes/crn. 
0.02% Sod. secobarbital none 62.9 

same 0.010 40.5 
same 0.020 39.5 
same 1.0 38.7 
same 2.0 38.4 

same 0.010 41.5 
same 0.020 40.8 
same 1 .o  38.7 
same 2.0 39.2 

57, Ethanol none 55.4 

a Dissolved in 0.05 M Tham, adjusted with HCl to pH 5.9 ' Mean of 4 determinations, obtained a t  20 =J= lo. a t  20". 

Figure 3 shows also the results of another experi- 
rnent with ethanol on a larger number of fish. 
The purposc of this experiment was to establish 
definitely that 0.017, polysorbate 80 had no effect 
on cthanol absorption. The results obtained with 
n-octanol, also depicted in Fig. 3, cannot be in- 
terprcted readily because the data were quitc vari- 
able and since there was some evidence of formation 
of mixed micelles. 

In summary, i t  appears that the absorption- 
cnhanciiig effect of polysorhate 80 may be due to  
the formation of a nonmicellar drug-surfactant 
complex, or that i t  may represent a direct action of 
the surfactant on the lipoid barrier portion 01 the 
biologic membrane. The present data do not 
permit distinction betuccn these possibilities. It 
is reasonable to assume that an effect of the sur- 
factant on biologic membranes should be tirne- 
dependent, yet the kinetic analysis (which assumes 
a time-independcnt effect) gives no such indication. 
However, the time course of the permeability- 

:] 
701 

10% 5% 2.5% 0015% 0.04% 

Fig. 3.--Effect of O . O l O ~ o  polysorbatc 80 on the 
tinic of death of goldfish immersed in solutions of 
various drugs in 0.05 M Tharri (pII 5.9, 20'). 
Ethanol data arc mean of 2G fisli each, all others 
are the mean of 10 fish each. Vertical bars indicate 
f l  standard deviation. Key:  @ , without polp- 
sorbate; :n, with po1ysort)atc 80, 0 . 0 1 ~ ~ .  
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enhancing effect could be such that most of the 
cffect is elicited within a few minutes. Alterna- 
tively, the surfactant may promotc bcttcr intcr- 
facial contact and thus increase the effective sur- 
face area of the membrane. Studies are now being 
initiated to determine if immersion of the fish in 
surfactant solutions for various periods of time will 
affect the rate of absorption of secobarbital upon 
subsequent immersion of the fish in secobarbital 
solutions without surfactant. This should establish 
whether or not the surfactant promotes drug ab- 
sorption by modifying the barrier properties of the 
biologic membranes. However, the present in- 
vestigation has shown already that the effect of poly- 
sorbate 80 on drug absorption is a function of the 
drug and of surfactant concentrations, and that an 
effect of polysorbate 80 coucentrations above the 
CMC can represent the net result of absorption 
enhancement and retardation. 
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Comparative Absorption of Micronized and 
Nonmicronized Medroxyprogesterone Acetate 

in Man 
By DAVID L. SMITH, ALBERT L. PULLIAM, and ARLINGTON A. FORIST 

A specific, sensitive method has been developed for the analysis in urine of micro- 
gram quantities of the principal urinary metabolite of medroxyprogesterone ace- 
tate. The method consists essentially of the following steps: hydrolysis with p- 
glucuronidase, extraction with chloroform, F l o r i d  column chromatography, 
thin-layer silica gel chromatography, and measurement of either ultraviolet absorp- 
tion or fluorescence resulting from sulfuric acid treatment. The method has been 
used to compare the gastrointestinal absorption of medroxyprogesterone acetate 
from tablets containing either 10 mg. of micronized or nonmicronized medroxy- 
progesterone acetate. The 8-hr. excretion of metabolite following oral ingestion 
of the tablets by normal adult humans was employed as the measure of absorption. 
The increased metabolite output, resulting from the tablet prepared from micron- 
ized medroxyprogesterone acetate, was very highly significant (p < 0.001). Ten 
subjects in a crossover study excreted an average of 2.23 =t 0.19 (S.E.M.) times as 
much metabolite in  8 hr. after ingesting the micronized formulation as they did 

after ingesting the nonmicronized one. 

HIS STUDY was undertaken to develop an T analytical method for thc purpose of deter- 
mining whether a tablet prepared from 10 mg. 
of micronized medroxyprogesterone acetate’ 
(I) would afford a significant increase in absorp- 
tion rompared to  a tablet prepared from non- 
micronized material. Since medroxyprogester- 
one acetate has very low solubility in water 
(-0.3 mg./100 ml. at 37”), its gastrointestinal 
absorption may be limited by its gastrointestinal 
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dissolution rate; reducing its particle size, there- 
fore, might be expected t o  increase its physiologic 
availability (1-4). Helnireich and Huseby (5), 
who employed doses of 50-200 mg. of medroxy- 
progesterone acetate, have already noted that 
particle size reduction might influence its 
absorption efficiency. 

Helmreich and Huseby (6) identified the 
principal urinary metabolite of medroxypro- 
gesterone acetate as BP,17a,21-trihq-droxy-G- 
methyl-pregn-4-ene-3,20-dione, 17-acetate (11). 
Others (7) have reported i t  to  be the %ace- 
ta te  (111). This metabolite, which is ex- 
creted in the human as a glucuronide, accounts 
for approximately one-half of the total drug- 
related material excreted in the urine ( 5 ) .  
The 24-hr. urinary output in the human was 
found to range from about 44% of a 200-mg. 
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fore, might be expected t o  increase its physiologic 
availability (1-4). Helnireich and Huseby (5), 
who employed doses of 50-200 mg. of medroxy- 
progesterone acetate, have already noted that 
particle size reduction might influence its 
absorption efficiency. 

Helmreich and Huseby (6) identified the 
principal urinary metabolite of medroxypro- 
gesterone acetate as BP,17a,21-trihq-droxy-G- 
methyl-pregn-4-ene-3,20-dione, 17-acetate (11). 
Others (7) have reported i t  to  be the %ace- 
ta te  (111). This metabolite, which is ex- 
creted in the human as a glucuronide, accounts 
for approximately one-half of the total drug- 
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dose with more than 80% of medroxyprogester- 
one acetate-related material excretcd in the 
feces (5). Thcsc data alone do not indicate poor 
absorption, however, sincc biliary excretion of 
rnedroxyprogesterone acetate and/or its me- 
tabolites is extcnsive even after intravenous 
administration of medroxyprogesterone acetate 

The approach of Helmreich and IIuseby (5), 
who measured the amount of the major urinary 
metabolite excrcted in the urine, seemed to bc 
the most practical measure of absorption. A 
comparison of the absorption of mcdroxypro- 
gesterone acetate at the 10-mg. dose level by 
rneasuremcnt of the metabolite excreted in the 
urine required a very sensitivc analytical method. 
The method developed is an extension of pre- 
viously described procedures (5, 9, 10) and 
consists essentially of tlie following steps: 
(a)  hydrolysis with ,!$gIucuronidase, (6) extrac- 
tion with chloroform, (c) Florisil* column chro- 
matography, (d) thin-layer silica gel chroma- 
tography, and ( e )  measurement of either the speci- 
fic ultraviolet absorption or fluorescence resulting 
from sulfuric acid treatment. 

(8) 
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Analytical Procedure.-The procedure used for 
the dctcrmination of the 6,21-dihydroxy metabolite 
of medroxyprogesterone acetate differs from the 
Helmreich aid Huscby procedure (5) primarily in 
that it employs thin-layer chromatography. 

Six milliliters of 0.5 M pH 4.7 acetate buffer was 
added to 60 ml. of the urine to be examined in a 
100-nil. volumetric flask, and 15 ml. of 5000 units 
~-gluc~ronidase/tnl.~ added. The flask was placed 
in a constant-temperaturc bath at 47’ for 18 hr. 
Thc hydrolyzed urine was transferred to a 250-ml. 
separator and extracted twice with 100 nil. of CHCI3 
as follows. The funnel was shaken vigorously for 1 
min. and then allowed to stand for 1 hr.; tlie re- 
maining emulsion was broken by gently swirling the 
separator. The CHC13 extracts were drained into a 
second 250-ml. separator, arid the combined extracts 
washed with 20 nil. of 0.1 N NaOH and 20 nil. of 0.1 
1V HCI. Five minutes were allowed for cdch wash. 
The washed extract was drained into a 250-1nl. beaker 
and evaporated todryness under nitrogen at tcmpcra- 
tures below 45’. The residue was dissolved in  5 
ml. of CHCl, and transferred quantitatively to a 
previously prepared Florisil column (see below). 
The column was eluted with 25 ml. of CHCI,, 
25 ml. of 2y0 CHPOH in CHCI,, and 50 mI. of 255% 
CH30H in CHCI,. The 25‘;i, CH30H-CHCln 
fraction was collected in a 50-ml. w-idc-mouth 
centrifuge tube and evaporated to dryness under 
nitrogen a t  tcmpcratures below 45’. Thc ccntri- 
fuge tube was washed down with 5 ml. CHCl3, 
3 nil. CHC13, and 1 ml. CHCla, evaporating to dry- 
ness after each wash. The residue was dissolved 
in a small volume of CHClr and quantitatively 
transferred to a fluorescent, 20 X 20 cm. Silica 
Gel G thin-layer plate of 250 p thickness. The platc 
was developed to its full length with CHCla- 
C~HBOH (17:3), and the metabolite zone located 
by fluorescence quenching. The silica gel cor- 
responding to the location of the tiietabolitc was 
removed from the plate and transferred to a 3&1nl. 
ccntrifugc tube. The metabolite was eluted frorn 
the silica gel by shaking with two 10-ml. portions 
of absolutc methanol; after centrifuging, cach 
cluatc was decanted into a 50-m1. beaker. The con-  
bined eluates were evaporated to dryness under 
nitrogen a t  teniperatures below 45’. Exactly 0.5 
ml. of absolute methanol was added to the residue 
followed by exactly 4.5 ml. of 70y0 H2S04. After 
the solution had stood for 30 min., the ultraviolet 
spectrum was rccorded from 340-380 mp with a 
Cary spectrophotometer. 

If the fluorcsccnce end point was to be used, 
the sulluric acid solution was allowed to stand for 
3 hr., and then with a precalibrated spectrophoto- 
fluororneter the fluorescence intensity at 635 mp6 

resulting from activation a t  465 mw5 was rccorded 
tisirig an Aminco-Bowman spectrophotofluoronic ter. 
The metabolite concentration in the urine and the 
total output werc calculated from the appropriate 
standard curve, taking into consideration the total 
urine volume and dilution and yield factors. In  
the present study, an assay yield of 65.7 f 2.2% 
was obtained. Correction for the “blank” was 

EXPERIMENTAL 

Test Tablets.-Both tablets contained 10 mg. of 
medroxyprogesterone acetate and 0.05 mg. of etliinyl 
e~t rddio l ,~  except that in one of thcm the medroxy- 
progesterone acctatc was micronized. The niicron- 
ized medroxyprogesterone acetate, which was used 
in the preparation of thc compressed tablet, had a 
size distribution so that 99.95) of the particles were 
smaller than 10 p diameter. Micronized and 11011- 

micronized medroxyprogesterone acetate possessed 
specific surface areas, prior to preparation of the 
tablets, of approximately 7.4 M.Z/Giii. and 1.2 
M.*/Gm., respectively. Both of the formulations 
contained the other cxcipients of the commercial 
tablet. 

Subjects and Conduct of Absorption Tests: -The 
tablcts were ingested orally by normal female 
(postmenopausal) volunteers after an overnight 
fast; no food was taken until 2 hr. after administra- 
tion of the tablet, and fluid intake was controlled. 
‘The agcs and weights of the subjects are given in 
Tables 11 and 111. Two tests were conducted: 
1 tablet nonmicronizcd versus l/z tablet iionmicron- 
ized and, several nionths latcr, 1 tablet micronized 
aersus 1 tablet noninicronizcd. Both tests were of 
the crossover type, and required 2 weeks each. 
On day 1 of each weck, control urine (8 a.m. to 4 
p.ni.) was collcctcd and on day 2 our of  the test 
tablets was ingestcd at 8 a.m. and urine collectcd 
from 8 a.m. to 4 p.m. The  urinc samples from each 
subjcct wcrc randomly codecl, but were assayed in 
parallel to avoid complicating the results with 
possible day-to-day assay variations. 

2 Florid is a magnesium silica gel adsorbent manufactured 
by the Floiidin Cn., Tallahassee, Pla. 

:+ This combination of medroxypi-ogesterone acetate and 
ethinyl eslradiol is marketed as Provest by The Upjohn Co., 
Kalamazoo, Mich, 

4 Marketed as Ketodase by Warner-Chilcott. 
5 The fluorescence aud activation waveleugths arc uq- 

corrected. (Cf. Ke/we?zce 15,  Chap. 4, p. 121.) 
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637, SULFURIC ACID 
TABLE ~.-FLUOROMETRIC AYD ULTRAVIOLET RESPONSE O F  'THE 81-ACMTATE (111) UPON TREATMENT WITH 

Concn., 
mcg /ml. 

0.000 
0.005 
0.010 
0.025 
0.035 
0.050 
0.100 
0.250 
0.350 
0 ,500 
1.070 
3.250 
5.370 
7.490 

10. 700 

Florescence 
a t  535 

Scale Rdg. X 
Sens. Factor F/mcg./ml. 

mp ( W a  

0.0000 
0.0075 
0.0155 
0.0369 
0.0556 
0.0769 
0.174 
0.435 
0.568 
0 .  i47 
1 .77 
5.35 
8.59 

11 .0 
16.5 

1.50 
1.55 
1.48 
1.59 
1.54 
1.74 
1.74 
1.62 
1.49 
1.65 
1.65 
1.60 
1.47 
1.54 

_~___ A bsorbdnce- 
340 mp 360 mrr 
0.000 0.000 

0.043 0.068 
0.135 0.202 
0.220 0.340 
0 305 0.470 
0.438 0 .  Gi0 

380 mp 
0.000 

0.030 
0.082 
0.140 
0.190 
0.272 

0.031 0.0290 
0.093 0.0286 
0.160 0.0298 
0.222 0.0296 
0.315 0.0294 

Mean 1.58 
S.U. zk0.09 
7& S.D. +5.7% 

0.0293 
zk0.00048 
=l=l.6% 

Activation: 465 mp. Corrected for a blank of 0.015. 

made by subtracting the result obtained with a 
pretreatment urine sample. 

Preparation of the Florisil Column.-The Florisil 
was washed and activated as follows: 1 Kg. of 
Florisil (60-100 mesh) was washed by shaking 
sequentially with 2 L. of 957, ethanol for 1-2 
hr., 2 L. of 25% CH30H-CHC13 for 2 hr., and 2 
L. of fresh 25y0 CHIOH-CHC13 overnight. The 
Florisil was then filtered and washed twice with 
1-L. portions of absolute ethanol, dried, and then 
activated a t  600" for 4 hr. The Florisil columns 
were prepared by packing 25-1111. burets (11 mm. 
diameter), plugged with glass wool, to a height of 
7 cm. with gentle tapping. The columns were eluted 
with 50 ml. of CHCla before adding the samples. 

RESULTS 

Analytical End Points for the 6,Zl-Dihydroxy 
Metabolite.-Since the li-acetate (11) was not 
available for calibration a t  the outset of this study, 
the 21-acetate (111) was used. Whcn I1 was 
synthe.sized, it was shown to have a responsc 
equivalent to 111 and I\' in the encl points used. 
This is in agreement with the results of Zaffaroni 
(ll), who found that free steroids and their acetates 
gave identical sulfuric acid-induced absorption 
spcctra. 

Sulfuric Acid-Induced Ultraviolet Absorption.- 
Like many steroids (12), 11,111, and their hydrolysis 
product (IV) exhibit an induced ultraviolet absorp- 
tion upon treatment with concentrated sulfuric acid. 
Sulfuric acid-induced absorption has comparable 
sensitivity to the method of Porter and Silber (13). 
and is morc specific for I1 and 111. Thc 63y0 
sulfuric acid-induced ultraviolet absorption of I I1 
a t  360 mp reaches a maximum value within 30 
min. and is stable for a t  least 2 hr. When corrected 
for background by the Allen method (14), the ultra- 
violet absorption is linear from 1-10 mcg.jm1. 
with a relative standard deviation of 1.6% (Table I). 
The Allen absorbance is dcfined by the equation: 

Al l l i en  = A3611rnp - '/? ( A a o m p  f A340rnp) (Eq. 1) 

This correction, which is designed to eliminate thc 
effccts of linear background absorption due to 
impurities, yields a blank which is esscntially 
independent of the urine volume and increases the 
selectivity of the end point. The induction of 
ultraviolet absorption by concentrated sulfuric acid 
in a solution of the metabolite, which was isolatcd 
from urine of the medroxyprogesterone acetate- 
treated subject (wide infra), was found to have a 
relative standard deviation of 1.77, a t  the 3 mcg./ 
ml. level. 

Sulfuric Acid-Induced Fluorescence.-Conccn- 
trated sulfuric acid also induces in compounds 11, 
111, and IV an intense fluorescence maximum at  
535 mp when activated a t  465 m p .  I n  this respect, 
they are similar to corticosterone (15). The 63% 
sulfuric acid-induced fluorescence response of 111 
is linear from 0.005-10.7 mcg./ml. with a relative 
standard deviation of 5.i70 (Table I). Replicate 
dctcrminations of the production of fluorescence by 
the metabolite, which was isolated from the urine 
of a medroxyprogestcrone acetate-treated subject, 
showed a relative standard deviation of 4.9:4 a t  
the 3 mcg./ml. lcvel. The fluorcscence reaches a 
maximum in abont 2 hr. and is stable for at least 
an additional 2 hr. The Allen correction could 
not be employed using the fluorcscence cnd point 
because the impurities showed a iionlincar wavc- 
length response. 

Isolation of the Metabolite from Urine.-Various 
amounts of TI1 wcre added to thc urine of a normal, 
nontreated, female subject and carried through the 
procedure of Helmreich and Huseby (5). I11 could 
not be detected in the 257, CHaOH-CHCla fraction 
from the Florisil column; instead, a11 of it appeared 
in the 27, CHaOH-CHClS fraction in which the 
fluorescence response was directly proportional to 
the amount of I11 addcd to the urine. This result 
indicated that the metabolite was not 111, as re- 
ported by Castegnaro and Sala ( 7 ) ,  since the 25% 
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CH30H-CHC11 fraction contains by far the major 
portion of urinary metabolite. 

Since 111 did not behave like the metabolite in 
the Helmreich and Huseby isolation procedure, it  
obviously could not be uscd to test or modify this 
procedure. Consequently, a 24-hr. urinc collection 
from a female patient, who had been receiving 200 
rng. of medroxyprogesterone acetate daily for 1 
week, was obtained as a source of the metabolite.6 
This urine will be referred to as the “medroxy- 
progesterone acetate urinc.” Aliquots (0, 1, 2,  4, 
6, aud 10 ml.) of this urine were added to aliquots 
of a urine sample from a normal, nontreated female 
to give a total volunie of 30 ml. Using the IIelm- 
reich and Huseby proccdure, both fractions from 
the Florid column were examined for the metabo- 
lite. By both the fluorcsccnce and ultraviolet end 
points, the response of both the 2 and 257, CHpOH- 
CHCla fractions were proportional to the volume of 
medroxyprogesterone acetate urine addcd. The 
major portion of the responding material (90% 
by ultraviolet; 80% by fluorescence) was found in 
the 23% CI130H-CHC13 fraction. The results of 
these preliminary expcriments with the Helmreich 
and Huscby procedure were so encouraging it was 
decided to test the proccdurc by assaying the 8-hr. 
urine samples from 5 subjects who had received 
either 1 or one-half tablet of the nonmicronized 
formulation. Employing duplicate assays, the 
increased urinary output of the metabolite resulting 
from 1 tablet over and above that from one-half 
tablct was just significant at the 95% confidence 
level. Although thcsc results were encouraging, 
the Allen absorbance averaged only 0.022 a t  the 
10-nig. medroxyprogcstcrone acetate dose level. 
These results indicated that although thc Helm- 
rcich and Huseby procedurc was applicable to the 
determination of the GJl-dihydroxy metabolite a t  
the low levels resulting from 10 mg. of medroxy- 
progestcronc acetate, its sensitivity would have to 
be increased in order to statistically demonstrate 
small absorption differences. 

Addition of Thin-Layer Chromatography (TLC) 
to the Helmreich and Huseby Procedure.-In an 
attempt to reduce the response of the blank, TLC 
was added to the procedure following the Florisil 
chromatography. Aftcr the 25% CH3OH-CHC13 
eluate was evaporated to dryness, thc residue was 
dissolved in a small volume of CHC13, quantitatively 
transfcrred to a thin-layer plate, and developed 
with CHCla-C2Hb011 (17:3). With this developing 
system the metabolite has an Rf of about 0.7 and 
moves ahead of most of the urinary components in 
the extract. In order to locate the position of the 
metabolite on the TLC plate and to study the effect 
of TLC on the procedure, aliquots of the medroxy- 
progesterone acetate urinc wcrc added to aliquots 
of a urine sample from a normal, nontrcated female 
to give a total volume of 30 ml. These spiked 
samples were assayed esscntially as before but with 
the addition of TLC to the procedure. Although 
a t  least ten TLC zones were observed in thc 250/, 
CHaOH-CHCls fraction, the density of one zone 
clearly increased with the volumc of the medroxy- 
progesterone acetate urine added. Sections of the 
TLC plate were eluted with methanol, and assayed 
by measuring the ultraviolet absorption at 360 mp 
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following addition of 637, sulfuric acid. The 
metabolite zone produced 94’3, of the total absorp- 
tion a t  360 mp. Another zone, whose R, corre- 
sponded to the alcohol (IV),  accounted for the re- 
maining 6%. The addition of TLC to the pro- 
cedure increased its specificity and lowered the 
background considerably, but decreased the over-all 
yield by about 20%. 

Further Efforts to Increase Sensitivity and Assay 
Yield.-Further experiments were carried out with 
the mcdroxyprogesterone acetate urinc in an 
attempt to improvc the sensitivity of the procedure, 
e.g., the extracting solvent, its volume, extraction 
time, number of extractions, and agitation method 
were varicd in an attempt to increase yield. and 
precision. It was found, for example, that an ex- 
traction method employing vigorous shaking by 
hand followed by allowing the emulsion to stand 
for 1 hr. gave higher yields and better precision 
than the use of an automatic wrist-action shaker. 

Florisil chromatography decreases considerably 
thc blank contribution from nonspecific background 
material (determined by the fluorescence end point 
or total ultraviolet absorption at 360 mp) but does 
not remove any of the fluorescence-quenching TLC 
zones, i.e., the chloroform extract and the 25% 
CH30H-CHC13 fraction show thc same TLC 
pattern. 

The yield of metabolite was increascd by decreas- 
ing the contact time between the extracting solvent 
and thc NaOH and HCl wash solutions. In the 
final procedure, the contact time of these wash 
steps was strictly controlled and minimized. 

A relatively high concentration of 8-glucuronidase 
was uscd in the present studies to insure complctc 
hydrolysis. The 18-lir. incubation with 8-glucurorii- 
dase at 47” was sufficient for complete hydrolysis, 
e.g., 18 and 42 hr. incubation gave the same end 
point responsc. 

The use of the total ultraviolct absorption at 360 
mp was investigated in an attempt to incrcasc 
sensitivity. As shown by the data of Table I, 
the use of the Allen correction decreases the scn- 
sitivity by one-half. Because of variation in the 
absolute ultraviolet absorbance of the blanks at 
360 mp, however, the ultraviolet results were poor 
when thc Allen correction was not used. 

Washing and activating the Florisil decreased the 
total ultraviolet absorption of thc blank consider- 
ably, but did not affect the assay yield. 

The addition of TLC to the procedure and the 
optimization of other variables resulted in a thrcc 
to fourfold increase in the sensitivity of the pro- 
cedure. The assay yield was determined by adding 
thc metabolite to water and performing the entire 
procedure. The yield determined in this manner 
was 65.7 f 2.2%. Considering the complexity of 
the procedure, the yield and precision were COII- 

sidercd quite satisfactory. 
Stability of the Metabolite.-Ori9inally, it had 

been intcndcd to  determine the yield cvcry day 
that a set of assays were run by the use of a parallcl 
yield determination, i.e., by adding aliquots of a 
“standard solution” of the metabolite in methanol 
to control urine. In fact, this procedure was 
followcd for some time until i t  was discovered that 
the yield was actually decreasing with time. TLC 
of the methanol solution of metabolite, which had 
been standing for some time, showed three zones, 

6 Dr. R. A. Huseby, American Medical Center, Ilenver. 
Colo., supplied this sample. 
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TABLE II.-g-hr. URINARY EXCRETION O F  6,21-DIHYDROXY METABOLITE O F  MEDROXYPKOGBSTEROSE 
ACETATE FOLLOWING INGESTION OF EITHER 1 OR 0.5 TABLET OF THE NONMICRONIZED FORMULATION ( BOTH 

END POINTS USED) 

,-- Week 1- I Week 2- ,-- Ratio- 
Volunteer mcg. Excreted/8 hr. mcg. Excreted/8 hr. 1 Tablet/O.b Tablet 

Code Tablet TJ.V. Fluor. Tablet U.V. Fluor. 1J.V. Fluor. 
G(49, 80)" 1 24i 204 0.5 i 9  63 3.13 3.24 

1 325 298 0 . 5  134 134 2.43 2.22 

S.E.M. f 0 . 3 5  f 0 . 3 2  
95% C.I . fO.97 f0 .89 

a Age and weight (Kg.j, iespectively. 

whereas the fresh solution had shown only one. 
In four TLC systems the decomposition products 
of the metabolite possessed R, valucs identical to 
111 and IV. The sum of the absorbances of the 
three zones, as determined by sulfuric acid-induced 
ultraviolet absorbance a t  360 mp, remained con- 
stant, i .e . ,  the appearance of the zones corresponding 
to 111 and 1 V  was accompanied by a corresponding 
decrease in 11. The half-life of disappearance of the 
metabolite in methanol at room temperature is 
estimated to bc about 3 days. No significant de- 
composition of I1 takes place during the analytical 
procedure used in the present study. 

Evaluation of Metabolite Excretion as  a Measure 
of Absorption (One Tablet versus One-Half Tab- 
let).-To test the modified analytical procedure and 
thc hypothcsis that thc amount of metabolite ex- 
creted in the urine is directly related to the amount 
of mcdroxyprogcstcronc acctate absorbed, urine sam- 
ples were assayed from 5 subjects wlio had received 
1 tablct and onc-half tablct of the nonrnicronized 
formulation in a crossover design (Table 11). The 
assay easily distinguished between no drug, one-half 
tablet and one tablet. Both fluorescence and ul- 
traviolct absorption wcrc employed as the end 
points. With the modified procedure and using only 
single determinations, both the ultraviolet and 
flunrescence end points gave an 8-hr. output of 
metabolite Cur every subject in the order: 0 < 0.5 
< 1 tablet. The increased urinary output 01 the 

6,21-dihydroxy metabolite resulting from 1 tablct 
over and above that from one-half tablet was statis- 
tically significant a t  the 997, confidence level by 
both end points, when calculated by averaging the 
ratios obtained for each subject. The average 
amount of metabolite cxcretcd in the urine in 8 hr. 
following one-half tablet of the nonmicronized for- 
mulation was 121 f 20 mcg. and 134 * 64 mcg. 
( fS.E.M.) by the ultraviolet and fluorescence end 
point, respectively. The average amount of metab- 
olite excreted in the urine in 8 hr. following 1 tablet 
of the nonmicronized formulation was 285 f 13 and 
337 f 21 mcg. (ztS.E.M.) by the ultraviolet and 
fluorescence end points, respectively. 

Comparison of Excretion of Metabolite after 
Ingesting the Micronized and Nonmicronized 
Formulations.-Each of the 10 subjects excreted a 
larger amount of metabolite after ingestion of the 
micronized tablet (Table 111). Only thc ultraviolet 
end point was employed, since the sensitivity of the 
fluorescence end point was not required. There 
was a very highly significant difference ( p  < 0.001) 
between the nonrnicronized and micronized formula- 
tions. The average micronized/noninicronized ratio 
f95:); confidence limits of metabolite excreted 
was 2.23 f 0.43, when calculated by averaging the 
individual ratios. The micronized/nonmicronized 
ratio *95y, confidence limits, calculated from the 
average amount of metabolite excreted in 8 hr., 
was 3.12 f 0.57. The average amount of metabo- 

TABLE 111.-8-hr. LJRINARY EXCRETIOS OP ~ , ~ ~ - D I H Y D R O X Y  METABOLITE OR MEDROXYPROGESTERONE 
ACETATE FOLLOWING INGESTIOS OF MICRONIZED AND NONMICROXIZED TABLETS 

-- Week 1 ~ 7 ,-- Week 2- -- 
Volunteer 

Code 

mcg. mcg. Ratio 
Excreted1 Excreted/ Micronized/ 

Tablet 8 hr. Tablet 8 hi-. Nonmicronized 
r2(64, 66). Nonmicronized 244 Micronized 778 3.19 
B(61, 54) . . .  351 . . .  915 2.61 

2.72 
176 . . .  468 2.66 

r-r . . .  278 . . .  i o i  

243 . . .  596 
643 Nonmicronized 283 

2.45 
2.27 

H(52. 65) 

243 596 2 45 
643 Nonmicronized 283 2 27 
532 414 1 29 
634 515 1 53 
532 
634 

414 1.29 
515 1 .53 

I(ti0, '68)' . . .  796 . . .  472 1.69 
J(55, 72) . . .  478 . . .  248 1.93 

Mean 2.23 
S.11. f 0 . 6 0  
S.E.M. f O . 1 9  

~ 

a Age and weight (Kx.), respectively. 
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The greater urinary excretion of thc mctabolitc 
during the first 8 hr. following ingestion of micronized 
inedroxyprogesteroiie acetate must result from the 
increased rate of absorption of medroxyprogesterone 
acetate from this fortnulation. Because of the 
finite transit timc of drug through the gastro- 
intestinal tract, this increased 8-hr. excretion of 
metabolite vcry likcly reflects an increase in the 
eventual total amount absorbed. The latter in- 
terprctation is based on the data of Helmreich and 
Huseby, who found that even at  doses 20 tiincs 
greater than used in the present study, an avcragc 
of about 7096 of the 24-hr. excretion of metabolite 
occurred during the first 8 hr. 

The mctabolite is not the 21-acetate (111), as 
reported by Castegnaro and Sala (7), since the latter 
posscsscs diffcrcnt TLC R, values from the metdbo- 
lite in four systems and, unlike tlie metabolite, is 
eluted from the Florisil column in thc 2y0 CHIOH- 
CHCla fraction. When the 17-acetate (11) was 
subsequently synthesized by an unambiguous 
method (16), it  was shown to undergo the 17- to 
21-acetate mi,gation in methanol slid to have the 
samc R z ~  values as the metabolite in several systems, 
thus substantiating the 17-acetate assignment of 
Hclmrcich and Huscby (6). Thc obscrvcd con- 
version of I1 to I11 probably explains w-hy Casteg- 
naro and Sala identified the metabolite as tlie 21- 
acetate. Since the latter workers also found the 
metabolite in the CH30H-CHCla fraction of 
the Florisil column, the acetate group migration 
must have occurred after Florisil chromatography. 
This acetate group migration is not unique with the 
metabolite. Similar behavior has been noted by 
Gardi et al. (17), who observed that corticosteroicl 
17-monocsters could bc rcarrangcd quantitativcly 
to the corresponding 21-rnonoesters. 
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Direct Spectrophotometric Determination of 
Salicylic Acid, Acetylsalicylic Acid, Salic ylamide, 
Caffeine, and Phenacetin in Tablets or Powders 

By A. W. CLAYTON and R. E. THIERS* 

A simple ultraviolet spectrophotometric method has been developed for the simul- 
taneous determination of up to 5 different common analgesic compounds. The tech- 
nique can be applied to mixtures of the compounds or to tablets or owders contain- 
ing common excipients. A water-isopropanol mixture capable of i s so lv ing  chloro- 
form is used as  spectrophotometric solvent a t  3 different wavelengths and under 3 
different conditions of acid or base content. One absorbance measurement per 

constituent is required. 

TANDARD analytical methods for the deter- s mination of commonly used analgesic and 
antipyretic compounds in tablets or powders 
generally involve multiple steps, and often 
include special separation methods. Thus in  the 
method of the Association of Official Agricultural 
Chemists (I) for analysis of mixtures containing 
phenacetin, caffeine, and acetylsalicylic acid the 
compounds are separated by  column chroma- 
tography prior to  measurement. Other tech- 
niques of separation have been used, such as 
solvent extraction (2, 8), and many methods of 
measurement have been proposed, including 
infrared spcctrophotometry (3), ultraviolet spec- 
trophotometry (4, 5), titration (2) ,  phosphor- 
iiiietry (6), and nuclear resonance spectroscopy 
(3. 

Of these approaches ultraviolct spectropho- 
tometry seems to  offer the greatest promise of 
accuracy combined with simplicity and the 
ability to  measure a number of constituents. 
Mixtures of compounds have been analyzed in  
this fashion by several workers, in some cases 
after preliminary separation from each other 
(4, 5, 8-1 I). However, common excipients 
employed in the formulation of actual analgesic 
powders or tablets also possess ultraviolet 
absorption and can interfere. 

A simple method has been developed which can 
simultaneously determine up to 5 common 
analgesic compounds together, in simple mixtures 
or in tablets and powders containing the common 
excipients used in  manufacture. Separation of 
thc 5 compounds is unnecessary. A mixture of 
isopropanol and water is used as solvent for 
spectrophotometry under 3 different conditions 
of acid or base content. Five absorbance 
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measurements are made, and from the 5 values 
obtained the amounts of acetylsalicylic acid 
(MA),  salicylamide (SAL), salicylic acid (SAA), 
caffeine (CAF), and phenacetin (PHE) in the 
original sample can be calculated easily and 
accurately. 

EXPERIMENTAL 

Apparatus and Reagents.-Spectrophotome1er.- 
A Beckman DU 2 spectrophotometer was used, 
except for thc acquisition of the spectra shown in 
Fig. 1, which were obtained on a Bausch & Lomb 
model 505 spectronic spcctrophotometer. In all 
cases standard 1 cm. square fused silica cells wcre 
employcd. 

Solvents.-Spectral grade, analytical reagent 
chloroform and isopropanol (Mallinckrodt Chemical 
Co.) were used. 

Mixed Solvent.-An acid solution of isopropanol 
and water was made by placing 400 ml. of isopro- 
panol in a volunietric flask, adding about 500 ml. 
of water, adding 0.5 ml. concentrated hydrochloric 
acid, mixing, then diluting to  volume with water. 

Hydrochloric Acid.-Mallinckrodt, analytical re- 
agent grade. 

Sodium Hydroxide.-Harleco APHA, ammonia 
free, 500//, solution (Hartinan-Leddon Co., Philadel- 
phia, Pa.). 

Acetylsalicylic Acid.-Monsanto, U.S.P. grade. 
Sulicy1umide.-S. B. Penick Co., N.F. grade. 
Salicylic Acid.-Merck, reagent grade. 
Phenacetin.-Monsanto, U .S. P. grade. 
Caffeine.-Monsanto, U.S.P. grddc. 
All 5 analgesic compounds were checked by 

infrared spectrophotometry. 
Spectrophotometric Reference Solution.-A refer- 

ence or “blank” solution for spectrophotometry was 
made by pipeting 1.00 ml. of chloroform into a 200- 
1111. volumetric flask, adding about 80 ml. of mixed 
solvent, mixing carefully, then diluting to the mark 
with mixed solvent and remixing. 

Procedure.-Weigh accurately about 1 Gm. of the 
dry powder or tablet to be tested. Place this sample 
into a 100-ml. volumetric flask. Add chloroform 
to volume arid mix to dissolve all soluble matter. 
Set aside for 15 min., or until thc undissolvcd ma- 
terial has settled, leaving a clear supernatant fluid. 

Pipet 1.000 ml. of this supernatant fluid into each 

14 
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of three 200-ml. volumetric flasks labeled A (for 
acidic), B (for basic), and EI (for hydrolyzed). 
Add about 100 1111. of mixed solvent to each and 
mix. Add 1.0 ml. of 50% NaOH to each o f  flasks 
B and H and mix. Wait 15 min. to ensure complete 
hydrolysis of ASA, then add to flask H 3.0 ml. of 
12 N HC1 to render the solution acid again, and mix. 
Dilute all 3 to the mark with mixed solvent. 

If all 5 componcnts are to be determincd, read 
the absorbance against the refrrerice solution, of 
solution A at  250, 273, and 301 mp, of solution B a t  
333 mp, and of solution H at  301 nip. If fewer 
components are to be measured, appropriate omis- 
sions and short cuts may be introduced by inspec- 
tion of the equations below in the light of the specific 
problem. 

Calculations.-If the absorptivity, a ,  of phen- 
acetin, for example, a t  333 nip is designated aFF, 

PHE. A.O and H 

0 6  

WAVE LENGTH, mfi 

Fig. 1.-Spec- 
tra of 0.1 mg./L. 
solutions of thc 
5 compounds in 
mixed solvent. 

A&? = at&* (ASA) + u& (SA4L) + &A(SL4A) + &&' (CAF) + (PHE) (Eq. 3) 
Each of the 6 measurements made in the pro- 

cedure provides an A',uta' for onc particular set of 
conditions of wavelength and acid-base treatment. 
For each set of conditions a unique set of valucs of 
the various absorptivities exists. Five simul- 
taneous equations may therefore be set up from 
which the 6 dcsired concentrations may be cal- 
culated. Other components of the original sample 
which are insoluble in chloroform do not interfere 
in the measurement. The chloroform itself is 
wholly soluble in the mixed solvent and its absorb- 
ance a t  the lower wavelengths is exactly cancelled 
by the reference solution. 

Table I gives the value of a, the absorptivity, for 
each component under each condition and wave- 
length involved in the calculation. Figure 1 shows 
the spectra of 0.1 mg./L. solutions of the 5 com- 
pounds under the conditions shown. 

As can be secn from both the figure and table, 
( a )  the difference between the absorbance of solu- 
tions H and A a t  301 mp is wholly due to hydrolysis 
of acetylsalicylic acid to salicylic acid, ( b )  the 
absorbancc of solution B a t  333 mu is predominantly 
due to salicylamide, (c) the absorbance of solution A 
at 301 is largely due to salicylic acid and the above 
two, ( d )  and finally, in solution A caffeine is the 
compound with by far the highest absorptivity a t  
273 mu, while at 250 mp phcnacetin has this dis- 
tinction. These facts permit a simpler but equally 
accurate approach to the calculations than thc 
conventional solution of 5 simultaneous equations. 
In this approach a preliminary approximate calcula- 
tion is made by equating to zero certain small 
absorptivities. This gives the following equations : 

A3H,I - A;oi = 2.10 (ASA) (Eq. 4) 
which provides a value for (ASA) 

TABLE ~.-ABSORPTIVITIES~ 
~ ~ - ~ _ _ _  

Condition ~ - 
333 mp 301 mp 273 nip 290 mp 

Compd. Flask B Flask A Flask H Flask A Flask A 

, ~~ -~ _ ~ ~ - ~ ~ _ _ _ _ _ _  

ASA 
SAL 
SAA 
CAF 
PHE 

0.11 0 .05  2.15 0 .63  0 .52  
4.40 2.81 2 .81  0.57 1.73 
0.17 
0 . 0 2  
0 . 0 3  

2 . 7 6  
0 .05  
0 . 2 8  

2 .75  
0 .05  
0 .28  

0 .48  
4 . 9 2  
1 .81  

0.96 
1.57 
8.0% 

__  
The absorbance values listed are those observed when 1.000 Gm. of each piire component is treated by the pi-ncedrire 

described. The values givcn are 
averages of triplicate measutements on each of triplicate weighed dry samples of the pure components repeated 4 separate 
times over a number of weeks. 

Their units are thevefore "absorbance units per Gm. in the original weighed sample." 

and the concentration of phcnacetin as (PHE), A& = 0.11 (ASA) + 4.40 (SAT,) (Eq. 5 )  
then the absorbance due to phenacetin a t  333 mp, 
APHE 333 , will bc given by: 

AgsE = nggE (PH) (Eq. I) 
At any given wavelength, e.g., 333 m p  the measured 
absorbdncc, A%', is the sum of the absorbances of 
the various components. 

A$:' = A:?: + (Eq. 7) 

and therefore + 1.57 (CAF) + 8.02 (PHE) (Eq. 8) 

which provides a value for (SAT,) 

Atol = 0.05 (ASB) + 2.81 (SAL) + 2.75 (SAA) 

which provides a value for (%\A) 

(Eq. 6) 

A h  = 0.63 (ASA) + 0.57 (SA4L) + 0.48 (SAA) 
+ A$$* + A%' + A:%' + 1.92 (CAF) + 131 (PHE) 

(Eq' 2, A h  = 0.52 (ASA) + 1.73 (SAL) + 0.96 (SAA) 
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TABLE JI.-MIXTURE NUMRER~ 
~~ ~ 

---.. I--- - 2 -  7- 3 -  4--. ,-- 5--. 
Compd. Taken Found Taken Found Taken Found Taken Found Taken Found 

ASA 0.200 0.194 0.350 0.353 0.300 0.294 0.250 0.247 0.300 0.301 
SAL 0.300 0.297 0.000 0.000 0.300 0.302 0.150 0.149 0.100 0.097 

CAF 0.000 0.000 0.050 0.050 0.040 0.042 0.200 0.209 0.050 0.048 

Total 0.750 0.745 0.650 0.654 0.640 0.637 0.750 0.753 0.700 0.697 

SL4 0.000 0,000 0.000 -0.002 0.000 0.000 0.100 0.096 0.150 0.148 

PHE 0.250 0.254 0.250 0.253 0.000 -0.001 0.050 0.052 0.100 0.103 

IL Results a c in Gin. 

Equations 7 and 8 can easily be solved for (CAF)  
and (PHE). 

The final calculation is made by rewriting Eqs. 5 
and 6 to include all terms, as follows, then re- 
calculating in the same manner as above but in- 
cluding the preliminary values for thc terms missing 
in the first approximation. 

’ I b 3  = 0.11 (ASA) + 4.40 (SAL) + 0.17 (SAA) + 0.02 (CAF) + 0.03 (PHE) (Eq. 5u) 

+ 0.05 (CAI?) + 0.28 (PHE) (Eq. 6a) 

For concentrations usually encountercd in practice 
a third approximation is seldom necessary; and if any 
prior knowledge of approximate composition exists, 
i t  can usually be employed to make the first calcula- 
tion the only onc required. 

If fewer than 5 constituents are known to be 
prcsent, fcwcr rcadings and equations are obviously 
suficient. The known absence of salicylamide 
makes the 13 flask and 333 nip reading unnecessary, 
and of acetylsalicylic acid, the H flask and its 
reading. If salicylic acid is known to be absent 
i t  is possible to omit one step, but the omission is not 
recommended, sincc this step provides a measure 
of any hydrolysis of acetylsalicylic acid which might 
have occurred during storage or manufacture of the 
product analyzed. 

The value AEI - A;, can, of course, be obtained 
directly by niakiiig solution A the reference or 
“blank” sample at 301 rnp for solution H. 

Discussion.-Three features of the method de- 
scribed combine with the known advantages of 
ultraviolet spectrophotomctry to provide a simple 
aiicl accurate procedure. First, the utilization of 
isopropanol-water as a solvent (as distinct froni 
chloroform, etc.) permits spectra to bc measured 
undcr cithcr acidic or alkaline conditions, and 
permits the utilization of the solitary 333 mp 
absorbance of basic salicylamide. This mixed 
solvcnt also dissolves sufficient chloroform to enable 
one to dilute a chloroform solution with an aqueous 
solution arid still have a one-phase system. The 
lower limit of the concentration of isopropanol in the 
mixed solvent is in fact set by the amount of chloro- 
form which must be dissolved. An important prac- 
ticality-the mixed solvent handles like water and 
is more convenient than organic solvents. Second, 
thc tcchniquc of rapid hydrolysis of acetylsalicylic 
acid to salicylic acid in basic solution followed by a 
return to acid conditions (solution H )  provides a 
direct assay for the former compound in the presence 
of any other material unaffected by the treatment. 
Experiments were performed to dctcrminc the 

A&, = 0.05 (rlS.4) + 2.81 (SAL) + 2.75 (SAA) 

optimal concentration of base and time of hyclrol- 
ysis. The values chosen provide complete hydrol- 
ysis in a convcnicntly short time interval without 
causing decomposition. Third, i t  is a fortunate 
fact that the excipients generally used in the manu- 
facture of tablets and powders are not only insoluble 
in chloroform but scttle out of suspension very 
rapidly when shaken with chloroform. Centrifuga- 
tion, originally designed as part of the procedure, 
proved unnecessary. A variety of excipicnts were 
treated by the procedure described and in no case 
was any absorbance obscrved in the mixed solvent. 
These include talc, cornstarch, lactose, sucrose, 
microcrystalline cellulose,’ dextrin, gelatin, acacia, 
tragacanth, fumaric acid, sodiuni chloride, and po- 
tassium chloride. 

Ordinarily the spectrophotomctric mcasurcmcnt 
of so many components and the setting up of so 
many simultaneous equations is ncithcr convenient 
nor accurate. In this case, however, it  has been 
possible to choose conditions whcrc ccrtain uf the 
absorptivities approach zero, while others arc 
maximal. In addition one set of the chosen condi- 
tions has, by hydrolysis, reduced the nun~ber of 
components present. l h c  calculations arc thus 
greatly simplificd. 

The procedure is inherently simple and accurate. 
As a test of thcsc factors, 5 different known mix- 
tures were prepared and presented to a technician 
who, although experienced in spectrophotornetry, 
had never analyzed mixtures by this proccdure. 
The results obtained on the one sample which was 
analyzed from each mixture are given in Table 11. 
Duplicate absorbancc readings were made 011 each 
cell of sample, but no replication of sarnplcs was 
permitted. Results were calculated (from the 
averages of the absorbance readings) exactly as dc- 
scribed abovc with no prior knowledge of sample 
composition assumcd. The total error in 25 deter- 
minations was -0.004 Gm.; the avcragc deviation 
was =t0.002 GIn. 

This proccdurc has been in use for 6 months in 
routine analysis and quality control of products 
containing soue but not all of the 5 compounds, 
as well as numerous excipients. It is rapid, corm 
plete analysis of one sample rcquiring about 10 min. 
of the operator’s time when multiple samples are 
being run, with another 10 min. required for calcula- 
tion. Its precision, based on repeated analysis 
of standards during this time, can be expressed as a 
coeficient of variation of 0.5?/& When nccessary, 
this value could easily be decreased further by 
employment of techniques of ultra high precision 
spcctrophotometry (12). 

Marketed as Avicel by the American Viscose Corp. 
~~ 
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Effects of Ionizing Radiation on 
Two Gelatin Fractions I11 

Carbonyl Group Analyses and Electron Spin Resonance Studies 

By LEONARD P. PRUSAK* and BARTLEY J. SCIARRONE 

Two fractions, F-I and F-11, obtained by alcohol fractionation of commercial pigskin 
gelatin, and having molecular weight values of 173,000 and 86,000, respectively, 
showed the following relationship with respect to additional carbonyl group content 
resulting from low-level irradiation under a 3 MeV. Van de Graaff: 1 per cent solu- 
tion > 5 per cent solution (gel) > film. Irradiated films (F-I and F-11) showed 
doublets with 2 5 gauss line separation in electron spin resonance studies. These, 
together with previously published data, indicate that the gelatin fractions undergo 
molecular weight changes through free radical mechanisms involving scission, 

crosslinking, and weak bond formation. 

N PREVIOUS papcrs (1, 2) the authors showed I the isolation of 2 fractions, F-I and F-11, from 
commercial pigskin gelatin ; the irradiation tech- 
nique used with a 3 Mcv. Van dc G r a d  accelera- 
tor ; acid-base titration behavior ; sedimenta- 
tion velocity and intrinsic viscosity studies; and 
molecular weight determinations. 

We now give further experimental data which 
indicate that irradiation of these gelatin fractions 
produces changes in structure through free radical 
mechanisms. 

The currently accepted concept regarding 
radiation effects on organic materials is that chain 
scission is synonymous with molecular weight 
decrease, and crosslinking is a sign of molecular 
weight increase. Intermediate variations are ex- 
plained on groiinds that both scission and cross- 
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linking occur. This thinking may be extended to 
the irradiation of complex polymers, assuming 
that conditions are employed which lead to these 
ultimate effects. It is doubtful, on the basis of 
experimental data available today, that gelatin is 
susceptible to predictable irradiation behavior. 

Some factors which must be considcrcd beforc 
rupture or linkage are proposed as explanations 
for shifts in molecular weight of irradiated gelatin 
include solvent-solute intcraction, absorbed ir- 
radiation dose, presence or absence of oxygen, 
solute concentration, nature of solvent, thermal 
history, aging, irradiation temperature, etc. 

Since the formation of free radicals in solids 
and liquids exposed to irradiation has been estab- 
lishcd, explanations of molecular weight shifts in 
irradiated gelatin require consideration of free 
radical formation. This, in turn, poses the qucs- 
tion as to indirect effects of the solvent if irradia- 
tion is carried out on a fluid system. Experi- 
mental evidence indicates that irradiation o f  oxy- 
genated protein solutions, such as gelatin, results 
in the formation of carbonyl functions (3, 4) and 
that these are traceable to intermediate free 
radicals. Radiolytic cleavage of the pcptide 
chain yields an arnide and an additional carbonyl 
group : 
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gelatin, and having molecular weight values of 173,000 and 86,000, respectively, 
showed the following relationship with respect to additional carbonyl group content 
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tion > 5 per cent solution (gel) > film. Irradiated films (F-I and F-11) showed 
doublets with 2 5 gauss line separation in electron spin resonance studies. These, 
together with previously published data, indicate that the gelatin fractions undergo 
molecular weight changes through free radical mechanisms involving scission, 

crosslinking, and weak bond formation. 

N PREVIOUS papcrs (1, 2) the authors showed I the isolation of 2 fractions, F-I and F-11, from 
commercial pigskin gelatin ; the irradiation tech- 
nique used with a 3 Mcv. Van dc G r a d  accelera- 
tor ; acid-base titration behavior ; sedimenta- 
tion velocity and intrinsic viscosity studies; and 
molecular weight determinations. 

We now give further experimental data which 
indicate that irradiation of these gelatin fractions 
produces changes in structure through free radical 
mechanisms. 

The currently accepted concept regarding 
radiation effects on organic materials is that chain 
scission is synonymous with molecular weight 
decrease, and crosslinking is a sign of molecular 
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linking occur. This thinking may be extended to 
the irradiation of complex polymers, assuming 
that conditions are employed which lead to these 
ultimate effects. It is doubtful, on the basis of 
experimental data available today, that gelatin is 
susceptible to predictable irradiation behavior. 

Some factors which must be considcrcd beforc 
rupture or linkage are proposed as explanations 
for shifts in molecular weight of irradiated gelatin 
include solvent-solute intcraction, absorbed ir- 
radiation dose, presence or absence of oxygen, 
solute concentration, nature of solvent, thermal 
history, aging, irradiation temperature, etc. 

Since the formation of free radicals in solids 
and liquids exposed to irradiation has been estab- 
lishcd, explanations of molecular weight shifts in 
irradiated gelatin require consideration of free 
radical formation. This, in turn, poses the qucs- 
tion as to indirect effects of the solvent if irradia- 
tion is carried out on a fluid system. Experi- 
mental evidence indicates that irradiation o f  oxy- 
genated protein solutions, such as gelatin, results 
in the formation of carbonyl functions (3, 4) and 
that these are traceable to intermediate free 
radicals. Radiolytic cleavage of the pcptide 
chain yields an arnide and an additional carbonyl 
group : 
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0 H O H  0 
II I II I Mh II 

R-C--X-C-C-N-RI + R-C-NH2 
I I  

H H  
O O H  
II I1 I + HC-C-N-R, 

as opposed to  hydrolytic fracture, which yields an 
acid and free amino group: 

0 H O H  0 
I1 I II I HPO I1 

R-C-N-C-C-N-Ri __f R-C-OH 
I I  

H H  
H O H  
I I1 I 
I 

+ H~N-C-C-N-RI 

H 

Journal of Pharmaceutical Sciences 

TABLE II.-RESONANCE CURVE VALUES 
NORMALIZED TO SWEEP 50, GAIN 50 

Proof of additional carhonyl group formation has 
been obtained (3) by isolation of a number of 
a-keto acids from irradiated gelatin-namely, 
oxalacetic, a-ketoglutaric, glyoxalic, pyruvic, and 
phenylpyruvic. Formation of these is believed 
to  occur through a n  imino intermediate which 
yields the acid on hydrolysis. 

Numerous details regarding the precise mech- 
anistic sequences and interrelationships of free 
radical formation, chain scission, and crosslinking 
arc yet  to be resolved, but  i t  can be said with 
reasonable certainty that  these evcnts do occur in 
irradiated gelatin. Data  are presented here to 
show tha t  additional carbonyl group formation 
affords an excellent means for correlating the 
degree of scission and/or crosslinking in the 
gelatin fractions as functions of irradiation dose 
and physical state (film or aqueous solution). 

Since the formation of stable free radicals 
containing unpaired electrons in irradiated 
organic solids has been established, the applica- 

TABLE I.-RESULTS O F  CARBONYL ANALYSIS 

F-I F-I1 
pmoles pmoles 

Carbonvl/Gm. CarbonvllGm. _ .  
1% S o h ,  
Mrad. 
0.41 23.4 11.8 
0.60 39.5 13.5 
1.15 53.1 2 5 . 3  
2.10 66.6 47.6 

5% S o h ,  
Mrad. 
0.41 3.6 
0.60 6.0 
1.15 13.8 
2.10 36.0 

0.41 0.2 
0.60 0 . 4  
1.15 0 .8  
2.10 1.1 

Film, Mrad. 

1.1 
1 . 2  
1.8 
4 . 9  

0.06 
0.15 
0.65 
0.95 

Peak-to- 
Peak 

Distance 
(Arbi- 
t r a y  Normalized 
Scale) Sweep Gain Value Dose, Mrad 

F-I 
8 .4  320 200 0.328 0.461 
6 . 1  100 200 0.762 0.679 
5.0 50 100 2 . 5  1.71 
8.8 50 50 8.8 3.12 

F-I1 
6 .7  100 500 0.335 0.461 
6.3 100 100 1.5;s 0.679 
6.4 50 100 3.2 1.71 
7.9 50 32 12.35 3.12 

tion of electron spin resonance to  the determina- 
tion of the free radical quanta has assumed con- 
siderable importance. Because others (5,6) have 
shown that the application of this method to  pro- 
teins gives meaningful results, spin resonance 
measurements on irradiated gelatin films were 
included in the present work. 

EXPERIMENTAL 

Carbonyl Analysis.-Determination of cdrbonyl 
group formation was made according to the proce- 
dure of Lappin and Clark (7) using thc 2,4-dinitro- 
phenylhydrazone derivative of acetaldehyde as a 
reference standard. Hydrazonc content was dcter- 
mined in terms of pm. carbonyl/Gtn. of gelatin a t  440 
mp with a Bcckman DU spcctrophotometer. Addi- 
tional carbonyl group formation was obtained by 
diff crence between controls and irradiated samples. 
The data are given in Table I. 

Electron Spin Resonance Studies.-Film strips of 
F-I and F-I1 were submitted to the scanned beam of 
the 3 MeV. Van de Graaff accelerator as previously 
described ( l ) ,  and the resulting averagc absorbed 
doses were calculated immediately following irradi- 
ation. They werc: 0.46, 0.67, 1.71, and 3.12 
Mrads, respectively. The films werc cxposed to 
these doses at room temperature (24"C.), inserted in 
heat-sealed aluminum foil packages, and immcdi- 
ately immersed in liquid nitrogen (77'K.). Controls 
were included to the point of irradiation. 

Spin resonance measurements, conducted on all 
samples on the day of irradiation, were made using 
a Varian 100 kc. field modulation EPR spectrometer 
a t  a microwave frequency of 9000 Mc./scc. Various 
degrees of attenuation of resonance intensity were 
used to obtain readable signals. Therefore, in order 
to have comparable measures of free radical popula- 
tion all resonance intensities, measured on an arbi- 
trary scale, were normalized to the instrument 
parameters sweep 50 and gain 50. (See Table 11.) 
A log-log plot of normalized resonance signal in- 
tensity versus dose is shown in Fig. 1. 

RESULTS 

Carbonyl Analysis.-In the casc of 1 and 5% solu- 
tions of both fractions, straight line relationships 
were obtained from plots of dose (Mrad.) versus 
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Figure 3 shows a sernilog plot of dose Germs pm. 
carbonyl/Gni. of gelatin in irradiated films of F-I 
and F-11. In contrast to 1 and 5Oj, solutions, the 
films showed less carbonyl formation, and propor- 
tional relationship to the logarithm of the dose. I t  
would appear that carbonyl groups were formed at 
thc same rate in the 2 gelatin fractions despite 
widely dillerent average molecular weights. 

G values, or the number of events (carbonyl 
groups formed) per 100 cv. (electron volts) absorbed 
energy, were derived frotn the formula: 

t 100 

-1 a 
10 

m 

0.1 0.5 1.0 5 10 
DOSE, Mrad. 

Fig. 1.-Plot of the linear relationship between 
EPR signal intensity, normalized to the instrunlent 
paramcters sweep 50 and gain 50, and the dose 
impinging upon films of F-I (0)  and F-I1 (0). 

pm. carbonyl formed per Gm. of protcin. Further- 
more, some correlation was evident between the 
samc conccntration levels of the separate fractions. 
Figure 2 shows a plot of dose versus pni. carbonyll 
Gm of gclatin in 5(% solution of both fractions. 
Data for obtaining the best possible straight linc 
were computed by regression analysis. Slope values 
for l'jlc solutions of F-I (4.2 X lop2) and €7-11 (6.2 X 
10-2) were remarkably close, but the values for 57 ,  
solutions differed by a factor of 10 (rf. Fig. 2). 
Nonetheless, it can be stated that in irradiated 
solutions thc number of carbonyl groups formpd per 
Gin. of protein is directly proportional to the dose 
imparted and is concentration dcpcndcnt. 

2.0 I1 
e 

H 
w- SLOPE. 6.1 X 10.' g 1.0 - 
a 

0' 
10 20 30 

LLrn. CARBONYL/Grn. GELATIN 

Fig. 2.-Arithmetic relationship bctmecn the dose, 
impinging upon a 57, solution of F-I (0 )  and F-I1 
(0), and the resulting extra pm. of carbonyl groups 
produced/Gm. of the gelatin fraction. 

No. of changed molecules X 100 
E (ev.) 

C =  

(pm./Gm.) (6.06 X (100) 
(Mrad. ) (cv./Gm./Mrad. ) 

~~ - - 

The expression above applies to materials irradi- 
ated in the dry state, i e . ,  films, since the second term 

u 

J 
m -  
0 -  
0 0.5 ~ 

5 1.0 - 
- 

/ 

0 z 0.6 1 0  1 4  1.8 2 . ~  
Nrn. CARBONYL/Gm. GELATIN 

Fig. 3.--Semilog relationship between the dose, 
impinging upon films of F-I (0)  and F-I1 (0), and 
the resulting extra prri of carbonyl groups produced/ 
Gm. of the gelatin fraction 

in the denominator refers to grams. In the case of 
1 yo solutions, the second term was appropriately 
adjustcd to enable calculation of encrgy absorption 
( E )  on the basis of 100 nil. (1 Gm. of protein in 100- 
nil. vol.). Similarly, with the 570 solutions, another 
adjustment ccas made in the second term to permit 
calculation of energy absorption of a 20-ml. vol. 
'I'hus, the second exprcssion in thc dcnominator is, 
rcspcctivcly, for 

film: 6.37 X ev./Gm./Mrad. 
1% solution: 
5% solution: 

6.37 X loz1 rv./100 tnl./Mrad. 
6.37 X lozo X 2 ev./20 ml./Mrad. 

The G (carbonyl) values for both fractions are given 
in Table 111. 

Results for all samples were somewhat lower than 
thc G = 1.2 reported by Garrison ( 3 )  for gelatin 
solutious (5 mg./ml.) irradiated with fi°Co ?-rays at 
a dose rate of about 2 X ev./tnl./min. This 
difference in values can be accounted for by observ- 
ing that Garrison's rate is equivalent to  about 0.2 
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TABLE III.-EXPERIMENTALLY DETERMINED 
CARBONYL FORMATION G VALUES 

F-I F-I1 
Mrad. 

0 41 0 54 0 2; 
0 60 0 63 0.21 

1% Soln., G Values 

Journal of Phnrmaceutzcal Sciences 

Electron Spin Resonance Studies.-Figures 4 and 
5 arc first derivative resonance curves of F-I and F-I1 
irradiated a t  3.12 Mrad., and Figs. 6 and 7 show 
resonance curves on controls, all observed at room 
temperature. Figurcs 4 and 5 also illustrate the 
typical doublet of 25 gauss line separation obtained 
for all irradiated samples. 

One of the samples, F-I, irradiated at 3.12 Mrad. 
a t  25°C. was observed at  77°K. Total erasure of the 
doublet occurred when the gain was reduced to 125 
and the sweep held at  50. By increasing the gain to 
160 and reducing the power by 15 decibels, the same 
sample (at i'7OK.) gave a doublet of 25 gauss line 
separation, indicating that at low temperature thc 
sigiial was readily saturated. Shouldering beyond 
the points of inflection was evident, indicating pos- 
sible dipolar broadening. 

Shifting the sweep and gain to  32 and 200, respcc- 
tively, retaining the sample a t  77"K., and reducing 
the power by 20 decibels gavc a doublet of 20 gauss 
line separation and retained evidence of shouldering 
The sample was then removed from the nitrogen 
atmosphere and raised to room temperature (25OC ). 
A t  sweep 32, gain 500, -15 decibels, the pattern 
approached that originally obtained a t  room t e n -  
perature with a doublet of 25 gauss. Retention of 
the doublets despite shifts in resonance temperature 
conditions (following irradiation a t  room tempera- 

i . i s  
2.10 

0.44 
0.30 

0.21 
0.22 

5% Soln., G Values 
0.41 0.42 0.12 
0.60 0.47 0.10 
1.15 0.57 
2.10 0.82 

0.08 
0.11 

Film, G Values 
0.41 0.46 0.14 
0.60 0.63 0.24 
1.15 0.66 0.54 
2.10 0.50 0.43 

Mrad./hr. (2 X 10" ev./ml./min. = 1.2 X 1OZy 
ev./L./hr. Since 1 Mrad./hr. = 6.37 X loz2 
ev,/L./hr., 1.2/6.37 = 0.158, or 0.2 Mrad./hr.). 
In the 3 Mev. Van de Graaff, on the other hand, all 
dose rates were imparted on a "per second" basis. 
Thus, in the range of doses used in the present ex- 
periments (0.4-2.0 Mrad.), the dose rates differed 
by factors ranging from 7,200 to 36,000 (greater). 
Since the efticiency of free radical formation is re- 
duced at  higher dose rates through recombinations 
caused by high local concentration, the higher dose 
rate is responsible for the lower G (carbonyl) values. 

Of collateral interest in connection with the G 
(carbonyl) value calculations, are the previously 
referrcd to Wiederhorri experiments (a), which 
showed that in parent gelatin (from which F-I and 
F-I I were Iractionated) the molecular weight be- 
tween crosslinks increased as the irradiation dose 
increased. This implies the formation of thernio- 
stable covalent bonds, a requirement for copolymer- 
ization. F-I arid F-11, on the other hand, did not 
respond to  the crosslinking test a t  any irradiation 
level (at least through the crosslinking mechanism), 
hcnce failed to polymerize despite carbonyl forma- 
tion. This, in turn, would suggest that either the 
number of carbonyl groups formed was inadequate 
(Table 111), or that a crosslinking factor present in 
the parent source was lacking in the purified frac- 
tions, or both. 

Fig. 4.-First derivative electron spin resonance 
spectrum a t  25°C. of a film of F-I after irradiation 
with accelerated electrons giving a total dose of 
3.12 Mrad. Instrument parameters used were 
sweep = 50, gain = 50. 

Fig. 5.-First derivative electron spin resonance 
spectrum a t  25'C. of a film of F-I1 after irradiation 
with accelerated electrons giving a total dose of 
3.12 Mrad. Instrument parameters used were 
sweep = 50, gain = 32. 

ture) from 25OC. to 77°K. to  25OC. shows (5) that 
free radicals produced a t  room temperature remain 
in the same chemical form upon cooling and sub- 
sequent warming, arid that changes in room tem- 
perature patterns following lowering of the tcm- 
peraturc to 77OK. are reversible. The increase in 
signal strength at low temperature is primarily due 
to 1/T dependence of the magnetic susceptibility. 

By normalizing the resonance curves to  sweep 50 
and gain 50 constant values (Table II), arid plotting 
the resulting data as a function of dose (Mrad.) on 
a log-log scale, linear trends were obtained (Fig. 1) 
for F-I and F-11. Deviations from the straight line 
plot can be attributed to variations in sample weight 
and positions of the films in the cavity. 

From Table 111 one can readily determine the 
relative increascs in free radical formation for F-I 
and F-I1 when subjected to identical increases in 
irradiation dose, keeping the initial free radical and 
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0 H H CH, 0 

sweep 

Fig. 6.-First derivative clcctron spin resonance 
spectrum at  25°C. of a control (unirradiated) 
film of F-I. Instrunlent parameters used were 

= 500, gain = 800. 

Fig. ‘i.-First derivative electron spiii resonance 
spectrum at  25°C. of a control (unirradiated) film 
of F-11. Instrument parameters used were swec’p = 
500, gain = 800. 

dosage norms as bases lor comparison. ‘2 32‘j.o in- 
crease in radiation from 0.461 to 0.679 Mrad. elicited 
a 56‘x increase in frec radicals in F-l and a 78!& in- 
crease in F-11. A further increase of 60Y,, in radi- 
ation produced 69% more free radicals in F-I, but 
only a 509; increase in F-11, the latter indicating a 
downward trend in free radical formation despite a 
2.5-fold increase in energy over the prcvious run. 
Finally, a further 45% increase in irradiation pro- 
duced 71% more free radicals in F-I and a 75% 
increase in F-IT. In both fixns, therefore, the higher 
the dose absorbecl, the greater the excess of unpaired 
clectrons. Contrary to the expectation that radical 
concentration, in terms of gain strength, should be 
directly proportional to the absorbed radiation, the 
data show that radical concentration is proportional 
to the three-halves power of the radiation dose. 

DISCUSSION 

ilssurning that the predominating amino acid com- 
ponents in gelatin arc alanine, glycine, proline, and 
hydroxyproline with no representation of --++ 
Linkages in the absence of cystine (81, the most 
probable site uf radiation damage would appear to 
bc the a-carbon in the polypeptide back bone. 

Viewing the protein configuration as: 

I 
CH! I ‘H 0 H 

R 

lracture of the C--PI; bond at  1 would require 25 
gauss for the proton, with a possible structure for 
-CH2, and a 10 gauss triplet at the nitrogen. Frac- 
ture at 2 would require a 25 gauss proton, a 10 gauss 
triplet a t  the nitrogen, and a single line for the car- 
bon with a double boridetl oxygen. Should fracture 
occur a t  3,  the proton would split on, with possible 
evidence of a 5 gauss triplet a t  the nitrogeu and a 
-CH, triplet. Fracture a t  4 would requirc a 25 
gauss triplet to account for the ----CHz-R group, as 
well as a 2.5 gauss doublet (carbon) and a A gauss 
triplet (nitrogen), This could occur, for example, in 
the went  of recombination of CH2-R. Finally, 
fracture a t  5 would give a singlet, a 25 gauss doublet, 
a 5 gauss triplet, arid possibly evidcncc for CH2. 

It would appear that the observed spectra are 
characteristic of the 

H 

-C * 
1 
I 

frec radical. Formation of 

H 
I 

--C2-c. 

I 
c1 

would give a doublet of 2.5 gauss, but protons on C, 
and C? might lead to additional structure, il they 
were noncoplanar with the carbons. Forinatiou of 

I€ 
-x~-c. I 1  

I 
C1 

also would give a 25 gauss doublet, and a possible 
triplet, with 5 gauss scparatiori due to the nitrogtn 
The latter splitting could bc broadened by nitrogen 
quadrupolar interactions If 

€I 
I 
1 

: N -  
I c 

formation occurred, a 25 gauss doublet (H) and a 10 
gauss triplet ( N )  splitting would be evident if 
quadrupolar broadening did not occur. Of the 2 
remainin!: possibilities 

I1 
1 

appears to be the less likt,lg since it would involve 
twice the nitrogen sp1ittin.q. It seems reasonable to 
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conclude that formation of the following free radical 
structure: 

Journal of Phavmaceutical Sciences 

electron structure. Thus, retention of high numbers 
of free radicals reflects minimal recombination, 
hence abscnce of crosslinking. 

Since the intrinsic viscosity studies and the 
molecular weights calculated from these data were 
based on experiments with 1% solutions (a), evi- 
dcncc of disproportionate retention of stable free 
radicals in films cannot be extrapolated to interpre- 
tation of changes in molecular weights predicated on 
solution experiments. Nonetheless, it seems permis- 
sible to reason that free radicals are fornied in solu- 
tions (as they are in films), but the differences in 
radiation environment lead to dissimilar results. 
Irradiated films tend to rctain free radicals because 
the compactness of the molecule locks the radicals 
into their created positions. Ultimately, after 
absorption of moisture, the molecular structure be- 
comes loosened, and the radicals arc able to shift. 
Irradiated solutions, on the other hand, do not retain 
free radicals in abundance because the concurrent 
high energy impact on solute and solvent creates, in 
addition to solute free radicals, unpaired electrons in 
the solvent structure. These are, in the case of 
water, OH. and H. .  The formation of stable frce 
radicals and a structurally less compact solute con- 
figuration facilitates ( a )  inactivation by abstraction 
of hydrogen from another molecule and (6)  recom- 
bination and coupling. Assuming that each of these 
reactions occurs to a variablc degree in irradiated 
gelatin solutions, it could be suggested for F-I that 
(6) predominates a t  low radiation levels, causing an 
increase in molecular weight. As the irradiation 
levels become greater in intensity, the ability of the 
free radicals to recombine and couple is progressively 
decreased and ( a )  controls. 

Gelatin in solution answers the description of a 
polyelectrolyte (9), its isoelectric behavior being 
dependent upon which groups, the carboxyl or the 
amine, predominate in the gross structure. Its 
principal amino acid components are glycine, proline, 
and hydroxyproline, with lesser amounts of lysine, 
hydroxylysine, histidine, and arginine. Cystine and 
tryptophan are lacking. 

The acid-base titration curves previously re- 
ported ( I )  tend to confirm the differences in behavior 
between the high and the low molecular weight frac- 
tioils. At 1% concentration, irradiation did not 
appear to affect either the acid or the base functions 
of either fraction until the dosage was increased to 
the 2 and 3 Mrad. levels. At that point the basic 
groups were reduced in number, with a slight in- 
crease in bound carboxyls. The midportions of the 
1% curves were unaffected in F-11, but F-I showed 
a decrcasc in bound imidazole groups at  the low 
radiation level, with a gradual approach to the con- 
trol value as the energy was increased. 

In 5yo concentrations, neither F-I nor F-I1 
itnidazole groups were affected. However, both 
fractions suffered carboxyl and amino depletion with 
the greatest damage imparted to the higher molecu- 
lar weight protein. Apparently as the concentration 
of the protein is increased, radiation effects become 
more pronounced and tend to disrupt drastically the 
charge organization without affecting the isoelectric 
point. Irradiation of F-I and F-I1 in the solid 
state, on the other hand, caused little deviation in 
charge. 

Carbonyl analyses in terms of pm./GIn. follow an 
arithmetic progression in approxirnatc proportion to 

I II 
1-1 0 

is feasible since the data are indicative of spin being 
on an atom which is bonded to  only one hydrogen. 

Proof is not available here for postulating with 
absolute certainty at which of these positions free 
radical formation occurs. However, it is interesting 
to note Gordy's ( 6 )  conclusions, based on more 
extensive experimental data, that the peptide free 
radical resulting from radiation damage to  proteins 
forms at a glycinc residue. 

It should be observed that the spin-proton inter- 
actions did not elicit any qualitative differences in 
resonance between the 2 protein fractions studied, 
despite a 2 : l  ratio in molecular weight values. 
Doublets were conspicuously persistent a t  all irradi- 
ation levels, although one fraction showed a succes- 
sively lesser tendency to increase in molecular weight 
as the dose was increased, and the other increased in 
molecular weight as higher doses were applied. 

CONCLUSIONS 

Low temperature alcohol fractionation of acid- 
treated pigskin gelatin yielded 2 distinct fractions 
having different average molecular weights and 
characteristic acid/base binding properties (I). 
Dilute solution intrinsic viscosity studies on these 
fractions (2) showed higher values for the higher 
molecular weight (173,000) fraction, F-I, than the 
lower (86,000) fraction, F-11, as expected. The 
similarity in acid/base binding capacity in the 2 
fractions may be best explained on the ground 
that F-TI was constituted of shorter fragments of 
chains similar to those prevailing in the larger frag- 
ments. The virtually superimposable acid-base 
titration curves over the entire titration range sup- 
port the proposition that the same N-terminal and 
C-tcrminal groups existed in the high molecular 
weight, F-I, and low molecular weight, F-11, con- 
trols. 

Of additional importance, particularly with re- 
spect to films, is the total absence of water, hence 
the lack of OH- and H. radicals, to cause alterations 
in protein structure through secondary effects. 
Further evidence that more concentrated gelatin is 
less susceptible to radiation damage is provided in 
Table I, which shows lower values for carbonyl pro- 
duction in 5% solutions and films of F-I and F-11, 
than corresponding 19; solutions. 

I t  is riot unreasonablc to suggest that fracture of 
electrovalent bonds in the gelatin structure occurs on 
irradiation and that these breaks are responsiblc for 
molecular weight rcduction. Indeed, evidence that 
frcc radicals were formed in films of F-I and F-I1 
contributes to the validity of this proposal, especially 
when considered in the light of Fig. 3. These data 
indicate that as the radiation dose is increased, the 
rate of free radical formation rises. More impor- 
tantly, a t  least when considered as a film, the 
damaged gelatin appears to retain the unpaired 
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the absorbed dose (Table I). Conversion of these 
data to G (carbonyl) values shows somewhat more 
carbonyl groups in F-I than in F-I1 per 100 ev. 
absorbed dose. By taking averages of the G values 
and drawing comparisons betwccn F-I and F-I1 
within the respective physical states irradiated, it 
will be seen that in the 1% solutions the averaged G 
values diffcred by a factor of 2; in 574 solution the 
difference increased to a factor of 6; but in films the 
difference factor fell to about 1.5. Within each 
group, on the other hand, there appea.red to be 
reasonable consistency in G values and a noticeable 
lack of deviation, irrespective of variation in water 
coutent. 

The anomalies may be due, a t  least in part, to the 
fact that irradiatiou was couducted in the abseuce of 
low temperature controls. Thus, at room tempera- 
ture some free radicals tend to recombine to form 
carboiiyl groups. Others enter into crosslinking 
reactions. The rates of recombination will vary de- 
pending on solute coticetitration, temperature vnri- 
ations, dose imparted, and other factors. In films, 
the conditions are such that the free radicals are lint 
only deprived of free movement due to the relatively 
fixed configuration of the molecule, but also of 
participation in secondary reactions with solvent 
free radicals. 

Notwithstanding this shortcoming, the relative 
pattern of carbonyl production on a weight basis 
assigns the lowest quantity to films and the highest 
to 1% solutions, the 57, solutions beins intermedi- 
ate. The relationship offers a t  least a partial basis 
for concluding that a greater number of free radicals 
are formed in irradiated dilute solutions of proteins 
than in those more concentrated because of solute- 
solvent interaction during the ionization evcnt. 
Although G values in all cases remained below unity, 
there is no reason to minimize the conclusion that 
these data are in substantial agreement with Garr-  
son’s G = 1.2 (3) for carbonyl productiou in gelatin 
solutions influenced by ‘OCo 7-rays. 4 s  esplained in 
detail earlier, the lower values obtained iii our ex- 
periments are attributable to the higher dose rate 
imparted, which fuuctionslly reflects the eficieucy 
of free radical production. 

Decarbosylation and deainiriation occurred in 
irradiated gelatin solutions in proportion to  ab- 
sorbed dose. Dilute solutions of the low molecular 
weight fraction were not severely damaged by low 
energy radiation, but the highcr molecular weight 
fract ion appeared t o  be injured at the imidazole  
portion. Neither the high nor the low molecular 
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weight fraction was altered in charge groups when 
irradiated in the dry state, but free radicals were 
formed in both when irradiation was imparted at 
room temperature. NO alteration in free radical 
structure occurred wheu irradiated gelatin films were 
brought to 77°K. nor when they were subsequently 
returned to room temperature. 

Variations in solvent-solute ratios of gelatin solu- 
tions reflected diffcrcnces in the number of new car- 
bonyl groups formed 011 a weight basis. Higher car- 
bonyl values per unit weight of protein were obtained 
in dilute than in concentrated solutions, confirming 
the secondary effects of water in altering the solute 
structure on irradiation. Relatively lower G (car- 
bonyl) values were obtained in F-I1 than in F-I. 

It seems permissible to conclude that the end 
effects of low level irradiation emanating from an 
elcctron beam upon fractious of gelatin obtained 
from the same source are predictable only to the 
extent that free radical and carbonyl group forma- 
tion occur. The degree of radiation damage is pro- 
portional to the absorbed dose. The presence or 
absencc of water in the system beiug irradiated also 
determines the extent of denaturation as reflected iii 
carbonyl group formation. No direct evidence is 
available that aggregation plays the dominating role 
in molecular weight increase as a result of irradi- 
ation. In view of the extensive free radical forma- 
tion and the strong indications of solvent-solute 
interaction during the irradiation event, it is a fair 
infcrence that increases in molecular weight in irradi- 
ated dilute gelatin solutions can be attributed to 
crosslinking through covaleut and weak hydrogen 
bonds. 
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Cholinergic Anionic Receptors Ill  
Steric Requirements for Quaternary Ammonium Inhibitors 

of Acetylcholinesterase I1 
By J. C. KELLETT, JR.*, and W. CLARK DOGGETT? 

The inhibitory activity of 36 structurally related quaternary ammonium compounds 
was undertaken as a logical extension of our earlier report studying the discrete 
nature of the anionic receptor of a typical cholinergic receptor, acetylcholinesterase. 
The results permit some sophistication in  the discussion of the several mechanisms 

apparently operative in  this system. 

N A 4 ~  earlier report (1) the authors postulated I that  the inhihition of acctylcholinesterase 
(AChE) by simple quatcrnary ammonium com- 
pounds could be ascertained as a function of 
affinity for the enzyme and that  certain relation- 
ships existed between the ionic volume of the 
inhibitory ion and its affinity for the enzyme. 
Our results prompted a logical extension of the 
compounds under evaluation in order to  clarify 
the role of ion volume in affinity for a cholinergic 
receptor. 

To meet this end 36 quaternary ammonium 
compounds were prepared and examined enzymo- 
logically. The compounds were : Walkyltri- 
methylammoniums, A-alkyltriethylammoniums, 
and N-alkylquinuclidiniums, where the alkyl 
group was varied from methyl through decyl plus 
isopropyl; tetrapropylammonium; tetrabutyl- 
ammonium; and tetrapentylammoniuin. These 
compounds include 3 homologous series, many of 
which have been examined in other cholinergic 
systems. Several interesting related compounds 
are included such as the isopropyl derivatives and 
the tetraalkyl derivatives. The conforinational 
uniqueness of the quinuclidinium Compounds was 
discussed in a n  earlier paper (1). 

The fundamental rationale for studying com- 
petitive inhibition of AChE in a study of the 
receptor site was similarly established in  the 
first report. 

EXPERIMENTAL 

Chemistry 

salts are givcn in Table I. 
Properties and recrystallization solvents for all 
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Quinuc1idine.-The method of Leonard and 
Elkin (2) as modified in an earlier paper (1) was 
used. A significant improvement over earlier 
reports involves an increase in the rate of flow of 
the vapors of the 4-(2-hydroxyethyl) piperidine by 
raising the pot temperature to about 200" with the 
elimination of the air bleed. This reduced the 
amount of polymer formed in thc catalyst bcd and 
the volatile impurities previously obtained in the 
product. Larger batches could be run before the 
receiving apparatus became clogged. 

N-Alkylquinuclidinium Salts.-One-tenth mole 
each of the appropriate alkyl halide and quinuclidine 
were sealed with 100 ml. of absolute ethanol in a 
citrate bottle for 18 hr. with intcrmittent shaking. 
The solvent was then removed by vacuum evapora- 
tion, and the salt recrystallized. 
N-Alkyltrimethylammonium Salts.-The reaction 

described for N-alkylquinuclidiniuni salts was used 
for thc preparation of N-alkyltrimcthylammonium 
compounds by utilizing water as the solvent and 
lengthening the reaction time to 1 week. 

N-Alkyltriethylammonium Salts.-All N-alkyl- 
triethylammonium compounds except A;-isopropyl' 
were prepared by refluxing 0.1 mole of the appropri- 
ate alkyl halide with 0.1 mole of triethylainine in 
100 ml. absolute ethanol for 18 hr. The solvent 
was removed and the solid purified as previously 
described. 

N-Isopropyltriethylamonium Bromide.-Di- 
ethylisupropylamine was synthesized according to 
the procedure of Caspe (3). This compound was 
subsequently reacted with ethyl bromide according 
to Robinson (4).  

Tetrapentylammonium Bromide.-Tripentyl- 
aniine, 0.1 mole, and I-pentyl bromide, 0.1 mole, 
were reacted together as described for the synthesis 
of 1-alkylquinuclidiniuni salts. 

Enzymology 

pH-stat titrirnetric determinations were made of 
AChE activity using an apparatus and a procedure 
described previously (1). The conditions used in 
these experiments (different from those reported 
earlier) were: enzymeZ concentration, 0.01 mg./ml. ; 
NaCl concentration, 0.15 M; MgC12 concentration, 
0.05 M ,  and acetylcholine (ACli) concentration, 
variable. ACli perchlorate was used. 

The velocity of the hydrolysis reaction dcter- 
mincd over a period of 5 min. (after an initial 2 

1 Only triethylarnmonium bromide could be isolated from 

2 Nutritional Biochemicals (bovine erythrocytes AChE). 
attempts to react triethylamine with isopropyl bromide. 

41 4 
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TABLE I.-CHEMICAL ASD BIOLOGICAL DATA OF SIMPLE QUATERNARV AMMOSIUM COMPOUNDS 

Re- --_ Compd.- -- -. crvstn. 
(CHdsN +--K 

R =  
Methyl 
Ethyl 
1'1-opyl 
Butyl 
Pentyl 
Hexyl 
Heptyl 
Octyl 
Nonyl 
Decyl 
2-Prop) 

(CzHshN+--R 
Methyl 
Ethyl 
Propyl 
Butyl 
Pentyl 
Hexyl 
Heytyl 
Octyl 
Nonyl 
Decyl 
2-Fropyl 

hk thy l  
Ethyl 
Propyl 
Butyl 
Pentyl 

Hexyl 

Heptyl 

Octyl 

XOIlyl 

Decyl 

2-Propyl 

Tetrapropyl- 
ammonium 

Tetrdbutyl- 
ammonium 

Tetrapcntyl- 
ammonium 

x- x-  = 

Bromide 
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Bromide 
Bromide 
Bromide 
Bromide 
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Bromide 
Bromide 
Bromide 

X- 
Iodide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 

X- 

Iodide 
Iodidc 
Iodide 
Bromide 
Bromide 

Sol- 
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h 
Ir  
h 

I 

i 
i 

i 
I 

5 

h 

h 

i 
i 
i 
i 
i 
i 

i 

Obseived 1M.p. Reported M.p. 
c c 

332.0-2.5" 
237.0 
181 .0-4.0 
174.0-5.0 174.0-5.0°d 
186.0-7.0 186"" 
182.0-3.0 
214.0-5.0 2150e 
227.0-30.0 
239.0-41.0 239.0-42.Ooe 
311.0-2.0 

294.0-5.0 
L 

228.0 
207.0-8.0 
145.0-7.0 
103.0-4.0 
109.0-10.0 
105.0-8.0 
105.0-6.0 
106.0-7.0 
263 .O-4.0 264.0"f 

352.0-3.0 357.0-8.0°Q 
273.0-4.0 270.0-1 .0"0 
141.0--6.O 144.0-6.0°k 
236.L-238.0 236.5-238. O o k  
206.0-7.0 

Bromide j 173.5-5.0 

Bromide j 165.0-6.0 

Bromide j 1,55. 0-6.0 

Bromide 1 173.0-4.0 

Bromide 1 186.0-8.0 

Bromide 

Bromide 

Bromide 

Bromide 

320.0-1.0 

c 

c c 

96.0--7.0 100"' 

Innic 
Vol., 

58.1 
68.5 
79.0 
89.4 
99.9 
110.3 
120.8 
131.3 
141.8 
152.3 
79.0 

cubic 

89.4 
99.9 
110.4 
120.8 
131.2 
141.7 
152.1 
162.6 
173.1 
183.5 
110.4 

88.2 
98.7 
109.1 
119.6 
130.1 

140.6 

151.1 

163.6 

172.1 

182.6 

109.1 

141.7 

183.5 

225.5 

1 0 6  Ki 
787.0 
97.0 
57.2 
46.9 
100.0 
66.7 
37.6 
13.9 
6.6 
4.9 
41.2 

103.0 
83 . 5  
48.8 
37.5 
67.5 
45.5 
31.0 
8.3 
5.8 
4.4 
12.0 

13.8 
9.0 
6.7 
7.8 
12.0 

28.6 

32.6 

4.1 

3.4 

2.8 

4.7 

5.3 

4.9 

31 .0 

,---Aua1.b .. - 
Calcd. Found 

N, ti.38 8.26 
N, 7.69 7.66 
N, 7.14 7.06 

N, 5.88 5.82 

N, 5.26 5.19 

N, 7.69 7.58 

h-, 5.76 5.56 

iV, 6.25 6.23 
N, 5.88 5.86 
N. 5.53 5.43 
N; 5.24 5.21 
N, 4.98 5.10 
N,  4.74 4.76 
iY, 4.52 4.45 
N, 4.33 4.40 

C ,  55.14 54.94 
H, 9.19 9.57 
N, -5.32 5.37 
Br, 30.35 30.28 
C, 56.46 56.24 
H, 9.41 9.51 
N, 5.07 5.14 
Rr, 28.92 28.69 c, 57.87 57.84 
H, 9.64 9.80 
N. 4.82 5-16 
Br, 27.52 27.27 
C, 59.15 59 18 
H, 9.86 10.17 
N. 4.60 4.79 
Hr, 26.25 26.05 
C,  60.31 60.36 
H, 10.05 9.96 
N, 4.40 4.35 
Br, 25.10 25.12 
C, 61.37 61.26 
H, 10.23 10.20 
N, 4.21 4.34 
Rr, 24.04 24.06 
C, 51.47 50.98 
€1, 8.58 9.00 
N, 5.96 6.07 
Br, 33.99 33.96 

~ _ _ _ _ _  

a Calculated according the procedure in Re.fpvcncc 1 .  Microanalyses perforrnrd hy Alfred Bernhdrdt, Max Planck In- 
stitute, Mulheim, Ruhr Germany. 
73 2170(19t51). Mosby: 
W: L., "Heterocyclic Systems with Bridgehead Nitrogen At& Part 11," lnterscience Publishers, Inc., New York. P;. Y., 1961, 
p. 1339. '' Isopi-opyl alcohol--acetone. A Ethyl alcuhol-ethyl acetate. Methyl ethyl ketone-cthyl acetate. Refegfeuence 1. 

Obtaincd commrrcially. ' Mcr)owell, M. J., and Kraus, C. A., J .  Am.  Chem. SOC. 
Kato: T., Morikawa, T.. and Suzuki Y.  J. Pharm. SOC. .lafi,nn, 72, 117(1952). f Referrme 4. 

Eoalnole d above, p. 3293. 
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Xote particularly the parallelism shown by the 
methyl, ethyl, and propyl homologs in the tri- 
methylammonium and triethylammonium series; 
even more striking is the relationship among the 
octyl, nonyl, and decyl homologs in the trimethyl- 
ammonium, triethylammonium, and quinuclidinium 
series. It is obvious that a parallelism exists 
between the entire series of triethylammonium and 
trimethylammonium compounds. These parallels 
arc strongly suggestive of mechanistic parallelism. 

The bioisosteric quinuclidinium series fails to 
display such complete similarity to the other 2 
homologous series. The first 3 members and the 
last 3 members are near parallel, but 2 distinct 
differences are obvious. First, there is a dramatic 
quantitative difference in affinity between the first 
3 quinuclidinium compounds and their trimethyl- 
ammonium or tricthylammonium bioisosteres. 
Second, the group butyl, pentyl, hexyl, and hcptyl- 
quinuclidinium actually form a group ol reversed 
slope from the trimethylammonium or tricthyl- 
ammonium series. 

Apparently there is a lack of correlation between 
the tetraalkylaninionium series and any of the N-  
alkyltrialkylammonium series, in terms of the 
function alkyl group length. 

Figure 2 illustrates the relationship between K,  
and the volume of the inhibitory ion. From this 
figure it is apparent that ion volume data do not offer 
a general explanation for an inhibitory ion's affinity 
for the enzyme. However, there is a crude 
generalization evident from the tcndcncy for all of 
the compounds tested (except the lower members of 

min. of reaction) was detcrmined in the prcscnce of 
varying concentrations of inhibitor and substrate. 
The K ,  (the Michaelis constant) for this system, 
determined graphically from Lineweaver-Burk 
plots, was 1.82 X 

All values for Kf were determined graphically 
from Lineweaver-Burk plots utilizing a t  least a 
fourfold range in [ S ]  . 3  Each velocity determina- 
tion was made at least twice, and a minimum of 4 
points were plotted for each Ki  determination. 
It was observed that several of the compounds 
tested displayed noncompetitive kinetics when 
employed in concentrations at or above I;,,. For 
uniformity, therefore, the [I] values used fall be- 

2'5 i % 

~ ~~ 

1 2 3 4 5 6 7 8 9 1 0  

Fig. 1.-The relationship between K i  and length 
of alkvl chain of ammonium comDounds. Kev: 

NO. OF C-ATOMS IN R 

large circle, R4N+; small circle, (CH3)aN+-R; 0,  
(CZIIS)~K+-R; a, C~HI~N+-LI. 

tween 1% and Iz0. Under these conditions, all com- 
pounds tested display competitive kinctics in this 
system. Thc expression used to  determine Kt on 
the - l/(Sj intercept was 

where - l / K p  is the value of 1/[S] a t  the intercept. 
All data are summarized in Table I. 

RESULTS AND DISCUSSION 

Figure 1 displays a comparison between Kc and 
the chain length in the 3 homologous scrics and the 
R groups of the tetraalkylammoniurn compounds. 
A significant difference between the data presented 
here and the first paper merit comment. This 
difference relates to the minimum in the line for 
tetraalkylammonium. Earlier it was found to be a t  
tetrapropylammonium; in this work it is at tetra- 
butylammonium. The authors have established 
that this difference (as well as some other quantita- 
tive differences) arises from thc changed conditions 
of assay. The present procedure is used more 
commonly. The point remains that correlation of 
structure to  activity in ACh-AChE systems is quite 
sensitive to the conditions of assay and should be 
compared accordingly. 

Figure 1 reveals an interesting group of parallels. 

8 These data are consistent with values obtained from 
___ 

v/u. versus [I] plots. 

2.5 

2.0 

2 1.5 s 
c3 2 1.0 

0.5 

50 70 90 110 130 150 170 190 210 
60 80 100 120 140 160 180 200 

ION VOL., CUBIC A. 
Fig. 2.-The relationship between K i  and ion 

volume of inhibitory cation. Key: large circle, 
R,N+; small circle, (CH,)&+-R; 0,  (C2H5)aN+- 
K ;  c), CiHuN+ - R. 

the quiriuclidiniutn series) to  scatter around a lint 
terminating in a miriiniuni value for K ,  a t  170 A.3 
Suggestions on a mechanism parallel between com- 
pounds is not evident from this figure. Indeed, 
much variation in affinity is obvious within a given 
volume increment which must be due to  structural 
differences among equivolume ions. There are no 
minima of K; as a function of volume common to 2 
or more homologous series. 

Not illustrated in the figures are the data from the 
isopropyl compounds. Table I rcveals that the 
isopropyl compounds have in every case lower 
values of Ki than their n-propyl analogs. S k i -  
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larly, these compounds represent further equivolume 
ions with an affinity for AChE which is uniformly 
enhanced by changing an n-propyl group for an 
isopropyl group. The implications of this observa- 
tion are several in number, but no conclusion is 
cvidcnt. The fact that adding an alpha-carbon to 
an ethyl-substituted ammonium ion produces a 
better inhibitor than adding a terminal methyl 
group implies that the receptor surface does not 
contain a simple channel at all but is irrcgular in 
nature near the anionic center. The production of a 
diffcrent conformational perturbation by the iso- 
propyl compounds is not deducible from these 
results, but must be considered. Obviously, the 
effect of a branching on one or more of these 
homologous series would constitute an interesting 
cxpcrimcnt. 

According to Belleau (5) the compounds in the 
N-alkyltrimethylammonium series act in inducing 
2 different conformational perturbations (with a 
transitory phase in betwcen) dependent upon the 
length of the alkyl substituent. The parallelism 
bctwcen the N-alkyltrimethylammonium and N- 
alkyltriethylammonium series in this work strongly 
suggests that the same mcchanism is operative for 
either series. The qualitative similarity between 
the 3 lowest and 3 highest members of all 3 of the 
homologous series (as well as the quantitative simi- 
larity between the 3 highcst members) suggests that 
a similar mechanism is being invoked in each case. 
This similarity is independent of ion volume, as 
adequately demonstrated by Fig. 2. 

These suggestions are modified by the lack of 
parallelism between the “middle region” of the N- 
alkylquinuclidiniuni series and the other 2 series. 
This feature, together with the quantitative dis- 
similarity displayed by the lower members, suggests 
that an entirely different mechanism is being demon- 
strated by the quinuclidinium derivatives up to C-7. 

It is apparent that several forces are active in 
determining affinity for AChE. Very closely inter- 
dependent are: ( a )  ion volume, ( b )  chain length of 
longest alkyl chain, ( 6 )  the conformational possi- 
bilities of the ion, and ( d )  the exact mechanism 
whereby the ion acts (ie., type of conformational 
perturbation induced in the receptor). 

Specifically excluded are arguments based on 
relative clectron deficiency of the ion. It appears 
that this area is best thought of in terms of the 
conformational possibilities of the ion, rather than 
to attempt to  quantify charge. All the compounds 
are easily dissociatcd a t  the concentrations em- 
ployed. Therefore, the only electrostatic variables 
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anticipated are those arising from the relative 
availability of the charge center(s). It appears 
from this approach to the problem that a very 
significant function of affinity is thc shielding of the 
quaternary nitrogen atom, or the availability of the 
a-carbon atoms to  a plane surface. Some dis- 
cussion of a plane availability as rclatcd to cholin- 
ergic activity has been given by Thomas (6,7). 

CONCLUSIONS 

No single simplc molecular function serves to  
predict affinity of simple quaternary ammonium 
ions for the anionic site of AChE. The several 
features, related above, that obviously affect 
affinity are interdependent to a high degree. For 
example, it  appears that for optimum affinity, some 
gross criteria of ion volume must be met; however, 
if the ion has other unique features enhancing 
affinity (such as the compact quinuclidiniuin 
“hcad”), thc disadvantage conferred by the “wrong” 
size may be onset. In addition, i t  is likely that 
changing one molecular feature changes thc mech- 
anism whereby the ion acts. Therefore, the opti- 
mum molecular requirements must be stated in 
terms of a single mechanism to have meaning. 
The present state of these experiments does not 
permit this fine a conclusion. 

Therefore, it is apparently correct to  say that, 
among simple quaternary ammonium ions ( a )  
the affinity of members in a homologous series tends 
to  increase (with significant variations a t  inter- 
mediFte positions) to a maximum in the region of 
170 A,* volume of the ion; ( b )  butyl groups (rarely 
propyl) represent a maximum of affinity (however 
less than octyl, nonyl, or decyl) within a homol- 
ogous series; (c) restricting the conformational 
variability of the cationic “head” generally en- 
hances affinity; and ( d )  it is suggested that a t  least 
4 discrete “mechanisms” of action are demonstrated 
by the compounds in this report. Changes of 
mechanism refer, in this context, to changes in the 
conformational perturbation type effccted in the 
protein. 
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Techticdl Articles 

Effect of Glidants in Tableting 
By LARRY L. AUGSBURGER and RALPH F. SHANGRAW 

A method of measuring the fluidity of semifluid powders is described and used to 
investigate the role of various silica-type glidants in the direct compression of micro- 
crystalline cellulose and a spray-dried lactose/microcrystalline cellulose blend on 2 
different tablet presses. All silica-type glidants were found to improve the flow 
properties of microcrystalline cellulose as reflected in increased tablet weights and 
decreased weight variations, whereas a reversal of these effects was noted when the 
filler was the spray-dried lactose blend. While flow enhancement was attributed to 
a coating of the filler particles by the glidant, the reverse effect noted in the latter case 
was attributed in large measure to an increase in the bulk volume of the blend. No 
difference between the 2 tablet presses was found when the coefficients of variation 
were tested statistically. A pyrogenic silica and a silico-aluminate were found to be 
the most effective glidants in terms of over-all performance. These glidants were 
found effective in concentrations as low as 0.1 per cent by weight when added to 
microcrystalline cellulose and showed an optimum glidant activity at a concentra- 

tion of about 0.5 per cent by weight. 

HE FLOW of particulate solids is involved in 
many pharmaceutical operations such as 

tableting, encapsulation, solid-solid blending, 
tumbling, or fluidized bed drying. However, in 
none of these operations is flow any more critical, 
both in terms of product quality and production 
economics, than in the transport of solids from the 
hopper of tablet machines to and into the die 
cavities of a tablet press. 

The limiting factor in the tableting of powders 
is often the flow properties of the material to be 
tableted. Uniform tablet weights and uniform 
doses of active ingredients, as well as production 
rate, are dependent on the ability of particulate 
matter to feed into the dies in a reproducible 
manner. In the past, poor flow properties have 
been overcome by granulating the powder or 
blend to be compressed. Unfortunately, granu- 
lation involves a series of steps which consumes 
a great deal of time and utilizes additional men, 
materials, and equipment. Recent advances in 
pharmaceutical technology and engineering have 
eliminated the need for granulation in many 
cases by making direct compression possible. 
Direct compression has been made commercially 
feasible with the advent of induced die feeding 
units which force-feed the die cavities, and the 
production of more fluid fillers by means of such 
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engineering proccsses as spray-drying, instantiz- 
ing, and controlled crystallization. The use of 
glidants has also been advocated for improving 
the flow propertics of divided solids (1). 

Glidants are defined as substances which 
iniprove granulation flow in the hopper or into the 
die cavity. The study of the usefulness of 
adjuvants in improving the flow properties of 
materials to be tableted has been largely confined 
to substances more properly defined as “lubri- 
cants” (2-4). The only “glidant” studies that 
have been reported in the pharmaceutical litera- 
ture have been concerned with talc. Interest 
has developed recently. however, in the use of 
certain synthetic colloidal silicas to improve the 
fluidity of particulate solids. For example, a 
pyrogenic silica and a silico-aluminate were 
examined for their ability to improve the flow 
properties of spray-dried egg yolk (5 ) .  In 
general, the colloidal silicas consist principally of 
silicon dioxide and are characterized by low bulk 
density and very fine particle size. 

Although glidants are apparently used in 
pharmaceutical operations, a survey of the litcra- 
ture has revedtcd the lack of any definitive 
study demonstrating the usefulness of glidants in 
tableting. Furthermore, there are no reports 
of a critical evaluation of the newer, silica-type 
flow conditioners. Consequently, a study of 
glidants in tableting, with particular emphasis 
on these silica-type flow conditioners appeared 
to be justified. Since tablet production of the 
future may well depend to a large extent upon 
direct compression, this study was designed, in 
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particular, to establish the usefulness of glidants 
in direct compression. 

EXPERIMENTAL 

Before an investigation of glidants could com- 
mence, it was necessary to establish an experimental 
procedure which would truly measure increases in 
fluidity and, preferably, have practical industrial 
significance. Although angle of repose measure- 
ments and flow rate through orifices give results 
relatable to  fluidity, reproducibility is relatively 
poor. It was felt that the simple measurement of 
tablet weight, which is a reflection of the ability of a 
powder or granulatiou to flow into a die cavity, 
would not only give comparable fluidity values, but 
would also have practical importance from a produc- 
tion standpoint. 

Intuitively, it may be predicted that the addition 
of a glidant will, by enhancing fluidity, result in the 
more efficient filling of a die cavity. This more 
efficient die fill should then be reflected in increased 
tablet weights and decreased weight variation for 
the same size die and fill volume. Preliminary 
experimentation proved this premise to be true and 
glidants were evaluated using tablet weight as the 
measured parameter. 

Materials.-Relatively free-flowing powders, 
microcrystalline cellulose' and spray-dried lactose,z 
were used as fillers, thereby eliminating the need for 
granulation. Microcrystallinc cellulose posscsscs 
many unique advantages which make it an ideal 
filler to be used for such a study (6). In the fist 
place, microcrystalline cellulose is fluid enough so 
that it will flow sufficiently well by itself to allow 
for production of uniform tablets a t  relatively high 
tablet machine speeds. At the same time, measur- 
able effects can still be attained when glidants are 
added. Furthermore, because it is an "anti- 
adherent," i t  can be directly compressed without 
the need for a lubricant to aid ejection of the tablets 
from the die. As will be seen later, this is an 
extremely important quality, as it eliminates the 
need for lubricants which will cloud the action of 
glidants, making it impossible to separate in- 
dividual effects. Microcrystalline cellulose also 
gives a very hard tablet a t  low pressures, minimizing 
tablet press vibration and decreasing the chances 
of erosion or chipping of tablets causing weight 
variation not attributable to  die fill. 

The glidants studied and their suppliers appear in 
Table I. 

Preparation of Powders.-Uniform treatment of 
the powdcrs to be evaluated was extremely im- 
portant since reproducibility and meaningful 
results can only be obtained from this type of 
experiment if the history of each batch is carefully 
duplicated. 

All powders were weighed and placed in a Patter- 
son Kelly V-mixer model LB331 with no agitation 
bar. Mixing time was carefully controlled at 15 
min. In order to  promotc good blending and 
uniform dispersion, all glidants or lubricants (which 
were needed with high concentrations of spray- 
dried lactose) were passed through a 100-mesh 
screen before blending with fillers. The importance 
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of screening such additives, particularly when 
experimental batches are small, was stressed by 
Marlowe (7). The powders were removed from the 
blender and compressed immediately whencvcr 
possible to eliminate possible aggregation effects, 
which may result on standing. All blending and 
compression, except for the runs on the Stokes 
machine, were carried out in semi air-conditioned 
laboratories where relative humidity remains 
constant. 

Compression.-Tablets were compressed on either 
a Stokes model B-2 or a Colton model 216 rotary 
tablet machine. Once the experiment commenced, 
the die fill adjustment was locked so that it remained 
constant throughout the course of the investigation. 
OccasionaIly, it was necessary to  adjust compression 
pressure as glidants and fillers were changed in 
order to  allow for production of tablets which 
were hard enough to  withstand handling. Feed 
framcs were adjusted close to the die table during 
direct compression to minimize leakage of powders. 
The same ?/16 in. concave punches and dies werc 
used in all experiments. Hopper filling was ac- 
complished by placing a polyethylene bag full of the 
powder or granulation into the hopper and gently 
pulling the bag out from around the particulate 
mass. 

Sampling.-The tablet press was allowed to run 
for approximately 1 min. bcfore collecting tablets. 
One hundred tablet samples were drawn from the 
collected tablets by a "grab sample" method without 
replacement. Each tablet in the sample was 
weighed on a Mettler balance accurate to 0.1 mg. 
The weight of each tablet was recorded to thc ncar- 
est milligram. The statistics determined were mean 
tablet weight, standard deviation, and coefficient of 
variation. The percentage changc in mean tablet 
weight between the test tablets and control tablets 
was also calculated. 

Experiment L-This experiment was carried out 
using microcrystalline cellulosc and a blend con- 
sisting of 70 parts spray-dried lactose and 30 parts 
microcrystalline cellulose on a weight to weight 
basis. 

The object of the experiment was twofold: (a) 
to  compare the relative efficiency of various selected 
glidants when added to the 2 diffcrcnt tablet fillers: 

Marketed as Avicel by American Viscose Corp., Marcus 
Hook, Pa. 

2 Western Condensing Co., Appleton, Wis. 

TABLE I.-PROPERTIES" AXI) SOURCES OF THE 
GIJDANTS TESTED 

~~ 

Ultimate Bulk 
Gli- Particle Density, 

dantb Chemical Type Size, ma Ih./cu. ft. 
A Pyrogenic silica 15 2 . F  
B Hydrated sodium 2Zd 8,, 18-m 

C Amorphous non- 1 2 d  10" 
silico-aluminate 

gelled precipi- 
tated silica 

D 13 4' 
E Silica hydiogel 10 X lo3 1.520" 
F Silica hydrogel 3 . 3  X lo3 4-5e 

exhibiting aero- 
gel type structure 

a Adanted from RefmenrPs  I 1  13-16 ' I  A Cah-n-Sil 
Cabot Ckt-p., Boston, M~a~sass:'--B~z'eolex,~t;pe 7-j. M.-Hu&~ 
Corp., New York, N. Y.; C?, &so, type F-ZOHnd D, Quso, 
type G-32, Philadelphia Quartz Co., Philadelphia, Pa.; E, 
Syloid, type 63 and F, Syloid, type 244, &ace Uavison 
Chemical Co. Baltimore Md. Pour density. Effective 
glidant partiile size increased due to densification prior to 
shipping. ' As packaged. Aerated bulk density. 
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TABLE II.-THE EFFECT OF SILICA-TYPE GLIDANTS 
ON WEIGHT AND WEIGHT VARIATION OF MICRO- 

216" 
CRYSTALLINE CELLULOSE TABLETS COLTON MODEL 

Journal of Pharmaceutical Sciences 

previously described procedures. Tablets were 
compressed on the Colton press a t  its maximum 
output of 1200 tablets/rnin. (Table VI). 

Experiment 3.-The object of this experiment was 
to investigate the effect of press speed upon glidant 
efficiency. It was hoped that this experiment 
would aflirm the present method of evaluation as a 
measure of powder fluidity. Glidants A and B in 
concentrations of 0.5% by weight were used as the 
previous experiment had shown that 0.5% was an 
optimum glidant concentration. The tablets were 
prepared on the Colton press at outputs of 480, 
800, and 1200 tablets/min. (Table VII.) 

RESULTS 

As anticipated, experiment 1 showed a general 
increase in tablet weight and decrease in coefficients 
of variation for tablets compressed from micro- 
crystalline cellulose when glidants are added. 
Surprisingly enough, the microcrystalline cellulose/ 
spray-dried lactose blend showed results apparently 
rcverse from those obtained with the plain micro- 
crystalline cellulose. While it would appear that 
the standard deviations of the Stokes series were less 
than that obtained from tablets prepared on the 
Colton press, statistical analysis showed that there 
was no significant differcncc between the 2 serics 
at the 95% confidence level. Similarly, statistical 

Coeffi- 
Glidant, cient of 

1% Av. Wt.,  Change in S.D., Varia- 
Concn. mg. Wt., '7' mg. tion, 70 

Control 256.5 . . .  4.55 1.77 
A 313.2 f22.11 2.66 0.84 
B 314.8 +22.73 2.85 0.91 
C 305.3 +19.03 4.75 1.56 
LJ 306.7 +19.57 4.04 1.32 - 
E 273.8 + 6.74 4.21 1.54 
F 303.2 +18.21 4.55 1.50 
Calcium 

acetate 256.5 8 .49  3.31 
a Press speed: 800 talrlets/miu. 

TABLE III.-THE EFFECT OF SILICA-TYPE GLIDANTS 
ON WEIGHT AXD WEIGHT VARIATION OF MICRO- 
CRYSTALLINE CELLULOSE TABLETS STOKES MODEL 

B-2a 
- ~~ 

Coeffi- 
Glidant, cient of 

1% Av. Wt., Changein S.D., Varia- 
Concn. mx. Wt. ,  mg. mg. tion, % 

Control 260.3 5.81 2.23 
A 320.2 +23:01 2.81 0.88 
B 324.2 4-24.55 2.75 0.85 
c 320.8 f23.24 3.43 1.07 
D 313.2 +20.32 2.77 0.88 
E 273.3 + 4.99 4.69 1.72 
F 310.5 f19.29 2.57 0.83 
Calcium 

acctatc 262.8 + 0.96 2.58 0.98 
Press speed: 800 tablets/min. 

( b )  to compare these effects on 2 different rotary 
tablet machines to  determine whcther there was 
any significant betweeti-machine effects. The 
same tooling was used on both machines. For 
the purposes of comparison, an attempt was made 
to  adjust the initial fill on both machines so that 
identical average weights of the control batches 
(plain filler) were obtained. 

The glidants were tested a t  a concentration of 1% 
by weight. In addition, magnesium stearate, at a 
concentration of 0.5% by weight, was added as a 
lubricant to the filler containing spray-dried lactose. 
Initially, the additives were preblended with about 
one-third, by volume, of the respectivc fillers. 
After about 30 sec. of shaking in a polyethylene 
bag, the preblend was added to the remaining two- 
thirds of the batch in the V-blender. Each batch of 
1500 Gm. was then divided into 2 serics, one of which 
was run on the Colton press and the other on the 
Stokes press a t  an average speed of 800 tablcts/ 
min. (Tables 11-V.) 

Experiment 2.--In view of the suggestion in the 
literature that fines (8) or talc (9) concentration is 
critical for effective fluidity, this experiment was 
undertaken to determine the role that glidant con- 
centration plays in over-all powder flow. Glidants 
A and B wcre studied since they represent glidant 
types. Batches of 500 Gm. each, containing 0.1, 
0.25, 0.5, 0.75, 1.0, and 2.0y0 by weight of glidant 
were prepared by simple blending according to  the 

TABLE IV.-THE EFFECT OF SILICA-TYPE GLIDANTS 
ON WEIGHT AND WEIGHT VARIATION OF SPRAY- 
DRIED LACTOSE/MICROCRYSTALLINE CELLULOSE 
BLEND (70:30) TABLETS COLTON MODEL 216" 

Coeffi- 
Glidant? cient of 

1% Av. Wt., Changein S.D., Varia- 
Concn. mg. Wt., yo mg. tion, Yo 

Control 540.4 1.68 0.31 
A 468.3 -i3:34 2.55 0.54 
l3 515.9 - 4.53 1.94 0.38 
c 485.5 -10.16 2.21 0.46 
D 491.2 - 9.10 2.37 0.48 
E 521.3 - 3.53 3 .43  0.66 
F 482.5 -10.17 1.90 0.39 
Calcium 

acctate 541.2 + 0.15 1.48 0.27 
a Press speed: 800 tablets/min. 0.5% magnesium 

stearate added to each batch. 

TABLE V.-THE EFFECT OF SILICA-TYPE GLIDANTS 

DRIED LAC-TOSE/MICROCRYSTALLING CELLULOSE 
BLEND (70 : 30) TABLETS STOKES MODEL B-2a 

ON WElGHT AND WEIGHT VARIATION O F  SPRAY- 

Coell- 
Glidant? cient of 

1% Av. Wt. ,  Change in S.D., Varia- 
Concn. mg. Wt., % mg. tion, Yo 

Control 553.3 . . .  3.39 
A 486.3 -12.11 2.23 
B 530.0 - 2.40 3.15 
C 510.1 - 7.81 4.45 
D 505.7 - 8.60 2.49 
E 534.8 - 3.34 3.14 
F 508.5 - 8.10 2.38 
Calcium 

acetate 554.8 + 0.27 2.63 
.~~ 

a Press speed: 800 tablets/min. 0.5% 
stearate added to each hatch. 

0.61 
0.46 
0.59 
0.87 
0.49 
0.59 
0.47 

0.47 
magnesium 
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tcsting of the difference in variation between the 
spray-dried lactose blend tablets produced on the 2 
machincs rcvcdlcd no significant differences a t  the 
95% confidence level. 

Experiment 2 showed that tablet weights in- 
creased, with littlc or no improvement in wcight 
variation, up to a concentration of about 0.5%. 
As glidant concentration was increased beyond this 
point, tablet weights decreased, showing, for the 
most part, little or no change in weight variation. 

Although the glidants were quite effective at  
each production ratc in expcrimcnt 3, it was apparcnt 
that as press speed increased, powder fluidity became 
more critical, as evidenced hy decreased mean tablet 
weights and a tendency toward an increase in co- 
efficient of variation. 

421 

In this series, the glidants wliicli were the most 
effective in causing weight increases with micro- 
crystalline cellulose were the most cffcctive in 
causing w-eight decreases in this test, but not neces- 
sarily in  the same order. Rather, there was a 
general agrccrnent with bulk dcnsity in t h a t  the 
glidants exhibiting the lowest bulk density, dis- 
regardiug particle size, elicited the greatest loss in  
mean weight. This pattern suggcsts that thc 
decrease in tablet weights is a result of an increase 
in the bulk volume of the total blend, due to the 
addition of the extremely high bulk volume silicas. 
This suggestion follows since the bulk of the spray- 
dried lactose blend, being of considerably larger 
particle size than thc microcrystalline ccllulosc, 
presents a smaller total surface area to which the 
glidant particles can become attached. In addition, 
the spray-dried lactose blend offers a smaller void 
spacc and lcss chancc for the glidant to simply fill 
in between the particles. It is also quite possible 
that this blend may alrcady have possessed maxi- 
mum fluidity, owing to the free flowing propcrtics 
of spray-dried lactose itself, and tlie addition of 
glidant actually hindered flow by acting as exccss 
fines. No doubt, soiiie clouding of glidsnt activity 
could have also resulted from the inclusion of 
magncsium stcarate, which was necessary to allow 
for tablet ejection from the dies. 

Because of thcse many factors, it was impossiblc 
to determine whether any useful purpose had been 
accomplishcd by adding glidants to the spray-dried 
lactose blend. However, the fact that coefficients 
of variation tended to increase and not decrease 
would seem to indicate that the glidants actually 
hindered fluidity iu this case. 

The effects of glidaiit concentration of micro- 
crystalline cellulose tablets proved quitc interesting. 
Effectiveness was demonstrated with a concentration 
of only 0.1% by weight. The additions of glidaut 
beyond the 0.5(% level caused no further increases 
in tablet weight but rather resulted in a decrease. 
Coefficients of variation showed uniform improve- 
iiieiit over the control at all concentrations of glidant 
A but tended to be higher than the control for 
batches containing glidant B.  This difference be- 
tween glidants as reflected in coellicients of variation 
call be accounted for on the basis of tlie smaller 
effective particle size of glidant A .  The fact that, 
beyond a concentration of 0.57;, tablet weights 
decreased, may he due to an increase in  bulk volume 
of the mixturc. If  the glidant docs adhere to par- 
ticlc surfaccs rathcr than fill in void spaccs, as 
indicated, then the effect would be to increase the 
particle diameter a i d  hence, to increase the bulk 
volume. 

The cffcct of machine spccd points out thc critical 
naturc of pow-dcr or granulc fluidity in tablcting. 
As press speed increases, dwell time decreases, and 
the need for fluidity becomes more apparent. This 
effect was reflected in a decrease in tablet weight 
for the same die-fill as machine speed increased. 
Along with this effect was a tendency toward higher 
coefficients of variation a t  higher press specds. 
r2lthough they were affected by speed, both glidant 
blends, A and B,  showed significant glidant effects 
at each speed run. 

The use of calcium acetate in experiment 1 was 
aiialogous to tlie use of acetic acid or a soluble 
acetate in the cement industry. According to the 

DISCUSSION 

The physical and chemical properties of the silica- 
type glidants used in thcse cxpcrimcnts are listcd 
in Table I. Glidant B is unique in that it is a silico- 
aluminate while the other glidants are colloidal 
silicas consisting primarily of silicon dioxide. Al- 
though glidant B has an ultimate particle size on the 
same order of magnitude as glidants A and D (10-20 
mp), it exhibits a mean cffcctivc particlc sizc of 
0.5-1 p as a result of the manufacturer’s “densifica- 
tion trcatrncnt” for increasing thc bulk dcnsity (5). 
Glidant C has also been “densified” and exhibits a 
larger mean agglomerate size than does glidant D. 

Glidants A and B appeared to be the most effec- 
tive of the glidants in terms of over-all performance. 
In gcncral, the glidants with thc smaller particlc 
sizes tended to be the most effective ones, although 
glidant B ,  with its larger effective particle size, 
proved surprisingly effective. 

The weight increases observed in these experi- 
ments cannot be cxplaincd by the filling of void 
spaces with glidant alone (10). The true density of 
microcrystalline cellulose is about 1.54 Gm./cm3, 
and its bulk density is about 0.29 G~ri./cni.~. 
From these data it can he shown that about 81% 
of the total volume occupied by the powder is void 
space. On the other hand, the truc dcnsity and 
bulk density of glidant A is 2.2 G m . / ~ m . ~  and 0.039 
Gm./cms, respectively (11). In a similar manncr, 
it can be shown that about 9S% of the volume 
occupied by this glidant is void space. Thus, if the 
void spacc of microcrystalline ccllulosc was filled 
by glidant A ,  there would be an increase in weight of 
only ll%,. Since glidant A in concentration of 1% 
(by weight) was able to increase tablet weights by as 
much as 2496, it is quitc obvious that some function 
other than the filling of void spaces must be in- 
volved. Presumably, this function is the coating 
of particles (5, lo), resultirig in an increased fluidity 
which manifests itself by allowing the particles to 
fill the die cavity in a more efficient manner. Fur- 
thermore, this process of coating the microcrystalline 
cellulose particles, instead of merely filling in the 
voids, would actually increase the bulk volume of the 
powder blend, thereby making any increase in 
weight of the final tablet even more significant 
than was demonstrated, since any wcight incrcasc 
must in part be negated by an increase in bulk 
volume. 

The results with the spray-dried lactose/micro- 
crystalline cellulose blend were not anticipated. 
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TABLE VI.-THE EFFECT OF GLIDANT CONCENTRATION ON WEIGHT AND WEIGHT VARIATION OF MICROCRYS- 
TALLINE CELLULOSE TABLETSL 

I- Glidant A-----. ---- Glidant B-------------. 

Glidant, Av. Wt., of Variation, Av. Wt., of Vat-iation, 
Coefficient Coefficient 

% mg. S.D., mg. % mg. S.D., mg. % 
- Controlh 
x = 253.5 S.D. = 3.30 C.V. = 1.30 

0.1c 
0.26 
0.50 
0.7.5 

301.8 3.50 1.16 271.2 3.51 1.29 
304.5 3.58 1.18 282.7 5.73 2.03 
304.5 3.43 1.13 291.6 7.27 2.49 
298.9 3.28 1.10 299.5 5.17 1.73 

1 .0  286.9 3.33 1.16 287.9 4.61 1.60 
2 .0  2 i7 .6  2.17 0.78 280. a 8.04 2.87 

a Press speed: 1200 tabletsjmin. * Plain microcrystalline cellulose; mean of 4 controls. Data for the 0.1% samples 
represent the means of replicates. 

theory, fine particles of calcium acetate form 011 the 
surface of cement particlcs, rendering the cement 
free-flowing (12). These studies show that calcium 
acetate does not affect flow propcrtics in the same 
way as the silicas. Indeed, in no case was a signif- 
icant increase in mean tablet weight elicited. 
However, in most cases, there was a markcd dc- 
crease in coefficient of variation, indicating that 
calcium acetate exerted some influence on flow 
properties. No explanation is presently obvious 
and more work is necessary before any conclusions 
can be drawn. 

On the basis of the experimental results there is 
little question that glidants can play an important 
role in tablet compression, particularly in the direct 
compression of semifluid, nongranulated powders. 
The results obtained in these experiments are not 
only of theoretical importance, but are also of 
particular practical importancc to tablcting due to  
the method of evaluation employed. The experi- 
mental method employed provcd to yicld measures 
of particulate fluidity which may be more meaning- 
ful to the tableting industry than such methods as 
angle of repose and orifice flow since the measured 
parameter was actual tablet weights. However, 
since tablet sizes (or die-fill volume) only represent 
small parcels of the particulate mass, a largc numbcr 
of tablet weights were required in order to obtain a 
truly representative parameter. This aspect tended 
to make the method a tedious one. 

On rare occasions unexplainable extreme weight 
variations were found, using this method of evalua- 
tion. This phenomenon occurred only twice in 
more than 60 runs and, in one case, involved a 
preliminary study. In the other cases which 
occurred during a regular run, the sample was 
repeated in replicate, and the average of the rcplicatc 
was reported. 

One of the problems associated with the use of 
glidants arises out of their very fine particle size 

This fact is noted in Table VII. 

T A B L E  VII.-’rHE EFFECT OF MACHINE SPEED AND 

and low bulk density. These qualitites make them 
very “dusty,” thereby creating a problem in con- 
venience of handling as well as posing an inhalation 
hazard. A second problem of more concern to 
industry arises out of the abrasiveness of silicas. 
This abrasiveness may result in wear of tooling in 
long-term use, necessitating replacement, and in- 
creasing production costs. 

While glidants may play an important role in 
tableting, it may very well be that  a quantitative 
evaluation of them will have even more significance 
iii other pharmaceutical operations such as capsule 
filling or solid-solid blending. 

SUMMARY AND CONCLUSIONS 

1. A procedure is described, based on tablet 
weight and weight variation, which may be used 
effectively to measure the fluidity of semifluid 
powders and which gives results directly relatable to 
the tableting of such powdcrs. 

The technique is used to investigate the role 
of various silica-type glidants in direct compression 
on 2 different tableting machines using microcrystal- 
line cellulose and a spray-dried lactosc/micro- 
crystalline cellulose blend as fillers. 

3. All silica-type glidants were found to im- 
prove the flow properties of microcrystalline cellulose 
as reflected in increased tablet weights and decreased 
weight variations. The weight increases observed 
are attributed to the coating of filler particles with 
glidant, thereby allowing them to flow more readily 
and uniformly into the die cavities. 

On the whole, glidants A and B were the most 
effective of the silica-type glidants whcn tested 
with microcrystalline cellulose as a filler. Glidant E 
was thc least cffcctive glidant. Glidant efficiency 
could generally be correlated with particle size, the 
smaller glidant particles effecting greater increases 
in tablet weight and decreases in weight variation. 

2.  

4. 

GLIDANTS ON WEIGHT AND WEIGHT VARIATIOX OF 
MICROCRYSTALLINE CELLULOSE TABLETS 

I 30 r.p.m. (480 Tablets/min.)- ,-50 r.p.m. (800 Tablets/min.)-. ,- 75 r.p.rn. (1200 Tabletr/min.)- 

Glidant Av. Wt., S.T) . ,  Variation, Av. Wt., S.D., Variation, Av. Wt., S.U., Variation, 

Control 262.1 2.80 1.07 259.2 3.32 1.28 253.5 3.30 1.30 
il 311.1 1.55 0.50 305.7 3.19 1.04 304.5 3.43 1.13 
B 306.3 2.77 0.90 302.2 3.10 1.03 291.6 7.28 2.50 

Coeffi- Coeffi- Coeffi- 
cient of cient of cient of 

0.57, Cuncn. mg. lug. 76 mg. mg. % mg. mg. 9% 
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5. All silica-type glidants were found to produce 
a decrease in mean tablet weight along with a 
tendency toward an increase in coefficient of varia- 
tion for the same size die fill when used with the 
spray-dried lactosc/microcrystalline cellulose blend. 
This phenomenon was attributed in large measure 
to the extremely high bulk volumes of the silica- 
type additives which have the effect of increasing 
the bulk volume of the entire powder blcnd, thereby 
decreasing effective tablet weights. 

The statistical testing of coefficients of varia- 
tion revealed no difference between the Stokes 
model B-2 tablet machine and the Colton model 216 
tablet machine at  the 95% confidence level. 

Glidants A and B proved effective in concrn- 
trations as low as O. l (% by wcight when added to 
plain microcrystalline cellulose. No increase in 
glidant activity was observed with concentrations 
beyond 0.5‘j.b by weight. 

For the same die fill, tablet weights decreased 
and coefficients of variation tended to increase as 
tablet machine speeds increased when glidants A or 
B were added to microcrystalline cellulose. 4 s  
would be expected, a powder fluidity becomes more 
critical when press speed is increased. 

Although calcium acetate has proved to be an 
effective glidant in the cement industry, it  did not 
increase tablet weights when added to microrrystal- 

6. 

7 

8. 

9. 
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line cellulose or the spray-dried lactose/micro- 
crystalhe cellulose blend. It did appear to dc- 
crease cocfficients of variation, but no explanation is 
offered. 
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Automated Assav for the Antibiotic Lincomvcin 
J J 

By GEORGE C. PRESCOTT 

A chemical assay for the antibiotic lincomycin has been developed which is based on 
the colorimetric determination of methanethiol generated from the acid hydrolysis 
of the methylthioglycosido group of the antibiotic. Fermentation beers and pro- 
duction samples as well as purified materials can be assayed by this procedure. Auto- 
mation of this method increased the number of (completed) assays per man day from 
about 30 to about 150. Application of the assay to a series of standard solu- 
tions has given a mean recovery of 101 per cent and a standard deviation of 5.1 per 
cent. Analysis of a centrifuged beer containing added increments of lincomycin 
has given a mean recovery of 95.5 per cent and a standard deviation of 6 per cent. 

INCOMYCIN~ is a medium spectrum antibiotic 

In 1962 the author developed an assay method 
which was based on the colorimetric deterniina- 
tion of niethanethiol generated horn the acid 
hydrolysis of the methylthioglycosido group of 
the antibiotic (2). A particular advantage of this 
assay was that  the thiol was separated from the 
interfering background material by distillation 

having the structure shown in I (1). 
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Accepted for publication January 5 ,  1966. 
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of the automatic analyzer Bou~ diagram. 

1 Marketed as Lincocin by The Kpjohn Co., Kalamazoo. 
Mich. 
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before it was reacted with the color reagent. 
Fermcntation beers and production samples as  
well as purified products were assayed by this 
procedure. Early attempts to  automate this 
assay with an automatic analyzer2 were un- 
~~ 

2 AutoAnalyzer. Technicon Controls. Inc., Chauncey, 
N. P. 
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procedure. Early attempts to  automate this 
assay with an automatic analyzer2 were un- 
~~ 

2 AutoAnalyzer. Technicon Controls. Inc., Chauncey, 
N. P. 
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successful due to  absorption of methanethiol gas 
by the Tygon tubing. This difficulty was elimi- 
nated by allowing the gas to  contact only glass 
or polyethylene tubing. Other important im- 
provements included the use of a water-soluble 
color reagent, better positioning of the mixing 
coils and gas separator, and the use of positive 
pressure on the system. Automation increased 
the number of (completed) assays per man day 
from about 30 to about 150. 

The reactions involved in the assay are: 
acid cleavage of lincomycin t o  yield methane- 
thiol, separation of the thiol, and reaction with a 
disulfide color reagent at p H  8.0 to  release the 
highly colored anion. Full color development is 
almost instantaneous at room temperature. 

The reaction of thiols with 5,5’-dithiobis(2- 
nitrobenzoic acid) (DTNB) is shown in Scheme 

Joihvnal of Pharmaceutical Sciences 

aliquot for analysis to flow by gravity. The normal 
procedure of pumping this aliquot is unsatisfactory 
due to the Tygori manifold tubing. 

(c) The mixing coils must bc placed in a vcrtical 
position rather than in the usual horizontal position. 
The fittings must also be positioned in thc approxi- 
mate angle indicated. 

(d) A positive air pressure of 3 lb./sq. in. greatly 
improves the biihble pattern and eliminates any 
back pressure in the system. 

( e )  As with most assays with this automatic analy- 
zer the bubble pattern is greatly improved by using a 
small amount of surface-active agent in the reagents. 
The following amounts of polysorbate 20 Seem to be 
about optimum under present conditions: 0.05 
ml./L. in the acid, 0.1 ml./L. in the buffer, and 0.05 
ml./L. in the water wash. The polysorbate 20 
should be added to the acid and buffer on the same 
day that they arc used. 

Sample Preparation.-Prepare samples to con- 
tain from 25-150 mcg./ml. of lincomycin base per 
nil. of water. The pH of the solution is not critical 
since the sample will be hydrolyzed with strong 
acid. Highly colored samples cause no difficulty 
since the methariethiol gas is separated from the 
liquid before the colorimetry. However, solutions 
containing large amounts of carbonates or other 
materials which evolve gas on acidification must be 
degassed by acidifying a t  room temperature (linco- 
mycin is not hydrolyzed at room temperature). 
Samples containing more than traces of volatile 
solvents should be evaporated and rcdissolved in 
water. Since thc sample pick-up tubing is only 
0.034 in. i.d., it  is obvious that samples containing 
suspended solids must be clarified. 

Standard Curves.-Standard Curve f o r  YurQied 
Samples.-Prepare standards to  cover the assay 
range using lincomycin hydrochloride monohydrate 
primary standard. It has been found convenient 
to prepare standards containing 30, 60, 90, 120, 
and 150 mcg./ml. of lincomycin basc equivalent in 
water. The concentration of lincomycin in each 
standard solution is calculated as lincomycin base, 
using a conversion factor based on the lincomycin 
base equivalent contained in the lincomycin hydro- 
chloride monohydrate reference standard. These 
standards appear to  be stable for several weeks a t  
room temperature. 

Standard Ctme for Fermentation Beer Samfi1es.- 
Prepare standards to  cover the assay range in the 
same manner as described above, except use spent 
beer for the diluent in place of water. This spent 
beer must show 110 activity by either bioassay or 
chemical assay. It should be diluted with water to  
about the same dilution as thc unknown samples. 

Calculations.-Plot a transmission curve from the 
recorded peak averages of standards (Fig. 2). 
Draw a line connecting the transmission peaks of 
the standards and determine the concentration of 
each unknown from this curve. In most cases the 
curve is linear over the assay range, and it is equally 
satisfactory to  determine the slope of the standard 
curve and calculate the concentration of the un- 
knowns using this value. However, when the 
standard curve is not linear or does not pass through 
the origin the unknowns must be read directly from 
the curve. During the course of a long run it is 
necessary to corrcct for instrumental drift. This is 
the chief reason for running a standard for every 3 

1 

COOH COOH 

Scheme I 

EXPERIMENTAL 

Instrumentation.-Technicon sampler No. 2, 
proportioning pump, colorimeter, and recorder. 

Reagents.--A .-Sulfuric acid, approximately 12 
N .  

B.-Color reagent, 0.01 7” 5,5’-dithiobis(2-nitro- 
berizoic acid) (DTNB). Dissolve 100 mg. of the 
reagent in 5 ml. of ethanol and dilute to 1 L. with 
water. The reagent appears to be stable for a t  
least 1 month. In fact i t  is desirable to allow the 
reagent to stand for 24 hr. or longcr as the slight 
haze which develops when the water is added dis- 
appears during this time. 

C.-Tris buffer 0.1 Af, pH 8.0. Dissolve 12.12 
Gm. of 2-amino-2-hydroxymetliyl- 1,3-propanediol 
in 54.5 ml. of 1.0 AT hydrochloric acid and dilute to 
1 I,. with water. 

D.-Polysorbate 20.3 
Procedure.-Set up the equipment as shown in thc 

flow diagram (Fig. 1). Use a timing cam With the 
sampler 2 which allows 30 sec. for the sample and 90 
sec. for wash or a rate of 30 samples/hr. Stan- 
dardize the automatic analyzer as showii in the test 
manual. 

The following points in technique have been 
found to be essential for a satisfactory assay. 

(a) Tygon tubing is unsatisfactory for handling 
niethanethiol gas. Glass and polycthylcnc tubing 
have been found to be satisfactory and must be used 
where indicated in the diagram. 

( b )  The gas separator must be connected in the 
manner indicated in the diagram which allows the 

a Marketed as Tween 20 by the Atlas Powder Co. ,  Wilming- 
ton. Del. 
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sampler  2 

d e  

Fig. 2.-Standard curve for liticomycin assay. 

Fig. 3.-Recorcling of replicate samples of linco- 
inyciu standards. 

sampfcs throughout the entire run. This instru- 
mental drift is inherent to the automatic analyzer 
and has been discussed by Thiers arid Ogelsby (7). 

RESULTS AND DISCUSSION 

Choice of Reagent.---Several colorimetric reagents 
for thiol groups were investigated before the present 
reagent, 5,5'-dithiobis(Z-nitrobeIizoic acid) (3), 
was chosen. This reagent possessed a combination 

Fig. 1.-Automatic an- 
alyzer flow diagram for 
linconiycin using sampler 
2. All glass fittings are 
designated by the Tcchni- 
con AutoAnalyzer codc. 

of properties including high sensitivity, stability, 
visible color production, and water solubility which 
made it very satisfactory for this assay. Some of 
the reagetits investigated and rejected are: N-ethy- 
maleimide (4), bis(p-nitropheny1)disulfide ( 5 ) ,  2,2- 
diphenyl-I-picrylhydrazyl (ti), arid sodium nitro- 
prusside. 

Specificity.--As would be expected, lincomycin 
analogs and metabolic products having a hydro- 
lyzable thiol group give full molecular response in the 
assay. This applies to methj'lthiolincosaininide 
(1  j as wcll as other lincomycin-related antibiotics 
(8). Most of the ingredients of the fermentation 
media do not show any response. These includc 
mcthionine, ethionine, corn steep liquor, and 
Wilson's peptonc No. 159. Blackstrap molasses, 
however, exerts a slight positive bias when i t  is added 
to standard samples. This may be the reason for 
the positive bias of ferrncntation samples when they 
are calculated from standards prepared in water. 
This bias is small and somewhat variable, averaging 
around 5%. Bctter agreement between the 2 
assays is obtained by calculating the beer samples 
from a standard curve in which the crystalline 
standard is diluted with spent beer as described 
under Standard Curves. 

Precision.-The plot of concentration z'ers'sus 
absorbance is virtually linear a t  least over the con- 
centration range of 25-150 meg./ml. of lincomycin. 
At the described rate of assay there is no sample 
interaction as shown in the recording of replicate 
samples (Fig. 3 ) .  Application of the method to a 
series of standard solutions has givcn a mean 
recovery of 101% and a coefficient of variation of 
5.170. Analyses of a centrifuged beer containing 
added increments of lincomycin have given a mean 
recovery of 95.9yo and a coefficient of variation of 
6.07;. 
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Enumeration of Primary Tissue Cells 
by an Electronic Device 

By WILLIAM F. DALY, LEON P. PIASCIK, JR., and JAMES L. BITTLE 

Cell yields from primary tissue suspensions of chicken embryos, rhesus, and cerco- 
pithecus monkey kidneys, were compared using the hemocytometer and Coulter 
counter, to determine the suitability of the electronic device for routine tissue culture 
practices. Plating efficiencies indicated that the Coulter counter is equal to or better 
than the hemocytometer for enumeration purposes. Results with the counter were 
more consistent and were reproducible, and there was a twofold saving in time, as 
well as elimination of the necessity of visual counts. The electronic counter has been 
used routinely in the laboratory for the past year, and in all instances, suitable mono- 

layers for tissue culture production have been obtained. 

SIMPLE, quick, and reproducible method for A determining cell yield from primary tissue 
has become a necessity for large scale tissue cul- 
ture production. Maiiy methods of estiniating 
mammalian cell populations have been reported 
(1, 2 )  but the hemocytometer and the indcx-of- 
viability dyes, e.g., trypan blue (3, 4) and eosin 
( 5 ,  G), have been the most widely used means of 
determining viable cell concentrations. How- 
ever, hemocytorneter counts have proved time 
consuming and subject to serious error (7 ,  8), and 
the dye-exclusion tests are not always reliable 
indicators of cell cultivability (9). 

This laboratory utilizes an electronic counter’ 
which enumerates individual cells by  a form of 
electronic “gating,” for establishing cell inoculum. 
The instrument has been evaluated for blood cell 
counting (10, ll), and its application in growth 
studies has been demonstrated (12). The pur- 
pose of this paper is to  compare the data  obtained 
with both the hemocytometer and the electronic 
counter, and to  determine the suitability of the 
instrument for routine tissue culturc practices. 
The evaluation scheme closely paralleled that 
described by Brecher at al. (10). 

EXPERIMENTAL. 

Culture Methods.-Primary cell suspensions were 
prepared from frrshly harvested chicken embryos, 
rhcsus, and ccrcopithecus monkey kidneys. Fol- 
lowing trypsinization (1, 13, 14) the cells were re- 
suspended in appropriate growth media, thoroughly 
mixed, and samples were removed for cnumeration. 
The remaining cell suspension was diluted, inocu- 
lated into culture bottles, and incubated a t  36”. 
Conflucnce monolaycrs developed in 16-18 hr. for 
chicken embryo cultures and 7 days for monkey 
kidney cultures. 

Enumeration.-Enumeration with the electronic 
counter is accomplished by a form of electronic 
“gating.” As a particle is drawn through a small 

Received October 20, 1965, from the Lederle Laboratories 

Accepted for publication January 28, 1966. 
1 Marketed by Coulter Industrial Sales Co., Division of 

Division, American Cyanamid Co., Pearl River, N. Y .  

Coulter Electronics, Inc., Chicago, Ill. 

aperturc (100 p ) ,  an equal amount of electrolyte is 
displaced causing a voltage drop due to an increasc 
in aperture impedance. The resultant pulses are 
amplified, recorded by a decade counter, and 
visualized on an oscilloscope (10-12). For t h e  
authors’ use, thc instrument was calibrated with 
ragweed pollen according to the method described by 
Coulter Electronics.* 

For monkey kidney cells the optimum threshold 
setting on model A was found to bc 20 with aperture 
current setting of 3 and a gain of 2, whereas for 
chicken embryo cells settings were 5,  2, and 5,  
respectively. Cells were suspended in phosphate- 
buffered saline (15) and 4 successive counts were 
taken on cach sample, representing 4 aliquots of the 
same cell populatioii, or a total of 2 ml. 

Hernocytometer.-Hrmocytomctcr counts were 
madc on samples composed of equal parts of cell 
suspension and 0.50/, trypan bluc. The viable cells 
in 2 squares (2 sq. mm.) were counted arid multi- 
plied by a dilution factor of 10,000 to obtain total 
crlls per milliliter. This, therefore, represents a 
sampling of ~/IO,OM of 1 ml. Dcad cclls were also 
cnumerated and a percentage of the total determined 
on each count. 

Reproducibility Techniques.-Both systems were 
further evaluated by comparing multiple counts on 
the same primary cell suspension. Five different 
suspensions of rliesus monkey cells were enumcratcd 
with at least 20 counts obtained on each suspension 
with each method. In all instances, the cell suspcn- 
sions were slowly niixed 0x1 a magnetic stirrer, aud 
samplcs were removed and enumerated by both 
methods within a 2-hr. period (10). The mean cell 
counts obtained from the 5 monkey suspensions 
were compared, and the standard deviations and 
standard errors were determiued. 

Routinely, over a 6-month period, 3 types of pri- 
mary cell suspensions-chicken embryo, rhesus, and 
cercopithccus monkey kidneys-were subjected to 
comparison counts with the hemocytometer and the 
electronic counter. Representative samples were 
taken of each suspension and siugle counts were 
obtaincd. The data for each tissue (Fig. 1) were 
plotted and fitted to a regression line (16) to deter- 
mine the association existing betwccn both proce- 
dures in evaluating a primary cell system. 

A modificd plating-efficiency technique was 
applied to both enumerating systems. A primary 

2 Coulter counter for patticle content and size distribution, 
Coulter Electronics, 1958. 
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suspensiou of rhesus moukey kiduey cells was 
enumerated and, from this, two serics of cultures 
were planted as determined from t h e  counts of both 
systems. Each series consisted of two 2-oz. bottles 
at concentrations of 6,000, 12,000, 25,000, 50,000, 
100,000, 200,000, and 300,000 cells/ml. Cell mono- 
layer development was observed daily for 10 days. 

RESULTS 

The pooled standard deviation for the electronic 
method was 8.42 X lo4 cclls/ml. as compared with a 
standard deviation of 18.31 X lo4 cells/rnl. for the 
hcmocytomctcr (Table I). The variability of each 
enumerating system on 5 separate monkey kidney 
suspensions is illustrated in Fig. 2 which represents 
that portion (957,) of the counted cells which lie in 
the interval of + or - 2 standard deviations. The 
standard errors for the electronic counter were all 
less than 2.4 whilc hemocytometer standard errors 
all exceeded 3.3 (Table I). 

Thc data obtained from the routine comparison of 
primary cell suspensions provided correlation coeffi- 
cients of 0.82 (chicken embryo), 0.76 (rhesus 
monkey kidney), and 0.70 (cercopithecus monkey 
kidney) which demonstrates thc favorable relation- 
ship existing between both enumerating systems. 
The rcgression lines (Fig. 1) indicate the probability 
of a linear relationship. 

Differentiation between counting systems was 
observed a t  a planting rate of 2.5 X lo4 cellq/ml. 
The cell cultures prepared from cells enumerated by 
the Coulter method had moderate growth in 10 days 
(40yb confluency) as compared with lU- l f iOj ,  con- 
fluency in hemocytometer-enumerated cell cultures. 
No significant growth was noted at cell concentra- 
tions of 6000 and 12,000 cells/ml., whereas confluent 
monolayers wcrc observed in 6 days at a conccntra- 
tion of 50,000 cells/ml. and in 4 days a t  concentra- 
tioris of 100,000, 200,000, and 300,000 cells/ml. 

DISCUSSION 

The high degree of variation existing between 
mean hemocytometer arid electronic counts has been 
dcmonstrated (Table I). It was shown from the 5 
separate monkey kidney suspensions that the stand- 
ard deviation for the electronic counter varied be- 

- 
- 
- 

- 
- 
- 
- 

tween 6.35-10.58 X cck/ml., whcrcas the stan- 
dard deviation for the lieiiiocytometer counts varied 
between 14.72 and 21.77 x lo4 cells/ml. The 
pooled standard deviation for the hemocytometer 
was more than twice that of thc clcctronic counter. 
The standard errors agree well with those reported 
by Brccher ( lo ) ,  with the electronic counter errors 
all less than 2.4, while those of the hemocytometer 
all exceed 3.3. 

The routine analysis of comparison counts pro- 
vided correlation coellicients which demonstrate 
that both systems are fairly comparable. The coeffi- 
cients are lower than those reported by Harris (12), 
probably because primary suspensions contain 
numerous cell types, blood, and debris. Corrclation 
of hemocytometer and electronic counts was very 
good for chicken embryo tissue (Fig. 1, left), but to a 
lcsser degree for simian tissue (Fig. 1, middle and 
right). I n  this study the cause of discrepancy was 
not determined, but the postulation of Mattern 

3 50 

2 75 

2.50 

T 

.25 1, , , , , , , , , , , , , , , 
2 5  75 1.25 175 225 275 325 403 

Hemocykometer system 

Fig. 2.--Systein reproducibility. Variatiori is ex- 
pressed in terms of + or - two standard deviations 
from established mean cell count. Each kidney cell 
suspension is numerically indicated. Counts are ex- 
pressed in millions of primary rhesus cells per niilli- 
liter. 
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TABLE I.-COMPARISON AND REPRODUCIBILITY OF 
ENUMERATING SYSTEMS (PRIMARY KHESUS KIDNEY 

CELLS) 

Journal of Pharmaceutical Sciences 

This study indicates that the electronic counter is 
suitable for routine tissue culture practices, since it 
is more consistent than the hemocytometer and 
possesses excellent reproducibility. It is evident 
that the degree of variation existing in hemocytome- 
try could eventually be responsible for the estab- 
lishment of erroneous planting rates causing either a 
decrease or increase in the number of total cells 
available, which would directly affcct the number of 
cultures obtained from a primary suspension. The 
utility of the electronic counter for routine operation 
is further supported by a twofold saving in time and 
the elimination of many stress factors that may coti- 
tribute to erroneous visual counts. The electronic 
counter has been in operation in this laboratory for 
the past year as the standard enumerating method. 
During this period, 400 cercopithecus monkey 
kidneys, 220 rhesus monkey kidneys, and 61 lots of 
chicken embryo (approximately 206 embryos/lot) 
were trypsinized, planted, and in all instances gave 
rise to suitable monolayers for tissue culture produc- 
tion. 

Monkey 
Suspension 

1 

2 

3 

4 

5 

Pooled 

Method 
Hemoc ytometer 
Electronics 

counter 
Hemocytometer 
Electronic 

counter 
Hemocytometer 
Electronic 

counter 
Hemocytometcr 
Htectronic 

counter 
Hemocytometer 
Electronic 

counter 
Hemocytotiieter 
Electronic 

counter 

Mean 
Count X 
10’/ml. 
200.30 
136.55 

310.20 
290.95 

165.55 
169.00 

256.00 
203.35 

207.88 
174.44 

Dev. 
21.77 

6 . 3 5  

17.90 
8 .02  

14.72 
9.29 

17.76 
10.58 

18.63 
7.51 

18.31 
8.42 

Error 
4 .87 
1.41 

4 .02  
1.79 

3 29 
2 . 0 8  

3 .97  
2 .37  

3 .73  
1 .50  

a Coulter counter. 

el al. ( l l ) ,  that errors in hemocytometry must be 
involved, is accepted. 

The plating effiaencies indicate that the electronic 
countcr is equal to or better than the hemocytometer 
for determining cell inoculum. At a planting con- 
centration of 2.5 x lo4 cells/ml. a slightly higher 
per cent confluency was noted in thc Coulter cultures. 

From the data collected, it was noted that the 
number of nonviable cells from any one of the 3 cell 
suspensions never exceeded 10yc of the total. 
Therefore, i t  must be assumed that the problem of 
variation in cell viability was overcome by the usc 
of a standardized system of tissue culture prepara- 
tion that consistently yielded a uniform population 
of viable cclls 
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Notes 

Detection of In Situ Compound Instability by Two-Dimensional 
Thin-Layer Chromatography 

By MELVIN H. PENNER, JOSEPH M. TALMAGE, and MILTON GELLER 

Two-dimensional TLC, widely used for the resolution of chemically related com- 
ounds which cannot be resolved effectively by development in  one solvent, has 

gee, employed for the detection of side reactions of the compound with the adsor- 
bent or decomposition due to  instability in  the solvent system. The method in- 
volves the use of the same solvent system in both directions of development. Altera- 
tion of the compound is manifested by the appearance of secondary spots located 
off the theoretical diagonal line. Quingestrone and quingestanol acetate, both 
of which are steroidal 3-cyclopentyl enol ethers and show such instability, are 

presented as examples. 

WO-DIMENSIONAL chromatography using a differ- T ent solvent for each development has shown 
particular value it1 the resolution of chemically 
related compounds which cannot be resolved effec- 
tively by development in one solvent. This tech- 
nique has been used successfully by Brenner and 
Niederwieser ( 1 ,  2)  for the resolution of 22 of the 
more common amino acids on Silica Gel C.  Similar 
two-dimensional systems have been used for the 
resolution of 15 plasticizers ( 3 ) ,  for 14 physiologically 
active indole derivatives (41, and for 9 tryptophane 
metabolites ( 5 ) .  

A substance is considered homogeneous in a chro- 
matographic sense when the resulting chromatogram 
yields only 1 spot. In an extremely large number of 
cases, such homogeneity indicates genuine chemical 
purity. However, the appearance of multiple spots 
on a chromatoplate and the conclusion that the 
original substance is impure may hc an crroncous 
one. In order to determine whether a compound 
undergoes a reaction with the adsorbent and/or de- 
composes during clirornatography due to instability 
in the solvent system, the authors have employrd 
two-dimensional thin-layer chromatography in which 
the same solvent is used in both directions. It is now 
recognized that a single pure substance may lead to 
the formation of more than 1 spot (6). Keller and 
Giddings (7) have reviewed in detail thc problcm of 
multiple spots in chromatography. Steroid 16p- 
esters have been shown to undcrgo rcactious on 
alumina layers ( S ) ,  and ethylene ketals have been 
hydrolyzed on silica gel plates (9). Alumina in 
coluuins has been reported by Mangold (10) to 
catalyze ester hydrolysis, isomerization of double 
bonds, and other reactions. Sterols are chemically 
altered when chromatographed on columns of dry 
silicic acid, and Linford (11) recomniended that 
these compounds be separated by partition chroma- 
tography on silicic acid containing 35-407& water. 
Other citations of side reactions with the adsorbent 
have been reported by Stavely (lZ), Sarett (13), and 
Mattox and Mason (14). A comprehensive discus- 
sion of this problem has becn presented by Ncher 
(15). These alterations are by no means restricted 
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to steroids aud have been reported for sugars (16) 
and vitamins (17, 18). 

Stahl (19) reported the use of a separation-reac- 
tioii-separation (SRS) technique to study the inac- 
tivation of pyrethrines. This simple technique 
allowed the recognition of chaiigcs in the individual 
components of the mixture intentionally caused by 
irradiation of the chromatoplatc with C.V. or sun- 
light following separation in  the first direction. 
These alterations were quite evident after subsequent 
chromatographic development with the same solvent 
in the second dimension. 

Two examples of steroidal 3-cyclopentyl enol 
ethers which show chromatographic instability are 
presented. I t  is now standard practice in this lab- 
oratory to chromatugraph all substanccs by this 
technique which exhibit multiple spots by oue- 
dimensional TLC. 

EXPEKI MENTAL 

Procedure.-Commercially prepared standard 
silica gcl platcs, 20 X 20 cin., purchased from Anal- 
tech, Inc., were used in this study. These plates 
were activated for 30 min, a t  105' just prior to  use. 
Samples were applied as 02%, solutions in hexane 
and approximately 10 mcg. of steroid spotted to 3 
adjacent corners on the plate approxiniately 2.5 
CIII. from each edge. In this manncr, the behavior 
of the compounds in each directiou was apparent 
in the completed chromatogram. 

Development.-The following solvent systcms 
were used: ( a )  heptane-acetone, 2 : l ;  (6)  cyclo- 
hexan-ethyl acetate, 7:3 ;  (c) cyclohesane-ether, 
6:4; ( d )  heptane-propanol, 4: 1; ( e )  tolucne- 
methanol, 19: 1. 

The 3 points of application were marked and a 
finish line, 10 cm. from the starting points, was 
drawn in the layer with a needle. When the solvent 
front reached this line, thc plate was removed from 
the developmetit chamber, air dried, rotated YO", and 
developed once more in the same solvent. Upon 
completion of this double development, the plates 
were air dried. 

Detection.-For the detection, 50% methanolic 
sulfuric acid was found to be the most useful reagent. 
The cntirc surface of the plate was sprayed with 
the reagent and then heated in an oven at 105' for 
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Fig. 1.-The- 
oretical distribution 
of a stable mixture 
in a two-dimen- 
sional chromato- 
gram using the 
same solvent sys- 
tem in both direc- 
tions. 

Fig. 2.-Two- 
dimensional chro- 
matography of 
quingestanol acet- 
ate (17a-ethiny1, 
19 - nortestosterone 
acetate - 3 - cyclo - 
pcntyl enol ether). 
Solvent system: 
heptane - acetone 
( 2 :  1). 

10-15 niin. In addition to  observing the colors 
formed upon heating, the plate was viewed under 
long wavelength U.V. light (360 mp) to detect those 
spots which did not produce colored areas. 

RESULTS AND DISCUSSION 

In theory, if no alteration of the compound were 
to take place during the two-dimensional chroma- 
tography of a mixture using the same solvcnt system 
in both directions, all substances would be arranged 
in a diagonal line (Fig. 1). After the first devclop- 
ment, the 3 substanccs comprising the mixture 
applied at the origin distribute themselves according 
to their R, values as is indicated in Fig. 1 by the 
interrupted circles. After the second development 
with the same solvent system, all spots appearing 
above or below this diagonal correspond to sub- 
stances which have been produced between the first 
and sccond chromatography (secondary spots). 
Both steroids when chromatographed by paper 
Chromatography in heptane/methyl cellosolve (20) 
(capable of separating the decomposition products 
from the parent compound) represented 1 spot 
matcrial. 

Figure 2 reprcscnts the chromatographic pattern 
obtained for quingestanol acetate when heptanel 
acetone (2: 1) was used as the solvent system in both 
directions. The following spots have been identi- 
fied: (1) 6~-hydroxy-l7~-ethinyl-19-nortestosterone 
acetate, ( 2 )  6~-hydroxy-17~-ethinyl-19-nortestos- 
teronc acetate, ( 3 )  17~-ethinyl-19-nortcstosterone 
acetate, ( 4 )  17rr-ethinyl-19-nortestosterone acetate- 
3-cyclopcntyl enol ether. Zones l’, Z‘,  3’ arc indica- 
tive of decomposition of quingestanol acetate (4) 
during chromatography in the sccond dimension. 
Solvent systems B,  C, and D gave evidence of similar 
decomposition patterns. 

Figure 3 represents another example of the use of 
the two-dimensional technique for the detection of 
instability during TLC. Chromatographically pure 
quingcstrone was chrotnatographed in both dimen- 
sions using toluene-methanol (19: 1). Again from 
the completed chromatogram, i t  is evident that this 
steroid has undergone decomposition during thc 
development as is evident from spots 5’-9’. Spots 
5, 6 ,  9, and 10 have been identificd as 6P-hydroxy- 
progesterone, Ga-hydroxyprogesterone, progesterone, 
and quingestrone, respectively. Spots 7 and 8 are 
minor and have not bccn identified. I t  has been 
postulated that quingestrone is unstable on silica 
gel due to an ether interchange reaction with the 
hydroxyl groups of silica gel. When comparatively 
large quantities of material are spotted, trails appear 
which furnish evidence of the decomposition path- 
way. 

Fig. 3.-Two- 
dimensional chro- 
matography of 
quingestrone (pro- 
gesterone 3-cyclo- 
pentyl enol ether). 
Solvent svstem: 
toluene - methanol 
(19: 1). 

SUMMARY 

Two-dimensional thin-layer chromatography us- 
ing the same solvent system for development in both 
directions has been applied for determining com- 
pound instability during chromatography. Two 
examples of steroidal 3-cyclopentyl enol ethers which 
show such instability are presented. This technique 
has many advantages over elution and rechroma- 
tography of the parent compound, namely: ( a )  
speed, ( b )  provides evidence of decomposition path- 
ways, (c)  for sensitive compounds, elution and con- 
centration of the eluate may cause further altcration 
of the compound, ( d )  strongly adsorbed compounds 
may not be eluted in suficient quantities, and ( e )  
destructive spray reagents may be the only method 
of detection possible. The usc of this method allows 
for thc unequivocal determination of whether the 
cause of multiple spots by conventional TLC is 
indced due to the presence of a mixture or an un- 
stable compound. 
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Some Observations on Nonlogarithmic Titration Curves for 
the Determination of Dissociation Constants and Purity 

By LEWIS J. LEESON and MICHAEL BROWN 

The method of Benet and Goyan for the determination of purity and ionization 
constant of a weak acid or base was investigated and found to  work well. The  
general equation was modified i n  order to extend its applicability to titrations 
involving a volume change. The question of the correct type of activity coefficient 
to  be used for calculating the data was considered, and some experimental evidence 
presented to indicate that the results are not markedly influenced by the one employed. 

N RECENT publications (1, 2 )  Benet and Coyan I have presented a technique for determining both 
the purity and the dissociation constant of a weak 
acid or base. This procedure is based on a non- 
logarithmic linear plot of titration data. In these 
laboratories the authors use their mcthod routinely, 
and have found it to he an excellent one. I t  is felt, 
however, that two points in the method warrant 
further discussion. The first is that the equation 
presented by Benct and Goyan assumes no volume 
change occurring during the titration. The second 
point is concerned with the correct activity coeffi- 
cicnt to be used in the computations. Thcrefore, 
the basic equation has been rederived to make it 
generally applicable to all titrations, whether or not 
a volumc change occurs. I n  addition, studies have 
been performed in an attempt to dccide upon the 
correct type of activity coefficient to be uscd in thc 
calculations. 

EXPERIMENTAL 

All pH measurements were madc on the cxpanded 
scale of a Radiometer model 25 SE meter equipped 
with an A. H. Thomas 4835-B 10 glass electrode arid 
a Corning fiber-type calomel electrode. Samples 
were prepared by adding to t h e  titration vessel 100 
ml. of nitrogen-sparged, triple distilled, pyrogen- 
free water; 2 ml. of 0.0953 N HCI solution (where 
necessary); sufficient 2 hf KCI solution to ob- 
tain the dcsircd ionic strength ; arid the sample to be 
titrated. Blank solutions were prepared identically. 
Titrations were performed under nitrogcn in a watcr- 
jacketed vessel, the temperature of which was 25 
f 0.1". A 5-nil. seniinlicro buret was cmploycd; 
the titrant was 0.1008 N KOH solution standardized 
hy titration with potassium acid phthalate, and the 
1 N acetic acid was Fisher certified reagent. All 
linear relationships wcre calculated by the method of 
least squares. 

DISCUSSION 

Modification of the Equation.-The following 
equation was developed by Benet and Goyan (2) 
for the titration of an acid HA with a strong base 
MOII: 

where 

2 = conccntration of conjugate base formed 
during titration = [H+] + [M+] - 
[OH -1 I 

[M-'1 = concentration of M +  ion in solution 

A" = concentration of all acid species in solu- 

Kc = apparent ionization constant of acid HA. 

{Jpon first exainination, Eq. 1 appears to be a 
linear function. Therefore a plot of Z zwsus Z[H+] 
should he a straight line with a slope of - l /Kc,  
and an intercept of Ao. from which value the purity 
may be determined. On further considcration, how- 
ever, it  is apparent that this is true only when the 
total volume change, which occurs during a titra- 
tion, is considered negligible. Since A" represents 
the sun] of all forms of HA prescnt in solution at  
any time, a volume increase, which results by addi- 
tion of titrant, will cause A o  to vary from the be- 
ginning to the end of the titration. Thcrefore in 
cases whcrc the titration volume cannot be con- 
sidered constant, Eq. 1 docs not represent a linear 
function. Although it is recognized that Benet and 
Goyan were able to considcr their volume chariges 
negligible, in this work a volume incrcasc of 2-5c;.h 
is not uncommon. Therefore, the authors felt i t  
desirable to alter Eq. 1 so as to circumvent any 
crror that may be introcluced by a volume changc. 

If one were to considcr the system in terms of 
absolute amount of material (number of moles) in 
the titration vcsscl rathcr than concentration 
(moles/liter), the equation can be rederived to make 
it independent of volume change. For the titration 
of an acid HA with a strong basc MOH, thc equation 
of clcctroncutrality may be written in terms of 
absolute molar quantitics rather than concentration 
units. 

H +  + M +  = A- + O H -  (Eq. 2 j  

from addition of MOH, 

tion = [HA] f [&I, and 

whcrc 
H +  = absolute numbrrs of moles of hydrogcn 

ion present in solution, 
M +  = absolute number of moles of basc added 

to the solution, 
A- = absolutc number of nioles of conjugate 

base present in solution, and 
OH- = absolutc number of moles of hydroxgl 

ion present in solution. 
Theref ore 

Z' = A- = H f  f Mt - OH- (Eq. 3 )  
The apparent ionization constant for HA may be 
written : 

Keceivcd November 1.5, 1965. from Lederle Laboratories, 
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TABLE I.-COMPARISON OF EXPERIMENTALLY 
DETERMINED ACTIVITY COEFFICIENTS WITH 

LITERATURE VALUES 
_. .________ 

,- y.*- 

!J 1)etermined Randall (4) Kielland (3) 
Lewis and 

0.09 0.80 0.80 0.83 
0.05 0.82 0.83 0.86 
0.036 0.83 0.84 0.87 
0.018 0.88 0.88 0.89 

Journal of Pharmaceuticul Sciences 

tions as to volume increase during titration. In 
addition, i t  also decreases the amount of calculations 
required, since the only adjustment necessary for 
volume change is made with the hydrogen ion. 
In practice, HC1 is often added to the solution being 
titrated,2 so that calculations in terms of concentra- 
tion units would require an adjustment for both CI- 
and M’ ions a t  each point in the titration. How- 
ever, if calculations are made with ahsolute quanti- 
ties, the amount of C1- is a constant and is equal to 
the absolute amount of HCl added, whereas M +  is 
mcrely the volume of MOH added multiplied by its 
normality. 

The authors have found that working in terms of 
absolute amounts of materials is a good general 
method for decreasing the computations required in 
titrimetric techniques. Jts use in chelation studies, 
where numerous species are present (chelating 
metal, M+, C1-, ctc.), has again been found to 

10 

8 

5 6  
X 
N 

4 

i 

( 
8 16 24 

Z’ [Hi] X 10’0 

Fig. 1.-Plot of Z’ versus Z‘ [I€+] calculated a t  
p = 0.05 with both the Kielland and y =t= activity 
coefficients. Key: 0,  data using Kiclland values; 
0, data using y f values. 

where 

[A-] = concentration of conjugate base = A- 

A-  = absolute number of moles ol conjugate 

V = volume of solution in milliliters, 
[HA] = concentration of acid = H-4 (103/V),  
HA = absolute number of moles of acid, 
[H’] = Concentration of hydrogen ion, 
A0 = absolute number of moles of acid adcled 

Substituting from Eq. 3 into Eq. 4 arid rearranging, 

(10”Vh 

base, 

initially = HA + A-. 

Although Eq. 5 is identical in appearance to Eq. 1, 
there arc important differences which make i t  an 
cxact linear function. The AD term in Eq. 5 repre- 
sents absolute number of moles of acid added to the 
solution. All the terms used to calculate Z’ (in- 
cluding H+)  are also absolute quantities. The [H’] 
in Eq. 5, however, is a concentration term. 

The modified cquation of Benet and Goyan per- 
mits the use of their method without any assump- 

1 For the titration of a base to which a fi7ed amount of 
whereZ’ = HCI (W) has been added, X’ = A0 - K c  

W 4- OH- - H +  - M +. 

TABLE II.-COMPARISON OF RESULTS WITH ACETIC 
& 2 I D  USING BOTH TYPES OF ACTIVITY COEFFICIENTS 

,-- -Results 7 

y f  Kidland Theory 
70 Purity 99.96 100.1 100.0 
Thermodvnamic 

4.76 4.74 4.75a 
4 . 7 6 b . C  

Detevmined from conductance measurements ( 5 ) .  
Data Data reported at an ionic strength of 0.0004 A!f (6). 

reported at infinite dilution (7). 

simplify calculations because only one volume ad- 
justment is necessary in most cases. 

Activity Coefficient.-For evaluating Z‘,  i t  is 
necessary to convert the hydrogen ion activity, 
obtained from the pH value, to a concentration 
term by use of an activity coefficient. In their 
work, Bcnct and Goyan used the single ion activity 
coefficients determined from theoretical considera- 
tions by Kiclland (3). For the authors’ calcula- 
tions, the more familiar, experimentally obtained, 
y+ values as listed in Lewis and Randall (4) were 
employed. These two types of activity coefficients 
differ somewhat. 

In an attempt to determine which activity cocfi- 
dent  value is the better for use in these studies, blank 
solutions were prepared containing all constituents 
except the material being titrated. Therefore, 
since the ionic strength and amount of HCl present 
were known, the apparent activity coefficient could 
be evaluated by converting the pH of a solution to 
hydrogen ion activity, and dividing this by the 
known hydrogen ion concentration, The results of 
this study (Table I) indicate that the values ob- 
tained more closely approximate the y=l= values 
than they do the theoretically determined ones. 

In addition, the purity and ionization constant of 
acetic acid were calculated using both the Kielland 
and -y& values (Fig. 1). When y f  is employed, 
the relationship is linear over the entire rangc 
studied, whereas with data a t  higher ionic strengths 
(0 09 and 0 05) the Kielland single ion coefficient 

2 When an amount of HCI (W) is added to the solution, 
Z‘ = H +  + M +  - W - OH-. These studies are often 
pertoimed in a pH range where the hydroxyl ion is considered 
negligible, and Z’ = H +  + M *  - W. 
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produccs a curved segment a t  lower pH values.8 In 
calculating the purity and ionization constant, only 
the linear portion of each plot was used. Neverthe- 
less, it  may be seen (Table 11) that the intercept 
obtained (and therefore the purity evaluated) is not 
markedly influenced by the choice of activity 
coeficient. It is rather the ionization constant that 
reflects the diffcrcncc, as may be seen by the two 
slopes in Fig. 1. A plot of pKa’ uerstds d i d e m o n -  
strated an essentially linear relationship for both 
sets of data. These were extrapolated to infinite 
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3 In this area of the titration hydrogen ion makes its 
greatest contribution to Z’ value‘s. so that an error in the 
activity coefficient would be most evident at these higher 
acidities. This is comparable to Benet and Goyan’s type 
A curve in Fig. 1 (2) for the case where high erroneous pH 
values are substituted. In all cases the Kielland values are 
higher than the yf, and would result in a lower hydrogen 
ion concentration. 

dilution to evaluate a thermodynamic ionization 
constant. The rcsults (Table 11) indicate that the 
pKa obtained with both values are consistent with 
the litcrature (5-7). Therefore, since the two sets 
of data are the same, the type of activity coefficient 
employed for calculations appears to be a mattcr of 
personal choice. 
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Identification of Some Barbiturates by Paper 
and Thin-Layer Chromatography 

By 2. F. AHMED, 2. I. EL-DARAWY, M. N. ABOUL-ENEIN, 
M. A. ABU EL-NAGA, and S. A. EL-LEITHY 

Paper and thin-layer chromatographic pro- 
cedures are described which can serve to  sep- 
arate a multiple mixture of 12 different bar- 

biturates of toxicological interest. 

HE APPLICATION oS paper and thin-layer chroma- T tography seems, so far, to  be the most promising 
approach in the identification of barbiturates (1-9). 
The diff crcnt proccdures adopted leave much to be 
desired and a simple method for the separation and 
idcntification of a multiple mixture of barbiturates 
is of great value in medico-legal analysis. 

A simplc, rapid method of separation and identi- 
fication of 12 barbiturates encountered either alone 
or in a mixture during the toxicological studies in 
the National Centre of Criminological Research is 
reported in this paper. The procedures adopted 
are based on the application of both paper and thin- 
layer chromatographic techniques to  the following 
barbiturates: phenobarbital U.S.P., cyclobarbital,’ 
barbital U.S.P., diallylbarbituric acid N.F., allyliso- 
propylbarbituric acid,2 b~tobarb i ta l ,~  amobarbital 
U.S.P., secobarbital IJ.S.P., mcthylphen~barbital,~ 
ethyl-n-hexylbarbituric acid,5 pentobarbital U.S.P., 
and hexobarbitaL6 

EXPERIMENTAL 

Paper Chromatography 
The earlier attempt of Kybing ( 3 )  and Ledvina 

(4) for the chromatographic separation of barbitu- 
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rates on forinamide paper gave promising rcsults. 
It was, thcrefore, decided to find out the most 
appropriate system of formamidc and the develop- 
ing solvent which fulfills speedy and efficient separ- 
ation. 

The following systems were investigated: ( A )  paper 
impregnated with formamide, ( B )  solvent containing 
formamide, and (C) formamide included in both the 
paper and the solvent. 

Paper.-Sheets of Whatman No. 1 filter paper 
were impregnated with 20-30y0 formamide in acetone 
for about 10-15 min. The air-dried sheets were 
kept in x dark place away from dust. It is recom- 
mended that thc paper be freshly impregnated. 

Solvents.-Chloroform-benzene-ammonium hy- 
droxide, concentration 13 : 3 : 6, was employed for 
system A (paper impregnated with formamide). 
Chloroform-n-butanol-formamide-5 N ammonium 
hydroxide, concentration 5: 3: 1 : 3, was employed 
for system U (solvent containing formamide). 
Chloroform-bcnzcnc-formamide-5 N ammonium 
hydroxide, concentration 12 : 2 : 1 : 5,  was employed 
for system C (formamide included in both the paper 
and the solvent). 

Reagent.-Silvcr rcagent: ( a )  Silver nitrate, 
A. R., 0.5y0 methanolic solution. ( b )  Methanol- 
ammonium hydroxide, concentration 9: 1. (c) So- 
dium hydroxide, A. R., 5y0 methanolic solution. 
The reagent is prepared by mixing solutions (u), ( b ) ,  
and (c) in the ratio 5:1:2. The reagent has to be 
freshly prepared. 

Standard Solution of Barbiturates.-The above- 
mentioned barbiturates were used in a chloroform 
solution of a concentration of 1.5 mcg./pl. 

Procedure.-The sheets were spotted in duplicate 
with 3-4 p l .  of the chloroformic solution of the barbi- 
turates and placed into a chamber previously satura- 
ted with the stationary phase. The solvent front de- 
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produccs a curved segment a t  lower pH values.8 In 
calculating the purity and ionization constant, only 
the linear portion of each plot was used. Neverthe- 
less, it  may be seen (Table 11) that the intercept 
obtained (and therefore the purity evaluated) is not 
markedly influenced by the choice of activity 
coeficient. It is rather the ionization constant that 
reflects the diffcrcncc, as may be seen by the two 
slopes in Fig. 1. A plot of pKa’ uerstds d i d e m o n -  
strated an essentially linear relationship for both 
sets of data. These were extrapolated to infinite 
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A curve in Fig. 1 (2) for the case where high erroneous pH 
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dilution to evaluate a thermodynamic ionization 
constant. The rcsults (Table 11) indicate that the 
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rates on forinamide paper gave promising rcsults. 
It was, thcrefore, decided to find out the most 
appropriate system of formamidc and the develop- 
ing solvent which fulfills speedy and efficient separ- 
ation. 

The following systems were investigated: ( A )  paper 
impregnated with formamide, ( B )  solvent containing 
formamide, and (C) formamide included in both the 
paper and the solvent. 

Paper.-Sheets of Whatman No. 1 filter paper 
were impregnated with 20-30y0 formamide in acetone 
for about 10-15 min. The air-dried sheets were 
kept in x dark place away from dust. It is recom- 
mended that thc paper be freshly impregnated. 

Solvents.-Chloroform-benzene-ammonium hy- 
droxide, concentration 13 : 3 : 6, was employed for 
system A (paper impregnated with formamide). 
Chloroform-n-butanol-formamide-5 N ammonium 
hydroxide, concentration 5: 3: 1 : 3, was employed 
for system U (solvent containing formamide). 
Chloroform-bcnzcnc-formamide-5 N ammonium 
hydroxide, concentration 12 : 2 : 1 : 5,  was employed 
for system C (formamide included in both the paper 
and the solvent). 

Reagent.-Silvcr rcagent: ( a )  Silver nitrate, 
A. R., 0.5y0 methanolic solution. ( b )  Methanol- 
ammonium hydroxide, concentration 9: 1. (c) So- 
dium hydroxide, A. R., 5y0 methanolic solution. 
The reagent is prepared by mixing solutions (u), ( b ) ,  
and (c) in the ratio 5:1:2. The reagent has to be 
freshly prepared. 

Standard Solution of Barbiturates.-The above- 
mentioned barbiturates were used in a chloroform 
solution of a concentration of 1.5 mcg./pl. 

Procedure.-The sheets were spotted in duplicate 
with 3-4 p l .  of the chloroformic solution of the barbi- 
turates and placed into a chamber previously satura- 
ted with the stationary phase. The solvent front de- 
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TABLE I.--Rf VALUES OBTAINED USIKG STANDARD 
SoLurrom OF BARBITURATES~ 

Solvents 
Barbiturate Uscd A B C 

Barbital 0.06 0.65 0.09 
Phenobarbital 0.07 0.58 0.06 
Secobarbit a1 0.13 0.80 0.56 
Diallylbarbituric acid 0.15 0.68 0.12 
C yclobarbital 0.18 0.70 0.23 
Allylisopropylbarbituric 

acid 0.19 0.69 0.29 
Butobarbital 0.24 0.73 0.35 
Amobarbital 0.31 0.72 0.46 
Pentobarbital 0.41 0.83 0.64 
Eth yl-n-hexylbarhituric 

acid 0.58 0.79 0.78 
Methylphenobarbital 0.63 0.71 0.90 
Hexobarbital 0.77 0.76 0.85 

TABLE II.--Kf VALUES OF BARBITURATES OBTAINED 
BY USING SILICA GEL G AND KIESELGUHR" 

--Mobile Phase b- 
Barbiturate Used (a )  ( b )  (6) 

phenobarbital 0.20 - 
Cyclobarbital 0.30 0.46 . . .  
Barbital 0.31 0.13 . . .  
Diallylbarbituric acid 0.34 0.24 . . . 
Allylisoprop ylbarbituric 

- 

acid 
Butobarbital 
Amobarbital 

0.50 
0.53 ... 
0.58 _ _ .  

. .  

. .  

. .  
Secobarbital 0 .63 . _ _  0.43 
Methylphenobarbital 0.64 . . . 0.90 
Ethyl-n-hexylbarbituric 

acid 0.64 . _ .  0.67 
Pentobarbital 0.66 ... 0.50 
Hexobarbital 0.77 .- - 

a Rf values given hel-e represent the averwe of 6 detelmi- nRf values given here represent the avclage of 6 deter- 
(a)  for Silica Gel G ;  (b )  and (c) for kieselguhr. nations. minations. 

scended to the proper height (30 cm.) within 2-2.5 
hr. After drying at  room temperature in a stream of 
air for 10-15 min., the barbiturates were developed 
as white spots using the standard method of spray- 
ing with silver reagent (10). Table I shows the 
typical results obtained using the standard solution 
of barbiturates. 

Thin-Layer Chromatography 
Apparatus.-The apparatus used was essentially 

the onc designed by Stnhl (11) using 20 X 20 cm. 
glass plates. 

Adsorbent.-Silica Gel G (Merck); kieselguhr 
(Merck) impregnated with formamide. 

Mobile Phase.-(a) Ethyl acetate n-hexane-an- 
niotiiuiii hydroxide, concentration 20: 9: 10, --as em- 
ployed for the SilicaGel G. ( h )  Carbon tetrachloride- 
chloroform, conccntration 1 : 2 ,  was employed for 
kieselguhr. (c )  Carbon tetrachloride-chloroform, 
concentration 1 : 1, was cmployed for kieselguhr. 

Reagent.-Silver reagent (10). 
Standard Solution of Barbiturates.-The above- 

mentioned barbiturates wcrc used in a chloroformic 
solution of a conccntration of 1.5 mcg./pl. 

Procedure.-Each platc was covered to a thickness 
of about 250 p with a paste consisting of 4 Gin. of 
silica gel in 12 ml. of distilled water (or 4 Gtn. kie- 
selguhr in 16 ml. of 20y0 formamide inacetone). Pre- 
cautions wcre taken to prevent air bubbles. The 
chroniatoplates were dried in air for 15 min. at 105" 
(for silica xel) and 1 hr. a t  60" (for kieselguhr). 

The plates while stiIl hot were spotted in duplicate 
with 3-4 pl. of the chloroformic solution of the bar- 
biturates, and placed into a chamber containing the 
mobile phase. The solvent front ascended to the 
proper height (15 cm.) within 45 Inin. (in case of 
silica gel) and 20 min. (in case of kieselguhr). 
af ter  drying a t  room temperature in a stream of air 
for 15 min., tlic barbiturates were developed as 

white spots against a grayish brown background 
using the standard method of spraying with silver 
reagent (10). 

DISCUSSION 

The 2 systems, viz., paper impregnated with form- 
amidc and formamide included in both the paper 
and the solvent afforded satisfactory means of sep- 
aration of the multiple mixture of barbiturates. 
The only 2 instances in which the separation failed 
when applying these 2 systems were phenobarbital- 
barbital and cyclobarbital-allylisopropyl barbituric 
acid mixtures as shown in Tablc I. 

Rcgarding the thin-layer chromatography, silica 
gel gave 5 distinct ranges of Rf values, viz., pheno- 
barbital ( R f  0.2), cyclobarbital-barbital-diallyl- 
barbituric acid ( R f  0.32), allylisopropylbarbituric 
acid-butobarbital-amobarbital (Rf 0.54), seco- 
barbital - methylphenobarbital -ethyl - n - hexylbar- 
bituric acid-pentobarbital (R, 0.64), and hexo- 
barbital ( R f  0.77). When applying kieselguhr as 
adsorbent, the cyclobarbital-barbital-diallylbar- 
bituric acid mixture as well as secobarbital-mcthyl- 
phenobarbital-ethyl-n-hexylbarbituric acid-pento- 
barbital mixture could be effectively separated as 
shown in Table 11. 
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Physicochemical and Physiologic Factors Affecting the 
Absorption of Warfarin in Man 

By ROBERT A. O’REILLY*, EINO NELSON$, and GERHARD LEVY$ 

T h e  relationship between the in vitro dissolution kinetics and the in vivo intestinal 
absorption characteristics of tablet preparations of the coumarin anticoagulant war- 
farin has been studied. The composition of the dissolution medium had a significant 
quantitative and qualitative effect on dissolution kinetics. Warfarin absorption in 
man varied with respect to  lag time, absorption rate constants, and the type of ki- 
netics observed. These variations may result from variable gastric emptying times 

and from differences in the pH of gastric fluids. 

HE IMPORTANCE of pharmaceutical folTlUlatiOXl T in modifying the gastrointestinal absorption of 
drugs from tablets has been documented extcnsivcly 
(References 1-3 and references cited therein.) To  
predict the in who absorption characteristics of 
various preparations, reliable in vi tm testing pro- 
cedures must be available. Recent studies (4, 5) 
have suggested that. the development of such 
testing procedures may be feasible. Consistent 
absorption ratc and complete physiologic avail- 
ability are desired characteristics for all drugs, 
but these properties are particularly necessary for the 
coumarin anticoagulants. These agents have impor- 
tant therapeutic indications, e .g . ,  coronary heart dis- 
ease, pulmonary embolism, and prevention of clotting 
after insertion of artificial heart valves. The magni- 
tude and duration of pharniacologic activity of this 
class of drugs is a function of drug level in the body 
(6); excessively high conmarin levels can lead to 
hemorrhage with potentially disastrous conse- 
quences. The incidence of bleeding during anti- 
coagulant therapy is related directly to  excessive 
reduction of prothrombin activity (7). 

The dosage form characteristics of coumarin 
anticoagulants can have a pronounced effect on their 
absorption. Lozinski (8) reported that a change 
in formulation of bishq’droxycouniarin tablets 
caused such an augmentation of the therapeutic 
response that hemorrhage ensued in some instances. 
O’Reilly et al. (9) administercd bishydroxycoumarin 
as tablets, powder, and solution and found appreci- 
able differences in and correlations between the 
time of maximum blood levels and the onset of 
action. The drug was rapidly absorbed as a solu- 
tion and slowly absorbed as tablets. From 10 to 
307, of thc dose was recovered in the feces after 
administration of tablets; no unchanged drug was 
found in the feces after intravenous adininistration. 
Warfarin is more readily and completely absorbed 
than bisl~ydroxycou~narin (9). A comparison of 
warfarin blood levels after oral administration of 
100 mg. in solution, in tablets containing the drug 
as the free acid, and in tablets containing sodium 
warfarin, showed that the most rapid absorption 
occurrcd irom solution (9). Surprisingly, the free 
acid in tablets was as readily absorbed as the sodium 
Salt in tablets (9). 

The purpose of the present study was to compare 
the in oitro dissolutinn and in niao absorption charac- 
teristics of different tablet preparations of warfarin 
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and to examine the relationship between these tw-o 
properties. 

EXPERIMENTAL 

Absorption Study.-Xormal adult volunteers 
received 100 mg. of warfarin (as 25-mg. tablets) 
orally in the morning on an empty stomach. The 
tablets were swallowed whole together with 250 ml. 
of water. Food was withheld for at least 2 hr. 
after drug administration. Blood specimens were 
obtained a t  frequent intervals ( 3  to 7 samples) 
during the first 6 hr., and then a t  12, 24, 48, and 72 
hr. after drug administration. Warfarin concen- 
trations in plasma were determined by the method 
of O’Reilly el al. (10). The amount absorbed as a 
function of time was calculated by the method of 
Wagner and Nelson (11). 

Determination of Dissolution Rate.-In oitro 
dissolution tests were carried out by the beaker 
method of Levy and Hayes (12). For the initial 
screening tests 350 ml. water was used as the dis- 
solution medium and a stirring rate of 60 r.p.ni. was 
employed. In subsequent tests, thc dissolution 
medium consisted of 300 ml. of 0.01 to  0.1 N hydro- 
chloric acid for the first 30 min. Fifty milliliters 
of tris(hydroxymethy1)aniinomethane solution of 
sufficient concentration to yield a final pH of 7.4 
was then added. A stirring rate of 50 r.p.m. was 
employed in thesc cxperimcnts. From 3 to 5 
tablets were used for each test. Warfarin was 
determined spectrophotometrically a t  270 and 306 
mp in the organic phase obtained after chloroform 
( 5  ml.) cxtraction of a 3-ml. aqueous sample acidified 
by addition of 1 ml. of cnncentrated HCl. 

Tablet Preparations.-The several tablet prepara- 
tions tested consisted of commercially available as 
well as experimental formulations obtained from a 
pharmaceutical manufacturer. Each of the tablets 
contained 25 mg. of warfarin as thc frec acid or the 
sodium salt. 

RESULTS A N D  DISCUSSION 

The in oitvo dissolution rate in water of 7 different 
tablet preparations was evaluated. Markedly 
different rates were observed; dissolution half-lives 
rangcd from 4 to about 1400 min. Data for 4 of the 
preparations are shown in Fig. 1. A and C are 
commercial products containing sodium warfarin, 
B is an experimental formulation containing sodium 
warfarin, and D is an experimental formulation 
containing warfarin as the acid. Preparations A and 
B dissolved rapidly, C dissolved slowly, and D very 
slowly. Accordingly, forms A, C, and D were 
chosen for clinical study. 

The times for 50y0 in oioo absorption (including 
absorption lag time) of the 3 preparations in a total 
of 10 tests are listed in Table I. There were marked 
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TABLE I.-TIME FOR 50%  ABSORPTION^ O F  WAR-  
FARIN FROM DIFFERENT TABLET PREPARATIONS 

-- Prep.-- 
Subject Sex Age A C D 

intra-product differences which overshadowed any 
product-to-product differences. Based on the dis- 
solution rate experiments, product D was expcctcd 
to  be very slowly and incompletely absorbed. 
Actually, absorption was quite rapid and complete 
in each case, as determined from the area under the 
blood level versus time curves and the prothrombin 
times. The variability of absorption was apparently 
not due to individual differences between test sub- 
jects; subject 3 showed a fourfold variation in 

Although the variability of absorption made i t  
difficult to obtain blood samples a t  optimum inter- 
vals, the kinetics could be determined in most of the 
experiments. Preparations A and D, which differed 
so markedly in the in vitro dissolution test, were of 

:[K 6 C absorption half-time on repeated experiments. 

A 

, , 

1 M 32 20 135 57 
Zh F 36 48 

100 
90 "'I 00 sso 
: 40- 
2 

3 M 24 21 

4 M 25 78 230 114 
84 230 

___ 
a In minutes. This subject received 75 mg.; all others 

received 100-mg. doses. 

\\D 

Fig. 3.-Apparent zero-order absorption of war- 
farin from preparations A (subject 3 )  and D (sub- 
ject 4) .  

, I 
60 120 180 

TIME, min. 

Fig. 4.-Apparent first-order dissolution of war- 
farin preparations A and D. Conditions: 30 min. 
dissolution in 0.1 N HC1, then dissolution in the 
mcdium brought to pH 7.4 by adding tris(hydroxy- 
methy1)aminome thane. 

Ib zbo Go 
TIME, min. 

Fig. 5.-Apparent zero-order dissolution of war- 
farin preparations A and D. Conditions: 30 min. 
dissolution in 0.01 N HCl, then dissolution in the 
medium brought to pH 7.4 by adding tris(hydroxg- 
methy1)aminomethane. 
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The marked contrast between the results of the 
clinical study and those of the dissolution experi- 
ments prompted an examination of the conditions of 
the dissolution procedure and their effect on the 
dissolution kinetics of warfarin in different tablet 
preparations. Small changes in stirring rate did not 
affect significantly the relative dissolution rates OF 
the different preparations. The use of a buffer 
solution a t  pH 7.4 instead of water did not result in 
significant changes. Essentially no dissolution 
occurred in 0.01 to 0.1 N hydrochloric acid solutions 
becausc of the extremely low aqueous solubility of 
warfarin acid. However, tablets A and D dis- 
integrated readily in 0.1 N hydrochloric acid but not 
in water or in 0.01 and 0.05 N hydrochloric acid. 
Based on this observation aud the analogy to the 
passage of drug from thc acidic environment of the 
stomach to the more neutral intestinal fluids, dis- 
solution rates were dctermined under the following 
conditions. The tablets were placed in 0.01, 0.05, 
or 0.1 N hydrochloric acid for 30 miti., and tris- 
(hydroxymethyl)atninon~ethane was then added to 
increase the pH of the mcdium to 7.4. 

Under these conditions tablets -4 and D dissolved 
by apparent first-order kinetics after exposure to  
0.1 N hydrochloric acid (Fig. 4), and by apparent 
zero-order kinetics after exposure to 0.05 or 0.01 N 
hydrochloric acid (Fig. 5). While tablets A dis- 
solved about 350 times more rapidly than tablets D 
in watcr (Fig. l) ,  tablets D dissolved about 14 
times faster than tablets A in pH 7.4 buffcr after 
exposure to 0.1 N hydrochloric acid (Fig. 4). 

The results of the dissolution experiments with 
hydrochloric acid solutions as the initial medium 
correlate with the clinical studies, and serve to 
explain the surprisingly rapid absorption of the 
warfarin acid tablets. The dissolution data, to- 
gether with physiologic considerations, may also ex- 
plain the qualitative and quantitative variability ob- 
served in the absorption study. Warfarin is almost 
insoluble in acidic gastric fluids and is therefore 
apparcntly not absorbed from the stomach. This 
has been demonstrated already in previously re- 
ported experiments (9) and may account for the lag 
times for absorption. For example, the longer time 
required by subject 1 to absorb warfarin from solu- 
tion than from tablets A probably rcsultcd from 
fortuitously rapid gastric emptying of the tablets in 
the latter instance. The variation in the type of 
absorption kinetics observed ( i e . ,  zero-order or 
first-order) can result from variations in the PI-I 
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of gastric fluids within the physiologic range (13). 
Thus, absorption of warfarin from tablets A and D 
is determined in part by gastric emptying rate and 
gastric pH. Absorption from tablets C is probably 
influenced mainly by gastric emptying, sincc dis- 
solution was not affected markedly by variations in 
the concentration of hydrochloric acid in the i f i  
vitro experiments. 

The results of this study show the pronounced 
effect of solvent composition on dissolution kinetics 
of drugs in ccrtain tablet formulations. The study 
illustrates also the diniculty of obtaining correlations 
with in vilro dissolution rates when absorption is 
influenced markedly by gastric emptying rate. 
Similar results were obtained recently with enteric- 
coated tablets (14). Because of the long half-life 
of warfarin (LO) ,  the blood levels of this drug are 
relatively insensitive to variations in absorption 
rate, unless absorption is so slow that the drug is 
absorbed incompletely. With more rapidly elimi- 
nated drugs, wide variations in absorption rates 
could limit seriously their usefulness for oral ad- 
ministration, even if completc absorption occurs in 
each case. The need for pretreatment with acid in 
order to obtain rapid dissolution, observed with 
tablets ,4 and D, suggests that these tablets have a 
matrix which dissolves or disintegrates readily only 
in acid. It mould be desirable that, in most in- 
stances, conventional compressed tablets bc so 
formulated that relcase of the active ingredient is 
not a sensitive function of pH in the physiologic 
range. 
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Analgesic and Local Anesthetic Activity of Dimethyl Sulfoxide 
By RALPH W. MORRIS 

To provide data with which to settle some of the current controversy over the clinical 
claims for dimethyl sulfoxide (DMSO) specific pharmacologic tests were performed. 
DMSO is “relatively nontoxic” to rodents but appears to be more toxic as the phylo- 
genetic order is ascended. Considerable irritation results from the introduction of 
DMSO into the conjunctival sac of the rabbit. No topical or nerve block anesthetic 
activity was demonstrated. Infiltration anesthetic potency of DMSO was so low as 
to  be of no therapeutic importance. No analgesia, free of sedation, was found. 
Topical application of trypan blue with DMSO produced considerable dermal 
staining but no distribution of the dye as contrasted with the rapid systemic absorp- 
tion and distribution of the dye when given subcutaneously with DMSO. No evi- 
dence was obtained in  these experiments which could support clinical claims made 

t o  date. 

ONSIUERABLE controversy has been arouscd by C recent claims of striking clinical activity by 
dimethyl sulfoxide (DMSO) in certain musculo- 
skeletal injuries and inflammations, including acute 
and chronic subacroniial bursitis, acute musculo- 
skeletal trauma, osteoarthritis, rheumatoid arthritis, 
gouty arthritis, scleroderma, and Dupuytren’s 
contracture (1, 2). In  an attempt to resolve some 
of the controversy specific pharmacologic tests were 
selected to determine whether the reported activity 
in man could be demonstrated in laboratory ani- 
mals. Special consideration was given to testing 
for DMSO activities most nearly associated with the 
therapeutic claims of “local analgesia,” “penctrant 
carrier,” and “relatively nontoxic” (1). 

EXPERIMENTAL 

DMSO, certified reagent grade, Fisher Scientific 
Co., was kept in tightly sealed bottlcs since DMSO 
is very hygroscopic, rapidly picking up 70% of its 
own wcight in water while evolving as its heat of 
solution 60 cal./Gm. at 20’ (3). Analgesic activity 
was made relative t o  several standard analgesics 
(k, morphine sulfate, nieperidine hydrochloride, 
and codeine phosphate). Analgesic activity was 
determined in Canvorth Farms (CF-1) maturc 
female albino niice by the classical hot plate method, 
cssentially that of Ohlsson (4), and by the Bianchj 
and Franceschini ( 5 )  modification of the Haffner 
tail clamp method (6). The DMSO was adminis- 
tered intraprritoneally, 0.01 ml./Gm. of mouse 
body weight, in a t  least 4 doses between 5.5 and 
11.0 Gm./Kg., diluting with 0.9yo saline whenever 
necessary. Design was such that the sample size 
was a t  least 10 and usually 20 mice per tcst dose of 
cach drug. Three types of local anesthetic activity 
were investigated : topical anesthesia by the classi- 
cal corneal resparise in rabbits, infiltration anes- 
thesia by the guinea pig intracutancous wheal 
technique of Bulbring and TVajda (7) ,  and nerve 
block anesthesia by a modification of the frog sciatic 
nervc-gastrocnernius muscle preparation of Sinha 
(8). Three to 6 guinea pigs with 6 rcsponse sites per 
guinea pig were used for each dose of drug in the 
intracutaneous wheal tcst. Procaine and lidocainc 
hydrochlorides served as standards. 

Thc effccts of DMSO on membrane permeability 
were determined by rioting the latent periods re- 
- 
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quired for the adsorption, distribution, aud sub- 
sequent discoloration of connectivc tissues from 
topically and subcutaneously administered trypan 
blue in mice. All niedian rcsponse doses (Le . ,  
EDw and LD,w) and their 95% confidence limits 
were determined by the method of Litchfield and 
Wilcoxon (9), whereas all other statistical analyses 
were performed by the mcthods of Sriedecor (10). 

RESULTS AND DISCUSSION 

Toxicity.--A primary concern with the introduc- 
tion of any new substance into human pharnia- 
cology is the precision with which projections of 
acute human toxicity can bc made from tests on 
laboratory animals. Table I summarizes the avail- 
able data on the acute lethality of DMSO as ob- 
tained from the literature (11, 12) and experiments 
recently completed in this invcstigator’s laboratory. 
From Table I it would appear that a variably in- 
creasing lethality to DMSO occurs as the phylo- 
genetic order is ascended. 

Ventricular fibrillation and death occurred within 
3 min. aftcr the administration of 1.65 Gm./Kg. uf 
lO0yo DMSO into the marginal ear vein of the 
rabbit. The LDso for intravenous DMSO in female 
albino rabbit was 1.34 Gm./Kg. based on 3 doses 
between 1.10 and 1.65 Gm./Kg. given to a total of 
28 rabbits. Female rabbits appear to be more 
sensitive to DMSO than are rodents, but are about 
equally sensitive as male dogs (Table I ) .  DMSO 

TABLE I.-ACUTE ldETHALITV OF DIMETIIVL 
SULFOXIDE 

~ -~ 

Iit. of .4d 1.Dso in Gm.,‘Kg. 
Animal ministration” (95’7, Confidence T.imits) 

Chicken Oral 1 3  . 74” 
Mouse 

i.v. 5. i 5 c  
i.p. (male) 10.10 (9.22-11 06) 
i.p. (female) 9 .95 (9.35-10-59) 
Oral 21.4OC 
Oral 21 98” 

i.v. 5 3w 
Oral 28 30“ 

Rat 

Rabbit i.v. (fcmale) 1.34 (0 96-1.88) 
Dog 

i.v. (male) 
i.v. (male) 

2 . 4 O C  
1 .50d 

Routes of administration: i .v. ,  intravenous; i .v . .  
intraperitoneal. From Brown el 01. (11). From Wilson 
et a!. (12). Pirliminary value based on intravenous titra- 
tion in 4 dogs. 



VOJ. 55, NO. 4,  April 1966 

might therefore be said to be “relatively nontoxic” 
(1) when relating chickens or rodents to rabbits and 
dogs. To date human toxicity following topical 
application consists of warmth, erythema, itching, 
local urticaria, increascd skin pigmentation, dcrma- 
titis, fatigue, and lethargy (2). This observed 
topical toxicity plus thc relative casc with which 
DMSO is said to  bc absorbed through the epidermis 
(1) should arouse considerable concern over the 
potential systcmic toxicity of DMSO in man if it 
were applied via a route of administration (e.g., 
parentcral) or to  hyperpermeable tissue (e .g . ,  
inflamed or open wounds) thereby facilitating an 
cven more rapid and extensive absorption and dis- 
tribution than by thc topical routc. There has 
been a recent report of a death possibly related to an 
acute allergic reaction to DMSO (13). Such 
reports must be thoroughly investigated, however. 

Analgesia.-Thc unusual term “local analgesia” 
as used by Rosenbaum et al. (1) does not give 
recognition to thc striking pharmacologic diffcrcncc 
between analgesics and local anesthetics. There- 
lore, specific tests were made to determine if DMSO 
was a local anesthctic, an analgesic, or both. (Tablc 
11.) The analgesic ED50 for DMSO and morphine 
sulfate in mice are 6700 and 15 mg./Kg., respectively, 
using the Haffner tail clamp method 20 min. after the 
intraperitoneal administration of the test solutions. 
The other analgesics tested are all less potent than 
morphine which is in kceping with their known 
clinical potency. Attempts to determine DMSO 
analgesic activity in mice by the classical hot plate 
method wcre unsucccssful because DMSO produced 
extensive sedation thereby making the rnouse 
incapable of performing the test response (i.e.,  
jumping to the lip of a 10-in. high glass cyliiider 
sitting on a thcrmoStdticdlly controlled hot platc 
maintained at  60 rt 0.5”). On the basis of this 
observation a sedative rathcr than analgesic ED,, 
for subcutaneously administered DMSO was deter- 
mined as being 6.92 Gm./Kg. Criteria for the 
sedative end point was thc presence of a thoi-oughly 
depressed, immobile, but not ataxic mouse which 
was still capable of righting itself from the dorsal 
to the ventral positions withiti a 30 sec. test period 
(i.e.,  neither asleep nor ancsthetized). Such simi- 
larity in the DMSO sedative and analgesia EDSO 
valucs seriously question whether the failure of the 
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TABLE II.-cENTRAL KERVOUS SYSTEM ACTIVITY 
OF DIMETHYL SULFOXIDE IN THE MATURE FEMALE 

ALBINO MOUSE 

-rotai 
Pharrnacologic EDso. mg./Kg. No. Sample 

Activity (0.57, Confidence Limits) Doses Size 
Sedation, S.C. 
UMSO 6920 (3880-12040) 2 20 
Analgesia, i.p. 

Haffner tail 
clamp 

Morphine sul- 
fate 11.6(9.47-14.21) 5 710 

Meperidine HCl 38.3 (S l .3936.73)  3 90 
Codeine phos- 

phate 34.5 (28.5131.7.5) 4 100 
Dextropropoxy- 

phrne HCl 36 .7  (31.75-42.43) 3 80 

DMSO. 6700(6200-7240) 5 110 

TABLE III.-LocAL ANESTHETIC ACTIVITY OF 
I~IMETHYL SULFOXIDE 

-~ -~ 

ToDical 
Ribbit (ieinale) : 

DMSO Inactive“ 
Infiltration 
Guinea pig (female): 

DMSO 5J . O  (:38.5--07.6) 
Lidocaine HC1 1.17 (0.90-1.52) 
Procaine HCl 0.84 (0.62-1.13 j 

frog: DMSO Inactivea 
Sciatic nerve block 

KO anesthesia 
100yo solution. 

produced b P maximum dosagr used, a 

mice to respond to the Haffner tail clamp stimulus 
might not be equally as well explained on thc basis 
of sedation as analgesia. This possibility is presently 
being explored. 

Local Anesthesia.-No alterations in the pupil- 
lary response to penlight illumination or to touch 
with a glass probe were noted during 2 lir. test 
periods following the instillation into the conjunc- 
tival sac of thc rabbit of 0.25 ml. of IIMSO solu- 
tions, varying from 30 to 10076. In contrast to 
the nonirritant report of Brown (11) all 24 female 
albino rabbits that received DMSO, irrespective of 
the per ccnt concentration, experienced considerable 
conjunctival inflammation and limbic corneal 
vasodilatation. The irritatiou and vasodilatation 
cannot be solely the consequence of thc heat of 
solution ( i . e . ,  counter-irritant activity) since even 
30% solutions (well below the 62oj, cquillibrium 
point of L3MSO-water mixture) produced irritatiori 
and vasodilatation. The duration of the severe 
irritation (30.8 f 20.7 inin.) does not appear to be 
dose dependent; however, the cxperitncnts wcrc not 
designed to providc statistical evaluation ol such a 
regression function. 12 positive corneal reflex to 
touch with a glass probe (,LA., an eyelid movernetitj 
was prescnt bcfore and throughout the 90 min. 
period following the introduction of all per cent 
solutions of DMSO into the conjunctival sac. In 
all 24 rabbits tested with DMSO, blockade of the 
corneal reflex was produced aftcr 90 inin., the 
blockade persisting for the remainder of the test 
period (i.e., 120 r n i n .  it1 19 rnhbits and 165 rnirr. in 
5 rabbits). I io explanation of this delaycd blockade 
of the corneal reflex is possible, since the experiments 
were not designed with this question in mind. 

The EDso of DMSO as an infiltration anesthetic 
was 51.0y0 solution compared to the EDso of 1.17 
and 0.84% solutions for lidocaine and procaine 
hydrochlorides, respectivcly. (Table 111. j No evi- 
dence of nerve block anesthesia was obtained when 
l00Y0 DMSO \vns tested on each of Iour sciatic 
nerve-gastrocnernius muscle preparations; there- 
fore, furthcr nerve block testing was discontinued. 

Membrane Permeability. Topical application of 
lyG solutions of trypan blue in either distilled water 
or DMSO solutions varying from 50-100~o to the 
shaved scapular area of the mouse failed to induce 
systemic absorption and distribution of trypan 
blue, although extensive staining a t  the site of 
application occurred with the solutions containing 
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observed pharmacologic responses. Second, the 
biochemical instability of DMSO in the systcmic 
circulation is so great that an uncertain number of 
potentially and variably toxic mctabolities are very 
rapidly produced. Third, determining precise 
values for such an impotent agent as DMSO makes 
for rather inaccurate estimates of its very subtle 
activities. Fourth, the public and scientific con- 
troversy attendant to  the plethora of DMSO lay 
articles published t o  date’ creates an atmosphere in 
which strictly objective evaluations by all parties is 
difficult. Recent statements by the Food and Drug 
Administration, U. S. Department of Health, Edu- 
cation, and Welfarc (17--19), and in Medical Letter 
(2, 13) have introduced some stability into the very 
controversial therapcutic mcrits of DMSO. 

On the basis of the experiments reported here, no 
evidence was obtained in support of the therapeutic 
claims of “local analgesia,” “penetrant carrier,” 
or “relatively nontoxic” in humans (1). 

DMSO. However, the administration of 1% 
trypan blue in solution with ~ l O O ~ o  DMSO facili- 
tated the speed with which subcutaneous injections 
of 1% trypan blue were absorbed and distributed to 
the connective tissues in the ears, tail, and paws of 
mice. Trypan blue in DMSO solutions wcrc sig- 
nificantly more rapidly distributed than 1% trypan 
blue in distilled water (k, 6.9% more rapidly in 
50% DMSO and 3.9% faster in 100% DMSO: 
each with @ < 0.001). After 24 hr. all mice that 
had received topical administration of 1 yo trypan 
blue, with or without DMSO, showed no signs of the 
typical bluish discoloration of connective tissues. 
On the other hand, the previously noted statistically 
significant effect of subcutaneously administered 
DMSO on the absorption and distribution of trypan 
blue solutions were even more evident after 24 hr., 
i.e., all visible connective tissues were dark blue 
after trypan blue in 100% DMSO, moderately blue 
in DMSO, and pale blue when in distilled watcr. 

A11 animals receiving DMSO, regardless of dosage, 
very rapidly (k., usually within 2 or 3 niin.) gave 
strong evidence in their expired air of extremely 
rapid DMSO metabolism, i.e., to dimethyl sulfone 
in mice, guinea pigs, rabbits, and dogs (11, 14); 
to dimcthyl sulfide in cats (15); and to  unspecified 
metabolites in man (1, 2, 14). Shortly thereafter 
similar evidcncc could also be found in the urine, 
fcccs, and saliva. 

The rapidity with which DMSO is metabolized 
jeopardizes precise determinations of chronic toxi- 
cities and confounds acute toxicities, especially when 
the DMSO is administered by any route other than 
the intravenous. Even DMSO data by the intra- 
venous route of administration would have to  be con- 
sidered misleading if one accepts the literature 
reports that DMSO induces perivascular inflam- 
mation (12) and extensive protein denaturation as 
evidenced by the rapid development of hemolytic 
anemia (12, 15). No evidence of perivascular in- 
flammation was seen in any of the 13 rabbits that 
survived the 1.10 Gm./Kg. dose of DMSO during 
the acute toxicity tests or during the 6 hr. of intra- 
venous administration of DMSO in each of 4 dog 
carotid artery blood pressure preparations (16). 

Unequivocal evaluation of the toxicologic and 
pharmacologic data for DMSO is therefore rather 
diliicult. First, the physical proprrties, especially 
the heat of solution (3, l l ) ,  confounds attempts to  
attach chemical and/or biological mechanisms to  
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dZ-2,6-Diamino-4-hexynoic Acid, a Growth Inhibitor 
By JOHN L. NEUMEYER and WILLIAM FIRSHEIN* 

dl-2,6-Diamino-4-hexynoic acid, a lysine analog, was synthesized by the interaction 
of N-  (4-chloro-2-butyny1)phthalimide and the sodium salt of ethyl acetamidomalo- 
nate. A two-step hydrolysis yielded the desired acetylenic diamino acid. dl-Lysine, 
identical with the known amino acid, was obtained by the reduction of the triple 
bond in I. This acetylenic analog of lysine inhibited the growth of DNA, RNA, 
and protein synthesis in  resting cell suspensions of pneumococci at a concentration 

of 100 mcg./ml. 

HE UNSATURATED amino acids, methallylglycinc T and crotylglycine, were first prepared by Albert- 
son and co-workers, (1) and mcrc found to be potcnt 
inhibitors of microorganisms. On the basis that 
olefinic unsaturation produces powcrful inhibition of 
microorganisms, Gerslion and co-workers (2) pre- 
pared two amino acids containing the acetylenic 
linkage, propargylglycine and 2-amino-3-methyl-4- 
pentynoic acid, and found that these acetylcnic 
analogs were more potent growth inhibitors than 
their cthylenic analogs. 

Similarly, several cyclopentenyl, cyclopentyl, and 
cyclohexenyl amino acids have been drmonstratcd 
(3, 4) to be competitive inhibitors of certainnaturally 
occurring amino acids in various microorganisms. 
Unsaturation within the cycloalkyl moiety in all 
cases resulted in compounds acting as amino acid 
antagonists. Thc importance of stcric requirements 
was further exemplified by Shive and co-workers (4) 
who synthesized cis and trans dchydrolysinc ant1 
found the trans compounds to be the only isomer 
active as a competitive lysine antagonist. 

Davis el al. (5) have recently reported that the 
introduction of a carbon-carbon triple bond into the 
carbon chain of lysine (I) forces the lysine into a 
fixed conformation and yields a competitive growth 
inhibitor of Leuconostoc dextranicum 8086. The 
authors wcre thus prompted to report their findings 
on the synthesis and biological properties of dl-Z,6- 
diamino-4-hexynoic acid (I) ,  their investigations 
having been carried out independently, 

NH~CHIC=C-CH~CH KHZCOOH 
“Acetylcnic” Lysine 

I 
The authors’ biological results (Table I) show that 

at a concentration of 100 mcg./nil., “acetylenic” 
lysine ( I )  is an effective inhibitor of DNA, RiSA, and 
protein synthesis. Higher concentrations than 100 
mcg./ml. do not increase the inhibition, while lower 
concentrations than 100 mcg./ml. are less effective. 
The control levels are depressed equally for all three 
components (about 80% inhibition). Sincc these 
results are obtained with “resting” cells (with respect 
to multiplication), it cannot be stated definitely that 
similar results would be obtained in growing (multi- 
plying) cultures. However, since the synthcsis of 
three essential components (DNA, KNA, and pro- 
tein) required for any multiplication are inhibited by 
the modified lysine, it  is likely that tnultiplication in 
growing cultures would also be inhibited. As for 
the mcchanism of action of “acetylenic” lysine, a t  
least two possibilities exist. One is that modified 
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lysine may be a grneral growth inhibitor rather than 
a specific antagonist of DNA, KNA, and protein 
synthesis, since i t  is unlikcly that the drug would 
affect reactions involved in the synthesis of all threc 
componcnts. Rather, it  is possible that “ace- 
tylenic” lysine acts on some basic cell process that 
indircctly affects DNA, RNA, and protein synthesis, 
such as respiration. Two is that since the modified 
lydne was reported (5) to be a competitive antago- 
nist of lysine, it  is possible that the drug inhibits pro- 
tein synthesis specifically, which thcn results in an 
inhibition of DNA and RNA synthesis. 

TABLE I.--EFFECTS O F  d~-2,6-DIAMINO-4-IIExYNOIC 

TEIN SYNTHESES OF PNEUMOCOCCI 
ACID HYDROCHLORIDE ON NUCLEIC ACID AND PRO- 

dl  2.6-Diamino-4- 
hexynoic Acid Hydro- 

yo Increase Over 0 Time 
after 70 min. 

chloride (mcg./ml.) DNA R K A  Protein 
None 21 ) 18 30 - ,  .~~ 

25 
60 

~~ 

18 18 25 
10 9 14 

100 4 3 6 
200 4 None 3 

EXPERIMENTAL’ 

N-(4-Chloro-2-butynyl)phthalimide.-To a solu- 
tion of 74 Gm. (0.6 mole) of 1,4-dichloro-2-butyne 
(Gcneral Anilinc and Film Corp.) in 1000 ml. of 
ditnethylforrnamide at  90” in a 2-L. 3-necked flask 
cquippcd with a stirrer, thcrrnometer, and a funnel 
was slowly added with constant stirring 55 Gm. (0.3 
mole) of potassium phthalimide. Stirring with heat- 
ing ( W O )  was continued for 4 hr. after which the solu- 
tion was poured into an ice-water mixture. 

The precipitate which formcd was filtered (suc- 
tion) and washed with 200 nil. of 570 sodium hy- 
droxide followcd by two washings with 200 ml. of 
water. Thc white crystals wcrc dried (vacuum) 
and recrystallized from ethanol to yield 28 Grn. 
(40y0),  1n.p. 121-122”. 

Anal.-Calcd. for C12H8ClN02: C, 61.75; H, 
3.41; CI, 15.21. Found: C, 61.69; H, 3.61; 
C1, 15.15. 

Ethyl 2-Acetamido-2-carbethoxy-6-phthalimido-4- 
hexyoate.-To a 500-ml. 3-necked flask fitted with 
a condenser and mechanical stirrer was added a 
solution of 21.8 Gm. (0.1 mole) of ethyl acetamido- 
malonate (Winthrop Laboratories) in 200 ml. of 
absolute ethanol. After the malotiate had com- 
pletely dissolved in the ethanol, 2.3 Gm. of sodium 
was added and the mixture was rapidly taken up to 
reflux temperature. At this point 30.4 Gm. of 

[Lit. (a) m.p. 120-121”.] 

1 All melting points are uncorrected and were obtained in a 
Thomas-Hoover silicone-filled capillary melting point appa- 
ratus. 
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Il7-(4-chloro-2-butynyl)phthalimide was added in 1 
part. 'The reaction mixture was then heated at 
reflux for 8 hr., allowed to cool, and the solid precipi- 
tate was filtered off. The precipitatc was thcn ex- 
tractcd with hot absolute ethanol and the extract 
was allowed to cool. White crystals of the 
hcxynvdte separated. These crystals were again 
recrystallized from ahsolutc ethanol to yield 375% of 
product, m.p. 149-150". 

And-Calcd. for C ~ I H ~ Z N ~ O ~ :  C, 60.86; H, 
5.35; N, 6.76. Found: C, 61.24; H, 5.62; N, 
T.08. 

Ethyl 2-Acetamido-6-phthalimido-4-hexynoate. 
--A small amount could be isolated from the above 
rcaction by evaporation of the filtrate from the reac- 
tion mixture. The resulting red residue was tritura- 
ted with watcr, the water decanted off, and the re- 
mainin!: solid recrystallized from absolute ethanol, 

[Lit. (5) m.p. 139-142O.I 
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amino-acid (I)  in water (10 ml.) was catalyti- 
cally hydrogenated over platinum oxide (0.053 
Gm.) a t  room tempcrature. and atmospheric pres- 
sure. When 2 M equivalents 01 hydrogen had 
been absorbed, the catalyst was removed, the 
filtrate was reduced to dryness under reduced pres- 
sure, and the residue was crystallizcd from 5 ml. of 
95% ethanol containing 2 drops of pyridine. The 
crystals which formed were filtered off and dried, 
m.p. 260-262". [Lit. (7) n1.p. 265-264O.I The rnelt- 
ing point of a mixture of an authentic sample of dk- 
lysine monohydrochloride with a sample of the 
product isolated above was not depressed (m.p. 
261-262"). The infrared spectra of this product was 
identical with that of an authentic sample of dk- 
lysine monohydrochloride. 

Biological Test Methods.-Virulent pneumococci 
derived from type 111 (strain A66) were grown in 3 L. 
of a casitone, tryptone (both Difco), albumin (frac- 
tion 57 from bovine serum albumin, rlrmour) medium 
supplcmcnted with glucose and KsHPOs (8) for 24 
hr. a t  37". After this time, additional glucose and 
phosphatc werc added and the cells were incubated 
for 3 hr. The viable cell count after this 3-hr. period 
was approximately 4-6 X lo9 cclls/ml. The culture 
was centrifuged in a refrigerated centrifuge (Inter- 
national) a t  30,000 X g for 20 min., washed 3 
times with cold Na-K-phosphate buffer (0.02 M ,  
pH 7,5) ,  aiid inoculated into 3 ml. of a suspending 
medium consisting of this same buffer, glucose, 
casitone (both l.Oyo), and catalase (0.0057c, Xutri- 
tional Biochemicals). The suspending medium was 
prepared double strength so that additions could be 
made without affecting the over-all concentration of 
the basic constituents. dl-2,6-Dianiino-4-hexynoic 
acid hydrochloride was added in 4 concentrations: 
25, 50, 100, and 200 mcg./ml. (in the suspending 
mcdium). All samples were prepared in duplicate 
and the inoculated suspensions contained 1-2 X lo9 
viable cclls/ml. The suspensions were incubated a t  
37" for TO min. in a gyrotory water bath shaker (New 
Brunswick Scientific) a t  200 r.p.m. DNA, RNA, 
and protein were then extracted as described prcvi- 
ously (9) arid measured by the procedures of Brody 
( lo) ,  Drury (ll), and Lowry et a / .  (12), respectively. 

REFERENCES 

m.p. 224-226'. 
And-Calcd. for ClnHIHNeOa: C. 63.15: H. ~- ~. . . , 

5.30. Found: c, 63.09; I € ,  5.55. 
dl-Z,6-Diamino-4-hexynoic Acid Hydrochloride.- 

Ethyl 2-acetamido-2-carbethoxy-6-phthalimido-4- 
hexynoatc (41.5 Grn., 0.1 Inole) was hydrolyzed with 
5.5 Gni. of 85% aqueous hydrazine in 200 ml. of 
ethanol by thc method of Sheehan (6). As the solu- 
tion was taken up to reflux temperature, the hcxyno- 
ate slowly went into solution arid the reaction be- 
came clear, but shortly thcreaftcr, phthalhydrazide 
began to precipitate as a white solid. After 1 lir. of 
stirring a t  reflux, the reaction mixture was cooled to 
room temperature, and the phthalhydrazide was 
filtered off. 'I'he reaction liquor mas thcn reduced 
under vacuum to yield a viscous sem-clear yellow 
rcsidue. Without further isolation the crudc hydra- 
zine hydrolysatc was dissolved in a small amount of 
watcr and then was added to an excess of concen- 
trated hydrochloric acid. This mixture was then 
stirred a t  reflux for 1.5 hr. 'The reaction mixture 
was cooled to room temperature and the solvents 
partially removed under vacuum, cooled in an ice 
bath, and filtered. This filtration was carried out 
in order to remove any rcsidual phthalhydrazide. 

The filtrate, containing the product, was thcn 
completely evaporatcd under vacuum, the residue 
triturated with acetone to yield a crystalline product. 
The product thus formed consisted of a mixture of 
the monohydrochloride and thc dihydrochloride of 
"acetylenic" lysine (I). Pure monohydrochloride 
(11.1 Gtn., 627, yield) was obtaincd by rccrystalliza- 
tion of the mixture of the mono- and dihydro- 
chlorides from an ethanol-mater-pyridine solution. 
This compound melted at  836" when a sample was 
placed in the oil bath a t  220" aiid hcated a t  approxi- 
mately 2°/min.Z 

Anal.---Calcd. lor CsHtoN202. HCl: C, 40.35; 
H, 6.16; Cl, 19.85; N, 15.69. Found: C, 40.56; 
H, 6.21; C1, 19.3; N, 15.71. 

Catalytic Hydrogenation of 2,6-Diamino-4- 
hexynoic Acid Monohydrochloride.-A solution of 
the monohydrochloridc(0.1816Gm.)of the acetylenic 

2 Davis el at. ( 5 )  repoi-ted their 2,6-diamino-4~hexynoic acid 
dihydrochloride as having a m p .  178-183" dec. 
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Cyclic Methyldopa Analogs as Potential Antihypertensive 
and Antineoplastic Agents 

By J. H. BURCKHALTER and GGNTER SCHMIED* 

Three cyclic methyldopa analogs ( I I I a ,  6, and c) were synthesized by hydrolysis of 
the appropriate spirohydantoins (V), which were obtained through the Bucherer 
synthesis. Amino acids ( I I I a  and b )  and hydantoins (Va and c) were inactive 
against experimental tumors. The 5 hydantoins tested were devoid of anticonvulsant 

effect. 

HE AMINO acid, nicthyldopa ( I ) ,  is a rccognized T drug for hypertension (l), while another amino 
acid, 1-aminocyclopentanc-1-carboxylic acid (NSC- 
1026, 11), possesses inhibitory activity against 

CH3 
H O ~ C H , - C - C O , H  I 

I 
NH2 HZN C02H 

HO 

I I1 

tumors (2). The structures of these substances, 
which are aliphatic a-amino acids fully substituted 
at thc a position, suggested the synthesis of hybrids 
of I arid I1 which are represented by structure 111. 

a, (n = I, X = Y = H) 
b ,  ( n = 2 , X = Y = H )  
C, (n=2, X = Y = O H )  H2N COzH 

I11 

The approach to compoundsol type 111 wasthrough 
appropriate ketoncs I V  which were converted by 

IV v 
means of potassium cyanide and ammonium car- 
bonate in a Buchcrer-Bergs synthesis (3)  to the spiro- 
hydantoins (Vu-e) of Table I. Demethykation of 
hydantoins V h ,  d,  and e to phenolic spirohydantoins 
(Vf, g, and h )  of Table I was effected by means of 
refluxing overnight with 47y0 hydriodic acid and 
glacial acetic acid. All thc hydantoins of Table I 
exhibited characteristic infrared absorption at 3.1 p 
and a doublet in the carbonyl region between 5.6 
and 5.9 M. 

Hydantoins of structure V are representable by 
the following structures as cis-trans pairs (VI and 
V I I ;  V I I I  and IX) .  However, separation of any 
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isomers was not possible by means of thin-laycr 
chromatography. I n  each case only a single spot was 
observable. This observation agrces with the recent 
conclusion (4) that the Rucherer-Bergs synthesis is 
stereoselective and only a small percentage yield of 
a second isomer is sometimes isolable. 

Methods employing barium hydroxide or 
hydrogen chloride in  glacial acetic acid failed to 
hydrolyze the spirohydantoins (V). Despite poor 
solubility, hydaiitoiiis (Vn  and Vc) were hydrolyzed 
by hcating a t  140-150" with 60% sulfuric acid (5). 
After neutralization of the mixture with barium 
carbonate and desalting by ion-exchange resin, the 
yield of amino acid was 33yo of I I J a  and 517, of 
IIIb. The A-(2,4-dinitrophenyl) derivative of each 
amino acid was prepared. Amino acid ( I l k )  was 
obtained by hydrolysis of hydantoin (Ve) and de- 
methylation of the uiiisolated intermediate by means 
of hydriodic acid. Thc crudc hydriodidc was con- 
verted to the hydrochloride of I I Ic  by ion eschangc. 
Over-all yield from the hyddntoin was 12%. 

PHARMACOLOGICAL RESULTS 

The following summary of results available to 
date was prcparcd from reports submitted by Dr. 
Joseph Leiter, Cancer Chemotherapy National 
Service Center, Retliesda, Md. Detailed inforrna- 
tion concerning test procedures may be found in 
publications from that office (6). 

Amino acids ( I I I a  and b )  and spirohydantoins V a  
and c were screened by the Southern Research In-  
stitute, Birmingham, Ala., and were all fourid to be 
nontoxic and inactive against sarcoma 180, solid 
Friend virus leukemia, atid lymphoid leukemia I,- 
1210 in mice and also inactive in cell culture. 

Professor Ewart Swinyard, College of Pharmacy, 
University of Utah, found that spirohydantoins 
Va, c, f, g, and h were devoid of appreciable anti- 

443 



444 Journal of Pharmacezitical Sciences 

TABLE I.-6-LkRYL-1,3-DIAZASPIR0[4.4] NONASE-2,4-DIONES (v, n = 1) AND 6--kRYL-1,3-DIAZASPIRO [4,5] 
DECASE-2,q-DIONES (v, n = 2) 

--- --- 

Compd. 
V a  

V b  

vc  

V d  

Ve 

vf 

1-g 

V h  

Aryl 
Phetiyl 

4-Methoxyphcnyl 

Ph en yl 

4-Methoxyphenyl 

3,4-Dimethoxyphenyl 

4-ll ydroxyphenyl 

4-Hydroxyphenyl 

3,4-Dihydroxyphcnyl 

M.p., O C .  
215-217 

dec. 

226-229 
dec. 

250-252 
dec. 

235-240 
dec. 

221-224 
dec. 

345-350 
dec. 

389-392 
dec. 

317-328 
dec. 

c/o 
Yield 
61 

46 

60 

65 

58 

62 

67 

64 

7-- Anal., 7 0 - 7  
Calcd. Found 

C, 67.81 
H, 6.13 
N, 12.17 
C, 64.60 
H, 6.20 
N, 10.76 c, 68.61 
H, 6.61 
N, 11.47 
C, 65.67 
H, 6 .61 x, 10.21 
C, 63.14 
H, 6.62 
N, 9.21 
C. 63.40 
H, 5.73 
N, 11.38 
C, 64.60 
H ,  6.20 
N, 10.76 
C, 60.86 
H, 5.84 
N, 10.14 

67.72 
6.16 

12.28 
64.66 

6.26 
10.79 
68.61 
6.46 

11.30 
65.66 
6.45 

10.10 
62.92 
6.57 
9.35 

63.14 
5.94 

11.56 
64.64 
6.27 

10.74 
60.99 

5.84 
10.02 

a Product analyzed correctly for monohydrate until dried a t  150' (0.3 mm.). Pieviously reported hy Tiffeneau, M. 
Tchouhar, B., Saiaslambert, M., and LeTellier-Duprg, M., Bzdl. SOL. Chim. Pvoizce, 1957, 443; m.p. 255O, yield 25%. 

convulsant activity in mice as measured by maximal 
electroshock seizure test. 

Owing to the difficulty of obtaining screening of 
compounds obtained under a grant from the 
Xational Institutes of Health, no data are available 
pertaining to possible antihypertensive activity of 
the amino acid (111). 

EXPERIMENTAL 

2 - Arylcyc1oalkanones.-2 - Phcnylcyclopen- 
tanone (7), 2-phenylcyclohrxanone (8). and 2-(4- 
methoxypheny1)-cycloliexanone (9) were obtained 
as described in the literature. 2-(4-Methoxy- 
pheny1)-cyclopentarlone had not been prepared 
before. Thc mcthod described in Reference 9 was 
used, but difficulty was encountered in its isolation. 
Its identity was establish_ed by formation of the 
hydantoin ( V b ) .  2-(3,4-Dimethoxyphcnyl)-cyclo- 
hexanone, a ncw compound, was obtained from 3,4- 
dimethoxybcnzaldehyde by a general method (lo), 
but similarly the hydantoin (Ve) was made from 
the crude ketone. 

Spirohydantoins (Table I).-The general pro- 
cedure of preparation was based upon that of Henze 
and Spcer (11). The appropriate ketone was mixed 
with 2 equivalcnts of potassium cyanide and 4 
equivalents of ammonium carbonate in about 300 
ml. of 507, alcohol per 0.1 mole of ketone. In the 
easc of Vc, thc starting kctonc was first dissolved 
in 50 1111. of alcohol. The mixture was stirred for 
about 4 to 5 hr. at 5&60". Cooling the mixture 
to room tcmpcrature yields a pure first crop. 
Furthermore, less pure product was obtained by 
evaporation of the filtrate to about two-thirds of 
its volunie and then acidifying. (Hood!) The 
hydantoins were recrystallized from 50% alcohol. 

Thin-layer chromatography of hydantions, using 
silica gel as adsorbent and with a develop- 

ing time of 50 min., gave the following Rf 
values of approximately the same magnitude, 
for solvent system chloroform/acetone (1 : 1) and 
chloroform/acctonc (2: I), respectively: V a ,  0.83 
and 0.59; Vc, 0.79 and 0.54; and Ve ,  0.77 and 0.49. 
Sulfuric acid spray and heat were used for develop- 
ment of spots. 

Demethylation of Hydantoins Vb, d, and e.-A 
mixture of 0.01 mole of the methoxyphenylspiro- 
hydantoin, 20 ml. of 47% hydriodic acid, and 20 
1111. of glacial acetic acid was heated at  reflux over- 
night. After thc mixturc was cooled and diluted 
with water, crystallization was induced. Evapora- 
tion of the mother liquors gave lcss pure product. 

1 - Amino - 2 - phenylcyclopentane - 1 - carboxylic 
Acid (IIIa).-A mixture of 23 Gm. (0.1 mole) of 
crude hydantoin (Va) and 400 ml. of 60C,;t sulfuric 
acid was heated with stirring for 6 hr. a t  140-150'. 
'The cooled solution was neutralized with barium 
carbonate, the precipitated barium sulfate was 
removed by filtration and washed several times with 
hot watcr. From the hot watcr 2.3 Gm. of un- 
changed V a  separated. The solution was concen- 
trated and desalted by absorption of the amino acid 
in a strongly acidic ion-exchange resin (Dowex 50), 
washing out the anions and replacing the amino acid 
with 2 N ammonia. When, upon conccntrating, 
the amino acid began to crystallize, an equal volume 
of hot alcohol was added. Cooling gave 6.9 Gin. 
(34% yield) of IIIa, m.p. 290" dec. With paper 
Chromatography, only 1 spot was obtained. What- 
man's No. 1 paper was employed in ascending flow 
of solvent at room temperature for the following 
Rf values: 0.86 (120 butanol/30 glacial acetic 
acid/50 water); 0.89 (160 phenol/40 watcr); 
0.83 (150 phenol/40 ethanol/lO water); 0.70 (60 
butanol/BO pyridine/tiO water). Ninhydrin spray 
was used for dcvelopment. 
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Anal.-Calcd. for C12H15N02: C, 70.22; €I, 7.37; 
N, 6.82. Found: C, 70.18; H, 7.41; N, 6.85. 

N - (2,4 - Dinitrophenyl) - 1 - amino - 2 - phenyl- 
cyclopentane - 1 - carboxylic Acid.-This was made 
from IIIa and 2,4-diiiitrophenyl-l-fluorohenzene 
(12). Two recrystallizations from dilute alcohol 
gave a product, m.p. 220-230' dec. Paper chro- 
matography produced tailing. Thin-layer chro- 
matography using Silica Gel G :LS adsorbat  and 
solvent system 95 chloroform/5 methanol/l glacial 
acetic acid gave after 50 min. RJ value 0.70 (single 

And-Calcd. for C18H1,N306: C, 58.45; H, 
4.09; N, 11.38. Found: C, 58.68; H, 4.39; N, 
11.20. 

1 - Amino - 2 - phenylcyclohexane - 1 - carboxylic 
Acid (IIIb).--As in the preparation of IIIa, 26.2 
Grn. (0.1 mole) of crude hydantoin VG was hydro- 
lyzed. After 6 hr., 38cjC of Vc was recovered, 28% 
after 24 hr., and none remained after 2 days of 
heating but carbonization resulted. In the last 
case, the yield of IIIh was 51%, m.p. 286-290" 
dec. Paper chromatography gave only 1 spot, 
and Rf values for the same solvent system used for 
IIIa were, respectively, 0.87, 0.85, 0.82, and 0.73. 

And-Calcd. for C13H17N02: C, 71.20; H, 7.82; 
N, 6.39. Found: C,  71.02; 11, 8.02; N, 6.36. 
N - (2,4 - Dinitrophenyl) - 1 - amino - 2 - phenyl- 

cyclohexane-1-carboxylic Acid.-This was made (12) 
as a derivative of I l l b ,  1n.p. 204-206' dec., after 2 
crystallizations from 50% alcohol. R, 0.68 (thin- 
layer, adsorbent Silica Gel G, 95 chloroform/li 
methanol/l glacial acetic acid). 

And-Calcd. for ClsHlsN30,j: C, 59.22; H, 
4.97; X, 11.16. Found: C, 59.34; H, 5.05; N, 
11.10. 

1 - Amino - 2 - (3,4 - dihydroxyphenyl) - cyclo- 
hexane-I-carboxylic Acid (IIIc) Hydrochloride.-A 
mixture of 20 Gm. (0.062 mole) of crude hyddntoin 
(Ve) and 400 nil. of 60y0 sulfuric acid was stirred 
and hcdtcd at  13.5-140" for 2 days. The dark 
solution was neutralized with barium carbonate. 
Thc precipitated barium sulfate was removcd by 
filtration, washed with hot water, and the combined 

spot). 
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solutions evaporatcd to dryncss to give 10 Gm. of 
dark brown material. It was dissolved in 100 ml. 
of 47% HI and heated a t  reflux for 24 hr. Diluted 
with water and filtered, the brown solution was 
extracted with ether. The aqueous layer was 
evaporated to dryness. Thc product was dried 
under reduced pressure to remove excess hydrogen 
iodide, after which it was dissolved in water and 
adsorbed on an ion-exchange column (Dowex 50). 
The iodide ions were removed with water arid the 
amino acid eluted with 4 N hydrochloric acid. Thc 
solution was evaporated to dryness to give 3 Gm. 
of a slightly gray solid. It was purificd by sevcral 
reprecipitations from glacial acetic acid by ether. 
A yicld of 1.8 Gm. (105% from Ve) of slightly tan 
solid IIIc hydrochloride was obtained, m.p. > 300". 

The product is acidic and gives a dark green 
color with ferric chloride. I.R. spectrum shows a 
broad band at  2.8 to 4.55 p, suggesting phenolic and 
carboxylic hydroxyls, C-H and RiYH3+ absorption. 
A carhonyl peak appears at 5.8 p. 

And.-Calcd. for C13H18ClN04: C ,  54.20; H, 
6.31; N, 4.87. Found: C, 54.34; H, 7.00; N, 
4.65. 
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Diisopropylammonium Dichloroacetate I. 
Assay, Distribution Coefficient, and Solubility Studies 

By GEORGE E. CREVAR and ROBERT W. GOETTSCH* 

Solubility and distribution coefficient values 
were determined for the drug, diisopropylam- 
monium dichloroacetate, using a nonaqueous 
titration method. A second assay procedure 
is presented for the drug utilizing the modified 

Fujiwara colorimetric method. 

N RECENT YEARS, several papers have described I the pharmacological properties of diisopropylam- 
inoniuin dichloroacetate. The hypotcnsive prop- 
ertiesof the drug have been reported( 1-3). 'rhe anti- 
toxic action of diisopropylamnioriium dichloroacetate 
has been demonstrated against potassium cyanide and 
quinine hydrochloridc(4). Biological studies with di- 
isopropylanimonium dichloroacetate have indicated 
its effect on the blood levels of galactose, glycine, aud 
cholesterol (5), on the utilization of amino acids by 
the liver and other tissues (6), and on the interference 
with oxidation-reduction processes (7). Villari, 
Mazzacca, and Coraggio (8) observed the activation 
effect of diisopropylammonium dichloroacctatc on 
mice infected with MHV-3 (mouse hepatitis virus). 

During preliminary biopharrnaceutical investiga- 
tions of diisopropylarnmoniun dichloroacetate, it 
ccas necessary to find suitable assay procedures for 
solubility aiid distribution coefficient studies. A 
colorimetric assay for diisopropylammonium di- 
chloroacetate has been reported by Maruyarna and 
Hasegawa (9). Their procedure is based on the 
color reaction involving naphthorescorcinal and 
glyoxalic acid, an alkaline degradation product of di- 
isopropylammonium dichloroacetate. More re- 
cently, a colorimetric method for the determination 
of polyhalogenated organic compounds was reported 
by Leibinan and Hindman (10). The method used 
by these authors is a modification of the Fujiwara 
alkaline pyridine reaction (11). 

The purpose of this paper is to report on the ap- 
plication of two analytical procedures for the assay 
of diisopropylammonium dichloroacetate: a 
colorimetric method based on the modified Fujiwara 
technique (10) and a nonaqueous titration procedure 
(12). These assays have proven applicable for the 
determination of the solubility and thc distribution 
coefficient of this agent. 

EXPERIMENTAL 
Nonaqueous Titrimetry 

Analysis of Diisopropylammonium Dichloro- 
acetate.-The nonaqueous titratioti procedure 
described by Fritz (12) was utiliLed for the analysis 
of diisopropylammonium dichloroacetate. Each 
milliliter of 0.1 N potassium methoxide solution is 
equivalent to 23.014 mg. of the drug. 
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Analysis of Solutions of Diisopropylammonium 
Dich1oroacetate.-Aliquots of diisopropylam- 
monium dichloroacetate solutions (aqueous and 
nomaqueous) were pipeted into 100-ml. beakers 
and the solution allowed to evaporate to dryness. 
The residue was dissolved in 20 ml. of neutralized 
DMF and the solution titrdted with potassium 
mcthoxidc solution as previously described. 

Solubility Studies.-An amount of diisopropyl- 
ammonium dichloroacetate known to be in excess of 
that required for a saturated solution was weighed 
accurately and placed in a glass-stoppered bottle 
containing the solvent. The bottle was pkdccd in a 
rotating constant-temperature bath and equilibrated 
for 2 hr. at 26 =t 0.1". After equilibration, aliquot 
samples of the supernatant liquid were removed and 
assayed for the drug by nonaqueous titration. 

Distribution Coefficient Studies.-The distribu- 
tion coefficients of diisopropylammonium dichloro- 
acetate between benzene-water arid chlorofonn- 
water systems were determined by nonaqueous pro- 
cedures. Accurately weighed samples of the com- 
pounds were added to glass-stoppered bottles con- 
taining 5 ml. of distilled water and 5 ml. of the 
organic solvent. The bottles were placed on a rotat- 
ing constant-temperature bath and equilibrated for 
2 hr. a t  26 i 0.1O. After equilibration, the 2 layers 
were separated and analyzed for diisopropylammo- 
nium dichloroacetate by nonaqueous titration. 

Colorimetric Procedure.-Aqueous solutions of 
diisopropylammonium dichloroacetatc were ana- 
lyzed colorirrietrically by the modified Fujiwara 
reaction (10). The proposed procedure differs from 
that reported by Leibinan and Hindman (10) in that 
it is recommended that suitable standard solutions 
of this drug be run siniultaneously. This general 
procedure was extended to the dctermination of the 
solubility of diisopropylaininolliutu dicliloroacetate 
in several solvents. 

RESULTS 
Table I shows the results obtained from the anal- 

ysis of diisopropylatnrnoIiium dichloroacetate by a 
rioriaqueous titration procedure. The method 
proved to  be suitable for the crystalline salt as we11 
as for aqueous and nonaqueous solutions of the drug. 
The nonaqueous procedure is accurate, rapid, and 
has many potential applications. 

TABLE 1.- -ANALYTICAL DATA FROM NONAQUEOUS 
'I'ITRATION STUDIES 

ammonium mg. mg. % 

Powder 118.35 118.24 99.9 f 0.17 
Aqueous soh .  100.00 100.3 100.3 + 0 . 4  
Chloroformsoln. 99.87 100.87 101 . O f  0.26 

Uiisoprqp yl- 

Dichloroacetate Taken Found Recovery" 

Average of 5 or mnre determinations rt standard devi- 
ation. 

446 



Vol.  55, No. 4,  April  1966 

TABLE II.-SOLURII,ITY O F  DIISOPROPYLAMMONIUM 
DICHLOROACETATE~ 

~. ~. 

Solubility in 
Solvent Gm./100 ml. S o h b  

Distilled water 58.0 f 0.32 

Chloroform 50.6 f 0 .21  
Benzene 15.6 f 0.22 

Ethanol, 957" 46.3 f 0.31 

Average of 5 01- more detetminations f standard devi- 
ation. All data reprcsent studies conducted a t  26 ?c 0.1'. 
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greater than anticipated from the polarity of the 
solvcnt (Table 11). It is proposcd that the in- 
creased solubility of this drug in chloroform may be 
attributed to an association between solute and 
solvent molecules. 

An cxamination of the distribution studics of di- 
isopropylaxnrrionium dichloroacetate (Table 111) 
reveals that in the partitioning between benzene and 
water, the expression of K = COrg./Cnro is a constant 
value. This type of exprcssion was not adequate 
for calculating the distribution coefficient between 
chloroform and water. However, a constant value 
was obtained from the use of the following expres- 
sion: K = C0,,,/(Cn,o)" where the value of n is 
obtained from the slope of the line by plotting log 
Corg. against log CH~O. The data obtained suggest 
an association of the drug molecule in the organic 
phase. 

The modified Fujiwara colorimetric procedure 
proved to be suitable as an assay mcthod for this 
drug. However, reproducible results were obtained 
only if appropriate standards were run  simultane- 
ously with the test solutions. In analyzing 4 sam- 
ples of the same concentration (0.4 mg./ml.) in 2 
successive runs, the average deviations of the ab- 
sorbance measurements were found to be f0.003 
and 1!10.004. The utilization of a standard curve 
gave variable results. I t  was also found necessary 
to use a freshly prepared benzidine-formic arid 
reagcnt. Additional studies on thc solubility of di- 
isopropylammonium dichloroacetate in several sol- 
vents were conductcd utilizing the modified Fujiwara 
colorimetric procedure. The data obtained from 
these studies are in agreement with thosc obtained 
in the nonaqueous titration experiments (Table 11'). 

This colorimetric procedure may prove valuable 
in studying the degradation of this drug and related 
molcculcs possessing the dichloroacctic acid moiety. 

REFERENCES 

T A B L E  I l~.-DISTRItlUTIOS COEFFICIENTS O F  
DIISOPROPYLAMYONIUM DICHLOROACETATEU 

~. 

Concn. of 
Diisopi-o,p yl- 
ammonium ,- -Chloroform/Water- - 

Dichloroacetate, Benzene/ x - CCHC13 = "?& 
Gm.b Water Cll?O (C1l?O)n 

0.5029 0.017 . . .  . . .  
1 .0059 0 017 . . .  
1.0019 . . .  0.22 0:345 
1,5110 ... 0.34 0.345 
2.0034 . . .  0.44 0.348 

~~ 

O4 All data represent studies conducted at  26 * 0.1O. 
Leaders indicate data were not determined. Concentration 
of the drug partitioned between 5 ml. of organic phase and 5 
ml. of aqueous phase. The value of n was found to be 2.3. 

'rAB1.E I\'.-cOMPARATIVE SOLUBILITY STUDIES BY 
NONAQUEOUS AND COLORIMETRIC PROCEDURES 

Solubility in Gm./100 ml. 
Soh.  

ColoT-i. 
Solvent h-onaqueous metric" 

Distillcd water 58 .0  =k 0.33  60 
Ethanol, 959; 46.3 f 0.31 48.5 
Chloroform 50.6 f 0.21 b 
Benzene 1 5 . 6 f 0 . 2 2  15 

Standard devialiunh weir nut determined for  the coloi-i- 
The coloi-imctric pi-ocedure is not applicable metric assay. 

with chloroform as the solvent (10). 

Tables I1 and 111, respectively, include data 
demonstrating the uqe of this method for the detcr- 
mination of solubilities and distribution coeficienti. 

In the solubility studies, solvents were selected to 
cover a broad range of dielectric constants (2.28-80). 
I t  was observed that, with the exception of chloro- 
form, the solubility of diisopropylammonium di- 
chloroacetate increased as the polarity of the solvent 
increased. The solubility in chloroform was much 
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Estimation of Thiamine by Inverse Isotope Dilution I1 
By WAYNE G. HARRIS*, WAYNE V. KESSLER, JOHN E. CHRISTIAN, and 

ADELBERT M. KNEVEL 

In  a continuation of a previous study, the cleavage of thiamine hydrochloride by so- 
dium sulfite was proved to be a quantitative reaction. An inverse isotope dilution 
procedure based on  this cleavage was shown to be both accurate and precise in  the 
analysis of pure thiamine hydrochloride in quantities of 10, 50, and 100 mg. It was 
also used in  the analysis of thiamine hydrochloride in 4 pharmaceutical products. 

PREVIOUS paper (1) reported a preliminary A study of a thiamine assay by inverse isotope 
dilution. Thiamine hydrochloride was clcaved with 
sodium ~ u l f i t e - ~ ~ S  to form 3 5 s  labeled 4-aniino-2- 
methylpyrimidyl-5-methanesulfonic acid as the 
derivative. Quantitative assays of thiamine in the 
presence of othcr vitamins were performed. 

The 
cleavage reaction was proved to be quantitative by 
direct isotope dilution. Samples containing 10, 
50, and 100 mg. of thiamine hydrochloride and 4 
commercial products were assayed. The results 
are reported in this paper. 

This assay procedure was studied further. 

EXPERIMENTAL 

Preparation of Carrier.-The carrier was prepared 
in the manner reported previously. Purity was 
proved by papcr chromatography with 2 solvent 
systems, propanol-ammonia (2 : 1) and butanol- 
acetic acid water (4:2:1), and by potentiometric 
titration. The latter method gave an averagc 
purity of 100.370 for 3 dctcrminations. 

Measurement of Radioactivity.-Thc radio- 
activity of all samples was measured in the manner 
previously reported. Samplcs wcrc counted for 
a period of time sufficient to maintain a counting 
error of 1.0% or less. 

Proof That Cleavage Reaction Is Quantitative.- 
Williams et al (2) reported that the cleavage reaction 
is quantitative. This rcport was based on the 
weight of product recovered in a cleavage reaction. 
'The recovcry was less than 100'j'o. 

In  order to prove that the reaction is quantitative, 
direct isotope dilution was used. Labeled deriva- 
tive was prepared by cleaving 5 Gm. of thiarninr 

The direct isotope dilution procedure was per- 
formed in duplicate. Approximately 400 mg. of 
thiamine hydrochloride (U.S.P. reference standard), 
previously dried to constant weight ovcr phosphorus 
pentoxide, was weighed accurately into a weighing 
bottle. The thiamine was dissolved in 3 ml. of 
water, 3.00 ml. of a 1 M sodium sulfite solution was 
added, the pH was adjusted to 4.9-5.0 with 2.6 N 
hydrochloric acid, and the reaction mixture was set 
aside for 12 hr. 

A solution of the labeled derivative was prepared 
by dissolving 100.5 mg. in sufficient ammonia T.S. 
to make 25.00 ml. To the reaction mixture was 
added 5.00 ml. of this solution, the pH was again 
adjusted to 4.9-5.0, and the mixture was set aside 
for 12 hr. The crystals were collccted with suction, 
washed with about 25 ml. of ice cold water, trans- 
ferred to a 50-ml. bcakcr, and dissolved in the least 
amount of ammonia T.S. The pH was adjusted 
to 4.9-5.0 with glacial acetic acid, and the mixture 
was allowed to stand at room temperature for lit hr. 
The crystals were collected, washed, and dissolved 
in about 5 ml. of water by boiling. The mixture 
was set aside at room temperature for 12 hr. The 
crystals were then collected, washed, and dricd in an 
ovcn at  105" for 2 hr. 

Approximately 50 mg. of the product was ac- 
curatcly weighed and dissolved in sufficient arn- 
monia T.S. to make 50.00 ml. A sample was 
prepared for counting by adding 1.00 ml. of this 
solution to 15 ml. of scintillator. In a similar 
manner, a samplc of thc labeled derivative was 
prepared for counting in order to determine its 
initial specific activity. 

Thc results are shown in Table 1. 

TABLE I.-YIELD OF CLEAVAGE REACTION 

Final Specific 
Thiamine HCl Labeled Derivative Activity, Thiamine HCI Recovery, 
Cleaved. mg. Added, mg.' c.p.m./mg. Recovered, mg. % 

501.4 20.1 4378 499.7 99.7 
342.2 20.1 6207 342.6 100.1 

a Initial spccific activity was 69,982 c.p.m./mg. 

hydrochloride with sodium s ~ l f i t c - ~ ~ S  in the manner 
used for the preparation of the carrier. The purity 
of the product was confirmed by paper chroma- 
tography with the 2 solvent systems used for the 
carrier. 

Received April 1, 1965, from the Bionucleonics Depart- 
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Accepted for publication February 7, 1966. 
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sity, Brooking%. 

TABLE 11. -ANALYSIS O F  T H I A M I N E  HYDRO- 
CHLORIDE 

________________ ~- ~~ 

Initial 
Thiamine HCI Sp. Act. of 

Analyzed, Derivative, Thiamine HCI 
c.p.m./mg. Recovered, mg. mg. 

100.0 79,926" 100.3 + 1.03d 
50.0 81 ,6546 49.74 f 0.53e  
10.0 118,534c 10.07 f 0.22d 

aAverage of 3 Leplicates. bAverage of 4 replicates. 
cAverage of 6 replicates. dAveragp of 12 replicates. 
Average of 11 replicates. 
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TABLE 111.-ANALYSIS OF THIAMINE HYDROCHLORIDE IS PHARMACEUTICAL PRODUCTS 

~ _ _ _  ____~___ 
Thiamine Internal 

HCI Content 7- Thiamine HCI Recovei-ed, mg.-- Standard 
Product Labeled, mg. Isotope Dilution Thiochrome Method Kecuvered, % 

4 Q 5 5.32 f 0.04c 99.4c 
Bb 10 8.35 f 0.16 11.4: 100.6 
C* 50 50.25 f 1.20 100.1 
Da 100 105.8 f 0.20 102 100.1 

~ _ _  
Tablet. Vitamin €3 complex capsule. Average of 3 replicates. 

Analyses of Thiamine Hydrochloride at 10, 50, 
and 100-mg. Levels.-These analyscs were per- 
formed in the manner preserited in the previous 
paper with the following exccptions. The thiamine 
hydrochloride was a manufacturing grade (Koche). 
The quantity and specific activity of the labeled 
sodium sulfite were adjusted to the amount of 
thiamine hydrochloride clcavcd. For the 50 and 
100-mg. levels, 6 mg. of carrier was used for each 
milligram of thiamine hydrochloride cleaved ; for 
the 10-mg. level, the ratio was 30 to 1. In addition 
to recrystallization with glacial acetic acid, the 
carrier diluted derivative was recrystallized from 
water. The initial specific activity of the labeled 
derivative a t  each level was determined by per- 
forming the cleavage reaction on U.S.P. thiamine 
hydrochloride reference standard. Thc results 
are shown in Table 11. 

Analyses of Thiamine Hydrochloride in Pharma- 
ceutical Products.-Four pharmaceutical products 
(Table 111) with thiamine hydrochloridc contents 
ranging from 5 to 100 mg. wcre selected for arialysis. 
Thcse analyses were performed in the mannes used 
for pure thiamine hydrochloride with the followinx 
cxccptions. For product A ,  the ratio of carrier 
added to thiamine hyclrochloridc clcaved was 60 to 1. 
The binders, diluents, and other insoluble materials 
prescnt in the products were removed after the 
carrier was added by filtration with a Biicliner fuunel 
and a double thickness of Whatman No. 1 filtcr 
paper. Due to the large amounts of insoluble ma- 
terials present, it was thought that constant stirring 
of the reaction mixture would be necessary for 
quantitative cleavage. It was shown that this 
was not necessary. For each product, 6 samples 
were clcaved. To 3 of these samples was addcd 
thiamine hydrochloride (Roche, for ampul use) 
as an internal standard in an amount equal to the 
labeled thiamine hydrochloride contcnt of the 
product. 

The average tablet weight and the average net 
capsule weight were determined for each product. 

For products C and D, 12 tablets were powdered 
in a mortar and an amount of the powdcr equivalent 
to 10 tablets w-as dissolved in water in a volumetric 
flask. An aliquot of this solution was used in the 
analysis. For product A ,  single tablets were used 
directly in thc analysis. For product B,  capsule 
fill equivalent to tlie average was used. 

Products B and D were assayed by the thio- 
chrome method by the supplier. 

Thc results arc shown in Table 111. 

DISCUSSION 

The direct isotope dilution analysis proved that 
the cleavage reaction is quantitative. Thiamine 
hydrochloride, U.S.P. reference standard, was used 
to assure high purity. 

The accuracy and precision of the inverse isotope 
dilution analysis were good for both pure thiamine 
hydrochloride and pharrnaceutical products. For 
the pure thiamine hydrochloride the accuracy and 
prccision wcrc within 1 and 2.2%, respectively, for 
all 3 levels. For the pharmaceutical products, the 
precision and accuracy indicated by recovery of 
internal standard were comparable, 

The reason for the poor agreement between the 
2 methods of analysis for product B is not apparent. 
The recovery of internal standard was complete, 
and the analysis was run twice with consistent 
results. 

SUMMARY 

'rhe inverse isotope dilution method was shown 
to be applicable for tlie analysis of pure thiamine 
hydrochloridc in quantities of 10 mg. or greater. 
It was used for the aualysis of thiamine hydro- 
chloride in pharmaceutical products and was 
successful in three out of four. 

REFERENCES 
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Knevel, A. M., J. Pkavm. Scc., 53,465(1964). 
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Communications 

Modified Computer Programs 
for Determining 

Eutectic Temperatures 
Sir: 

In  a recent publication (l), the errors associated 
with both an expression for calculating eutectic 
temperatures and the computer program for 
solving this expression were elucidated. The 
general form of the equation which was derived 
from freezing point depression and solubility 
curves (2) was as follows: 

- log kf (Eq. 1) 

where Lf and Lf' = the heat of fusion of the 
solvent and differential heat of solution, respcc- 
tively; To and To' = melting point of the solvent 
and of the solid, respectively; and I", = the 
eutectic temperature. 

Because of an approximation introduced in thc 
freezing point equation during the derivation of 
the eutectic expression in which --x was sub- 
stituted for In (1 - x ) ,  deviation occurs for highly 
soluble salts where the mole fraction, x, exceeds a 
value of 0.1. However, a new program has been 
written in which the approximation has been 
eliminated in accordance with the following 
expression : 

1 = exp [- Lf - ' ( L  - -&)I 
H T,  

To simplify the expression, the following 
definitions are introduced: 

.I = L f / R  A '  = Lf ' /R  
B = T.f/RTo = A/Tu B' = Lf'/RTo' = A'/TO' 

Then 

TABLE ~."-EUTECTIC TEMPERATURE 

Diff. 
Heat of 

S o h ,  
cal. 
100 
300 
500 
TOO 
900 

1100 
1300 
1500 
1700 
1900 
2100 
2300 
2500 
2700 
2900 
3100 
3300 
3500 
3700 
3900 
4100 
4300 
4500 
4700 
4900 
5100 
5300 
5500 
5700 
5900 

20 
116.59 
90.65 
77.69 
69.05 
62.63 
57.55 
53.38 
49.87 
46.85 
44.21 
41.88 
39.79 
37.91 
38.21 
34.65 
33.22 
31.90 
30.67 
29.54 
28.47 
27.48 
26.55 
25.67 
24.84 
24.06 
23.32 
22.61 
21.94 
21.31 
20.70 

M.p. oc. (7.0')- 
100 140 180 220 40 

115.00 
88.05 
74.46 
65.35 
58.55 
53.17 
48.75 
45.02 
41.81 
39.00 
36.53 
34.31 
32.32 
30.51 
28.86 
27.35 
25.96 
24.67 
23.47 
22.36 
21.32 
20.35 
19.43 
18.58 
17.77 
17.00 
16.28 
15.60 
14.95 
14.34 
~- 

a Eutectic values are negaiive. 

60 
113.62 
85.80 
71.68 
62.18 
55.09 
49.47 
44.85 
40.95 
37.61 
34.69 
32.11 
29.82 
27.76 
25.90 
24.21 
22.66 
21.24 
19.94 
18.73 
17.62 
16.58 
15.62 
14.71 
13.87 
13.09 
12.35 
11.66 
11.01 
10.39 
9.82 

___ 

111.35 
82.14 
67.17 
57.08 
49.55 
43.59 
38.71 
34.62 
31.12 
28.09 
25.44 
23.10 
21.02 
19.15 
17.48 
15.97 
14.60 
13.36 
12.23 
11.20 
10.26 
9.40 
8.62 
7.89 
7.23 
6.63 
6.07 
5.56 
5.09 
4.66 

109.57 
79.27 
63.68 
53.17 
45.34 
39.18 
34.17 
29.99 
26.45 
23.41 
20.77 
18.47 
16.46 
14.67 
13.10 
11.69 
10.44 
9.33 
8.34 
7.45 
6.65 
5.94 
5.30 
4.73 
4.22 
3.76 
3.35 
2.98 
2.65 
2.36 

108.13 
76.97 
60.90 
50.09 
42.07 
35.79 
30.71 
26.51 
22.98 
19.99 
17.42 
15.21 
13.29 
11.62 
10.16 
8.89 
7.78 
6.80 
5 94 
6.19 
4.54 
3.96 
3.45 
3 .01  
2.62 
2.28 
1.99 
1.73 
1.50 
1.30 

106.95 
75.09 
58.65 
47.61 
39.46 
33.11 
28.01 
23.83 
20.35 
17.43 
14.95 
12. 83 
11.03 
9.48 
8.14 
7.00 
6.01 
5.16 
4.42 
3.79 
3.25 
2.78 
2.38 
2.03 
1.74 
1.48 
1.26 
1.08 
0.92 
0.78 

260 
105.95 
73.52 
56.78 
45.58 
37.33 
30.95 
25.86 
21.72 
18.30 
15.46 
13.07 
11.06 
9.36 
7.93 
6.71 
5.67 
4.79 
4.05 
3.41 
2.88 
2.43 
2.04 
1.72 
1.44 
1.21 
1.02 
0.85 
0.72 
0.60 
0.50 

300 
105.10 
72.19 
55.21 
43.88 
35.37 
29.18 
24.12 
20.02 
16.68 
13.91 
11.62 
9.71 
8.11 
6.77 
5.6.5 
4.71 
3.93 
3.27 
2.72 
2.26 
1.88 
1.56 
1.29 
1.07 
0.89 
0.73 
0.61 
0.50 
0.42 
0.34 

450 
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TABLE II.-EUTECTIC TEMPERATURE FOR SOME PHARMACEUTICALS AND INORGANIC ELECTROLYTES 

____ 
Y E u t e c t i c  Temp., OC.---- 

Calcd. Calcd. 
Compd. Exptl. (no approx.) (with approx.) Lit. Value 

Methylphenidate 
hydrochloride -11.7 -11.91 -11.39 . . .  
methanesulfonate -10.1 - 9.07 - 8.77 . . .  
phosphate - 4.29 - 3.97 - 3 .92  . . .  

hydrochloride - 1 . 3  - 2 .35  - 2 .34  . . .  
methanesulf onate -11 .0  - 8 . 5 4  - 8.28 . . .  
phosphate - 0 . 7 5  - 0 .88  - 0 .88  . . .  

Sodium chloride -21.6 -26.74 -24.01 -21. 6 
Sodium bromide -27.7 -33.88 -29.76 -28 .0  
Sodium iodide -29.9 -37.89 -33.09 -31 .5  
Potassium chloride -11.1 -12.66 -12.03 -10 .7  
Potassium bromide -12.9 -13.26 -12.72 -12 .6  
Potassium iodide -22 .8  - 30.07 -26.67 -23.0 
Lithium chloride below - 40 -23.70 -21.57 . . .  
Cesium chloride -24 .1  -27.89 -24.98 . . .  

Phentolamine 

An initial trial value of T. equal to 273.1°K. 
is taken resulting in a value, Y,  for the right hand 
side of Eq. 3, and Y’ is calculated from T,’ = 

T,  + AT, where AT = 0.01 T,. 
Then 

The error in Iris 1 - Y,  which can be corrected 
by incrementing T ,  by an amount 6, where 

AY 1 - Y  AT 
- or 9 = (1 - Y)aY (Eq. 5) 

A T  6 

The next trial value will be T ,  + @ and this 
procedure is repeated until the error in Y is 
arbitrarily small. In this procedure, the correc- 
tion 6 to be applied to the trial value of the 
eutectic can be calculated immediately, not 
requiring two previous iterations as in the former 
program. The procedure converges rapidly, 
usually after three iterations. Furthermore, 
since the correction does not depend on division 
by previous improvements, no difficulty is en- 
countered when these values approach zero, as 
occurred, for example, in the former program for 
large values of Lf’ and To’. 

-4 program was written in Fortran I T ,  and an 
IBM 1401 (8K) computer was used to print a 
revised table of eutectic temperatures in a con- 
densed form to include values of Lf’ from 100- 
5900 cal. in increments of 200 cal., and melting 
points To’ from 20-60O in increments of 20O and 
from 60-300’ in increments of 40’ (Table I). 
The maximum error involved in interpolating 
values from the condensed table is 0.5’. 

Independently, a somewhat different program 
for solving Eq. 2 was written in Manchester 
Autocode, and an ICT 1301 computer was used 
to obtain a similar table of eutectic temperatures 
as a function of Lf’ and To’. The results of the 
two methods agree within 0.01O. 

Since most pharmaceuticals do not exceed a 
0.1 mole fraction concentration in water, the 
difference in the values obtained using Eq. 2 
as compared to those using the approximation 
given by Eq. 1 is not of practical significance as 
shown in Table 11. The major discrepancies as 
would he expected occur for highly soluble salts 
above 0.1 mole fraction in water. 

Some previously published values (2, 3) have 
been recalculated with the new programs and 
they are listed in Table 11. 

The deviation which occurs in calculated and 
experimental values was discussed in the previous 
papers and is prcsently undergoing investiga- 
tion. 

(1) DeLuca. P., Lachman, L., and Yost, W., J .  Pharm. 

(2) DeLuca, P., and Lachman, L., ib id . .  54, 617(1966). 
(3) I b i d . ,  54, 1411(1865). 

Sci . ,  54, 1348(1065). 
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Identity of Viminalol Acetate 

Sir: 

In their work on substances occurring in Sur- 
coslemma oimintsle, Torrancc and Marais (I) 
showed that this plant contained, in addition to 
P-amyrin and friedelin, a compound which they 
called viminalol acetate, and which they stated 
appeared to belong to the lupeol series. In the 
present investigation i t  is shown unequivocally 
that the compounds described by Torrance and 
hlarais (1) as viminalol and viminalol acetate 
were in all respects identical with a-amyrin and 
a-amyrin acetate. 

In the previous communication (1) the best 
melting point reported after chromatography on 
alumina for viminalol acctate, referred to as B,  
was 160-162°. Thin-layer chromatography, 
however, showed that this material was not pure 
After repeated chromatography of this substance 
on aluminum oxide using benzene as solvent, a 
product was finally obtained with a melting p i n t  
of 200-2E0, filiich gave a single spot on thin- 
layer chromatography. A pure sample of B was 
eventually obtained by hydrolysis of B,  in ethan- 
olic potassium hydroxide, to the alcohol The 
alcohol was crystallized from 9.5% ethanol until 
a constant melting point of 180-182" was ob- 
tained Thin-layer chromatography of this 
alcohol gave a single spot This pure alcohol 
was then acctylated, iising pyridine and acetic 
anhydride in the cold, to give a product which, 
after crystallization from alcohol, gave a chroma- 
tographically pure substance of melting point 
216-219O. This mclting point rcmaincd COII- 

stant after recrystallization 
A comparison of these melting points with that 

of a-amyrin 186O (2, 3 )  and of a-amyrin acetatc 
226' (2, 3 )  suggested the possibility of viminalol 
acetate being identical with 0-amyrin acetate. 

A number o f  derivatives of viminalol acetate 
were prepared and their melting points compared 
with the corresponding derivatives of a-anyrin 
and a-amyrin acetate described in the literature. 
Prom the physical constants given in Table I 
for viminalol acctate, a-amyrin acetate, and 

TABLE I.-~UBSTANCES AND MELTING POINTS 
-_ 

Substance M.P., "C. 
a-Amyrin acetate 

\7irninalol acetate 
w-rlmyrin 

Alkaline hydrolysis product of 

a- Amyrone 
Chromic acid oxidation of hy- 

drolysis product of viminalol 
acetate 

viminalol acetate 

w.4myrenonal acetate 
Chromic acid oxidation product 

of viminalol acetate 
mu- Amyrene 
Clemmensen reduction product of 

vimirialol 

216-219" 

1 2 6 O  (2,s) 
124-187 O 

278" (2, 3)  
27&280" 

115' (2, 3) 
108-111" 

their derivatives it can be seen that viminalol 
acetate was in fact a-amyrin acetate. 

Furthermore, no depression in the melting 
points of a-amyrin and a-amyrin acetate were 
obtained on admixture with viminalol and vim- 
inalol acetate, respectively. (Table I.) 

Thin-layer chromatography a t  room tempera- 
ture @ao) using silica gel (G nach Stahl) and a 
solvent system of ethyl acetate-cyclohexane 
(2 : 8) on a-amyrin, viminalol, a-amyrin acetate, 
and viminalol acetate gave R, values of 0.53 for 
a-amyrin and viminalol and 0.94 for a-amyrin 
acetate and viminalol acetate. 

Finally, comparison of the infrared spectra 
of viminalol and viminalol acetate with authentic 
samples of a-amyrin and a-amyrin acetate showed 
that the substance previously described (1) as 
an unknown triterpene acetate, viz., viminalol 
acetate is identical with a-amyrin acetate. 

(1) Torrancc, J. D., and Marais, J. L. C., J .  Pharvn. 
Sci.,  52, 439(1963). 

(2) "Elsevier's Encyclopedia of Organic Chemistry," 
vol. 14, Hlsevicr Publishing Co., New York, K. Y . ,  1940. 

(3). Simqnsen, J.,, and Ross, W. C. J., "The Terpenes." vol. 
IV, Cambridge University ~'IKSS, Cambridge, England, 1957. 
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2,4-Diamino-6-substituted-5- (4- 
carbethoxyphen ylazo) pyrimidines 
as Irreversible Inhibitors of Folk 

Acid Reductase 

Sir: 

The theory of competitive, or active-site- 
directed, irreversible inhibition of enzymes has 
been discussed by Baker (1) and others (2-5). 
To achieve this type of inhibition, the inhibitor 
must form an initially reversible enzyme--inhibi- 
tor complex and, while in this form, be able to 
Eorm a covalent bond between reactive groups 
located on the enzyme and on the inhibitor to 
yield a covalently bound enzyme-inhibitor 
complex. 

Previous studies (6-9) have shown that 5-aryl- 
azopyrimidincs possess antifolic properties. Evi- 
dence has been presented which suggests that a 
series of 2,.l-diamino-6-substituted-~-arylazo- 
pyrimidines are competitive antagonists of rat 
liver folk acid reductase (10). Thus, i t  seemed 
possible that irreversible antagonists might bc 
designed by the incorporation of appropriately 
located alkylating groups into the .5-arylazo- 
pyrimidine molecule. 

Some irreversible inhibition was noted (10) 
with iV-2-chloroetliyl-1%"- [2,3-diatnino-5 ( k a r b -  
ethoxyphenylazo)-6-pyrimidyl]piperazine (I), 
but this was not ~jarticularly markcd since 
lengthy preincubation (8 hr.) of the inhibitor and 
enzyme was necessary to produce a significant 
level of irreversible inhibition (10). It seemed 
probable that the ineffectiveness of I was due to 
the conformational rigidity of the alkylating side 
chain which would preclude, save in thc most 
favorable circumstances, effective interaction 
between the alkylating group atid a corresponding 
nucleophilic site on the enzyme. Accordingly, 
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and nonalkylating inhibitors bind less efficiently 
to the enzyme than folic acid ( K M  = 6.2 X 10-6 
M ) .  Variation of the chain length of the 6- 
substituent has a relatively small effect on the 
[ I / S ] S ~  ratios for both the alcohols (111-VII, 
[I/S],, range, 2.9-5.(9 and the chloro compounds 
(VIII-XII, [ ~ / S ] S O  range, 1.9-3.0). ITowever, 
incubation of the enzyme with the inhibitor 
before addition of the substrate resulted in 
varying degrees of irreversible inactivation of the 
enzyme. Enzyme inactivation in the presence 
of the reversible inhibitors (111-VII) was iden- 
tical to  that occurring in the absence of these 
inhibitors. 

The data  presentcd in this communication 
seem to establish the existence of a nucleophilic 
site on the enzyme folic acid reductase that can 
be specifically alkylated by appropriately de- 
signed antagonists. Further work is in progress, 
using analogs of these antagonists, tha t  may 
further establish the position of this nucleophilic 
site relative to  other binding sites of folk acid 
reductase. 
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ilccepted Dental Remedies 19/56, Council on Dental 
Therapeutics. American Dental Association, 222 
E. Superior St., Chicago, Ill. 60611, 1965. 
xvi + 275 pp. 15 X 22.6 cm. Price $3.00. 
Paperbound. 
The 1966 edition is the thirty-first edition of this 

well-known handbook of dental therapeutics. 
Revision once again has resulted in changes in the 
organization of the material and division into five 
sections; the previous edition had three. Of the 
five sections, one represents new material-Ther- 
apeutic Guides. The indexes have been incor- 
porated into the fifth section, and the first three- 
General Principles of Medication, Therapeutic 
Agents, and Therapeutic Aids-remain the same. 

Therapeutic Guides includes a chapter in which 
conditions such as bleediug, hairy tongue, moniliasis, 
leukoplakia, etc., are discussed and suggestions for 
treatment given. Another new chapter is Current 
Therapeutic Trends in which brief monographs on 
recently marketed drugs are presented. These 
drugs are widely advertised, and although some may 
eventually be accepted by the Council, others are 
included especially to emphasize the hazards as- 
sociated with their use. 

The discussion on reporting drug reactions has 
been expanded. The Council on Therapeutics is 
now cooperating with the FDA in its program on 
adverse reactions and to further aid the practitioner, 
brief adverse reaction report forms have been in- 
cluded inside the back cover of the book. 

Basic Biochemistry. By M. E. RAFELSON, J R . ,  and 
S. B. BINKLEY. The Macrnillan Co., 60 Fifth 
ilve., New York 11, N. Y., 1965. xi + 350 pp. 
15.5 X 24 cm. Price $8.50 hardbound; $6.50 
paperbound. 
This brief textbook provides a basic outline of the 

principles of biochemistry. The material is pre- 
sented in a clear and readable style. Discussion is 
limited but this fact is acknowledged by thc authors 
who suggest more complete reference texts which 
can be consulted for supplementation of this 
material. The first few chapters are devoted to 
descriptive chemistry of acids, bases, and buffers; 
carbohydrates; lipids; proteins; nucleic acid and 
nucleoproteins; enzymes; and high energy com- 
pounds and oxidative phosphorylation. The re- 
maining chapters are devoted to the metabolic 
pathways which utilize these compounds. The text 
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throughout is illustrated with many structural 
formulas, some of which are often not presented in 
more advanced texts since it is assumed that they 
are known. 

New Drugs: 1965 Edition. Evaluated by A.M.A. 
Council on Drugs. American Medical Associa- 
tion, 535 N. Uearborn St., Chicago, Ill. 60610, 
1965. xii + 510 pp, 16 X 24 cm. Price $5.00 
New Drugs 1965 is a new publication of the 

American Medical Association’s Council on Drugs. 
The Council has discontinued its previous publica- 
tion, New and Nonoficial Drugs. The hope is that 
New Drugs will provide the practicing physician with 
a more usable reference. The scope, organization, 
and format are entirely different from earlier publica- 
tions. 

The approach to the discussion of drugs is thera- 
peutic and drugs are grouped into chapters according 
to use. Previous publications categorized drugs 
according to pharmacologic action. For instance, 
in N N D ,  antidepressants, and analeptics were both 
included in the chapter covcring central stimulants. 
In New Drugs there is a separate chapter discussing 
each category. 

Thc general discussion which begins each chapter 
covers many of the drugs available for tha t  partic- 
ular therapeutic use regardless of whether a mono- 
graph is includcd in the chapter. Monographs 
appear only for those drugs which have been intro- 
duced within the past 10 years. 

The monographs provide unbiased information on 
the drugs and the Council emphasizes that these 
are uot approved drugs; in some cases unfavorable 
evaluations are given. It is pointed out also in 
certain instances that a drug may be used for a 
particular condition, but further evaluation is ncccs- 
vary to substantiate its value. A total of 271 single 
entity drugs arc covered in this edition. The in- 
formation included in the monograph includes 
generic and chemical name, actions and uscs, adverse 
reactions arid contraindications, pharmacology, 
dosage, preparations available, trade name(s), and 
nianufacturer( s). 

N m  Drugs will be revised and published annually. 
Monographs for drugs over ten years old will be 
dropped arid uewer agents will be added, and as more 
information is gained about drugs still includcd, 
thcsc monographs will be reviscd to incorporate this 
information. 

Hawk’s Physiological Chemistry. 14th Ed. Edited 
by BERNARD L. OSER. McGraw-Hill Book Co., 
330 West 42nd Strcet, Kew York, iY. l’,, 1965. 
xv + 1472 pp. 16.5 X 23.5 cm. Price $19.50. 
The title of the book has been changed with this 

14th edition from its original title Practiral Physio- 
logical Chemistry to  Hawk’s Physiological Chemistry. 
This timely volume is the result of the collaborative 
efforts of scientists and researchers outstanding in 
the many aspects of the biochemical field. Hawk’s 
Physiological Chenvistry is a comprchensive text 
which includes modern theory and practice without 
losing sight of thc fundamental concepts and 
rncthodology which have historically constituted the 
structure of the science of biochemistry. 

This 14th edition contains several innovations in 
nomenclature and abbreviations. Some of the 
older terminology has been modified to conform with 
recommendations of the International Union of 
Biochemistry. For example, readers will notice 
that NAD or nicotinamide adenine dinucleotide is 
used in place of DPN, Coenzyme I, or diphos- 
phopyridine nucleotide and that its reduced form is 
abbreviated NADH,. In  keeping with this, NADP 
or nicotiriamide adeninc dinucleotide phosphate 
rcplaccs TPN, Coenzyme 11, or triphosphopyridine 
riucleotide; its reduced form is NADPH2. 

Some of the subjects receiving special emphasis 
in this new edition are the composition, configuration, 
and role of the nuclcic acids and related compounds; 
the enzymes and cofactors involved in metabolic 
pathways; the biotransformations of nutrients arid 
their metabolites and their estimation in blood and 
tissues; the use of radioisotopes for the study of 
metabolic processes; current concepts of the bio- 
chemistry of muscular contraction, blood coagula- 
tion, respiratory metabolism, detoxification, and 
so forth. The initial chapters of this book 
dcal with basic physiocheniical principles and 
with the chemistry of thc major components of 
physiological tissues. This sophisticated discussion 
of the chemical principlcs important to biochemistry 
is clearly expressed in surprising detail. The 
information in all chapters is well documented for 
further study. Each chapter or section contains 
analytical proccdures and instrumental techniques 
which may be used as laboratory cxperiments or aids 
to the rcsearchcr. Some of these procedures and 
techniques are new, replacing those no longer in wide 
use. However, many examples of thc older, perhaps 
less precise, procedures have been retained because 
of their ctmtinued usage or historical importance. 
Thc reader will find numerous diagrams, illustrations, 
and tables throughout thc tcxt. Particularly note- 
worthy is thc color print of a rnodel of the molecular 
structure of deoxyribosc nucleic acid in the frontis- 
piece which is symbolic of the recent epoch-making 
developments in thc clucidation of the structural 
configuration and biochemical and gcnetic signif- 
icance of the ribonucleotides. This comprehensive 
textbook in physiological chemistry should prove 
indispensable to those in the medical and allied 
professions. 

Reviewed by Carolyn Damon 
U m g  Standavds Laboratory 
A .  Pk.A . Foundation 

Oficial Methods of Analysis  of the Association qf 
Oficial Agricultural Chemists. Edited by 
WILLIAM HORWITZ. Association of Official Agricul- 
tural Chemists, P.O. Box 540, Benjamin Franklin 
Station, Washington, D. C. 20044, 1965. xx + 
957 pp. 18 X 26.5 cm. Price $22.50. 
The changes and advances in analytical techniques 

arc rcvealed in this 10th edition of A O A C  Oficial 
Methods of Analysis. The major portion of new 
methods adopted within the last five years utilize 
spectrophotonietry and/or chromatography. The 
methods presentcd in this book are required by 
regulatory and research workers in the various areas 
of agriculture and public health. They are used by 
the FDA, Department of L4griculture, Internal Rev- 
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the many aspects of the biochemical field. Hawk’s 
Physiological Chenvistry is a comprchensive text 
which includes modern theory and practice without 
losing sight of thc fundamental concepts and 
rncthodology which have historically constituted the 
structure of the science of biochemistry. 

This 14th edition contains several innovations in 
nomenclature and abbreviations. Some of the 
older terminology has been modified to conform with 
recommendations of the International Union of 
Biochemistry. For example, readers will notice 
that NAD or nicotinamide adenine dinucleotide is 
used in place of DPN, Coenzyme I, or diphos- 
phopyridine nucleotide and that its reduced form is 
abbreviated NADH,. In  keeping with this, NADP 
or nicotiriamide adeninc dinucleotide phosphate 
rcplaccs TPN, Coenzyme 11, or triphosphopyridine 
riucleotide; its reduced form is NADPH2. 

Some of the subjects receiving special emphasis 
in this new edition are the composition, configuration, 
and role of the nuclcic acids and related compounds; 
the enzymes and cofactors involved in metabolic 
pathways; the biotransformations of nutrients arid 
their metabolites and their estimation in blood and 
tissues; the use of radioisotopes for the study of 
metabolic processes; current concepts of the bio- 
chemistry of muscular contraction, blood coagula- 
tion, respiratory metabolism, detoxification, and 
so forth. The initial chapters of this book 
dcal with basic physiocheniical principles and 
with the chemistry of thc major components of 
physiological tissues. This sophisticated discussion 
of the chemical principlcs important to biochemistry 
is clearly expressed in surprising detail. The 
information in all chapters is well documented for 
further study. Each chapter or section contains 
analytical proccdures and instrumental techniques 
which may be used as laboratory cxperiments or aids 
to the rcsearchcr. Some of these procedures and 
techniques are new, replacing those no longer in wide 
use. However, many examples of thc older, perhaps 
less precise, procedures have been retained because 
of their ctmtinued usage or historical importance. 
Thc reader will find numerous diagrams, illustrations, 
and tables throughout thc tcxt. Particularly note- 
worthy is thc color print of a rnodel of the molecular 
structure of deoxyribosc nucleic acid in the frontis- 
piece which is symbolic of the recent epoch-making 
developments in thc clucidation of the structural 
configuration and biochemical and gcnetic signif- 
icance of the ribonucleotides. This comprehensive 
textbook in physiological chemistry should prove 
indispensable to those in the medical and allied 
professions. 

Reviewed by Carolyn Damon 
U m g  Standavds Laboratory 
A .  Pk.A . Foundation 

Oficial Methods of Analysis  of the Association qf 
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957 pp. 18 X 26.5 cm. Price $22.50. 
The changes and advances in analytical techniques 

arc rcvealed in this 10th edition of A O A C  Oficial 
Methods of Analysis. The major portion of new 
methods adopted within the last five years utilize 
spectrophotonietry and/or chromatography. The 
methods presentcd in this book are required by 
regulatory and research workers in the various areas 
of agriculture and public health. They are used by 
the FDA, Department of L4griculture, Internal Rev- 
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throughout is illustrated with many structural 
formulas, some of which are often not presented in 
more advanced texts since it is assumed that they 
are known. 
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enue Service, and corresponding state agencies, 
and industry. 

The areas covered by the book are agricultural 
materials which include fertilizers and pestieidc 
formulations; foods; drugs, cosmetics, and colors; 
extraneous materials, microbiological mcthods, 
vitamins, and standards; and the reference tables 
and index. 

In the area of basic pesticides in formulations, 14 
new methods have been adopted; for pesticide res- 
idues, 12 new methods have been adopted. Food 
additives as such havc been included for the first 
time. Three methods have been adopted for extrac- 
tives from packaging materials. Eight new methods 
were adopted for oils and fats, and 15 new methods 
for drugs in feeds. 

This edition is 125 pages larger than the previous 
one. In an attempt to contain all methods in a 
single volume in the next edition, the AOAC has 
designated certain methods as surplus. These are 
methods approved but believed to be no longer in 
use. In future editions these methods will be listed 
only with reference to the 10th edition unless suf- 
ficicnt proof is given to thc AOAC that these 
methods are still being used. 

As a further reflcction of thc expanded covcragc 
of the work of the AOAC, they have changed their 
name to the Association of Official Analytical 
Chemists. However, this change occurred after type 
lor this 10th edition was set. 

Journd of Pharmaceutical Sciences 

NOTICES 

Colour Vision: Physiology and Experimental Psy-  
chology. Ciba Foundation Symposium. Edited 
by A. V. S. DE REUCK and J. KNIGHT. Little, 
Brown and Co., Boston, Mass., 1965. xiii + 382 
pp. 14 X 21 cm. Price $12.50. 

Foundations of Anesthesiology. By ALBERT FAUL- 
Charles c 

Thomas, 301-327 East Lawrence Ave., Spring- 
field, Ill., 1965. Two volumes: I, 1-715 + 50 
pp.; 11, 719-1337 + 50 pp. 17.5 X 24.5 cm. 
Price $38.50. 
This unusually interesting and informative 

compilation represents a comprchensive review of the 
literature on anesthesiology, with particutarly 
thorough emphasis on works of historical and 
classical interest. Dr. Faulconer, Head‘ of the 
Mayo Clinic Section of Anesthesiology, and the 
Mayo Clinic librarian, Mr. Keys, havc arranged the 
text in eight sections, titled: Respiratory Physi- 
ology, Inhalation Anesthesia, Rectal Anesthesia, 
Regional Anesthesia, Intravenous Anesthesia, Ac- 
cessory Agencies and Technics, Depth of Anesthesia, 
arid Theories of Narcosis. 

The papers in each section arc arranged in chrono- 
logical sequence, thus, Section 1 starts with the 
report in 1543 by ilndreas Vesalius on “Artificial 
Respiration on a Sow,” and ends with a report in 
1930 by Heymans and Bouckaert titled “Sinus 
Caroticus and Respiratory Reflexes I. Cerebral 
Blood Flow and Respiration. Adrenaline Apnoea.” 
Theories of narcosis range from the paper by Marie- 
Jean-Pierre Flourens in 1847 on the “Action of 
Ether on the Nervous Centers” to Linus Carl 
Pauling’s “A Molccular Theory of General 
Anesthesia” published in 1961. Each section starts 
with an introductory discussion. For easy rcf- 
erence, the composite Table of Contents, Index of 
Personal Names, and Index of Subjects are repeated 
in each of the two volumes. 

COSER, JR., and THOMAS E. KEYS. 

Bibliography of Vitamin E 1.960-1968. By W. F. 
KUJAWSKI. Prepared by the Research Labora- 
tories of Distillation Products Industries, 
Rochester, N. Y.  14603, 1965. 21.5 X 27.5 cm. 
Paperbound. 

Subsdia I’harmaceutic, Annual  Supplement 1965. 
Edited by the Laboratory of the Swiss Pharmaccu- 
tical Society, Zurich. Publishcrs: Swiss Phar- 
maceutical Society, Sihlstr. 37, 8001 Ziirich, 
Switzerland. 182 pp. 17 X 24 cm. Price: 
Swiss francs 30.--, new binder No. I11 included. 
Price of the complcte work 1957-1965, Swiss 
francs 160--, binders 1-111 included. 

Herbal. By JOSEPH W O O D  KRUTCII. G. P. Putnam 
Sons, 200 Madison Ave., New York 16, N. Y., 
1965. 255 pp. 23.5 X 31 cm. Price $17.60. 

The Scientific Basis of Drug Therapy in Psychiatry. 
A Symposium a t  St. Bartholomew’s Hospital, 
London, 1964. Edited by JOHN MARKS arid C. 
M. B. Pare. Pergarnon Press, Inc., 122 E. 55th 
St., New York 22, N. Y.,  1965. xiii + 217 pp. 
Price $10.50. 

The Battle Against Bacteria. By P. E. Baldry. 
Cambridge University Press, 32 E. 57th St., New 
York, N. Y. 10022, 1965. 14.5 X 22 cm. 102 
pp, Price: $4.50, clothbound; $1.95, paper- 
bound. 

Chemisch-physikalische Vitaminhestiniinungsn~eth- 
den. Von FRITZ GSTIRNER. Ferdinand Enke 
Verlag, Stuttgart W. Hasenbergstcige 3, Germany, 
1965. xii + 426 pp. 16 X 24 cm. Price 
Geheftet DM 63.60. Kunststoffcinband CM 
58.-. 

Progress in Biochemical Pharmacology. Vol. 1. 1st 
International Symposium on Radiosensitizers and 
Radioprotective Drugs, Milan, 1964. Edited by 
R. PAOLBTTI and R. VERTUA. Butterworths, 
Washington, D. C., 1965. x + 750 pp. 17 X 
25 cm. Price: $28.50. 

The Chemistry of Natural Products. Edited by 
K. W. BENTLY. Vol. VI. The Chemistry of the 
Vitamins. By S. F. DYKE. Interscierice Pub- 
lishers, a div. of John Wiley & Sons, Inc., 605 
Third Ave., New York, N. Y .  10016, 1965. 363 
pp. 15.5 X 23.5 cm. Price $10. 

Antibiotica et Chemotherapia. Vol. 13. By 0. 
GSELL. S. Karger, Basel, 1965. Available in 
U. S. from -4lbert J. Phicbig, P.O. Box 352, 
White Plains, N. Y .  10602. 316 pp. 17 X 24.5 
cm. Price $18.76 (including postage). 
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As a further reflcction of thc expanded covcragc 
of the work of the AOAC, they have changed their 
name to the Association of Official Analytical 
Chemists. However, this change occurred after type 
lor this 10th edition was set. 
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Colour Vision: Physiology and Experimental Psy-  
chology. Ciba Foundation Symposium. Edited 
by A. V. S. DE REUCK and J. KNIGHT. Little, 
Brown and Co., Boston, Mass., 1965. xiii + 382 
pp. 14 X 21 cm. Price $12.50. 

Foundations of Anesthesiology. By ALBERT FAUL- 
Charles c 

Thomas, 301-327 East Lawrence Ave., Spring- 
field, Ill., 1965. Two volumes: I, 1-715 + 50 
pp.; 11, 719-1337 + 50 pp. 17.5 X 24.5 cm. 
Price $38.50. 
This unusually interesting and informative 

compilation represents a comprchensive review of the 
literature on anesthesiology, with particutarly 
thorough emphasis on works of historical and 
classical interest. Dr. Faulconer, Head‘ of the 
Mayo Clinic Section of Anesthesiology, and the 
Mayo Clinic librarian, Mr. Keys, havc arranged the 
text in eight sections, titled: Respiratory Physi- 
ology, Inhalation Anesthesia, Rectal Anesthesia, 
Regional Anesthesia, Intravenous Anesthesia, Ac- 
cessory Agencies and Technics, Depth of Anesthesia, 
arid Theories of Narcosis. 

The papers in each section arc arranged in chrono- 
logical sequence, thus, Section 1 starts with the 
report in 1543 by ilndreas Vesalius on “Artificial 
Respiration on a Sow,” and ends with a report in 
1930 by Heymans and Bouckaert titled “Sinus 
Caroticus and Respiratory Reflexes I. Cerebral 
Blood Flow and Respiration. Adrenaline Apnoea.” 
Theories of narcosis range from the paper by Marie- 
Jean-Pierre Flourens in 1847 on the “Action of 
Ether on the Nervous Centers” to Linus Carl 
Pauling’s “A Molccular Theory of General 
Anesthesia” published in 1961. Each section starts 
with an introductory discussion. For easy rcf- 
erence, the composite Table of Contents, Index of 
Personal Names, and Index of Subjects are repeated 
in each of the two volumes. 

COSER, JR., and THOMAS E. KEYS. 

Bibliography of Vitamin E 1.960-1968. By W. F. 
KUJAWSKI. Prepared by the Research Labora- 
tories of Distillation Products Industries, 
Rochester, N. Y.  14603, 1965. 21.5 X 27.5 cm. 
Paperbound. 

Subsdia I’harmaceutic, Annual  Supplement 1965. 
Edited by the Laboratory of the Swiss Pharmaccu- 
tical Society, Zurich. Publishcrs: Swiss Phar- 
maceutical Society, Sihlstr. 37, 8001 Ziirich, 
Switzerland. 182 pp. 17 X 24 cm. Price: 
Swiss francs 30.--, new binder No. I11 included. 
Price of the complcte work 1957-1965, Swiss 
francs 160--, binders 1-111 included. 

Herbal. By JOSEPH W O O D  KRUTCII. G. P. Putnam 
Sons, 200 Madison Ave., New York 16, N. Y., 
1965. 255 pp. 23.5 X 31 cm. Price $17.60. 

The Scientific Basis of Drug Therapy in Psychiatry. 
A Symposium a t  St. Bartholomew’s Hospital, 
London, 1964. Edited by JOHN MARKS arid C. 
M. B. Pare. Pergarnon Press, Inc., 122 E. 55th 
St., New York 22, N. Y.,  1965. xiii + 217 pp. 
Price $10.50. 

The Battle Against Bacteria. By P. E. Baldry. 
Cambridge University Press, 32 E. 57th St., New 
York, N. Y. 10022, 1965. 14.5 X 22 cm. 102 
pp, Price: $4.50, clothbound; $1.95, paper- 
bound. 

Chemisch-physikalische Vitaminhestiniinungsn~eth- 
den. Von FRITZ GSTIRNER. Ferdinand Enke 
Verlag, Stuttgart W. Hasenbergstcige 3, Germany, 
1965. xii + 426 pp. 16 X 24 cm. Price 
Geheftet DM 63.60. Kunststoffcinband CM 
58.-. 

Progress in Biochemical Pharmacology. Vol. 1. 1st 
International Symposium on Radiosensitizers and 
Radioprotective Drugs, Milan, 1964. Edited by 
R. PAOLBTTI and R. VERTUA. Butterworths, 
Washington, D. C., 1965. x + 750 pp. 17 X 
25 cm. Price: $28.50. 

The Chemistry of Natural Products. Edited by 
K. W. BENTLY. Vol. VI. The Chemistry of the 
Vitamins. By S. F. DYKE. Interscierice Pub- 
lishers, a div. of John Wiley & Sons, Inc., 605 
Third Ave., New York, N. Y .  10016, 1965. 363 
pp. 15.5 X 23.5 cm. Price $10. 

Antibiotica et Chemotherapia. Vol. 13. By 0. 
GSELL. S. Karger, Basel, 1965. Available in 
U. S. from -4lbert J. Phicbig, P.O. Box 352, 
White Plains, N. Y .  10602. 316 pp. 17 X 24.5 
cm. Price $18.76 (including postage). 
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Review Article 

Microsomal Dealkylation of Drugs 

Substrate Specificity and Mechanism 

By ROBERT E. MCMAHON 

ROUT TWENTY-FIVE ycars ago Butler and A Bush ( I )  reported the A vivo clemethylation 
of dimethylbarbital in the dog. This observation 
reprcsented the first example of the N-demethyl- 
ation of a synthetic drug. In the intervening 
years the dealkylation reaction has become 
recognized as a major pathway of drug metab- 
olism. However, studies a t  the in vitro level 
have been undertaken only in recent years. The 
first such study was that of Mueller and Miller a t  
Wisconsin. They found (2) that the demethyla- 
tion of the carcinogenic dye, p-dimethylaminoazo- 
benzene could be effected by an in vitro system 
composed of the liver microsomal fraction, an 
enzyme in the soluble fraction together with 
oxygen, NADP, NAD, and hexose phosphate. 
In the 2 years that folkmed this discovery, the 
field developed rapidly and the gcncral char- 
acteristics of the reaction became well established. 

Among the early studies were those of LaDu 
let al. (3 )  and of Axelrod (4, 5 ) .  These workers 
demonstrated that the oxidative AT-dealkylation 
of amines is catalyzed by the microsomal fraction 
(derived from the endoplasmic reticulum) from 
mammalian liver and requires molecular oxygen 
and NADPH. The requirement for a soluble 
enzyme, NADP, and hexose phosphate ex- 
perienced by the earlier workers proved to be a 

Received from the Lilly Research I.aboratnries, Eli Lilly and 
(20 . .  Indianapolis, Ind. 

requirement for a NADPH generating system. 
It was also demonstrated that alkyl groups other 
than methyl were oxidatively removed by the 
N-dealkylase system. 

The over-all oxidative N-dealkylation reaction 
has the following stoichiometry : 

I01 
RzNCHzR -P RzNH f RCHO 

A key discovery of the Brodie (6) group was 
that the N-demcthylase activity was a member of 
a family of oxidative enzymes involved in the 
metabolism of drugs. All of these enzymes are 
located in the microsomal fraction of mammalian 
liver and require NADPH and molecular oxygen. 
In addition to dealkylation these enzymes 
catalyze aromatic hydroxylation, side chain 
oxidation, S-oxidation of thioethers, N-oxidation 
of tertiary amines, and the oxidation of 
phosphorothionates. A key property of these 
enzymes is their remarkable nonsperificity. 

A number of excellent reviews of the general 
field of microsomal enzyme systems are available. 
Among these, the recent reviews by Gillette 
(7), Siekevitz (8),  and Shuster (9) are particularly 
informative. In this review we plan to consider 
recent developments in the field of microsomal 
dealkylation from the viewpoint of the medicinal 
chemist interested in structureactivity studies 
and in the mechanism of the reaction. The re- 
view has been dividcd into three sections: 

457 



458 

TABLE I.--ln Vitro DEMETHYLATION RATES 

amole HCHO/Gm. Liver/hr. 

Substrate H/W Pig Rat Mouse 
Guinea 

T 48713 5.25 5 .32  7.45 

Journal of Pharmaceutical Sciences 

The relative rates of demethylation of these six 
substrates by microsomes from three species are 
summarized in Table I. H/W represents the 
ratio of the equilibrium concentration in heptane 
to that in pI1 7.4 buffer. It is clear from these 
data that there is a direct correlation of incrcasing 
rate with increasing lipid solubility. The two 
most lipid soluble amines, I and 11, however, 
present an exception. In this case the esterifica- 
tion of the hydroxyl group of I1 results in a small 
increase in lipid solubility as expected, but it also 
results in a somewhat lowered demethylation 
rate. The introduction of the polar and reactivc 
hydroxyl group produced an effect which over- 
rides simple lipid solubility considerations. Ap- 
parently it is important in studies of this sort 
to select series of compounds which differ from 
each other by the presence or absence of such 
relatively inert groups as methylene, phenyl, 
halogen, etc. The results do suggest that a 
study of structure:-activity relationships in a 
series of compounds in which the lipid solubility 
is high and not limiting might be rewarding. 

In  order for the in vitro work described above 
to be valuable to the medicinal chemist, it was 
important to correlate it with in vivo data in the 
same species. Radiocarbon labeling served for 
these studies. The results presented in Table I1 
show an excellent correlation with the in vitro 
results. 

With one minor exception the in vivo results 
correlate directly with in vitro rates. These 
studies then demonstrated a relationship between 
lipid solubility and both in vitro and in oivo 
demethylation rates. Also, although the in viva 
rates of demethylation varied from species to 
species, the relative ordcr of substrate activity 
was approximately the same in each spccies. 
It is likely that systematic studies of species 
variation will only be successful when a naxrowly 
defined series of compounds such as these are 
used. 

The structureactivity studies on the effect of 
lipid solubility were next extended to series of 
substrates which were totally aliphatic in nature 
(12). From this study, which will not be re- 
viewed in detail here, it  was abundantly clear 

.. . . .~ 

I1 4060 6 .31  7.87 7.90 
I11 406 4 .44  4 .47  5 .80  
IV 107 4 .35  4 .22  3 . 8 5  
v 3.89 2.87 3.40 

VI 47 35 1.75 2.89 3.60 

structureactivity studies, the mechanism of the 
reaction, and a tabulation of important pharma- 
cological agents which undergo in vivo dealkyla- 
tion. 

STRUCTURE ACTIVITY CONSIDERATIONS 

Known substrates of the microsomal deakylase 
system include tertiary amines, secondary amines, 
N-alkyl amides, N-alkyl carbamatcs, N-methyl 
barbituric acids, N-methyl sulfonamides, N- 
methyl pyrophosphoramides, N-methyl imides, 
A-methyl purine bases, arylalkyl ethers, and aryl 
methyl thioethers. The characteristics of the 
dealkylation of each of these classes of com- 
pounds are summarized below. A discussion of 
the chemical nature of reaction intermediates 
and of the possible mechanism of the reaction is 
presented in the concluding paragraphs. 

Tertiary Amines.-The number of tertiary 
amines which are known to be dealkylated by 
the microsomal system is very large. Sub- 
strates of such widely varying structures have 
been found to be active that i t  is difficult to 
imagine any single chemical or physical 
property which could be used to correlate the 
experimental observations. However, Gaudette 
and Brodie (10) presented experimental evidence 
that an important requirement for the substrate 
is that it be lipid soluble. This proposal was 
particularly attractive since the endoplasmic 
reticulum is the principal lipid-bearing structure 
of the cell. Further, i t  provided an explanation 
of why foreign amines were readily acted upon by 
this system while naturally occurring polar 
amines, such as mcthylated amino acids, were 
not dealkylatcd. 

The question of lipid solubility has been 
explored in detail by McMahon (11) who studied 
the relationship between lipid solubility (as 
measured by distribution between n-heptane 
and pH 7.4 buffer) and the rate of demethylation 
in both an in vitro system and in the intact 
animal. The compounds investigated were I, 
dl-propoxyphene; 11, dLpropoxyphene carbinol; 
111, p-chlorophenylpropyldimethylamine; IV, 
phenylpropyldimethylamine; V, phenylethyldi- 
methylamine; and VI, benzyldimethylamine. 

TABLE 11.-In Vivo DEMETHYLATION RATES 

-yo nemethylation in 200 min. in-. 
Compd. Guinea Pig Rat Mouse 

I 61 50 47 
I1 84 55 83 

111 58 21 20 
IV 55 11 12 
V 11 46 12 

VI 18 16 9 
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that there is a direct correlation between lipid 
solubility and substrate activity. Recently 
Hansch, Steward, and Iwasa (13) have described 
an interesting mathematical treatment of the 
results of the demethylation studies cited above 
(11, 12) and have concluded that in these series 
the rate of demethylation could be correlated 
with lipid solubility and with the pKa of the 
aniine. 

There seems little doubt that lipid solubility is 
an important factor (perhaps the major factor) in 
controlling the rate of deniethylatiorl of tertiary 
amines. Other factors, probably chemical in 
nature, are also most certainly involved. To 
study these factors, however, will require careful 
and rigorous structure-activity studies. Thus, 
in a group of randomly selected compounds which 
are not chemically related, the effect of any single 
parameter will be obscured [cf. Maze1 and 
Henderson (14)]. 

Secondary Amines.-Although secondary 
amines were among the earliest substrates to 
be studied (3, 4, 15), no systematic structure- 
activity studies have been reported. For 
example, lipid solubility is undoubtedly an 
important factor influencing the rate of de- 
inethylation of secondary amines, but no 
data are available a t  present which bear on 
this question. However, there are data avail- 
able which allow comparisons of tertiary and 
secondary amines as substrates. 

For example, a comparison (16) has been made 
of the kinetics of the dcniethylation of certain 
tertiary dimethylamines as compared to the 
corresponding secondary methylamine. In 
general it  was found that the maximum rate 
(V,) of demethylation is greater for tertiary 
amines. It is believed that the kinetic factor 
arising from the fact that the tertiary a n h e  ha4 
two methyl groups while the secondary ainine 
has but one is at least partly responsible for this 
observation. Secondary methylamines appear 
from k ,  data to have a greater affinity for enzyme 
than does the corresponding tertiary dimethyl- 
amine. In the secondary amine there is less 
steric hindrance about the nitrogen which may 
facilitate binding. In addition, in each of the 
pairs of amines studied, the electron pair on 
nitrogen was more readily available for binding 
(i.e., the secondary amine is the stronger base). 
,Secondary amines are also considerably less 
responsive to the action of the potent demethyla- 
tion inhibitor DPEA (17, 18) than are tertiary 
amines. 

The difference in rate 01 demethylation of 
tertiary and secondary aniines can have interest- 
ling pharmacological consequences. For ex- 
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ample, McMahon et al. (19) found that in 
both the in vitro and in civo systems acetyl- 
inethadol was demethylated a t  a rate con- 
siderably greater than was noracetylmethadol, 
the secondary amine analog. The result of this 
rate differential was that administration of 
acetylmethadol led to the accumulation of 
noracetylmethadol in tissues. Since noracetyl- 
methadol itself is an active analgesic, these data 
serve to explain the clinical observation that the 
administration of acetylmethadol to patients 
leads to accumulated drug effects (20). Another 
example is that of the antidepressant imipramine. 
Gillette et al. (21) have presented experimental 
evidence that the delayed onset of action and the 
antidepressant properties are due to the in vioo 
formation of des-N-methyl imipramine. 

One important systematic structure-activity 
study involving the dealkylation of both 
secondary and tertiary amines has yet to be 
carried out, i.e., the N-dealkylation of amines in 
which the alkyl group removed is larger than 
methyl and ethyl. A few examples are known, 
however. LaDu et al. (3) have demonstrated the 
removal of the AT-butyl group while Axelrod and 
Cochin (22) and Leadbeater and Davies (23)  
have studied the deallylation of nalorphine. 
The in vioo opening of the pyrrolidine ring of 
nicotine (24, 2.5), the debutylation of ethoxy- 
butamoxane (26) and chlorethoxybutamoxane 
(27) ,  and the N-deallylation of levallorphan (28) 
are further examples. The in vitro dealkylation 
of N-cyclopropyl-4-phenyl-4-carbethoxypiperi- 
dine has also been observed (McMahon, unpub- 
lished data). 

0-Dealkylation-In 1948 Huggens, Jensen, 
and Cleveland (29) reported the O-dealkyla- 
tion of p-nitroanisole and p-nitrophenetole in 
both the intact ra t  and in liver homogenates. 
In 1955 Axelrod (30) demonstrated that the 
0-demethylation of codeine was closely re- 
lated to  N-demethylation by showing the 
deinethylation to  be catalyzed by liver micro- 
somes and to require NADPH and oxygen. 
The products were morphine and formaldehyde. 
A later study from the same laboratory (31) 
concerned the effect of ring substitution upon the 
rate of demethylation of anisole derivatives. It 
was found that the p-substituted analogs were 
more readily demethylated than the o- or m- 
derivatives. Thc decreasing order of the rate of 
metabolism for p-substituted anisoles was CN, 
CHO, NHCOCI13, COOH, CH2-NH2, allyl, NH:, 
H. It is difficult a t  present to correlate these 
data with the electronic effects produced by the 
substituents. It is probable that both k ,  and 
V,,, are affected hy aromatic substitution so 



460 Journal of Pharmaceutical Scieiices 

methyl carbamates and demonstrated the re- 
action to be a typical microsomal oxidation re- 
quiring oxygen and NADPH. More recent 
in zitro work (43, 44) has shown the demethyla- 
tion of N-methyl barbiturates, +V-inethyl- 
sulfonylureas, and simple amides to be micro- 
soma1 N-demethylations as well, 

Miscellaneous Substrates.-The most in- 
teresting recent development has been the 
demonstration by Mazel and co-workers that 
the microsomal dealkylases will readily S- 
demethylate various S-methyl ethers (45). 
This discovery serves to emphasize again the 
remarkable nonspecificity of the microsomal 
oxygenase systems. 

Another interesting report is that of Sclireiber 
and co-workers (46) who found that N-methyl 
sulfonamides are demethylated by the microso- 
ma1 system, thus confirming earlier (47) in aiuo 
observations. Smith, Keasling, and Forist (48) 
have also described the dealkylation of N-alkyl 
sulfonamides. They observed the in aivo removal 
of methyl, ethyl, allyl, isopropyl, butyl, and 
pentyl groups from the corresponding A-alkyl-p- 
bromobenzenesulfonamide in mice. The de- 
alkylation of sulfonamides is reminiscent of 
microsomal oxidation of the cholinesterase 
inhibitor, octamethyl pyrophosphoramide (49). 
In this case the reaction does not go to completion 
spontaneously since the intermediate N-hydroxy- 
methyl intermediate is reasonably stable (see 
below). 

The observations of Henderson and Mazel 
(50) on the demethylation of various inethylated 
purine bases should also be mentioned. In 
view of the role of methylatcd purines as minor 
constituents of RNA4 and DNA, these observa- 
tions may have special significance (51). 

Other Enzymes Which Catalyze Oxidative 
Dealkylatioa-In addition to the liver micro- 
sonial system, other enzyme systems occur 
in nature which can oxidize N-methyl groups. 
There are, for example, several instances in 
alkaloid biogcnesis in plants in which the oxi- 
dation of an N-methyl group appears to occur. 
In the Tilden lecture (1903), Rattersby (52) 
speculated that the berberine bridge carbon 
may have its origin in the N-methyl group of a 
suitably substituted 1-benzyl-ilr-methyl-iso- 
quinoIine. It was proposed that in this conver- 
sion the initial oxidative step might be N-oxida- 
tion as had been proposed earlier by Wenkert 
(53) in connection with other alkaloid biotrans- 
formations. Direct attack on the methyl group, 
either by a heterolytic or a free radical 
mechanism, was suggested as an alternative 
mechanism (52). Although it has now been 

that it would probably be necessary to do a 
complete kinetic study of a series of substrates. 

McMahon et al. (32) have studied the rate of 
dealkylation of a series of p-nitrophenylalkoxy- 
ethers in order to determine the effect of changing 
alkyl groups. In general it was found that with 
increasing chain length of normal alkyl groups, 
the rate of dealkylation decreases. However, 
when electron donating groups were introduced 
adjacent to the methylene, increased rates were 
observed. For example, allyl, cyanomethyl, and 
benzyl were more active substrates than n- 
propyl or chloroethyl. The dialkylaminoethoxy 
grouping which occurs frequently in drugs does 
not undergo 0-dealkylation. It is likely that in 
this case N-dealkylation occurs as an alternative 
pathway. In studying the effect of aromatic 
substitution on the rate of dealkylatiori of sub- 
stituted p-nitrophenyl benzyl ethers, a very 
clear steric effect emerged when groups were 
placed ortho to the methylene group. 

In experiments in intact animals, it was found 
that an excellent correlation exists between the 
in vitro rates and the in oivo rates (32). 

It is likely that 0-dealkylation may not be 
confined to phenolic ethers but that totally 
aliphatic ethers will be found to be cleaved. 
In  this connection the recent report (33) of the 
cleavage of glycerol ethers of long chain fatty 
alcohols is of considerable interest. This re- 
action requires molecular oxygen and liver micro- 
somes but showed a requirement for a tetra- 
hydropteridine as a cofactor as well as the usual 
NADPH. These observations suggest a possible 
relationship between this activity and the 
phenylalanine hydroxylation which has been the 
subject of the elegant researches of Kaufman (34). 

For information on detailed experimental 
conditions which govern microsomal O-de- 
methylation, the report by Nilsson (35)  on the 
demethylation of the estrogenic isoflavone, bio- 
chanin A, should be consulted. 

N-Alkylamides and Related Compounds.- 
The extensive researches by Butler and 
his associates have shown many N-methyl 
barbiturates and related N-methyl hetero- 
cyclics to be demethylated in the intact 
animal. [See Fishman (36) for a review and 
bibliography of the Butler studies.] Other 
examples include the demethylation of the 
herbicide, diphenamid ( 3 7 ) ,  the demethyla- 
tion of N-methyl-a-phenyl-a-ethylglutarimide 
(as), and the demethylation of diazepam (39, 4[1) 
and of chlordiazepoxide (41). 

An early report of the in vitro demethylation of 
an amide was that of Hodgson and Casida (42) 
who investigated the demethylation of N-  
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demonstrated by radiocarbon studies that the 
N-methyl group is indeed the source of the 
berberine bridge, the oxidation mechanisms in- 
volved remain obscure (54, 55) .  

The discovery of the alkaloid leurocristine (56) 
among the alkaloids of Vinca rosea is also of 
interest. This alkaloid is identical with 
vincaleucoblastine except that the N-methyl 
has been replaced by an N-CHO group. This 
conversion could well have taken place in a two- 
stcp process through a hydroxymethyl inter- 
mediate in exactly the same way that nicotine is 
converted to cotinine (25) or tremorine is con- 
verted to oxytremorine (57) in the liver. 0- 
Demethylation also occurs in plants. The 
elegant research of Rapoport (58) on the bio- 
genesis of morphine leaves no doubt that thcbaine 
is a precursor of morphine which means that two 
successive 0-demethylations must occur on the 
pathway to the latter alkaloid The demethyla- 
tion of nicotine to nornicotinc in the intact N. 
glutinosa plant has recently been established by 
Alworth and Rapoport (59). 

Another class of enzymes which catalyze 
oxidative A-dealkylation and for which N-oxide 
intermediates have been suggested are found in 
liver mitochondria. These enzymes are re- 
sponsible for the N-demcthylation of N-methyl 
amino acids, such as N, N-dimethylglycine, as 
well as the oxidation of certain polar amines, such 
as dimethyl tryptamine, and appear to be de- 
hydrogenases which require NAD as cofactor. 

Horning and co-workers (60) have suggested 
that the dealkylations catalyzed by these mito- 
chondrial dehydrogenases proceed vicc N-oxide 
intermediates. This suggestion was based on 
the observation of these workers and of others 
that N-oxides of certain tertiary amincs and of 
dimethylamino acids rearrange in the presence 
of iron complexes to  form carbinol amines which 
in turn dissociate to aldehyde and dealkylated 
amine or amino acid (61-67). Although sub- 
sequent studies (68, 69) have shown that the 
oxidation of dimethyltryptamine does not pro- 
ceed through an N-oxide intermediate, the 
question of whether N-oxides are involved in the 
deinethylation of dimethylamino acids has not 
been resolved. 
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RZNCHI + [RZXCHIOH] + RzNH + HCHO 

It is now well established that such an iiitcr- 
mediate is involved and in certain cascs is 
stable enough to be detected. For example, the 
active intermediate formed by microsomal oxida- 
tion of octamcthyl pyrophosphorarnide was dein- 
onstrated to be N-hydroxymethyltiep~dii~~tli~l 
pyrophosphoramide (49, XF72).  

A particularly relevant observation was that 
of Keberle et al. (38) who found among the 
metabolites of N - mcthyl -a- phenyl -a- ctliyl- 
glutarimide the glucuronide of the N-hydroxy- 
methyl intermediate (I). Recently Mchfahori 
and Sullivan (37) have found an analogous 
metabolite of the hcrbicide diphenamid (11). 
In these cases the hydroxymethyl intermediate 
has been “trapped” by conversion to a stable 
derivative, the glucuroiiide. 

The most direct evidence, however, comes 
from thr work of Dorough and Casida (73) who 
found that the unconjugated N-hydroxymethyl 
derivatives were relatively stable metabolites 
of a-naphthyl iV-methylcarbamate and o-iso- 
propoxyphenyl A-methylcarbamate. 

There seems to be little doubt then that the 
hydroxytnethyl compound is indeed an inter- 
mediate of Ndealkylation. It also seems 
reasonable to assume that 0- and S- dealkylatioris 
proceed through analogous intermediatcs. There 
remains, however, the question of how the 
hydroxymethyl intermediate is formed in the 
microsonial dealkylation reaction. As a con- 
sequence of the work on alkaloid biosynthesis and 
on the mitochondria1 amino acid demethylases 
discussed, it has been proposed that the X- 
hydroxyrnethyl intermediate arises from the rc- 
arrangement of a tertiary ainine N-oxide inter- 
mediate. 

MECHANISM OF MICROSOMAL 
DEALKY LATION 

In their early work on the in witro demethyla- 
tion of dimethylaminoazobcnzene, Mueller and 
Miller (2) presented indirect evidence to support 
the view that the reaction proceeded through 
an N-hydroxymethyl intermediate : 

Et +ao 0 COOK 

I IOH 
OH 

I 

I1 
OH 
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TABLE III.-COSTPOUNI) DEALKYLATED IN TIIE INTACT ASIMAL 
~ - 

Compd. 
NMethylbarbital 
N-Methylphenobarbital 
Hexobarbital 
Methyl-5-ethyl-5-phenyl 

hydatitoiti 
Trimethadione 
Paramethadione 
Caffeine 
3-Mcthyl uric acid 
M orphinc 
Methadone 
Pethidinc 
a-dl- Acetylmethadol 
ol-dl-nor-Acetylmcthadol 
d-Propoxyphene 
Ethoheptazine 
3'-635 
Dextromethorphan 

Chlorcyclizirie 
Cyclizinc 
Deptropinc 
d-Methamphetamine 
Ephedrine 
Butynamine 
Diphenamid 
Erythromycin 
Mepivacaine 
hlethixene 
Imipraminc 

Amitriptyline 
Nortrip tyline 
Thioridazine 
Promazinc 
Chlorproniazine 
Diazepam 
WMe,thyl-polythiazide 
Cotlnlne 

Classi6cation 
Sedative 
Sedative 
Sedative 

Anticonvulsant 
Anticonvulsant 
Anticonvulsant 
Stimulant 

. . .  
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Antitussive 

Antihistamine 
Antihistamine 
Antihistamine 
Sympathomimetic 
Sympathomimetic 
Hypertensive 
Herbicide 
Antibiotic 
Local anesthetic 
Anticholinergic 
Antidepressant 

Antidepressant 
Antidepressant 
Tranquilizer 
Tranquilizer 
Tranquilizer 
Tranquilizer 

. . .  

Dealkylation Reaction Species Ref. 
N-demethylation Dog (1) 
N-demethylation Dog, human (106) 
N-demethylation Dog (107) 

N-demethylation 
N-demethylation 
N-dernethylation 
N-dcmethyhtion 
N-demcthylation 
N-dcmethylation 
N-demethylation 
N-demethylation 
N-demethylation 
N-demethylation 
N-dernethylation 
N-demethylation 
N-demethylation 
N-demethylation and 

0-demethylation 
N-dcmcthylation 
N-demethylatiun 
N-demethylation 
N-demethylation 
N-demethylation 
N-demethylation 
N-demethylation 
N-demeth ylation 
N-demethylation 
N-demethylation 
N-deniethylation 

N-deniethylation 
N-demethylation 
N-demethylation 
N-demethylation 
N-demethylation 
A'-demeth ylation 
N-dernethylation 
N-demethylation 

Dog, human (108) 
Dog, human (109) 
Dog, human (110) 
Rat, dog, human (111-113) 
Rat, dog (112) 
Rat (114p 
Dog 
Dog, man c 

Rdt (19) 
Rat  (19) 
Rat, mouse, human (11. 115) 
Rat (116) 
Kat  (117) 

b 

Dog 
Rat 
Rat 
Rat 
Dog 
Dog 
Rat 
Rat 
Rat  
Rat  
Rat 
Rat, rabbit, dog, 

human, mouse 
Rat, mouse 
Rat 
Rat  
Dog 
Rat, human 
Dog, human 
Rat 
Dog 

(31, 127, 
128. 129) 

( 130,' 13 1 j 
(98) 

(132) 
(1333 

(134, 135) 
(39,40) 

(47) 
(136) 

Several facts support this point of view. For 
example, Hanaki and Ishidate (74, 75)  have 
developed a chemical system consisting of 
ascorbic acid and chelated iron which will de- 
methylate dimethylaminoazobenzene through an 
intermediate Woxide. Furthermore, studies 
with the niicrosoiiial systcm have shown tha t  i t  
can indeed form A'-oxides from certain tertiary 
amines (76-T8). Finally, it  has been reported 
(3) that  dimethylaniline N-oxide is readily 
converted to  methylaniline and formaldehyde in 
the presence of liver microsomes. [This report, 
however, conflictswith an earlicr report of Gillette 
(80) who found dimethylaniline N-oxide to be a 
poor substrate for these systems. ] 

There are, however, a number of observations 
which cast doubt on the N-oxide mechanism. 
Although this mechanism would be satisfactory 
for the dealkylations of tertiary amines, other 
mechanisms must be evoked to  explain the 
dealkylation of the many other types of com- 
pounds which ate  dealkylated by  microsomes. 
Another difficulty arises from the cxtensive work 

Continued on next p a g e .  

of Kiese on the oxidation of aniline derivatives by 
liver microsomes. He has shown (81) that  the 
k ,  value for oxygen in the N-oxidation reaction 
is some 40 times greater than it is for the iV- 
dealkylation rcaction. This would seem to 
rule out  N-oxidation as an intermediate step in 
N-dealkylation. Recently McMahon and Sul- 
livan (S2) found that the microsonial demethyla- 
tion of radiocarbon labeled I-propoxyphene in the 
presence of a pool of cold I-propoxyphene N-oxide 
did not result in the incorporation of radio- 
activity into the oxide pool. This observation 
also argues against the involvement of an A'-oxide 
intermediate in dealkylation. An analogous 
study with erythromycin and erythromycin-N- 
oxide led Mao and Tardrew (83) to the conclusion 
that  the N-oxide was not a reaction intermediate 

Also if Woxide formation occurred as the rate- 
dctermining step, an isotope effect such as that  
seen in the demethylation of trideuteriomorphine 
(83) would not be expected. In addition the 
observation (12, 13) that  steric interference 
about the nitrogen atom does not affect the re- 
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TABLE 111.-( Continued) 

Compd. 
Dimethylaminoazobenzeiie 
Aminopyrine 
N-Ethylbarbital 
Benzquinamidc 

3,5-Diethyl-5-phcnyl- 
hydantoin 

Chloroquinc 
Diethylpropion 

Triflunlin 
Chlorpropamide 
N-Isopropyl-4-bromnbeii- 

DiallylmelatriiIie-loxide 
A-All yl-4-bromobenzene- 

sulfonamide 
WDibenzyl-P-chloro- 

ethylaminc 
Rutanioxane 

Ethoxybutanioxane 

Chlorethoxybutanioxane 

6-Mcthylthiopurine 
Mcscalinc 
Brucine 
Codeine 
Biochanin A 
p-Nitroanisole 

zene-sulfonntnide 

Phenacetin 
0-( 2-Et11oxy)benzniiiide 
Benzyl-p-nitrophenyl ether 

Classification Uealkylation Reaction Species Ref. 
Carcinogen N-dernethylation Rat (137) 
Antipyretic iV-demeth ylaiion Rat (138) 
Sedative iV-deethylation Dog ( 139) 
Keuroscdativc A’-dccthvlation and Dor. man (140, 141) 

Anticonvulsant 

An timalarial 
Ovulation 

stimulant 
Herbicide 
Antidiabetic 
Anticonvulsant 

Vasodilator 

An ticonvulsant 
a-Adrenergic block- 

ing agcnt 
a- Adrenergic block- 

ing agent 
a Adrenergic block- 

ing agent 
a-Adrenergic block- 

ing agent 
Antimetabolite 
Hallucinogcn 
Convulsant 
Analgesic 
Estrogen 

Antipyretic 
Antipyretic 

t . .  

0-dcmethylation 
Wdccthylation 

A‘-deethylation 
iV-deethykation 

Ndepropylation 
A-depropylation 
N-deisopropylation 

A-deallylation 

,V-deallylation 
A7-dcchloroethylation 

N debutylatioti 

iVdcbutylation arid 
0-deethylatiori 

Ndebutylation and 
0-decthylation 

S-dcmethylation 
0-dcmcthylation 
0-demethylation 
0-demethylation 
0-demetliylation 
0-demethylation 
0-cleethylation 
O-deethylation 
0-debenzylation 

Dog 

Man 
Human 

R a t  
no&! 
Mouse 

Dog 

Mousc 
Dog 

Dog 

Rat, dog 

Rabbit, dog,. rat, 

Man, rat ( 
Man 
Rabbit 
Rats 
Rat 
Rat  

Man 

mouse, guinea pig 

Rabbit, man ( 

Rat 

a Although the metabolism of morphine has been studied very extensively, there is at present little evidence that A-de- 
For example, Rapoport (personal communication) has investigated the metaholism 

For a complete dis- 
b Pohland, Sullivan, and Lee, 

d For a discussion of the demethylation of sub- 
6 These workers (32) have studied the in v i m  cleavage of a wide variety of alkyl and 

methylation is a significant pathway. 
of radiomorphine in humans with some care and has found no normorphine among the metabolites. 
cussion of the metabolism of morphine and of other analgesics. see Way and Mler  (160). 
persnnal communication. c For complete bihliography see Refeuence 160. 
stituted anisoles, see Williams (161). 
arylalkyl-p-nitrophenyl ethers. 

action rate argues against the N-oxide mech- 
anism. 

On the basis of data available a t  present it 
seems likely that  N-oxidation and &dealkyla- 
tion represent alternative pathways for the 
mctabolism of tertiary amines. In  this connec- 
tion the recent reports by Zieglcr and co workers 
(77, 78) are of interest They have shown that 
cholate treatment of microsomes does not destroy 
the N-oxidizing capacity of the microsomes, al- 
though such a treatment frequently results in the 
loss of dealkylase and hydroxylase activity. 
Thus, the N-oxidizing capacity of microsomes 
may well be a separate system from that  required 
for dealkylation. 

Mention should be made of the suggestion of 
Oae (85, 86) that  the demethylation of methionine 
might proceed through a sulfoxide intermediate 
(Pummerer reaction). Since methionine is me- 
tabolized by methyl transfer rather than mcthyl 
oxidation, such a mechanisin would not be ap- 
plicable for its demethylation, but  the Oae work 
does neverthclcss raise the question of possible 

involvement of sulfoxides in microsonial S -  
demethylation. 

At the present time the microsomal dealkyla- 
tion reaction is best understood as  a hydroxyla- 
tion reaction : 

“Active 

oxygen” 
RXCH2R’ - RXCIIOHR -+ 

H 
RXII + 0-C-K‘ 

X = 0, S, or N .  

This type of mechanism is attractive for 
several reasons. For example, i t  recognizes the 
close relationship between dealkylation and the 
microsomal hydroxylation reaction which i t  so 
closely resembles. It is also a general mechanism 
applicable regardless of the nature of X or R. 
In  addition there exists ample analogy in both 
organic chemistry and biochemistry for the 
oxidative attack upon a sdturdled carbon atom. 

Although considerable progress has been made 
in recent years in understanding the oxygen 
activating system of microsornes, the nature of 
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tions. In  a number of studies of side chain 
hydroxylation in which a careful analysis of 
products has been made, it has been found that 
in addition to the major product smaller amounts 
of most other possible isomeric alcohols are also 
observed (102-104). Such nonspecificity is fre- 
quently observed in free radical reactions. 

Additional support for a free radical mech- 
anism has been recently presented by Hayaishi 
(105). He has proposed a generalized hypothesis 
for the action of oxygenases which involves a 
ternary complex of oxygen, ferrous iron, and sub- 
strate which reacts by a concerted one electron 
transfer to yield oxygenated substrate. 

At present then it appears that microsomal 
dealkylation is best understood as a free radical 
hydroxylation reaction. 

the “active oxygen” species that is formed is 
still obscure. Early investigators, including 
Udenfriend (87), Mason (88), Hayano (89), and 
Corey (90) discussed microsomal hydroxylation 
in terms of heterolytic mechanisms, but more 
recently free radical intermediates have received 
more attention. From results with nonenzy- 
inatic hydroxylation systems, Breslow and 
Lukens (91) have suggested hydroxyl radicals as 
the active hydroxylating species. On the basis 
of both enzymatic and nonenzymatic hydroxyla- 
tion studiei, Staudinger (92) has suggested the 
active intermediate to be either the OH or the 
OOH radical. Evidence for a free radical 
mechanism has also been presented by Nilsson, 
Orrenius, and Ernster (93). Finally Gillette (7) 
reviewed the literature on microsomal oxidation 
of drugs and found a free radical mechanism to 
be most consistent with the facts as they are now 
knowm. 

The interaction of free radials with N-methyl 
groups has ample analogy in chemical studies 
(%-!Xj). In  fact, Needles and Whitfield (96) 
ha\-e recently shown that dimethylamides are 
readily demethylated by a free radical mechanism 
in aqueous solution containing persulfate ion. 
Further work with systems of this sort would be 
of considerable value since they appear to be 
suitable models for the enzymic reaction. 

The observation that N-dealkylation occurs 
even more rapidly than does N-demethylation 
(22, 23)  is readily understandable in terms of a 
free radical mechanism, since the inlermcdiate, 

resonance stabilized, ally1 radical, -3-CI3- 
CH-CHz would be expected to form readily. 
For the same reason the ready 0-dealkylation of 
0-allyl, 0-benzyl, and 0-cyanomethyl aryl ethers 
(32)  can be rationalized in terms of a free radical 
mechanism. It is interesting to note that the 
radical formed in S-demethylation would be 
substantially stabilized by electron-sharing res- 
onance which is possible in the case of sulfur 
since it can expand its valence shell to nine 
electrons by utilizing a vacant 3d orbital (97). 

Additional evidence for the free radical 
mechanism can be found in studies on side chain 
hydroxylation by microsomes. It is well known 
that (a-1)-hydroxylation occurs to a much 
greater extent than does w-hydroxylation. This 
may be due to the greater stability of the 
-CITCI13 radical as compared to -CHSCHP. 
Also, there are many examples known in which 
hydroxylation occurs on a benzylic carbon 
instead of in the aromatic ring itself as might be 
expected (98-101). The known stability of 
benzyl radicals serves to explain these observa- 

1 .  

DEALKYLATION I N  THE INTACT ANIMAL 

In Table I11 is presented a listing of a variety 
of compounds that have been demonstrated to 
undergo dealkylation when administered to the 
intact animal. The listing is not comprehensive, 
but an effort has been made to include compounds 
of various chemical and physiological types. 

REFERENCES 

(1) Butler, T. C., and Rush, M. T., J .  Pharmacol. 

(2) Mueller, G. C., and Miller, J. A., J .  Bid.  Chem., 
Expl l .  Therap., 65,205(1939). 

202. 579(1953). 
’ (3)  LaDu, B. N ,  Gaudette, 1,. E., Trousof, N., and 

(4) Axelrod, J., J .  Phavmacol. Bnpll. Therap,.,  114, 
Brodie, B. B. .  ibid. ,  214, 741(1955). 

~ ~ ( I Q F A  - - -~.~ --,. 
(5) Ibid., 117, 322(1956). 
(6 )  Brodie, B. B. ,  Axeli-od, J. ,  Cooper, J. R.,  Gaudette, 

I-. E., LaDu, B. N., Mitoma, C., and Udenfnend, S., Science, 
121, 603(1955). 

(7) Gillette J. R. “Progress in Drug Research” vol. 
6,  Tucker E. eh. Berkhauser Verlag Basle 1963 p: 11. 

(8) Slekivitz,’ P., A n n .  REV.  Phjsiol . ,  i5, 15(1963). 
(9) Shuster, I,., A n n .  Reo. Biochem., 33, 571(1964). 

(10) Gaudette, L. E., and Brodie, B. B., Biochem. 

(11) McMahon, R. E., J .  Med .  Pharm. Chem., 4, 67 
Pharmacol., 2 ,  89(1959). 

119F.1)  

- - -~.~ --,. 
(5) Ibid., 117, 322(1956). 
(6 )  Brodie, B. B. ,  Axeli-od, J. ,  Cooper, J. R.,  Gaudette, 

I-. E., LaDu, B. N., Mitoma, C., and Udenfnend, S., Science, 
121. 603(1955). 

. (7) Gillette, J. R. “Pi-ogress in Drug Research ” vol. 
6,  Tucker, E., ed., Berkhauser Verlag, Basle, 1963, p: 11. 

(8) Siekevitz. P., A n n .  REV.  Physiol.,  25 ,  15(1963). 
(9) Shuster, I,., A n n .  Reo. Biochem.. 33, 571(1964). 

(10) Gaudette, L. E., and Brodie. B. B.. Biochem. 
Pharmacol., 2 ,  89(1959). 

(11) McMahon, R. E., J .  Med .  Pharm. Chem., 4, 67 
119F.1)  , - .. ” ~, . 

(12) McMahon, R. E., and Easton, N. R., ibid., 4, 437 
114r . l l  \-””-,. 

(13) Hansch, C., Steward, A.  R., and Iwasa, J . ,  J .  Med .  

(14) Mazel, P . ,  and Henderson, J. P., Biochem. Phau- 

(15) Axelrod, J., J .  Phormecol. Ehptl. Therap., 109, 

Chem., 8,868(196.5). 

macol., 14, 92(1965). 

62 I 1  9.52) .___ 
(16)’McMahon, R.  E., Life Scicnces 3 ZX(l964).  
(17) McMahon, R. E., and Mills,’j.: J .  Med .  Pharm. 

Chem., 4, 211(1961). 

138 382(1962). 

ibid., 149, 436(1965). 

R., and Brodie, B. B., Ex#er%enlta, 17, 417(1961). 

Therap., 121,107(1957). 

macol., 13, 1569(1964). 

E. R. ,  J .  A m .  Chem. Soc., 80, 6597(1958). 

J .  Pharmacol. Exal l .  Theran.. 129.94(1960). 

(18) McMahon, K. E., J .  Pharmacol. E x p l l .  Thrrap. ,  

i19) McMahon, R.  E., Culp, H. W., and Maishall, F. J., 

(20) Fraser, H. F., and Isbell, H., ibid., 105, 458(1952). 
(21) Gillette, J. R., Dingle, I. V., Sulser, F., Kuntzmnn, 

(22) Cochin, J., and Axelrod, J., J .  Pharmacol. Enptl. 

(23) Leadbeater, L.,  and Davies, D. R., Biochem. Phar- 

(24) McKennis, H., Jr., Turnbull, L. B., and Bowman, 

(25 )  Hucker, H. B. ,  Gillette, J. R., and Brodie, B .  R., 

(26) IvIcMahon, R. E:, W d e s ,  J. S.,’ and J,ee, H. M., 

(2 i )  McMahon’, R’. E., J .  Pharmacol. Exfill.  Thernp., 
J .  A m .  Chem. SOC. 82 2864(1960). 

1 .In. :#x:4114601 _._.- ~~~ 

(28) Mannering, G. J., and Schauker, L. S., ibid., 124, 
296(1958). 



Val. $5, N o .  5, M a y  1966 465 
(29) Huggens, C.. Jensen, E. V., and Cleveland, A. S., 

Proc. Sac. Erptl. Bid. Med., 68, 477(1948). 
(30) Axelrod. T.. J .  Pharmacol. Erb l l .  Theuab.. 115, . _  

25Y(1955). 

Marshall, F. I., J .  Med.  Chem., 6,  343(1963). 

(31) Axelrod, J., Biochem. J., 63, 634(1956). 
(32) McMahon, R. E., Culp, H. W., Mills, J.. and 

(33) Tietz, A., Lmdherg, M., and Kennedy, E. P., J .  
B i d .  Chem., 239,408(1964!; 

Academic Press Inc., New York, N.Y.. 1962, p. 129. 
(34) Kaufman, S., in Oxygenases," Hayai<hi, O., ed., 

(35) Nilsson A. Arkiv .  Kemi  21 97(1963). 
(36) Fishmab, W. H . ,  A n n .  Rkv. $iochem., 25, 659(1956). 
(37) McMahon, K. E., and Sullivan, H. R., Biochem. 

Pharmacol., 14, 1085(1965). 
(38) Keberle, H., Riess, W., Schmid, K.,  and Hoffmann, 

K., Arch.  Inleun. Pharmacodyn.. 142, 125(1963). 
(39) ,Ruclens, H. W., Lee, J .  M., and Alhurn, H .  B., 

Arch.  Bsochem. Biophys., 111, 376(1965). 
(40) Schwartz, M. A., Koechlin, B. A., Postma, E., 

Palmer, S., and Krol, G . ,  J .  Pharmacol. Erptl. Therap., 149, 
421((lQfi51 _-_ ~.I __, . 

(41) Koechlin, B. A., Schwartz, M. A , ,  Krol, G., and 

(42) Hodgson, E., and Casida. 1. E., Biochrm. Phurmacol., 
Oberhanshi, W . ,  ibid., 148,399(1965). 

8, 179(1961)- 

I i f~  Sciences, 2, 486(1963). 

Phaumacol. Expf l .  Therap., 143,1(1964). 

(43) McMahon, R. E., ibid., 12, 1225(1963). 
(44) Smith, J. A., Waddell, W. J., and Butler, T. C. ,  

(45) Mazel, P., Henderson, J. F., and Axelrod, J., J .  

(46) Schreiber, E. C., Malone. M. H., and Adams, J .  G . ,  
Pharmaculoaist, 6, 186(1964). 

Jr., Biochem. Phavmacol., 11, 881(1962). 

J .  Med.  Chem., 8, 520(1965). 

nzacol., 13, 207(1964). 

(47) Wiseman, E. H.,  Schreiber, E.  C., and Pinson, R., 

(48) Smith, 0. L., Keasling, H. H.,  and Forist, A. A,, 

(49) O'Brien, R. D.. Can. J .  Biochem., 35, 45(1957). 
(50) Henderson, J .  F., and Mazel, P., Biochem. Phar- 

(51) Srinivasan, P. R., and Borek, E., Science, 145, 5-18 
1 1 0 C A j  
\I""',. 

(52) Battersby. A. R., Proc. Chem. Soc., 1963, 189. 
(53) Wrnkrtt, E., Ergerientia, 10, 346(1954). 

D. H. I<.. Hesse, R. H.,  and Kirby, G. W., 
1 O h ? .  3137 

i54j Bal-tZl 
Proc. Chem. Soc.,  - - 
Staunton, J . ,  ibid.. 1963,268. 

J. A m .  Chem. Sac., 84, 1509(1962). 

Riochem. Biophys. Res. Commun., 5 ,  276(1961). 

_I.. 
(55) Battersby, A. R., Francis, R. J., Hirst, M., and 

(56) Neuss, N., Gorman, M., Roaz, H., and Cone, H., 

(57) Cho, A. K. ,  Haslett, W. L., and Jenden, D. J.. 

(58) Rapopoit, H . ,  and Stermitz, F. R., Nature, 189, 
Rinii mi j ~ . ~ ~ - , .  

(59) Alworth, W. L., and R a p p o r t ,  H., Arch. Biochein. 
Biophys., 112, 45(1965). 

(60) Fish, M. S., Sweelcy, C .  C., and Horning, E.  C., 
Chum. I n d .  (London) ,  1956, R24. 

(61) Sweeley, C. C., and Horning, E. C., J .  A m .  Chem. 
Snc., 79, 2620(1957). 

(62) Fish, M. S., Johnson, N. M,,  and Horning, E. C., 
ibid., 78, 3668(1956). 

(63) Fish, M. S., Sweeley, C. C., Johnson, N. M.,  
Lawleiice, E. P., and Horning, E. C . ,  Biochim. Biophys. 
A d a ,  21, 196(1956). 

(64) Craig, J. C., Dwyer, F. P., Glazer, A. N., and 
Hornmg, E. C., J .  A m .  Chem. Soc., 83, lSil(1961).  

(65) Craig, J. C., Mary, N. Y., and Wolf, L., J .  Org. 
Chem., 29, 2868(1964). 

(66)  Craig, 5. C., Mary, N. Y.,  and Wolf. T,., J .  Am. 
Chem. Soc., 86, 3866(1964). 

(6i)  Ferris, J. P., and Gerwe, R., Y'etvahedron Lellers, 
1964, 1613. 

(68) Fish, M .  S., Johnson, N. M . ,  Lawrence, E. P.. 
and Hoi-ning, E. C . ,  Biochim. Biophys. Acla,  18, 564(1955). 

(601 Smith. T. E.. Weisshach. H . .  and Udenfriend. S.. . ,  . .  
Biochemistry, 1'. 137(1962). 

Phil. Trans. Roy. Soc. I.nndon, B239, 19111955). 

Agy. Food Chem., 5, 123(1957). 

171 ilQ57i 

(70) Heath, D. P., Lane, n. W. J.,  and Park, P.  O.,  

(71) Spencer, E. Y., O'Hrien, K. L)., and Whit?, K. W., 

(72)  Spencer, E. Y., Chem. Suc. (London)  Spec. Publ., 8, 
- -  -~--- . , -  

(73) Dorough, H. W., and Casida, J. E., Agu. Food Chem., 
12, 294(1964). 

50, 519(1961). 
(74) Hanaki, A., and Ishidate, M . ,  J .  Bzochem. (Tokyo) ,  

(76) Hanaki. A,.  and Ishidate. M..  Biochim. Biobhvs. . .  . -  
A d a ,  57, lSOCl962). 

(76) Raker, J. R., and Chakin, S., J. Biol. Chem., 237, 

(77) Ziegler, L). &I., and Pettit, F. H., Biochem. Bioghys. 

(78) Pettit, F. II., Orme-Johnson, W., and Ziegler, 0 .  

(79) Pettit, F. H., and Ziegler, U. M., ibid., 13, 193(1963). 
(80) Brodie. B. B., Gillette, J .  R., and LaDu, B. N., 

(81) Kamoffmevcr. H..  and Kiese. M . .  Biochem. Z.. 339. 

1309(19~2;. 

Res. Commun. ,  15, 188(1964). 

M . ,  ibid., 16, 444(1964). 

A n n .  Rev. Biochrm., 27, 427(1958). 
. _ , .  , .  , ,  

464(1964). 
(82) McMahon, R. E.. and Sullivan, H. R., Li-fe Sciences, 

3, 1167(1964). 
(83) Mao, J. C. H.,  and Tacdi-en., P .  J,., Biochem. Phav- 

7ilacol. .  14, 1049(1965). 

(81) Elison, C., Elliott, 11. W., T-ook, M. ,  and Rapoport, 
H., J .  Med.  C h e ? ~ . . 6 ,  237(1963). 

(85) Oae. S., Kitao, T., Kawamura, S.. and Kitaoka, Ti., 
Telrahedvon, 19, 81 7(1963). 

(86) Oae, S., Kitao, T., and Kawamura, S., ibid., 19. 
1783(1963). 

(87) Udenfriend, S., Clai-k, C. T., Axelrod, J., and Brudie, 
B. B., J .  Biol. Chem., 208, 731(1954). 

(88) Mason, H. S., and Onoprienko, I., Federation Proc., 
15, 310(1956). 

(89) .Hayam, M . ,  in "Oxygenases," Hayaishi, O., ed., 
Academic Press Inc., h-ew York, N. Y,, 1962. p. 181. 

(90) Core E. J., and Gregoriou, G .  A., J .  A m .  C'hrm.  
Soc., 81,3127&89). 

(91) Breslow, R., and Lukens, 1,. N., J .  Rial. Chpnz., 
235, 292(1960). 

(92) Staudinger, H., and Ullrich, V., Biochem. Z., 339, 
491 (1964). 

(93) Nilsson, R., Orrenius, S., and Ernrler, L., Biochmn. 
Bioghys. Res. Commun., 17,303(1964). 

(94) Bamford, C. H., and White, E. F. T., J. <,hum 
Sac., 1959, 1860. 

(95) Schwetlick, K., Angcw. Chem., 72, 208(1960). 
(96) Needles, H. L., and Whitfield, K. E., J. Org. Chrm., 

29, 3632(1964). 
- - ,. (97) . . . Price, c. c., Chem. Eng. News, 42, (No. 48), 
58 ( I Y t j 4 ) .  

(98) McMahon, R. E., Marshall, F. J., Culp, H. W., 
and Miller W. M. Biochem. Pharmacol. 12 1207(1963). 

(99) Gillette, j. I<., J. Biol. Chem.,'23i, 139(1959). 
(100) Rto, M., Casida, J. E., and Eto, T., Biuchem. 

Phavmacoi., 11, 337(1962). 
(lo!) Rupp, W. D., and Handschumacher, R. E., ibid., 

12, 13(1963). 
(102) Elliott, T. H.,  Tao, K. C .  C., and Williams, R. T., 

Biochem. J . ,  95, 70(1965). 
(103) McMahon, R. E., Marshall, F. J., and Culp, H. W., 

J .  Pharmacol. Exptl .  Thrrap.  149 272(1965). 
(104) Maynert, E. W., ;bid., 150, 473(1965). 
(105) Hayaishi, O., Proceedings of the Plenary Sessions 

6th International Congress of Biochemistry, New York: 
N. Y., 1964, p. 31. 

(106) Butler, T. C., J .  Phormacol. Exfill. Theuag., 106, 
235119.52) 

~ - - - , .  ~. 
(107) Bush, M. T., Butler, T. C . ,  and Dickinson, H. L., 

(lb8) gutler, T. C., ibid., 117, lGO(1956). 
(109) Butler, T. C., and MahaEee, I]., ibid., 108, 11 

ibid. 108 104[1953). 

(1936). 
(110) Butler,T. C.,ibid., 113,178(1953). 
(111) Myers, V. C.. and Wardell, B. I,., J .  Rioi. Chem., 

77, 697(1928). 
(112) Myers, V. C., and H a n d ,  R. F., ibid., 162, 309 

(1946). 
(113) Curnish, H .  H., and Christman, A. A., ibid., 228, 

71 5110571 - - - \  I"I .,,_ 
(114) Misi-a, A. L., Mulb, S. J., and Woods, L. A , ,  Nolrri.e. 

190, 82(11)61). 
(115) Lee, H. M., Scott, E. G . ,  and Pohland, A., J .  

Phaumacol. Ezp t l .  Therag.  125 14(1959). 
(116) Walkenstein, S . ' s . ,  'MacMullen, J. A,, Knebel. 

C. M., and Seifter. J . ,  J .  A m .  Pharm. Assoc., Sea. Ed.. 47, 
20( 1958). 

(117) Walkenstein, S. S., Corradiuo, K .  A,, Wiser, R.. 
and Gudmundsen. C .  H., Biochem. Phavmucol.. 14. 121 

, ,  (1965). 
(118) Brossi, A., Hafliger, O.,  and Schider, O., Arzneimillpl 

Fousch.. 5. 62(19551. 
(119) Kuntzmad, R.,  Klutch, A., Tsai, I., and Bums, J .  J. 

(120) Rozemond,.K. C. ,  Vegt, G. J .  B., Hespe, W., and 

(121) Axelrod, J., J .  Pharmacol. Erg t l .  Therap., 110, 

(122) Ibid., 109, 63(1953). 
(123) McMahon, K. E., and Easton, N. R., i b i d ,  135, 

128( 1962). 
(124) Lee, C. C., Anderson, R. C.. and Chen, K. K., ibid., 

117, 265(1956). 
(12R) Hansson, R., Hoffmann, P. ,  and Ktisterson, I,., 

Acia Phaumacol. Toxicol.. 22. 213f1965). 

J .  Pharmacol. Ezptl. T h ~ v n p . ,  149,29(1965). 

Nauta, W .  T. H., Baochem. Phavmacol., 14, 699(1965). 

315( 19.54). 

(126) Aebi, H., Anitt; J.: and Lau'ber, E., Arch. E x p f l .  

(127) Herrmann, B., and Pulveis, R., Arch. Irztrrn. 

(128) Bernhai-d, K., and Beer, H., R d v .  Phyriol. Phar- 

Pafhol .  Phaumacol., 244, 477(1963). 

Pharmucudyn., 126, 454(1960). 

macol. Acta,  20, 114(1962). 

(131) Cassano, G .  R., Sjdstiand, S. R., and Hansson, ts., 

(132) Zehnder. K., Kalberen. F., Kreis, W., and Rutsch- 

(133) Walkenstein, S. S., and Seifei-, J., J .  Pkavmocol. 

(134) Ross, J. I . ,  Young, R. L., and Maas, A. R., Science, 

(135) Beckett, A. II., Reavan, M. A,,  and Robinson, 

(136) McKennis, H., Jr.. Turnbull, I,. B.. Bowman, E. 

(137) Millet-, J .  A,, Millei-, E. C.,  and Raumann, C. A., 

Psychopharmacologia, 8, l(1965). 

mann, J., Biochrm. Phavmacol . ,  11, 53,5(1!362). 

Ezgti .  Therap., 125,283(1959). 

128, 1279( 1958). 

A. E., Biochena. Pharmucol., 12, 779(1963). 

R.. and Wada, E., J .  Am. CLem. Soc., 81, 3951(1959). 

Cancer Res., 5, 162(1945). 



466 Journul of Pharmaceziticnl Scierices 

(138) Brodie, B. B . ,  and Axelrod, J . ,  J .  Pharmacol. ExpII. 
Thcrap., 99, 171(1950). 

(139) Bush, M. T., and Butler, T. C , ibdd., 68, 278(1930). 
(140) Koe, B.  K.. and Pinson, R.,  Jr., J .  M e d .  Chem., 7 ,  

A35(19A4) 
-(i41)-Wiseman, E. H . ,  Schreiber, E. C., and Pinson, R., 

, and Waddell, W. S., J .  Pharmacol. 
?ch_enz; Pha_rmyl . ,  13, 142(1964). 

{14$ Schreiber, E. C.. Bozran, R. C., Evert. C.  P., 
Buude, C. A., and Kuhn, W. L., J .  New Drugs, 5, 261(1965). 
(145) Emmerson, J .  L., and Anderson, K. C. ,  Pherma- 

calogisf, 7,  77(1965). 
(146) Welles, J. S ,  and Anderson, R. C., Proc. Soc. 

Exall .  Aiol Med. .  101. 668(1959). 
(147) Zins, G. R.; Emmert, D. E., and Walk, R .  A . ,  

(148) Axeli-nd, J., At-onow, L., and Bmdie, B. B., J. 

(149) McMahon, R. E. ,  J .  Am. Chem. Sac., 81, 5199 

Pharmacologisl, 6, 208(1964). 

Pharmacol. E x p t l .  Thrrap., 106, lGG(1952). 

(1959). 

(150) Sarcione, E. J. ,  and Stutzman, L. A,,  Cancer Rrs. ,  

(151) Elion, C. B., Callahan, S.  W.. and Hitchiugs, G .  H., 

(152) Salomou, K., Gabrio, B. W., and Thale, T.. J .  

(153) Tsukumoto, H. .  Yoshimura, II . ,  Watabe, T., and 

(154) Adler, T. K.,  and Latham, M. E., PYOC. Sac. Expt l .  

1155) Nilsson. A,. A’ature. 192. 35811961). 

20, 387(1960). 

Pvoc. A m .  Assoc. Cancer Rrs., 3,316(1962). 

Phaumacol. Bxptl. Thcrap., 95,455(1949). 

Ognl-I, K.,  Biochem. Pharmacol., 13, 1577(1964). 

Bid. M e d . ,  73, 401(1950). 

(166i Huggins, c., Jensgn; E: V,‘and’CIeveland, A. S., 
Proc. Soc. Expll. Bid.  &fed., 68,477(1048). 

(157) Brodie, B. B., and Axelrod, J., J .  Pharmacol. Expll. 
Thevap., 97,58(1919). 

(158) Smith, J. N., and Williams, R. T . ,  Biochem. J . ,  44, 
239( 1949). 

(159) Cummings, A. J., .I. Pharm. Pharmacol., 15, 212 
i 1963). 
\ - - -  I .  

(160) ,Way, E.  L., and Adler, T. K . ,  “The Biological 
Disposition of Morphine and Its Surrogates,” Woi-ld Health 
Organization, Geneva, Switzerland, 1962. 

(161) Williams, R .  T., “Detuxication Mechanisms,” John 
Wiley & Sons, New Yolk, N. Y. ,  1959, p. 324. 

Research A rticles- 

Pharmacological Activity of Thalicarpine 
By R. A. HAHN*, J. W. NELSON, A. TYE, and J. L. BEAL 

The effect of the alkaloid thalicarpine on the cardiovascular system of the anes- 
thetized dog and on several smooth muscle preparations has been studied. In the 
dog, 2 mg./Kg. produced moderate pressor activity of rather long duration which 
was sometimes accompanied by a mild tachycardia. This effect does not appear to 
involve a neural pathway but may be due to a direct action either on the heart or on 
vascular smooth muscle. Intense, long lasting, noncholinergic hypotension was 
observed with doses of 10 mg./Kg. Direct depressant effects were seen on several 
smooth muscle preparations as well as reduction of spasmogenic effects induced 

by various drugs. 

UPCIIAN et al. were the first to isolate the 
alkaloid thalicarpine and to describe its 

effect on mean arterial blood pressure of the cat 
(1). They reported that doses up to 5 mg./Kg. 
caused a transient lowering of blood pressure, 
while a dose of 10 mg./Kg. caused death. The 
hypotensive activity, in their opinion, was due to 
bradycardia, respiratory deprrssion, and a weak 
adrcnergic blocking action. 

As part of a continuing study of the genus 
Thalictrum we have observed moderate pressor 
activity after the administration of 2 ing./Kg. 
of thalicarpine in the anesthetized dog. The pres- 
sor activity was sometimes accompanied by a 
mild tachycardia. A dose of 10 mg./Kg. was 
observed to produce an intense depressor response 
and bradycardia, with some degree of hypoten- 
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sion being observed for 1-3 hr. During this time 
of prolonged hypotension, no rvidence of toxic 
symptoms was observed. The administration 
of thalicarpine to the anesthetized cat always 
produced a transient depressor response. 

Reported here are the results of a study of the 
action of thalicarpine on mean arterial blood pres- 
sure of the anesthetized dog and on several 
smooth muscle preparations. 

EXPERIMENTAL 

Adult mongrel dogs of either sex were anesthe- 
tized with sodium pentobarbital (35 mg./Kg., i.p.). 
After surgical anesthesia was achieved the trachea 
was cannulated and bilateral cervical vagotomy 
performed. The right carotid artery was cannu- 
lated and blood pressure recorded oiu a mercury 
manometer on a kymograph. The right femoral 
vein was then cannulated with a 3-in. length of 
polyethylene tubing for the injection of drug solu- 
tions. When infusions were administered the left 
femoral vcin was cannulated and the infusion given 
by means of a Harvard infusion pump. Heart rate 
was recorded by means of a Sariborn Twin Viso 
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sion being observed for 1-3 hr. During this time 
of prolonged hypotension, no rvidence of toxic 
symptoms was observed. The administration 
of thalicarpine to the anesthetized cat always 
produced a transient depressor response. 

Reported here are the results of a study of the 
action of thalicarpine on mean arterial blood pres- 
sure of the anesthetized dog and on several 
smooth muscle preparations. 

EXPERIMENTAL 

Adult mongrel dogs of either sex were anesthe- 
tized with sodium pentobarbital (35 mg./Kg., i.p.). 
After surgical anesthesia was achieved the trachea 
was cannulated and bilateral cervical vagotomy 
performed. The right carotid artery was cannu- 
lated and blood pressure recorded oiu a mercury 
manometer on a kymograph. The right femoral 
vein was then cannulated with a 3-in. length of 
polyethylene tubing for the injection of drug solu- 
tions. When infusions were administered the left 
femoral vcin was cannulated and the infusion given 
by means of a Harvard infusion pump. Heart rate 
was recorded by means of a Sariborn Twin Viso 
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rccorder. In those dogs which wcrc pretreated 
with reserpinc (1 mg./Kg., i.p., 24 hr. prior to ex- 
pcrimentation) the dose of sodium pcntobarbital 
was reduced to 20 mg./Kg. (2). 

Adult cats of either sex were anesthctizcd with 
sodium pentobarbital and prepared in a similar 
manner. 

Helically cut 3-cm. strips of descending thoracic 
rabbit aorta were prepared according to the mcthod 
of Furchgott (3). The tissue was bathed with 
Krebs bicarbonate solution and gassed with a 
mixture of 95% oxygen and 5% carbon dioxide in a 
10-ml. tissue bath at  a constant temperature of 
37'. Movements were recorded isotonically on a 
slow moving kymograph by means of a frontal 
lever, with a magnification of 1 : 10 and a tension of 
2 Gm. After mounting of the tissue, 1.5 hr. were 
allowcd for equilibration before the addition of 
drugs. Two-centimeter lengths of adult rabbit 
ileum and uteri of adult rats were set up in a similar 
apparatus. These tissues were bathed with 
Tyrodc's solution and 0.5 hr. was allowed for 
equilibration before the addition of drugs. A resting 
tcnsion of 2 Grn. was used with the rat uterus, 
while light tension was used in the case of rabbit 
ileum. 

Solutions of thalicarpine wcrc prcparcd in physio- 
logical saline with the aid of dilute hydrochloric 
acid, those of dibenamine in polycthylcnc glycol, 
while all other drug solutions were prepared in 
physiological saline. Injection volumes adminis- 
tered to in vivo preparations never exceeded 1 nil. 
and were followed by a 1-ml. flush of saline, while 
drug solutions added to in z&o preparations ncvcr 
exceeded 0.2 nil. All drug solutions were prepared 
fresh on the day of the experiment. All doses refer 
to mg. or mcg. of the parent compound. Thali- 
carpine' was isolated and purified according to the 
mcthod of Tomimatsu el al. (4). 

Each observation represents a niinimum of 3 
experiments. 

The following drugs were used : thalicarpine, 
dibenamine, reserpine phosphate, norepinephrine 
bitartratc, cpincphrinc bitartratc, dichloroisopro- 
tereriol hydrochloride, isoprotereriol hydrochloride, 
dimethylphenylpipcrazinium iodide, atropine sulfatc, 
histamine phosphate, tripelennamine hydrochloride, 
methacholine chloride, and vasopressin. 

RESULTS 

Figure 1 shows the effect of administration of 2 
mg./Kg. of thalicarpine to the anesthetized, va- 
gotomized dog. A prcssor response with gradual 
onset occurred with a peak mean value of +29.2 
f 2.0 mm. of Hg (mean f standard error) with 
some degree of hypertension lasting for 10--35 min. 
Occasionally the pressor response was accompanied 
by a mild tachycardia. Some animals responded 
to this dose of thalicarpine in a biphasic manner; 
a slight, short-lived fall in blood pressure followed 
by the sustained pressor response. Further ad- 
ministration of this dose of thalicarpine was in- 
effective in producing a pressor response, and only 
transient depressor activity was seen. Doses ol 
thalicarpine less than 2 mg./Kg. did not producc 
any demonstrable effect on arterial blood pressure. 

Its identity as thalicarpine was established by infrared 
comparison and mixed melting point determination with an 
authentic sample kindly supplied by 1)r. S.  M. Kupchan. 
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Upon the injection of 10 mg./Kg. of thalicarpiiie 
to  the anesthetized vagotomizcd dog, a prompt 
intense depressor response occurred (Fig. 2 ) .  The 
maximal depressor response had a m e m  value of 
-112.5 f 8.5 mm. of Hg and sonic degree of 
hypotension was observed for 1-3 hr. Bradycardia 
(30-40 beats/ruin.) accompanied this depressor 
activity. Despitc this precipitous fall in blood 
pressure, no evidence of overt toxic effects was ob- 
served, thc EKG and respiratory patterns being 
the same as observed before the injection. Doscs of 
thalicarpine between 5 and 10 mg./Kg. produced 
increasing depressor activity. 

Doses of thalicarpiiie up t o  5 tng./Kg., when given 
to the anesthetized cat, produced only transient 
depressor activity. Pressor activity was ncvcr 
seen upon either the initial or subsequent injections. 

In an attempt to determine the mechanism by 
which thalicarpine brought about the initial pressor 
response in the dog a t  the 2 mg./Kg. dose levcl, 
several cxpcrimcnts werc conducted. 

To determine if the release of endogenous catcchol- 
amincs was ncccssary for the response, dogs were 
pretreated with reserpine (1 mg./Kg., i.p., 24 hr. 
prior to  experimentation). A typical response of 
the reserpiiiized dog to 2 mg./Kg. of thalicarpinc is 
shcwn in Fig. 3. Reserpine pretreatment did not 
prevent the initial pressor activity. Furthermore, 
when the initial pressor activity of thalicarpiiie 
had been demonstrated and further injections pro- 
duced only a fall in blood pressure, the infusion of 
norepinephrine (1 mg. in 30 min.) did not return 
the ability of tlialicarpine to incrcasc arterial blood 
pressure. Dibenamine pretreatment (10 mg./Kg.), 
which abolished the pressor activity of injcctcd 
epinephrine, had no effect on the pressor activity 
of thalicarpine. 

To ascertain if augmentation of cardiac activity 
played a part in the pressor effect of thalicarpine, 
dogs were pretreated with dichloroisoprotercnol 
(DCI). Although this prctreatment effectively 
abolished control responses to isoproteretiol, thali- 
carphe still produced a pressor rcsponsc (Fig. 4). 
DCI was also ineffective in preventing the de- 
pressor response to subsequent injections of thali- 
carpine. 

A ganglionic stimulant action on the part of 
thalicarpinc would not appear to account for the 
pressor action in view of the results obtained with 
dibcnaminc or with DCI. These drugs are kuown 
to be 01- and P-adrenergic receptor blocking agents, 
rcspcctivcly, and since neither agent blocked the 
response, a neural pathway does not seem i u  be 

Fig. 1.-The response of the anesthetized, vago- 
tomized dog to 2 mg./Kg. of thalicarpinc. Thc 
initial injection produced a pressor rcsponse, while 
a subsequent itijection caused only a fall in blood 
pressure. Key: blood pressure in 111111. of Hg; 
heart rate indicated by numbers above blood 
pressure tracing (bcats/min.) ; T, thalicarpine. 
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irivolved. I n  addition, no augmentation of di- 
methylphcn~~lpiperazi~iiurn ( DMPP)-induced pres- 
sor activity was observed when DMPP (25 mcg./ 
Kg.) was injected during a typical pressor response 
to thalicarpine. 

The dcpressor action of repeated injections of 
thalicarpine a t  the 2 mg./Kg. dose was not blocked 
by atropine pretreatment, although the depressor 
effect of injected acetylcholine was completely 
abolished (Fig. 4). Vagotomy also did not alter 
the response. The possibility of histamine release 
was ruled out when pretreatment with tripelenuamine 
did not block the thalicarpine effect, although in- 
jected histamine was prevcntcd from causing its 
usual depressor response in the dog (Fig. 3 ) .  

The precipitous and long lasting hypotensive 
response to 10 nig./Kg. of thalicarpinc was not 
altered by cervical vagotomy or atropine pretreat- 
ment. DMPP-induced pressor responses, known 
to be mediated through ganglionic stimulation, 
were the Same during the prolonged hypotension 
produced by thalicarpirie as they were a t  pre- 
injection times. Similarly injected epinephrine 
(2-4 mcg./Kg.) produced the same rise in blood 
pressure during the intense thalicarpine hypoten- 
sion as it did during preinjection times. 

When thalicarpinc was added to  a bath with 
isolated rabbit ileum a prompt relaxation occurred. 
Upon washing, this effect was abolished and normal 
activity resumed. When rnethacholine chloride was 
introduced the characteristic spasm was seen; how- 
ever, pretreatment with thalicarpine greatly reduced 
the rnethacholine-induced spasm of the ileum. This 
effect became less with time (Fig. 5). Normal con- 
tractions of the rat uterus were inhibited both in 
frequency and amplitude upon the addition of 

I 
II /*g"i 
2 "  

I 
L> 1 , .i 

Fig. 4.-The response of the anesthetized, vago- 
tomized dog to 2 mg./Kg. thalicarpine. Key: blood 
pressure in mm. of Hg; heart rate indicated by 
numbers above blood pressure tracing (beats/min.); 
Is, isoproteretiol; DCI, dichloroisoprotcrenol, T, 
thalicarpine; Ach, acetylcholine; A, atropine. 

Fig. 2.-The response of the anes- 
thetized, vagotomized dog to 10 mg./ 
Kg. of thalicarpine. Key: blood pres- 
sure in mm. of Hg; heart rate indi- 
cated by numbers above blood pressure 
tracing (beats/min.); T, thalicarpine. 

Fig. 3.-The response of the anes- 
thetized, reserpinized dog to 2 mg./Kg. 
thalicarpine. Key: blood pressure in 
mm. of Hg; heart rate indicated by 
numbers above blood pressure tracing 
(beats/min.); T,  tbalicarpine; H, his- 
tamine; PBZ, tripelennamine. 

thalicarpine into the bath. ~dSOpreSSin-illd~lCed 
spasms of the uterus were completely blocked 
after thalicarpine. With repeated washing of the 
tissue the vasopressin effect returned (Fig. 6). Simi- 
lar results were obtained on epinephrine-induced eon- 
tractions of the rabbit aortic strip. After pretreat- 
ment with thalicarpine, in concentrations having no 
effect of their own (10-40 mcg./ml.), eontractions 

Fig. 5.-Continuous kyniograph recording of the 
isolated rabbit ileum. The administration of thali- 
carpine caused a prompt relaxation of the ileum. 
Pretreatment with thalicarpinc greatly reduced the 
methacholine-induced spasm of the ileum. Key: T, 
thalicarpine; M,  niethacholine 0.05 mcg./rnl.; W, 
wash. 

I W I  W I W  I W  I W  I 
P T P P  P P  

Time in Min. 

Fig. 6.-Kymograph recording of the isolated r a t  
uterus. The administration of thalicarpine in- 
hibited normal contractions of the uterus and' 
greatly reduced the vasopressin-induced spasm of the 
uterus. Key: P, vasopressin 0.1 unit/ml.; T ,  thali- 
carpine 40 mcg./ml.; W, wash. 
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due to cpincphrinc wcre greatly reduced, the effect 
being reversed with time and repeated washing of 
the tissue. 
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DISCUSSION 

The administration of 2 mg./Kg. of thalicarpine 
to the anesthetized vagotornized dog produced a 
fairly long lasting prcssor response with a gradual 
onset. If liberation of endogenous catechokdmines 
was necessary for the response, then pretreatment 
with reserpine should block this action, since re- 
serpine is known to deplete sympathetically iu- 
nervated tissue of catecholamine stores and, thus, 
reduce the response of various organs to  sympathetic 
nerve stiniulatioti and to indirectly acting sym- 
pathomimetic amincs (5-7). Thalicarpine-induced 
pressor activity was observed in the reserpinized 
dog, and thus, libcration of catecholamines does not 
appear necessary for the response. When the 
initial pressor activity to thalicarpine had been 
demonstrated and further administration of thali- 
carpine produced only depressor activity, norcpi- 
ncphrine infusion could not restore the pressor action. 
When the a-adrenergic receptor blocking agent, 
dibenamine, was given in a dose sufficient to block 
the pressor effect of injected epinephrine, the pressor 
activity of thalicarpine was not altered. Thcrcforc, 
the increase in arterial blood pressure due to thali- 
carpine is not due to release of catecholamines or a 
direct a-receptor stimulant effect. 

In dogs pretreated with DCI, thalicarpine pressor 
activity was observed, although positive chrono- 
tropic activity of control injections of isoproterenol 
was blocked (Fig. 4). DCI has been demonstrated 
to block the positive chronotropic and inotropic 
effects of adrenergic stimuli in dogs, while it is 
incffcctive against similar rcsponscs produced by 
digoxin or theophylline (8). 

Since the pressor activity of thalicarpine docs 
n o t  appear to be due to an epinephrine-like effect, 
the possibility exists that the effect may be similar 
to  the cardiac action of digoxin which is not altered 
by DCI. Papaverine also has direct positive 
inotropic effects (9), and if one views the structure of 
thalicarpine as reported by Kupchan and Yokoyama 
(101, it is apparent that thalicarpine contains the 
basic moiety of papaverine. The possibility exists, 
therefore, that the pressor activity of thalicarpine 
may be due to a direct positive inotropic effect to 
increase cardiac output, especially since a positive 
chronotropic action was not always seen with thali- 
carpine. 

Some transient direct stimulant effect on vascular 
smooth muscle might also be a possibility as the 
cause of the pressor action, although bath concentra- 
tions of thalicarpine up to 40 mcg./ml. produced no 
contraction of the isolatcd rabbit aortic strip. 
Vasopressin has been shown to be a potent vaso- 
constrictor in the intact animal but without effect on 
rabbit aortic strips (11); a similar situation may 
exist in the case of thalicarpine. 

The rise in blood pressure produced by injections 
of DMPP during typical thalicarpine hypertension 
was of the same magnitude as that produced by 
control injections. DMPP has been shown to be 
a ganglionic stimulant (12), and if thalicarpine also 
possessed this activity, then an additive pressor 
action might be expected. Such was not the case 
and, therefore, ganglionic stimulation as a basis for 

the pressor effect of thalicarpine does not appear 
likely. Furthermore, if ganglionic stimulation is a 
factor a neural pathway would be involved and 
dibenaminc, DCI, or rcscrpine pretreatment should 
have blocked the response. 

The hypotension induced by repeated iiijectious 
of 2 tng./Kg., or by a single injection of 10 mg./Kg. 
of thalicarpine, docs not appear to be cholinergic 
in nature lor atropine did not alter this effect, al- 
though it effectively blocked injected acetylcholine 
(Fig. 4). Cervical vagotomy also had no cffcct 
on this response to thalicarpine. 

It has been reported that 10 mg./Kg. of thali- 
carpine caused death in the anesthetized cat (1). 
In our experiments the administration of this dosc 
of thalicarpine to  the dog, and doses of 5 mg./Kg. 
in the cat, never produced overt signs of toxicity, 
or death. Animals receiving this dose of thali- 
carpine appeared normal with respect to EKG and 
respiratory patterns, and in general appearatice. 
Although the depressor iesponse was intense aud 
long lasting, the blood pressure did returtl to ap- 
proximately preinjectioti levels (Fig. 2). U’e do 
not exclude the possibility, however, that this de- 
pressor effect may represent thalicarpine toxicity. 

The observations that epiuephrine and DMPP 
produced similar pressor cffccts during thalicarpine 
hypotension to those at  preirijection times indicate 
that adrenergic blockade or ganglionic blockade arc 
not prime causes of the potent hypotension. 

Thalicarpine, in bath concentrations of 10--40 
mcg./ml., produced a prompt relaxatiou of the iso- 
lated ileum and uterus. Spasms of the ileum pro- 
duced by methacholine and those of the uterus 
produced by vasopressiii, were greatly reduced by 
thalicarpinc pretreatment (Figs. 5 and 6).  Thali- 
carpine pretreatment of the isolated rabbit aortic 
strip also greatly inhibited epinephrine-induced 
contractions. This effect was reversed on all 3 
preparations with time and repeated washings of 
the tissues. Thus our rcsults indicate a nonspecific 
inhibition of smooth muscle activity and an ability 
to  antagonize spasmogcnic cffccts of drugs of 
diverse nature on various smooth muscle as an iiii- 
portant pharmacological cffcct of thalicarpine. 
This peripheral inhibitory effect of smooth muscle 
plus bradycardia may well be the causc of thc potent 
hypotension observed with higher doses of thali- 
carpine. 
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Analogs of Tetrahydrofolic Acid XXXV 
Hydrophobic Bonding to Dihydrofolic Reductase VII. Species 
Differences with Substituted 4,6-Diamino-1,2-dihydro-s-triazines 

By B. R. BAKER* and BENG-THONG HO 

Twenty-four 4,6-diamino-1,2-dihydro-s-triazines with varying substituents on  the 
1- and 2-positions have been compared as inhibitors of the dihydrofolic reductase 
from pigeon liver and from E. coli B. Since the 4,6-diamino-1,2-dihydro-s-triazine 
most probably binds to the enzyme in the same area as the pteridine ring of the sub- 
strate, dihydrofolate, little difference was seen in complexing of the 1, 2 ,  2-trimethyl 
derivative (VI); this result was anticipated since the active site of an enzyme cannot 
be varied appreciably and still have a functioning enzyme. In contrast, hydrophobic 
bonding to the enzymes by alkyl or aryl groups on  the 1- and 2-positions of the in- 
hibitors could be anticipated to show differences in  binding between the two 
species, since it should be possible for the relatively nonfunctional hydrophobic 
region on  the enzyme to be quite variable from species to species and still allow the 
enzyme to function. The biggest differences between the two species were ob- 
served when substituents were attached to  the 1-phenyl group of 4,6-diamino-l- 
phenyl-2,2-dimethyl-1,2-dihydro-s-triazine (I) or larger groups than methyl were 
introduced on the 2-position. Differences in conformational requirements for 

hydrophobic bonding to the two enzymes are presented. 

THAT ALKYL or aryl groups attached to the 
5-position of pyrimidines or the 1-position 

of 1,2-dihydro-s-triazines can give strong hydro- 
phobic bonding to dihydrofolic reductase has 
recently been discovered (1) ; further studies (2) 
substantiated the proposal that the aryl groups 
were also bonded hydrophobically rather than 
by a charge transfer complex with the enzyme. 
Some of the conformational aspects of hydro- 
phobic bonding to the dihydrofolic reductase 
from pigeon liver have also been investigated 
(3). The hydrophobic bonding region is most 
probably not in the area where dihydrofolate is 
complexcd (4, 5 ) ;  if it is adjacent to the 4- 
position or 8-position of dihydrofolate when the 
latter is complexed with dihydrofolic reductase 
(6), this hydrophobic region would therefore be 
in a nonfunctional part of the enzyme just ad- 
jacent to the active site. Furthermore, i t  might 
be expected that outside of the active site, one 
hydrophobic amino acid could be replaced by 
another hydrophobic amino acid without af- 
fecting the function of the active site, whereas 
amino acid replacement within the active site 
could be expected to be much more sensitive with 
respect to enzyme activity ( 7 ) .  Ergo, it can be 
anticipated that there should be species dif- 
ferences in the nonfunctional hydrophobic area 
presumed to be adjacent to the active site of di- 
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hydrofolic reductase. Some aspects of hydro- 
phobic bonding to the dihydrofolic reductase from 
E. colk B and their relationship to the dihydrofolic 
reductase from pigeon liver is the subject of this 
paper. Furthermore, 2 previous studies-one 
from this laboratory (8) and one by Burchall and 
Hitchings (9, 10)-on the effect that substitution 
on the 5- and 6-positions of pyrimidines has on 
the comparative inhibition of dihydrofolic re- 
ductases from different sources can now be better 
envisioned when considered in the light of dif- 
ferences in hydrophobic bonding. 

RESULTS AND DISCUSSION 

Four discrctc scrics of dihydro-s-triazines with 
variants at either the I-position or 2-position were 
compared as inhibitors of the dihydrofolic reductasc 
from pigeon liver and from E. colz B; the results are 
rcportcd in Table I. 

Series A.-l-CeHb( CH2),- Vuriants.-Thc syn- 
theses of the compounds in this series have been 
previously described (12). With both enzymes 
insertion of 1 methylene group (IT) between the 
1-aryl group and the s-triazine of I was detrimental 
to binding, being 10-fold with the E. coli B enzyme 
and thirtyfold with the pigeon liver enzyme; 
thus with both enzymes, when the aryl group is 
out of the plane of the triazine, a loss in binding 
occurs. By comparison of the 1-benzyl-s-triazine 
(11) with the 1-methyl-s-triazine (VI), it can be 
seen that the phenyl group of I1 gives little binding 
to the E. coli enzyme, but a 22-fold increment in 
binding to the pigeon liver enzyme, presumably 
due to the phenyl group, still remains. The next 
highcr homolog, phcnylethyl (111), can now have 
the phenyl ring nearly coplanar with the s-triazine 
ring; as a result, activity is better than benzyl (11) 
with both enzymes. On the E. coZz B enzyme, the 
plienethyl .(III) side-chain is just as effrctive a5 the . 
phenyl side-chain (I); in contrast, phenethyl (111) 

470 
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TABLE I.-INHIBITION OF DIHYDROFOLIC REDUCTASES BY 

NHyHCI 
I 

Compd. 
I 

I1 
I11 
I V  
V 
1' I 

VII 
\!I11 

IX 
X 

XI 
XI1 

XI11 
XIV 
X v- 

XVI 

XVII 
XVIII 

XIX 
xx 

XXI 
XXII  

XXIII 
XXIV 

Ri 

,,hf Concn. for 50% Inhibition' 
Pixeon 

R3 Liver 11 

CH3 0 .  l l d  
CHa 3 . 3 d  
CHn 0.71d 
CH; 0 .  028d 
CH3 0.041d 
cI& 74e 
CHS 200' 
CHI 1 1 6  
CHj 0.36" 
CH, 0.058C . . . . ~  

CH; 0.  326 
CHI 0.14' 
CH3 1601 
CH3 1.3 f  
CH, 0,084' 
CH; 8sd 

CHI l . l d  
CH3 0.00850 
CHI 0.082' 
CH; 0.019d 
CH, 0 .  024d 
H 0.62d 
H 190d 
H 15, OOOd 

Z?. coli B C  
3.0 

3 .8  
0.063 
0.21 

34 

48 
82 
4.7 
2 . 1  
0.69 
0.92 
0.27 
5.8 
1.0 
7.2 
1.5 

0.61 
0.60u 
4.8 
0.28 
0.092 
0.41 

180 
310 

Pigeon 
Liver: 

Z?. coli R 
1 /27 
1/10 
1/5.3 
1/2.2 
1/5.1 
1.5 
3.5 
2 . 3  
1/5.8 
1/12 
1/2.9 
1/1.9 

28 
1.3 
1/110 

57 

1.8 
1/71 
1/77 
1/15 
1r3.5 
1 . 5  
1 .o 

50 

a The technical assistance of Maureen Baker and Karen Smith with these assays is acknowledged. * A  4 5 9 0 %  saturated 
ammonium sulfate fraction prepared from pigeon liver acetone powder and assayed with 6 fiM dihydrofolate and 12 r M  
TPNH as previously described (11) at pH 7.4 in Tris buffer. ' E .  coli B cell walls were broken with a French pressure cell 
at 20.000 p s i .  A 4 5 9 0 %  saturated ammonium sulfate fraction was prepared as previously described ( I  l ) ,  then assayed 
with 6 p M  dihydrofolate and 30 p M  TPNH. I Data from Refeevence 2. 
fl Data from ReTerence 8. 

dData from Reference 12. e Data from Kefevence 1 .  
h Picrate salt. 

is 6.5-fold less effective than phenyl (I)  with the 
pigeon liver enzyme. 

Maximum cffectiveness against both enzymes is 
shown with the phenylpropyl side-chain (IY),  
with phcnylbutyl (V) being 1.5-3 times less effec- 
tive. However, the increment between phenyl ( I )  
and phenylpropyl (111) is much larger (48-fold) 
with the E. coli enzyme than with the pigeon liver 
enzyme (fourfold); most of this difference is due 
to the fact that  the 1-phenyl (I)  binds to the 
pigeon liver enzyme 27-fold better than the E. 
coli B enzyme, possible reasons for which are dis- 
cussed latcr. Furthermore, the greatest specificity 
toward the pigeon livcr enzyme (27-fold) is shomn 
by the 1-phcnyl side-chain (I), but  none of thc 
compounds in this series are more effective on the 
E. roli B enzyme than the pigeon liver enzyme. 

Series B.-I-AZkyZ Vu'ariants.--The synthesis of 
these compounds has been previously described (1). 
With straight-chain alkyl substituents maximum 
hydrophobic bonding with the pigeon liver enzyme 
occurred in n-butyl (IX) with rr-hexyl (XI) being 
equal and n-octyl (XI I )  perhaps twofold better; 
in contrast, with the E .  coli  B enzyme, n-hexyl (XI) 
was 2.3-fold better than n-butyl (IX) and n-octyl 
(XII) mas 3.4-fold better than n-hexyl (XI). Ex- 
tension of the series would be required to reveal 

whether maximum straight-chain hydrophobic bond- 
ing to  the E. coli B enzyme had occurred a t  n-octyl. 

Branching of the n-butyl group ( IX)  to isoamyl 
(X) gave a sixfold increment in binding on the 
pigeon liver enzyme, and X wa5 the most effective 
alkyl group found for the enzyme from this source 
(1, 3 ) ;  the isoamyl group (X) gave a threefold 
increment in binding over the n-butyl group (IX) 
with the E.  coli enzyme, but-in contrast to  the 
pigeon liver enzyme-the isoarnyl group (X)  was 
still less effective than the n-octyl group (XII). 
Whether chain-branching farther out the chain than 
the C-3 branch of isoamyl (X) would give a still 
better inhibitor of the E .  coli B enzyme is as yet 
unknown. 

I t  was previously noted (1) that the increment in 
binding between methyl (VI) and n-butyl ( IX) to  
the pigeon liver enzymc was 200-fold; this is well 
within thc 1000-fold (10-fold per methylene) that  is 
theoretically possible. However, it w a s  pointed 
out  that  there was a twentyfold increment iii 
binding in proceeding from ethyl (VI) to n-propyl 
(VIII) and a thirtyfold increment in n-propyl 
(VIII) to n-butyl (IX), both of which are above thc 
10-fold increments theoretically possible. The fact 
that  methyl to butyl gave only a 200-fold incrc- 
mcnt-which is within the theoretical 1000-fold 
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The most active and one of the most specific 
compounds for the pigeon liver enzyme in this 
series is m-chlorophenyl-s-triazirie (XVIII) a t  0.0085 
phf .  The most active compound in this series for 
the E. coli B enzyme is the nz-phenethylphenyl-s- 
triazine (XXI) a t  0.092 p.21. but this compound has 
no specificity toward thc E. coli B enzyme sincc 
XXI is even more effective on the pigeon liver 
enzyme. 

Series D.- Variants at the 2-Position.-The syn- 
thesis of thcsc compounds and their evaluation on 
pigeon liver dihydrofolic reductase have been previ- 
ously described (12). Structural change at  the 
2-position by introduction of larger groups has a 
niuch more detrimental effect on binding to the 
pigeon liver enzyme than the E. coli B enzyme. 
Note that replacement of the 2,2-dimethyl group 
of the 1-phenylbutyl-s-triazine ( V )  by 2-(p-acct- 
aniidophenyl) (XXII) reduces binding to the pigeon 
liver enzyme by a factor of 15-fold, but reduces 
binding to the E.  coli enzyme by only a factor of 
twofold. Similarly, the same 2-substituent ex- 
changed on the 1-(m-chloropheny1)-s-triaeinc 
(XVIII) to give XXIII causes a 19,000-fold loss in 
bindiug to the pigeon liver enzyme, but only an 
850-fold loss to the E. coli B enzyme; it should be 
noted that this structural change giving a 132- 
diaryl-s-triazine reduces coplanarity of at least one 
phcnyl and possibly both phenyls with the s- 
triazine ring (13). When the 2, 2-dimethyl group 
of the 1-ethyl-s-triazine (VII )  is replaced by phcnyl 
to give XXIV, it results in only a fivefoId reduction 
in binding to the E. coli B enzyme, but a 68-fold 
reduction in binding to the pigeon liver enzyme 
occurs. A study of other 2-substitucnts with I\’ 
and V could well lead to higher affinity to the E .  
coli B enzyme than the pigeon liver enzyme since 
the latter is more sensitive to structural change at  
this 2-position; note that XXIV, although it is a 
poor inhibitor, is fiftyfold more effective on the E .  
coli B enzyme than the pigeon liver enzyme and that 
no compound in this series shows the converse 
order of affinity. 

Relative Topography of Hydrophobic Bonding to 
the Two Enzymes.-The difference in binding to 
the two enzymes can give considerable insight into 
the differences in topography of the hydrophobic 
regions of the two enzymes. I t  is wcll established 
that the phenyl group of Ia must be nearly coplanar 
with thc triazine ring for maximum binding (13) 
to the enzyme since introduction of an o-chloro 
group causes a great reduction in the affinity of the 
inhibitor to both enzymes due to the restricted 
rotation of the 1-phenyl-s-triazine systcm imposed 
by the o-chloro group (8, 12). Since therc is strong 
experimental support for the 1-phenyl group being 
hydrophobically bonded to the enzyme (2), it  is a 
reasonable assumption that the 1-phcnyl group of Ia 
and a 1-alkyl group of VIIIa are bonded in the same 

iiicrcmcnt in binding for 3 methylenc groups-was 
rationalized by assuming a conformational change 
in the enzyme; if this conformational change in the 
enzyme required no more than 900 cal./mole, then 
this 900 cal./mole could be supplied by the five- 
fold difference between the 200-fold increment ob- 
served in proceeding from methyl to butyl and the 
1000-fold increment theoretically possibte. Thus, 
the greater than 10-fold increment in binding 
bctwccn n-propyl and ethyl or n-butyl and n-propyl 
is still energetically possible including the energy 
rcquircd for a conformational change in thc pigcon 
liver enzyme. With the E. coli B enzyme only 
the change between ethyl and n-propyl gave grcatcr 
than a 10-fold increment (13-fold) which indicates 
that little or no conformational change in this cn- 
zyme need take place for maximum hydrophobic 
binding; it should be further noted that the maxi- 
mum increment in hydrophobic bonding by straight- 
chain alkyl groups with the E.  coli enzyme is only 
180-fold (between methyl and n-octyl) whereas the 
pigeon liver enzyme has a niaximum increment of 
530-fold between methyl and n-octyl groups. 

In  this series, the isoamyl-s-triazinc (X) shows 
tlic most specificity toward the pigeon liver enzyme, 
being 12-fold more effective than on the E.  coli 
B enzyme; the most specific compound toward 
the E. coli B enzyme is the ethyl-s-triazirie (VII) 
which is 3.5-fold more effective than on the pigeon 
liver enzyme. 

Series C.-l-Phenyl with m- and fi-.%hstituents.- 
l h e  synthesis of these compounds and their in- 
hibition on pigeon liver dihydrofolic rcductase have 
been previously described (2, 12). In this series 
is sccn the largest spread in specificity bctwccn the 
two enzymes in both directions. The E.  coli B 
cnzyme is relatively insensitive to m- or p-substitu- 
cnts, the maximum variation being between 7.2 
pill for the p-(n-buty1)-suhstituent (XV) to 0.6 p M  
for the nz-benzoyl (XVII) and m-chloro (XVIII) 
substituents, a 12-fold spread; in contrast, the 
pigeon liver enzyme is extremely sensitive to sub- 
stitution, varying from 0.0085 p M  for the m-chloro- 
phenyl group (XVIII) to 160 M M  for the p-biphenyl 
group (XIII)  a t  the 1-position of thc s-triazine, a 
19,000-fold spread. As a result the p-(n-buty1)- 
phenyl-s-triazine (XV)  is 110-fold more effective 
on the pigeon liver erizyrne than the E .  coli B 
cnzyrrie; similarly, the m-chlorophenyl-s-triazirie 
(XVIII) and the p-(benzy1)phenyl-s-triazinc (XlX) 
are 71 and 77-fold, respectively, more effective on 
the pigeon liver enzyme. In contrast, the p -  
biphenyl-s-triazine (XIII) and the 9-fluorenoti-2- 
yl-s-triazine (XVI) are 28 and 57-fold more effec- 
tive, respectively. on the E. culi 3 enzyme. Note 
that the bcnzoyl group of XVII causes a 10-fold 
loss in biuding to the pigeon liver enzyme, but a 
fivefold gain in binding to the E. coli  B enzyme. 
When the nt-benzoylphenyl group of XVII is 
cyclizcd to the 9-fluorenon-2-yl group as in XVI, 
only a 2.5-fold loss in binding occurs in the E. coli 
€3 enzyme, but a further 77-fold loss in binding to 
the pigeon livcr enzyme occurs; thus, the pigeon 
livcr enzyme cannot tolerate a large flat substituent 
a t  the I-position, but the E. coli €3 enzyme can. 
Reduction of the kctone of XVII to givc the m- 
bcnzyl derivative (XX) causes little change with 
the E. coli B enzyme, but 46-fold better inhibition 
is seen with the pigeon liver enzyme. XVI XVII 
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R4 

VU, R=CsHsCH2 
VIIIa, R = H 

IXn, R = CH3 

IVb, R = CeHsCHz XXIIa 
VIIIb, R = H  

IXn, R = CH3 

region, The alkyl group can then be staggered in 
the plane of the triazine either away from the 2- 
position as in VIIIa or toward the 2-position as in 
VIIIb. Since XXII and XXIV can still bind 
reasonably well to both enzymes, a downward- 
stagger of the VIIIb type is not possible due to the 
2-phenyl group of XXII occupying the same space 
as the C2-methylene group of the side chain. With 
the upward-staggered conformation, there is no 
stcric interaction betwcen the Cn-methylene group 
and the 2-phenyl, but there is now a possible steric 
intcraction between the CI-mcthylene group aid the 
2-phenyl group; this C1-methylene steric interaction 
does not occur if the 2-phenyl group is in a plane 
perpendicular to the triazine, but is strong if the 
plane of the phenyl group is moved 90”. It follows 
that the E.  culi R enzyme has more tolerance for 
the 2-phenyl group approaching a planc perpen- 
dicular to the triazine than the pigeon liver enzyme, 
since little activity is lost in the E. culi B enzyme 
when VII is converted to XXIV or V is converted 
to XXII; the large reduction in affinity to the 
pigeon liver enzyme indicates that this enzyme 
cannot tolerate the 2-phenyl group approaching a 
plane perpendicular to the s-triazine ring. 

Note that the n-propyl-s-triazine (VII I )  is nearly 
as effective as the I-phenyl-s-triazinc ( I )  on thc 
I?. coli B enzyme, but that I is 100-fold more effective 
than VIII on the pigeon liver enzyme. Models 
clearly indicate that C1, CZ, and Ca of the phenyl 
group exactly overlap thc CI, C2, and C3 groups of 
an alkyl side chain when they have conformations 
Ia and VIIIa, respectively. Since the l-propyl-s- 
triazine (VIIIa) biuds almost as well as the 1- 
phenyl-s-triazine (Ia) to the E. coli enzyrnc, it is 
reasonable to propose that most of the phenyl 
bonding of Ia  occurs through the C1, Cz, aud C, 
carbons; the remaining 1.6-fold difference between 
Ia and VIIIa might be due to slight additional 
bonding by the C4 or CS carbons of the phenyl or 
the C,, CZ, and C ,  carbons of the phenyl of Ia may 
hydrophobically bond a little better than the cor- 
responding carbons of VIIIa; this 1.6-fold differ- 
ence, however, is practically negligible. 

The 100-fold bctter binding of the I-phcnyl of Ia 
than the 1-propyl of VlIIa to the pigeon liver eiizyiiic 
suggests that a t  lcast 2 more carbons of thc benzene 
ring-in addition to CI, CZ, and C-are coinplexcd 
hydrophobically to this enzyme; one of these 
carbons is most probably Ca since the isoatiiyl group 
(X) with its skewed C b  and Cp’ carbons has beeii 
shown to have both of these carbons hydrophobically 
bonded (3). 

Both the n-octyl (XII) and the phciiylbutyl-s- 
triazine (IVa) are better-and about equally effec- 
tive-inhibitors of the E. culi B cnzyme than the 
1-phetiyl-s-triazine ( l a )  by a factor of 11-to 14-fold. 
Furthermore, XI1 and IVa are about 10-fold hctter 
inhibitors than the n-butyl-s-triazine ( IXa); since 
the terminal four carbons of XI I can only increase 
affinity to the enzyme by hydrophobic bonding of 
one or more of these terminal carbons, it follows 
that the phenyl group of IVa docs likewise. In 
contrast, the pigeon liver enzyme has only a twofold 
greater affinity for the octyl group of XI1 than the 
butyl group of IXa, but the phenylbutyl group of 
IVa is cornplexed eightfold bctter than the hutyl 
group of IXa; it follows that the additional hydro- 
phobic bonding to the pigeon liver enzyme past the 
n-butyl group rcquires the relatively flat interaction 
that can occur with a benzene ring, but the E .  coli 
B enzyme can hind either a flat or staggered group 
in this area. The greater tokrdncc to type of group 
attached to the I-phenyl suhstitueiit by the E.  roli 
B enzyme has also been pointed out under Series C. 

Of further interest is that there is less than a two- 
fold difference in binding to the two enzymes with the 
1-methyl-s-triazine (VI),  but there is a 12-fold 
difference with the i-amyl-s-triazine ( X )  and even 
larger differences in both dircctions with SV and 
XVI. (See Series C.) Since it is highly probable 
that the 4,6-diamino-s-triazinc moiety binds within 
the iiormal complexiiig regioii for the pteridine ring 
of the substrate, dihydrofolatc, and since the active 
site of an enzyme has a considerahlc limitation on 
structural change which will still allow the enzynic 
to be operable, little difference shotild be srrn in 
binding of the 4,6-diamino-s-triazine moiety to the 
enzyme. In contrast, large differences in Iiydro- 
phobic bonding were anticipated and found since 
this is a nonspecific part of the enzyme which 
could readily vary from species to species a i d  still 
leave an operable enzyme. 

Furthcr cxamplcs of spccies differences in the 
ability of dihydrofolic reductase to bind 2,4- 
diarnino-heterocycles that have varying hydrophobic 
groups have been collated by Burchall and Hitchitigs 
(9); their observations fit into the diffcrcnccs in 
hydrophobic bonding that are described here. 
They also notcd that the biggest specics differciices 
existed when substituents on the 1-phenyl group or 
2-position of the s-triazine were varied. 

Although differences in hydrophobic bonding to 
thc dihydrofolic reductase between invading organ- 
isms such as bacteria and protozoa nu the one hand, 
and mammalian enzymes 011 the other hand, are 
sufficiently large to enjoy a chemotherapeutic ad- 
vantage with reversible inhibitors in viz-o (9), suclz 
differences between a cancer cell and the host are 
most probably too small to have any chernothera- 
pcutic advantage with rcvcrsihlc inhibitors of thc 
2,4-diamino-heterocycle type. By utilizing both 
hydrophobic bonding to dihydrofolic reductase 
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and the bridge principle of specificity with active- 
site-directed irreversible inhibitors (14), it should 
be possible to magnify immensely any small dif- 
ference betwrcn the hydrophobic areas of the 
tumor tissue and host dihydrofolic reductases; 
this small difference would be unusable or even 
undetectable with reversible inhibitors. Since 
active-site-directed irreversible inhibitors of the 
dihydrofolic reductase from pigeon liver have been 
found which utilize the hydrophobic bonding region 
(15. 16), only a small difference in the hydrophobic 
region of a tumor tissue dihydrofolic reductase 
would be sufficient for high specificity-such as a 
change of a d i n e  for a leucine or a slightly dif- 
ferent conformation in the hydrophobic region 
caused by a single amino acid exchange in another 
region. Such a small difference could be exploited 
by attaching a bridging moiety to the hydrophobic 
boritlirig moiety of an inhibitor so that the sub- 
sequent attack by the bridging group to form a 
covalent bond to a nucleophilic site on the enzyme 
is subject to proper juxtapositioning by the hydro- 
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phobic area on the enzyme. Such studies are 
currently being pursued. 

REFERENCES 
(1) Raker, B. R., Ho, R.-T., and Santi, D. V., J. Pharm. 

Sci., 54, 141.5(1965). 
(2) Baker, B. R., and Ho, B.-T., J .  Iieterocyclic Chem., 2, 

3.1.5(1965). ~. 
(3) B‘aker, R. R., and Lourens, G. J., ibid. .  2, 344(1965). 
(4) Baker, B. R., Schwan, T. S., Novotny, J., and Ho, 

(5) Raker, B. K.,  Coward, J. K., Ho, B.-T., and Santi, 

(6)  Baker, B. R.. and ShaDiro, H. S.. ibid. .  55. 308 

B.-T.,  J .  Pharm. Scr.. 55,295(1966). 

D. V., ibid., 55 ,  302(1966). 

(1966). 

2711(1964). 

(1964). 

Enzymology, 27, 417(1965). 

Pharmacol., to be published. 

Chem., 1,79(1965). 

(7) Joshi, J. G., and Handler, P., J .  Bid.  Chem., 239, 

(8)  Baker, €3. R., and Ha, B.-T., J. Pharm. Sci., 5 3 ,  1137 

(9) Hilchings, G. H., and Burchall. J. H., Adu. 

(10) Riirchall, J. H., and Hitchings, G. H., Molecular 

(11) Baker, B. R.,Ho, B.-T., andNeilson, T., J. Heterocyclic 

(12) Baker B. R. and Ho B.-T. ibid. 2 72(1965). 
(13) Modest, E. J:, J .  Org.’Chem.: 21, i(1856). 
(14) Baker, B. R., J .  Pharm. Sci., 53, 347(1964). 
(15) Baker, B. R., and Jordaan, J. H., unpublished data. 
(16) Baker, B. R., and Shapiro, H. S., unpublished data. 

Effect of Certain Drugs on Perfused Human Placenta VI 

Serotonin Antagonists 

By CHARLES 0. WARD and RONALD F. GAUTIERI 

The antiserotonin action of several compounds was investigated in  the vasculature 
of the isolated perfused human placenta. Average onset, duration of action, and 
per cent decrease at maximal antagonism were used-to discern the antiserotonin 
capability of the smallest effective dose of each compound necessary to  antagonize 
the pressor action of serotonin. Their ability to antagonize the vasoconstrictor 
effect of serotonin, in decreasing order of effectiveness, was: cyproheptadine, 
LSD, diphenhydrarnine, chlorpromatine, prornethazine, promatine, and dibenamine. 
Cyproheptadine, which had a relatively short duration of action, caused the greatest 
decrease to the pressor action of serotonin, while chlorpromazine and diphenhy- 
dramine exhibited the longest duration of action. The mechanisms by which these 
agents antagonized the vasopressor effect of serotonin are attributed to a blockade 
of a-adrenergic receptors, competition for specific receptor sites, and/or direct 
negative musculotropic action. It is suggested that the human placenta, rather 
than tissues of other species, may serve as the organ of choice to evaluate the potential 

effectiveness of serotonin antagonists useful in therapeutics. 

LTI~OUGH the vasoconstrictor property of A serotonin has been known since 1869 (I), 
the interplay between its physiologic and path- 
ologic functions, as well as the elucidation of its 
pharinacologic mechanisms, awaited the develop- 
ment not only of reliable assays for its estimation 
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in biologic tissues, but also techniques for de- 
termining the potency of agents specifically 
antagonistic to  it.  

Many compounds have been shown to antago- 
nize the stimulant effect of serotonin on smooth 
muscle, and among the several organs used to  
demonstrate this phenomenon arc the gastric fun- 
dus of the ra t  (a), estrogen-primed rat  uterus (3), 
isolated rabbit ear (4), sheep artery rings (5), 
and the guinea pig ileum (6). The effect of 
serotonin on diuresis (7)  and blood pressure (8) 
in the intact animal also has been used to show 
the antiserotonin effect of these agents. While 
these techniques are generally sensitive to  minute 
doses of serotonin, and though the results are 
usually reproducible in the particular procedure 
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TABLE I.-COMPARISON OF SEROTONIN I\NTAGONISM B Y  SEVERAL COMPOUNDS IN PERFUSED I5UMAN 
PLACENTAL VESSELS 

_ _ ~ ~  _ _ _ _ _ _ ~ ~ _ _ _ .  
~~ __ _____ ~~ __ 

Av. Max. Range nf R v .  I)ccieasr 
Exnt., Antagonism, Duration of at Max. 

mru. Action, min. Antaxonism. '%, Drug r)osp N;J 
Chlorpromazine 0.5-1.0 mg. 3 
Promazine 0.5-1.0 mg. 5 
Promethazinc 0.5-2.0 rng. 6 
LSD 100.0-200.0 6 

Cyproiieptndine 100.0 mcg. 3 
Diphenhydramine 10.0 mg. 3 
Dibenamine 2 . 0  mg. 4 

mcg. 

employed, conflicting results occur often enough 
to  make it diflicult t o  predict the effect of these 
antagonists in humans. 

Variation among the several species of animals 
used is considerable, both in response to  sero- 
tonin and to  its antagonists as well. For ex- 
ample, the intravenous injection of serotonin in 
dogs increases the heart rate and blood pressure, 
while the rabbit responds to  similar doses with 
hypotension and bradycardia (8) The gramine 
derivatives, iiiedmain and methylmedmain, arc 
serotonin antagonists on the ra t  uterus but have 
no efiect on antidiuresis (7). Morphine is 
ineffective as a serotonin antagonist on strips of 
the gastric fundus of the rat  (2), the isolated ra t  
uterus, and the isolated rabbit ear, but has potent 
antiserotonin actions on the guinea pig ileum (6) .  
The ergot alkaloids, however, are poor serotonin 
antagonists on the guinea pig ileum (9), but 
give excellent results in other tissues, including 
sheep artery rings (5) ,  the isolated rat uterus 
(3), and the blood vessels of the isolated human 
placenta (10). Hydralazine increases serotonin- 
induced contractions of the guinea pig gut, with 
only slight, if any, effect on the rat  intestine (11). 
On the other hand, the vasoconstrictor action of 
serotonin on the blood vessels of the human 
placenta is occasionally antagonized by  hy- 
dralazine (12). Another adrenergic blocking 
agent, dibenamine, has also been shown to exhibit 
serotonin-like and antiserotonin actions, in that 
i t  inhibits diuresis when given alone to the intact 
rat, then blocks the antidiuretic effect of sub- 
sequent doses of serotonin (13). 

The obvious conclusion is that no one animal 
preparation can be used to  assay for all serotonin 
antagonists, and even if one were available, this 
would not be a n  exact indication that the same 
effects would be noted when the drugs were given 
to  man. 

Serotonin has been implicated as a causative 
factor in the toxemias of pregnancy (14, 15), 
certain forms of mental disease (l6), allergic 
disorders (17), and collagen diseases (18); in the 
toxemias of pregnancy the toxic effects of 

20.0 21-79 67.8 
14.0 9-46 47.4 
16.2 11-49 52.: 
10.8 11-30 75.6 

11 .0 17-28 Mi. 2 
31 7 24-63 68.9 
26.3 17-52 46.4 

serotonin are thought to be the rcsult o f  a con- 
striction of the blood vessels of the placcnla with 
resulting ischemia (15). 

Thus, it is imperative that  a method for cval- 
uating the therapeutic effects of serotonin a n  
tagonists in man be available. Therefore, it 
was the purpose of this investigation to evaluate 
the antiserotonin activity of scveral known 
serotonin antagonists on the vasculature of the 
human placenta in order to predict more accur- 
ately the degree of antagonism of these agents in 
human tissue. 

MATERIALS AND METHODS 
Full-term human placcntas, obtaincd frtiiii tlic 

hospital 15 to 20 niin. after normal delivery, wcrc 
used throughout this investigation. Each was 
transported to the laboratory in a glass container 
filled with approximately 1 L. of Tyrodc's solution 
preheated to 38". 

The apparatus employed and the proccdurrs in- 
volved in the preparation and perfusion of the 
placentas, in recording and maintaining the pcr- 
fusion pressure, and in measuring the inflow ntid 
outflow volumes of the perfusate have been described 
in previous papers (12, 19). In 26 succcssful 
placental preparations, each lasting 1-4 hr., a total 
of 30 experiments were performed. Thc  rcsults 
obtained from 4 placentas were discarded because 
thc response to  a tcst dose of serotonin was erratic. 

Throughout this investigation the agotiist, 
serotonin, was administered before the various 
antagonists for the purposc of establishing a stand- 
ard response to its vasoconstrictor effect; the ,211- 

tagonists wcrc administcred 5 min. after the prcssor 
action of scrotoniii subsided. Responses to sub- 
sequent doses of serotonin, after the  various an- 
tagonists, were then compared to the initial rrspousc 
to serotonin at  the start of each experiment. The 
per cent decrease at maximal antagonism of the 
pressor cffect of serotonin was calculated and uscd 
to compare the relative antagonistic capability of 
the compounds employed. The average onset of 
maximal antagonism, as well as the time interval 
(duration of action in Table I )  before subsequent 
doses of serotonin would produce prcssor responses 
that approximated half that of the initial standard 
response, were also used as bases of comparison. 
The doses of scrotonin, administered after the 
antagonist, were injected a t  approximately 8-3-10. 
min. intcrvals and were based on those doses used 
in previous investigations in this laboratory ( 12, 
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19), either 25 or 50 mcg. In the later perfusions the 
dose of 50 mcg. was adhered to because this 
appeared to give more consistent responses. 

One objective of the investigation was to  observe 
the relative antagonism of the compounds employed 
utilizing the smallest dose which exhibited serotonin 
antagonism. This dosc, for the antagonists, was 
not always the same in every placenta. Also, 
because the antagonists varied widely in their 
inherent ability to antagonize the pressor action 
of serotonin, they could not be compared on an  
equidosage basis and still show antiserotonin ac- 
tivity. 

The following known serotonin antagonists were 
injected into the arterial side of the perfusion, 
in a volume of distilled water not exceeding 2.0 ml., 
except where noted: 5-hydroxytryptamine creat- 
inine sulfate (scrotonin), O . O l ~ o ;  chlorpromazine 
hydrochloride,l 0.025%; promethazine hydrochlo- 
ride,2 0.057,; promazinc hydrochloride,8 0.05T0; 
cyproheptadine hydr~chloride,~ 0.01 yo; D-lysergic 
acid diethylamide-256 (LSD-25), O.Ol~o; diphcn- 
hydramine hydrochloride: 1 .O% ; dibenamine hy- 
drochloride,’ 0.4% in 95% U.S.P. alcohol. In 
addition, 95% U.S.P. alcohol was injected alone 
to observe the effect of this vehicle on the placental 
vessels. 

RESULTS 

The following results, which are summarized in 
Table I, were obtained on the vasculature of full- 
term human placentas perfused at  pressures between 
GO arid 108 mm. Ilg. This range of perfusion pres- 
sures corresponds to  inflow rates of 58 to 72 ml. of 
perfusion fluid [Tyrode’s solution modified by the 
addition of 0.52570 polyvinylpyrrolidonc (Plasdone 
C)] per min. 

Ch1orpromazine.-In doses of 0.5-1.0 mg., 
chlorpromazine caused a maximum decrease of 
52.0 to 85.0Yc (averagc 67.8) compared to thc 
standard pressor effect of an initial 25.0-mcg. dose 
of serotonin. In the 3 experiments performed, 
the maximum antagonism of serotonin occurred 
an average of 20 min. (range 10-28) after the ad- 
ministration of chlorpromazine. Approximately 
21-79 min. elapsed before further doses of serotonin 
gave an increase in pressure approximatcly equal 
to half the pressure increase produced by the initial 
dose of serotonin (28.0-1192 mm. Hg) (Fig. 1). 
In 2 additional preparations, subsequent doses of 
serotonin failed to produce pressure increases that 
even approximated half that caused by initial doses 
of serotonin. 

Promazine.-In a total of 5 experiments, 0.5-1.0 
mg. of promazine produced an average maximum 
antagonism of serotonin of 38.2-72.2% (average 
47.4). The antagonistic effect of promazine became 
masirrial a t  an average of 14 min. (range 9-19) 
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1 Solution used prepared from commercially available 
anipul. Matketed as Thorazine by Smith Kline & French. 

Solution used prepared from commercially available 
ampul. Marketed as Phenergan by Wyeth. 

3 Solution used prepared ftom commercially available 
ampul. Marketed as Sparine by Wyeth. 

Supplied through the courtesy of Merck, Sharp and 
nohme Laboratories, West Point, Pa. Marketed as Peri- 
actiti. 

6 Supplied through the courtesy of Sandoz I’harma- 
ceuticals, Hanover. N. 1. 

Solution prepared from commercially available ampul. 
blarkrted as Benadryl by Parke Davis. 

7 Supplied through the courtesy of Givaudan Curp., 
Uelawanna. K. J. 
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h A L 
Fig. 1.-Antagonism of serotonin by chlorprorna- 

zine (top and bottom). Key: S, serotonin (25  
mcg.); CPZ, chlorpromazine (1.0 mg.). 

aft- administration and lasted 9-46 min. bcfore a 
standard dose of serotonin (25.0-50.0 mcg.) caused 
an increase in pressure in the placental vessels that 
was about half that caused by the same dose of 
serotonin initially (11.0-123.6 mm. Hg) (Fig. 2). 

Prornethazine.-Promethazine, in doses of 0.5-2.0 
mg., produced an average maximum decrease to  
the pressor effect of 25.0-50.0 mcg. of serotonin 
of 52.7% (range 16.7-80.1). The maximum an- 
tagonism became evident a t  an  average of 16.2 min. 
(rangc 11-30) after promethazine was given and 
lastcd from 1 1 4 9  min. before the Same dose of 
serotonin gave a response approximately half 
that of the initial dosc (4.8-258.0 mm. Hg). The 
results presented above were obtained from 6 ex- 
pcriments on 5 separate placental preparations 
(Fig. 3). 

LSD.-Doscs of 100.0-200.0 mcg. of LSD re- 
duced the pressor effect of 50.0 mcg. of serotonin by 
an average of 75.6% (range 28.3-100.0) a t  maximal 
antagonism. This effect of thc antagonist was 
observed to reach a maximum a t  an average of 
10.8 min. (range 6-16) after administration and 
lasted from 11-30 min. before subsequent doses of 
serotonin produced increases in pressure equal to 
about half those produced by initial doses (7.8-74.8 
mm. Hg). In 4 of the 6 experiments performcd, 
LSD produced an increase in pressure itself eqiiiva- 
lent to 1.2-4.4 mm. Hg (Fig. 4). 

180. 
160. 
140. 

.m 

I I I I 

u 

r 
Fig. Z.-Antagonism of serotonin by promazinc 

(top and bottom). Key: S, serotonin (25 mcg.); 
PM, promazine (0.5 nip.). 
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Diphenhydramine.-Diphenhydramine, in a dosc 
of 10.0 mg., produced an averajie 68.97" decrease 
(range 63.6-71.4) to the pressor effects of serotonin 
a t  maximal antagonism. I n  the 3 experiments 
performed, the average maximal antagonism oc- 
curred an average 31.7 (range 14-49) min. after 
administration and lasted 24-63 min. bcfore sub- 
sequent doses of serotonin gave responses equivalent 
to about half the original pressure increase (19.8- 
46.2 mm. Hg) caused by the initial 50-mcg. dose of 
serotonin. In  2 of the 3 preparations, diphen- 
hydramine elicited an initial decrease in pressure 
ranging from 3.1-6.6 m n .  Hg (Fig. 6). 

Dibenamine.-In a total of 4 experiments, 2.0 
rng. of dibcnamine caused an averagc maximum 
decrease in the response to serotonin of 4G.4"r, 
(range 14.2-92.8). The average maximum an- 
tagonism occurred 26.3 min. (range 7-52) after 
administration and lasted from 17-52 min. before 
subsequent doses of serotonin produced about half 
the pressure increase caused by the control dose of 
50 mcg. (7.0-47.0 mm. Hg). In all of the experi- 
ments performed, the administration of dibenaminc 
alone caused an increase in pressure ranging from 
2.0-5.0 mm. Hg. The administration of a volume 
of 95% U.S.P. ethyl alcohol (0.5 nil.), equal t o  that 
used to dissolve a 2-mg. dose of dibendmine hydro- 
chloride, caused a comparable iricrease in pressure 
in 4 separate experiments. In  2 of the 4 experi- 
ments utilizing dibendmine, it was noted that the 
first dose of scrotonin subsequent to the antagonist 
elicited a pressure increase greater than the control 
response at  the beginning of the perfusion. IIow- 
evcr, all other injections of serotonin resulted in 
diminished rcsponses. 

u 
Fig. 3.-Antagonism of serotonin by prometha- 

Key: S ,  serotonin (25 rncg.); PT, prometha- zinc. 
zine (1.0 mg.). 

180. 

100. ;3L-J- 80 * LID  1 

u 
Key: 

S, serotonin (50 mcg.); LSD, lysergic acid diethyl- 
amide (200 mcg.). 

Fig. 4.-Antagonism of serotonin by LSD. 

u 
Fig. 5.--Antagoiiism of serotonin by cyprohepta- 

(dine. Key: S, serotonin (50 rncE.); CP, cypro- 
heptadine (100 tncg.). 
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u 
Fig. f.?.--Antagonism of serotonin by diphenhy- 

tlratuine. Key: S, serotonin (50 rncg.); DP, di- 
phenhydramine (10 mg.). 

Cypr0heptadine.-In 3 experiments 100.0 mcg. 
of cyproheptadine produced an average of 86.2% 
(range 82.7-92.4) maximum decrease in comparison 
to thr pressor effects of 50 mcg. of serotonin. The 
maximum serotonin antagonism of cyproheptadinc 
was noted a t  an average of 11 min. (range 10-12) 
aftcr administration and lasted 17-28 min. before 
the administration of another dose of serotonin 
gave pressure increases equivalent to about half 
those produced by the control dose (13.6-53.8 
mm. Hg) (Fig. 5). I n  one perfusion, B0.O-mcg. 
doses of serotonin subsequent to the administration 
of  100.0 nicg. of cyproheptadine failed to produce 
an increase in pressure about equal to half that 
produced by the initial dose of the agonist. 

DISCUSSION 

When the antagonists, u t i l i d g  their smallest 
effective dose, were compared on thc basis of the 
per cent that they decreased the pressor responsc 
of the placental vesscls to serotonin a t  i~iaximal 
antagonism, their ability to ankagonize the vaso- 
constrictor effect of serotonin, in decreasing order 
of effectiveness, was: cyprohcptadinc, LSD, di- 
phenhydramine, chlorpromazine, promethazirie, 
promazine, and dibenamine. As can be seen from 
Table I, the onset of maximal antagonism for most 
of the compounds tested was between 10 and 20 
min. aftrr administration, with only diphenhydra- 
mine and dibenarnine having a more prolonged 
onset. The range of duration of action, based 
upon the previously stated criterion, varied greatly, 
with chlorprumazine being by far the longest 
acting, as would be expected from the known local- 
ization of this compound in body tissues (20). 
Cyproheptadine, while the most effective anti- 
scrotonin agent tested, had the shortest duration 
of action. Chlorpromazinc, in 2 perfusions, and 
cyproheptadine, in 1, blocked serotonin's vaso- 
constriction so effectively that subsequent doses 
never elicited pressor responses that approximatcd 
half those produced by the initial standard doses 
of serotonin during the biological life of the prep- 
aration. In all of the perfusions performed the 
phenomenon of tachyphylaxis to the pressor action 
of scrotonin was uever observed. In most instances 
the effect of the antagonist reached a maximurn 
after 10-31 min.; subsequently the pressor response 



478 

to successive doses of serotonin began to approxi- 
mate half that of the control response. 

In a preliminary investigation, leading to the 
present study, no dose-response relationship tv 
serotonin could be demonstrated in the perfused 
placental prcparation. Consequently, it was not 
possible to classify the cornpou~ids employed as 
specific or nonspecific antagonists. 

Because previous investigations ( 12, 21) have 
alluded to the concept that placental vessels con- 
tain both a- and 8-adrenergic receptors, according 
to Ahlquist’s classikication (22), and because it has 
been postulated that the a receptors are stimulated 
by serotonin (12), the vasoconstrictor effect of this 
agonist, as well as the actions of thc various an- 
tagonists, can be interpreted in the light of these 
observations, as well as by thc wcll-known stimulant 
effect of serotonin on most smooth muscle. The 
phenothiazines used in this investigation, chlor- 
promazine, promazine, and promethazine, possibly 
owe their antiserotonin action to a blockade of the 
a-adrcncrgic receptors in the placental vessels, 
since they have been shown to possess adrenergic 
blocking properties (23). Dibenamine and possibly 
LSD share this mechanism with the phenothiazines, 
and a similar interpretation can be applied to  the 
understanding of their antiserotonin action in this 
preparation. LSD, however, has been shown to 
have a structural similarity to scrotonin, notably 
the indole configuration, arid thus it may compete 
with serotonin for receptor sites in the smooth muscle 
(24). In addition, LSD has a stimulant effect on 
smooth muscle similar to  that of serotonin (24) 
which again may be attributed to its structural 
similarity to scrotonin. This was probably the case 
in this investigation, as LSD produced pressure in- 
creases equivalent to 1.2-4.4 mm. IIg in most of 
the experiments performed. Cyproheptadine (25) 
and diphenhydraminc (26) both have a negative 
inusculotropic action in other systems, and it is 
plausible to credit their antiserotonin action in 
the placental vessels to a similar mechanism. Di- 
phenhydramine and cyproheptadine were both 
shown to be strong serotonin antagonists in this 
investigation, being morc potent than dibenamine 
and the phenothiazines which acted predominantly 
on receptor sites. In fact, diphenhydramine, in 2 
of the 3 perfusions, caused a decrease in pressure 
immediately after it was injected which varied 
between 3.1 and 6.6 mm. Hg. 

In 2 of the 4 perfusions performed using diben- 
amine, doses of serotonin, subsequent to  this an- 
tagonist, gave pressor responses greater than the 
original control response, indicating that the cli- 
benamine was potentiating the vasoconstrictor 
action of serotonin. However, dibenamine has 
been shown to posscss serotonin-like actions in 
other preparations, such as its antidiuretic effect in 
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the rat (13); therefore, a similar effect in the pla- 
cental vessels cannot be disregarded at  this time. 
The administration of dibenamine in a vehicle of 
95740 ethyl alcohol always caused an initial increase 
in pressure, ranging from 2.0 to 5.0 mm. Hg; this 
is due to the vasoconstrictor effect of the alcoholic 
vehicle since in this, and previous investigations 
(27), alcohol has been shown to cause vasoconstric- 
tion of the placental vessels. 

By following the procedures outlined in this in- 
vestigation, we have evaluatrd the relative effec- 
tiveness of several agents that are antagonistic to 
serotonin. Consequently, we can hypothesize that 
those agents which were found to be the most effec- 
tive serotonin antagonists in this organ may have 
some thcrapeutic efficacy in the diseases in which 
abnormal amounts of serotonin play a significant 
role in their pathologic manifestations as well as 
their etiology. The primary example of such a 
disease is toxemia of pregnancy since the clinical 
manifestations of this malady are thought to be 
the result of the vasoconstrictor effect of serotonin 
on the blood vessels of the placenta (14, 15). 
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Azulene Analogs of 
By TULLY J. SPEAKER* 

The synthesis of a series of azulene-1-carbox- 
ylic acid esters is described. These esters 
are to be screened for pharmacologic activity. 

&JLENE, with a resonance energy of about 46 
. Kcal /mole can be classified as aromatic 
with respect to resonance stability (I ,  2) and is the 
only known bicyclic nonbenzenoid hydrocarbon 
of this typc. Azulene has been unequivocally 
shown to undergo clectrophilic substitution at 
ihe 1-position (3). 

Until the development of an efficient method 
for the preparation of azulene in 1956 by Ziegler 
(4), utilization of this nonbenzenoid nucleus was 
severely restricted, a t  least in part by economic 
factors. 

Investigation of the pharmacodynamic activity 
of azulene and azulene derivatives, principally 
hydrocarbons, has to date been restricted in the 
main to examination of the antiphlogistie (5, B), 
antiallergic (7), and bacteriostatic (8) properties 
of these compounds or mixtures of them ob- 
tained from chamomile and similar oils. 

It seemed of importance, therefore, to under- 
take a systematic study of the effects of re- 
placing benzenoid nuclei in structures known to 
exhibit pharmacologic activity with the non- 
benzenoid aromatic nucleus of azulene. 

Because the aromatic portions of local anes- 
thetics are essential to a high level of local anesthe- 
tic activity, it seemed reasonable to initiate this 
study by preparing several azulene compounds 
which might be expected to be local anesthetics 
were their aromatic portions benzenoid rather 
than nonbenzenoid. 

The room temperature reaction of azulene (I) 
with phosgene in the absence of Friedel-Crafts 
catalysts described by Triebs et a,?. conveniently 
provided the acid chloride of azulene-1-carboxylic 
acid (11), and this acid chloride on reaction with 
appropiate alcohols afforded the corresponding 
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Pharmacologic Agents 
ind GLENDEN D. KEDMAN 

esters (111) in yields averaging about 90% of theo- 
retical, based on azulene. 

I1 

4- R-0-H 

TI1 

The high r-electron density of the 1- and :i- 
positions of the azulene nucleus ralrulated by 
the linear combination of atomic orbitals-molec- 
ular orbital method of I-luckel (10) suggests that 
a 3-substituent corresponds closely in elcctroriic 
behavior to a para substituent in a phenyl 
nucleus. 

Accordingly, i t  was of interest to prepare 
several 3-substituted esters for this study. 

Treating an azulenc-1-carboxylic acid ester 
with cupric nitrate in a mixture of acetic acid 
and acetic anhydride after the method of Ander- 
son (11) provided a route t o  the corresponding 
3-nitro ester (IV) and reduction of the 5-nitro 

111 

I\‘ 

esters yielded the relatively unstable 3-amino 
esters (V). 

Attempts to chlorocarboxylate 1-nitroazulene 
were unfruitful. 

Some esters substituted in the alcohol-derived 
portion are poorly stable under even these mild 
nitration conditions, but the relative stability of 
the O-haloalkanol esters to these nitration condi- 
tions offered a method for introduction of more 
labile groups into the alcohol-derived portion of 
the &substituted esters. 

479 



480 Journal of Pharmaceutical Sciences 

responding hydrochlorides in the usual manner. 
The amine hydrochlorides wcrc hygroscopic. 
3-Nitroazulene-1-carboxylic Acid Esters.- 

Each of the 3-nitroazulene-1-carboxylic acid csters 
was prepared by the following procedure adapted 
from the work of Anderson et al. (11). Incrcasing 
the quantity of reagents by a factor of 10 intro- 
duced no new difficulties. 

A chilled slurry of 0.241 Gm. (0.001 mole) of 
finely powdered cupric nitrate, Cu( NO&. 3H20, 
in 3 ml. of acetic anhydride was added to a me- 
chanically stirred solution of0.001 mole of an azulene- 
1-carboxylic acid cstcr in a mixture of 3 ml. of 
acetic acid and 1 nil. of acetic anhydride maintained 
a t  temperatures below 5". The transfer of the 
slurry was facilitated by the use of an additional 2 
ml. of chilled acetic anhydride. 

The mixture was stirred for 10 min. and poured 
into 50 ml. of ice water and extracted with three 
10-ml. portions of chloroform. The combined 
chloroform extracts were washed 3 times with 10-ml. 
portions of water, evaporated to dryness in a 
stream of cool air, and the residue was triturated 
with about 6 Gm. of alumina. 

This triturate was packed above an alumina 
chromatography column (1.8 X 15 cm.). Elution 
with toluene removed the unreacted ester as a red- 
violet hand and slowly displaced an orange band 
from a closely following dark brown region. The 
column was extruded and the orange region packed 
above a fresh alumina column. The new columii 
was elutcd with 20y0 ether in toluene and evaporation 
of the orange eluate in a stream of cool air gave 
orange to red needles of the 3-nitro esters. 
3-Amimoazulene-1-carboxylic Acid Esters.-Each 

of the 3-aminoazulene-1-carboxylic acid esters was 
prepared by the following procedure adapted from 
that of Anderson et al. ( 3 ) .  Over a 5-min. period 
0.5 Gm. of zinc dust was added to a stirred solution 
of 0.001 mole of the appropriate 3-nitroazulene-l- 
carhoxylic acid estcr and 0.2 Gm. of sodium acetate 
in 10 ml. of acetic acid. The mixture was stirred 
1 hr. and diluted with 30 ml. of distilled water. 
The resulting blue mixtures wcre decanted from 
any unreacted zinc and extracted with three 20-ml. 
portions of ether. The emerald-green ether extracts 
were combined and washed with aqueous sodium 
hydroxide (3% w/v) until free of acid. The ether 
solution was extracted with dilute hydrochloric acid 
until the aqueous extracts were colorless. 

The combined acid extracts were neutralized 
with ammonium hydroxide and extracted with two 
20-ml. portions of ether. The ether was allowed to 
evaporate spontaneously, and the residue was 
triturated with about 5 Gm. of alumina. The 
triturate was packed abovc an alumina chroma- 
tography column and eluted with 20% ether in 
toluene. I t  gave only a single red band, Spon- 
taneous cvaporation of the eluate in a stream of cool 
air gave the free 3-aminoazulene-1-carhoxylic acid 
esters. The amines were converted to their hydro- 
chlorides in the usual manner. 

Alkanolamine Ester of 3-Nitroazulene-1-car- 
boxylic Acid.-Thc 0-halo estcr of 3-nitroazulene- 
1-carboxylic acid was converted to the corresponding 
r2!N-dialkylaminoalkan(~l ester of 3-nitroazule11e-l- 
carhoxylic acid by the following procedure. 

A solution of 0.073 Gm. (0.001 mole) of diethyl- 
amine in 10 ml. of ether was added dropwise to a 

EXPERIMENTAL 

Azulene for this study was at first prepared in 
this laboratory after the method of Ziegler (1) and 
was later obtained from Terra Chemicals, Inc. 

Alcohols available from Distillation Products 
Industries, Division of Eastman Rodak Co., were 
obtained from that source. The others were pre- 
pared in this laboratory. 

All melting points were determined using a 
Fisher-Johns melting point apparatus and are 
corrected. 

All spectral data were obtained using a Beckman 
I)B spectrophotomekr and Distillation Products 
Industries spectro grade methanol as solvent. 

Gases were obtained from the Matheson Co., Inc. 
Chromatographic alumina was Fisher Scientific 

Co. No. A540. 
Esters of Azulene-1-carboxylic Acid.-Each of 

the esters of unsubstituted azulenc-1-carboxylic 
acid was prepared by the following proccdurc 
adapted from Triebs et al. (9). A solution of 1.282 
Gm. (0.01 mole) of azulene in 50 ml. of dry toluene 
was saturated with phosgene while cooled in a bath 
of running tap water and allowed to stand 1 hr. 
(Failure to cool the solution increased thc amount 
of tarry material formcd and significantly lowered 
yields of ester.) During this time the solution 
changed from a dark blue color to a dark red-violet 
color. The excess phosgene was removed by gentle 
refluxing under a slight vacuum for about 30 min. 

A solutioxi of 0.010 mole of the appropriate alcohol 
in dry toluene was added dropwise to this solution 
of azulene-1-carboxylic acid chloride. The reaction 
mixture was allowcd to stand 30 min., treated with 
20 ml. of dilute ammonium hydroxide, and trans- 
ferred to a separator. The reaction vessel was 
rinsed with an additional 10 ml. of toluene and 
the rinsings were added to the funnel. The reaction 
mixture was successively extracted with 10-ml. 
portions of ammonium hydroxide until the aqueous 
portion showed no blue color. The wet toluene was 
allowed to evaporate spontaneously in a stream of 
cool air. (Early experiments suggested that yields 
fall drastically if the esters are heated a t  steam 
bath temperatures.) 

Thc residue was triturated with approximately 
5 Gm. of alumina and packed above an alumina 
chromatography column (1.8 X 15 cm.), and the 
chromatogram was developed first with ligroin to 
remove any unreacted azulene and then with toluenc. 
The red-violet eluates were collected, and solvent 
was allowed to evaporate spontaneously as before. 
Most of these esters were oils. 

Alkanolamine esters were converted to their cor- 
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TABLE I.-ESTERS OF AZULENE-1-CARBOXUI.IC ACIDS 

0 H 

C-O-C-(CHz) n-R 
I 
I "6" R" 

R 

H 

c1 
Dimethyl- 

amino 
Diethyl- 

amino 
2-Methyl- 

piperidino 
Cyclohexyl- 

amino 
H 
c1 
Diethyl- 

amino 
I1 
Diethyl- 

amino 

K* nw 
H H  

H H  

H H 

H H  

H H  

€1 CHB 
NO2 H 
NO2 H 

NO:! H 
NH2 H 

NH2 H 

n 
1 

1 

1 

1 

2 

1 
1 
1 

1 
1 

1 

Yield, 
% 
93 

86 

92 

93 

87 

88 
64 
52 

50 
83 

78 

M. P., 
"C. Formula 

Oil C13H1202 

60-61 C~~II~lC102 

105 dec. C15H17N02 . HCI 

127 C17H21NOe . HCI 

122 C20H~.N02 . HCl 

-Anal.---? 
Catcd. Found A,,,. Lor 

c, 77.97 
H, 6.04 
C, 64.07 
H, 4.55 

K, 5.00 

N, 4.55 

N, 4.02 

N, 4 02 
N, 5.71 
N, 5.00 

N, 7.19 
N ,  5.56 

N,  7.79 

~~ 

77.82 232 4.70 

64.21 310 4.63 
6.40 

4.37 

4.89 304 4.74 

4.61 228 3.33 

3.98 240 3.11 

4.09 315 4.50 
5.66 292 4.61 
4.94 292 3.24 

7.10 243 4.51 
5.55 219 4.60 

7.74 240 4.62 

mechanically stirred solution of 0.279 Gm. (0.001 
mole) of the 2-chloroethanol cstcr of 3-nitroaztilene- 
I-carboxylic acid in 20 ml. of ether, and the mixture 
was heated a t  reflux temperature for 1 hr. The 
ether was decanted from the resulting gummy 
blue solid, and the residue was dissolved in 20 ml. 
of distilled water. The solution was transferred to 
a separator, and the solution was made alkaline 
with ammonium hydroxide. The soIution was ex- 
tracted with 20-1111. portions of ether, and the com- 
bined ether extracts were washed with a little water. 
The ether extract was allowed t.o cvaporatc spon- 
taneously, and thc residue was triturated with about 
3 Gm. of alumina. The trituratc was packed 
above an alumina chrornatographycolumn and eluted 
with 20y0 ether in toluene. Only a single red- 
orange band appeared. It was elutcd and spon- 
taneous evaporation of thc solvent in a stream of 
cool air gave the N,Ar-diethylamino dcrivdtivc, 
which was converted to  thc corresponding hydro- 
chloride in the usual manner. 

The results are reported in Table I together with 

some of the physical propcrtics of thcsc ncw corn- 
pounds. 

Upon prcliniinary pharmacolvgic testing sonic of 
these compounds were found to exhibit local ancs- 
thetic activity. 
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Increasing Dissolution Rates and Gastrointestinal 
Absorption of Drugs Via Solid Solutions and 

Eutectic Mixtures I1 
Experimental Evaluation of a Eutectic Mixture: Urea-Acetaminophen 

System 
By ARTHUR H. GOLDBERG*, MILO GIBALDI, and JOSEPH L. KANIG 

The binary system of APAP and urea was found to be a simple eutectic mixture with 
negligible formation of solid solutions. Solubility studies indicated that urea in- 
creased significantly the solubility of APAP. Dissolution rate studies were con- 
ducted with APAP alone, and in fused and physical mixtures with urea. An unusual 
dissolution phenomenon was found to exist in the system and is considered. In 
all cases the presence of urea enhanced the dissolution rate of APAP by virtue of a 
microenvironmental soiubilization. The fused mixture at the eutectic composition 
was found to give similar, but prolonged enhancement of dissolution rate as com- 

pared to the physically mixed sample. 

T IS WELL established that dissolution is fre- 
quently the rate-limiting step in the gastro- 

intestinal absorption of a drug from a solid dosage 
form. The relationship between solution rate 
and absorption is particularly distinct when con- 
sidering drugs of low solubility Consequently, 
numerous attempts have been made to modify 
the dissolution characteristics of certain drugs 
in an cffort to attain more rapid and more com- 
plete absorption. 

Bruner and Tolloczko (1) were the earliest 
workers to demonstrate that dissolution rate was 
a function of the surface area exposed to the dis- 
solution medium. Accordingly, a drug will dis- 
solve more rapidly when its specific surface area 
is increased, i.e , wheii its particle size kdecreased. 

Levy (2) has considered a number of methods 
by which a drug may be presented to the gastro- 
intestinal fluids in finely dividedform. The most 
direct method is the utilization of microcrystalline 
or micronized particles which may be adminis- 
tered in any one of a number of dosage forms A 
second mcthod involves the administration of 
solutions from which, upon dilution with gastric 
fluids, the dissolved drug will precipitate in the 
form of very fine particles. A more unique way 
of obtaining microcrystalline dispcrsions of a 
drug in gastrointestinal fluids has been recently 
suggested by Sekiguchi et al. (3, 4). This ap- 
proach involves the administration of a eutectic 
mixture composed of the drug and a substance 
which dissolves readily in water. 

Sekiguchi and co-workers (3, 4) have proposed 
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that when the eutectic mixture is exposed to the 
gastrointestinal fluids, the soluble carrier dis- 
solves rapidly, leaving the insoluble drug in an 
extremely fine state of subdivision. More recently 
Goldherg et al. (5 )  presented theoretical argu- 
ments which attempted to demonstrate that the 
results obtained by Sekiguchi (3, 4) were due to 
the formation of solid solutions rather than simple 
eutectic mixtures. The existence of solid solu- 
tions in the eutectic mixture precluded a direct 
evaluation of the role of particle size reduction 
in the enhancement of dissolution. Owing to 
the physical-chemical characteristics of a solid 
solution, a very rapid rate of dissolution is to be 
expected when an insoluble drug is dissolved in a 
soluble carrier ( 5 ) .  

The purpose of this investigation was to com- 
pare the dissolution rate of a simple eutectic 
mixiwe, composed of thc drug and a readily 
dissolving substance, with the dissolution rate of 
the drug alone. A study of a eutectic mixture, 
uncomplicated by the presence of solid solutions, 
permits a more realistic evaluation of the utility 
of the eutectic system in enhancing dissolution. 

EXPERIMENTAL 
A study was initiated to  find a poorly soluble drug 

that would form a simple eutectic mixturc with a 
water soluble carrier. The carriers investigated met 
the following criteria: ( a )  soluble in water; ( b )  
physiologically inert; (c) a melting point of not 
more than 200"; ( d )  thermal stability up to its 
melting point; ( e )  a relatively low vapor pressure. 

A number of drugs were employed that met the 
following criteria: ( a )  poor water solubility; 
( b )  therapeutically signifcant; (c) thermal stability 
up to  its melting point; ( d )  relatively low vapor 
pressure; ( e )  melting point of not more than 250". 

Screening Procedure.--In order to select coin- 
binations which would lend themselves to  more 
detailed investigation, an initial screening procedure 
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was developed to permit rapid evaluation. Equal 
quantities (3 Gm.) of carrier and drug were pliys- 
ically mixed and placed, along with a thermometer, 
into a test tube. The tube was immersed into a 
temperature controlled silicoriel bath, preset to the 
temperature of the melting point of the lower melt- 
ing component. The mixture was constantly 
stirred t o  facilitate distribution of hcat and thc 
temperature of the silicone bath was slowly raised, 
if necessary, until complete mclting occurred. The 
following observations were made during each such 
screening proccdure: (a) temperature at which 
mixture started to melt; ( b )  temperature a t  which 
dliscoloration, gas evolution, or fumes occurred (if 
such phenomena did occur); (c) temperature a t  
which complete mclting was effccted; and ( d )  the 
number of distinct phases present in the melted 
mixture. 

The fused liquid was thcn immediatcly poured 
onto Ferrite plates2 and tlie following evaluations 
made: (e) length of time for crystallization to  
occur; ( h )  physical state of mass (crystalline or 
amorphous); and (c) length of time rcquircd for 
the amorphous mixtures to change to a crystalline 
form 

Solid-Solid Interaction.-On the basis of results 
obtained in thc screening procedure, the combina- 
tion of APAP3 and urea was selccted for further 
study. This mixture formed a hoinogetieous 1 iquid 
when fused, exhibited a melting point lower than 
that of the lowcr melting component, and re- 
cirystallized to a crystalline solid immediately upon 
quenching in air under ambient conditions. 

A phase diagram of APAP-urea was made using 
the cooling curve method, cmploying blends of 
APAP and urea in the following mole fractions: 

0.6, and 0.2-0.8. The blended mixtures were 
placed into tlie inner tube of a Bcckman molccular 
weight apparatus with the stirring loop, therriio- 
meter, and stopper in place. The tube was thcn 
i~nmersed into a temperature controlled silicone 
bath. The temperature was slowly raised to cffcct 
fulsion, and to allow the temperature of the melt to 
risc to about 10' above its melting point. The 
entire inner tube was then placed into the outer 
jacket of the Beckrnan apparatus which was im- 
mersed in a water bath maintained at  60". The 
top of the stirring loop was attached to the arm of 
a U.S.P. tablet disintegration apparatus, which 
ra.iscd and lowcrerl the stirring loop at  the rate of 
30 times per minute within the fused drug-carrier 
combination. 

During the cooling process, temperature was 
plotted versus time, and two discontinuities in the 
curve were noted. The first change of slope (at 
the higher temperature) is comparable to the melting 
point of that component in the mixture which is 
in excess of the eutectic composition, and the sccond 
change in slope (at the lowcr temperature) corre- 
sponds to the cutectic temperature. The critical 
temperatures thus obtained werc plotted oersus 
composition on a second graph. 

A second phase diagram of urea-APAP was pre- 

0.9-0.1; 0.8-0.2; 0.7-0.3; 0.6-0.4; 0.5-0.5; 0.4- 
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pared usiiig a rriicrotliermal t e c h n i q ~ e . ~  Various 
ratios of the materials were weighed, intimately 
mixed, and placcd on a microscope slide. The 
slide was covered with a cover slip, and sealed with 
silicone grease,6 to  minimize any possible loss due 
to  sublimation. This preparation was heated 
until fusion occurred, and then allowed to cool. 
The cooled crystalline mass was then reheated at  
the ratc of 4"/min. by means of a heating stage 
attached to a microscope fitted with polarizing 
lenses. Using 100 magnification power, observa- 
tions were made of the melt. 

The first change noted occurs a t  the eutectic 
temperature. At this point the solid appears to 
disappear partially, and small liquid areas become 
apparent. These areas of liquid continue to in- 
crease in size until all of one component dissolves 
in the eutectic melt. Thc crystals rcmaining coii- 
stitute that component which is present in excess 01 
the eutectic composition. As the temperature in- 
creases, the component in excess slomly disappears 
from view. The temperature a t  which thc last 
bit of crystal disappears is taken as tlie melting 
point of the component in exccss. A phase diagram 
was constructed by plotting both temperatures 
(whcre mclting first appears, and the final melting 
point) versus ratio of components (per ccnt w/w). 

Interaction in Aqueous Solution.-To determine 
any possible interaction between drug and carrier 
in aqueous solution, solubility studies were per- 
formed. An excess amount of drug was placed in 
60-ml. test tubes equipped with screw caps and 
containing 30 nil. of an aqueous solution of the 
carrier in varying concentrations. The contcnt of 
each tube was equilibrated at 37" in a Gyrotory 
incubator shaker.6 

At thc end of this period, 1-nil. samples wcrc 
withdrawn by means of a filter pipet. Each milli- 
liter was dilutcd to 100 ml. with water, and 0.5 nil. 
of this dilution was added to 0.5 ml. of distilled 
water, and diluted to 10 ml. with acidified methanol 
(1% v/v solution of 0.1 N HCI in methanol). Thc 
absorbance of each diluted sample was determined 
a t  242 mp using a recording spectrophotorneter.' 
A blank of 10% water in acidified methanol was 
cmployed. The absorbance was read and thc. 
amount of APAP prcsent was determined by dividing 
the absorbance by the slope (obtained by tlie method 
of least squares) of a previously Constructed Beer's 
law curve. Prcliminary investigation had indicated 
that urea in no way interfered with the assay pro- 
cedure. 

Dissolution Studies.-The dissolution studies 
were conducted using the tape mcthod (6). This 
method employs a strip of plastic adhesive,E tautly 
affixed t o  a metal frame. The powdcred sample to 
bc evaluated is dusted on the adhesive surface in a 
monoparticulate layer. The entirc frame is thcn 
iinmersed below the surface of the dissolution 
medium which is stirred by a paddle attached to an 
overhead, constant speed motor rotating at 53.5 
r.p.in. 

~~ 

The authors gi-atefnlly acknowledge the expelt assistance 
<if bliss Mai-ie Jones, microscopist, Bristol-Myers Division. 
Hillside, N. J.,  in this phase of the work. 

Hi-vacuum grease, I h w  Cog-ning Cot-p., Midland, Mich. 
li Model G-25, New Brunswick Scientific Co., New B~uns-  

wick, N. J .  ' Model IIR, Reckinan Inst~n~ment Co., Mountainside, 
N. J. 

Scotch Brand Magic Mending Tape, 3 i r  in. wide, Alin. 
neapolis Minnesota Mining Co..! Minneapolis, Minq. 

550 Fluid n o w  Coming Coil.'. Midland Mich. 
10 X 14 {n., chrome plated, Apullo Co., inc., New Yen-k, 

A common synonym for acetaminophen or A'-acetyl-p- 
N. Y .  

aminophenol. 
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TABLE I.-APAP SAMPLES EMPLOYED IN DISSO- 
LUTION STUDIES 

Sam- Compn., mg. 
ple APAP Urea Mesh Size Method of Prepn. 
1 30 . . . 50-60 Fusion 
2 30 . . . 100-120 Fusion 
3 30 23 .8  50-60 Fusion 
4 30 23.8 50-60 Physical mixture 
5 30 35.7 5&60 Physical mixture 

Journul of Pharmaceutical Sciences 

Table I lists the various APAP samples used in 
the dissolution studies. Samples 1-3 were pre- 
pared by fusing APAP or a blend of APAP and 
urea. When complete liquefaction occurred, the 
homogeneous melt was immediately cast on Ferrite 
plates under ambient conditions. The congealed 
solid was then crushed using a mortar and pestle. 
The rcsulting powder was subsequently classified 
by means of a Syntron shaker operated at 90 v. 
for 2 min. The desired fraction was then collected. 
Samples 4 and 5 were prepared by first fusing, 
congealing, and sizing the individual componcnts 
and then blending the two materials in the indicated 
proportions. 

The dissolution fluid consisted of 400 ml. of 
distilled water maintained at 37" in a 600-ml. beaker 
which was immersed in a constant-temperature 
water bath. The particles to be tested were 
weighed and dusted onto the tape. The frame was 
then positioned in the dissolution apparatus and, at 
time zero, dropped below the surfacc of the dissolu- 
tion fluid. One-milliliter samples were withdrawn 
a t  1-min. intervals for 5 min. Each sample was 
diluted to  10 ml. with acidified methanol and as- 
saycd spcctrophotometricaly as previously outlined. 

RESULTS A N D  DISCUSSION 

Solid-Solid Interactions.-The phase diagrams 
obtained by the cooling curve method and the 
microthermal technique closely coincided. An 
analysis of the phase diagram presented in Fig. 1 
(which was prepared by the microthermal tech- 
nique) reveals the existence of a binary system 
which closely approximates a theoretical eutectic 
mixture. Ko solid solubility was detected. Figure 
1 shows the eutectic composition to be 527, APAP 
and 48% urea, and the eutectic temperature to be 
115". 

The phase diagram prepared by the cooling curve 
method indicated a eutectic composition of 55.7% 
APAP and 44.3% urea. The eutectic tempcrature 
was found to  be somewhat lower (110') than the 
temperature observed when employing the micro- 
thermal technique. This finding is probably the 
result of supercooling. The small discrepancy in 
eutectic composition between each method of phase 
diagram preparation is attributable t o  the sub- 
limation of urea from the open system employed in 
the cooling curve technique. 

Interaction in Aqueous Solution*-Equilibrium 
solubility experiments were conducted to determine 
the extent of interaction between drug and carrier 
in solution. As may be noted in Fig. 2, urea was 
found to interact strongly with APAP in aqueous 
solution. This interaction was manifested by a 
linear increase in the solubility of APAP to the 

110 1 
I I 

% A P A P  0 20 40 60 80 100 
(w/w) 

Fig. 1.-Phase diagram for urea-APAP system pre- 
pared by a niicrothermal technique. 

extent of 0.23 Gm./Gm. of urea. The significance 
of the solubilization effect will be considered in the 
discussion of dissolution rates which follows. 

Dissolution Studies.-According to the Noyes- 
Whitney equation, the dissolution rate of a solid 
is a function of the surface area presented to the 
dissolution medium as well as the concentration 
gradient existing between the solid-liquid interface 
and the bulk of the dissolution medium (7). Under 
conditions of constant surface area, as is observed 
in the dissolution of a material from a planar surface, 
the dissolution rate should follow zero-order kinetics 

1.0 I 
0.5 1.0 1.5 2.0 2.5 i 

M CONCN. OF U R E A  

Fig. 2.-Aqueous solubility of APAP as a function of 
urea concentration. 
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provided the concentration gradient is maintained 
essentially constant by keeping the dissolution 
medium sufficiently dilute. On thc other hand, 
in those situations where only the concentration 
gradient may be maintained constant, e.g. ,  in partic- 
ulate dissolution, the dissolution rate is proportional 
to the surface area. Accordingly, the dissolution 
of particulate solids has been found to  adhcre to  
the “cube root law” which represents a mathe- 
matical model to account for the decrease in surface 
area during t h e  dissolution process (8). 

The results of the dissolution studies in this iti- 
vcstigation appeared to  differ considerably from 
thcorctical expectations. Prcvious studies ( G ) ,  
utilizing the tapc method, showed reasonablc agree- 
ment with the “cube root law” indicative of par- 
ticulate dissolution. Dissolution of the APAP 
samples, however, seemed to  agree with a planar 
surface dissolution model. As may be noted in 
Fig. 3, dissolution curves were of two distinct 
types: either linear for the eritire experimental 
period or biphasic, consisting of two linear segments. 
Both samples of pure APAP followed pseudo-zero 
kinetics over the 5-min. period. When the data 
obtained with the pure APAP were tested for fit 
to the “cubc root law,” it was found that the 
coarser sample (5MO mesh) showed reasonably 
good agreement while the 100-120 mesh sample 
demonstrated significant curvature and deviation. 
Based on these observations, it  was concluded that 

Fig. 3.-Dissolutio11 rates of 
APAP and APAP-urea as deter- 
mined by the tape method. 
Kcy: 6, APAP, 50 60 mesh; 
a, APAP, 100-120 mesh; 0, 
APAP-urea, physical mixture a t  
eutectic composition; 9, APAP- 
urea, physical mixture, urea 
present in excess of cutectic com- 
position; 0, APAP-urea, fused 
eutcctic. 

particulate density, i .~ . ,  the number of particles 
per unit area of tapc, cxcrted an influence on the 
dissolution process. 

I t  has been theorized that thc dissolution proccss 
involves the formation of a thin layer or film of 
saturated solution at  the solid-liquid interface and 
the diffusion of molecules from this layer to  the 
bulk solution (I). Applying this concept to the 
dissolution of particulates from the tape, it is ap- 
parent that as long as the particles are farther apart 
than the thicknerr of the diffusion layer, the “cube 
root law” would be obeyed. However, if thc par- 
ticulate density is increased so that the diffusion 
layer of each particle “overlaps” with that of its 
neighboring particle, it is reasonable to expect 
dissolution to  approach a planar surface modcl. 
The latter situation was obscrvcd with the 100-120 
mesh APAP. 

When particles of pure APAP were physically 
mixed with particles of urea, a biphasic dissolution 
curve was obtained (Fig. 3). Theoretically, in a 
system measuring only particulate dissolution the 
urea would not influence the dissolution rate of the 
APAP since each particle would dissolve inde- 
pendently. However, the initial dissolution rate 
of APAP (from time zero to 1 min.) from both 
physically mixed samples was significantly greater 
than the dissolution rate of APAP alone. These 
findings further support the possibility that the 
diffusion layers of the urea and APAP particles 
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“overlap.” When the samplc is first introducrd 
iuto the dissolution medium, the urea rapidly goes 
into solution and quickly attaius a very high micro- 
environmental coucentration in the “mixed” dif- 
fusion laycr of both particles. The presence of 
urea increases the solubility of APAP in the dif- 
fusion layer and thereby increases the dissolution 
rate of the drug. Whcn the eutectic mixture was 
studied, a biphasic dissolution curve again rcsultcd, 
demonstrating an incrrased initial dissolution rate 
of APAP. 

These fiudings coupled with the results obtained 
with the purc A4PAP SdnlpleS indicate that the dis- 
solution process, under these expcrimental con- 
ditions, adhcrcs to  a mixed mathematical model, 
i.e., intermediate to  a planar surface dissolution 
model and a particulate dissolution model. This 
rathcr unusual situation does not, however, negate 
the value of thc system for comparing the relative 
dissolution rate of APAP from the various samples. 
In each casc, with the exception of the pure APAP 
(100-120 mesh), the quantity of the drug, the 
particlc size of the sample, and the approximate 
monolayer density were rnaiutained constant. 
Moreover, the mechanism of dissolution remained 
the same rcgardless of the sample t.ested, as mani- 
fested by the pseudo zcro-order kinetics observed 
in part or in totu in each dissolution ruu. I t  should 
nevertheless be noted that the use of the tape 
method for dcterminitig true particulate dissolution 
is dependent on maintaining a small monolayer area 
in relation to the area of tape on which the pal ticles 
are placed. 

Thc results of the dissolution studies permitted 
the calculation of pseudo zero-order rate constants. 
(Table 11.) The purc APAP sample (50-60 mesh) 
yielded a rate constant of 0.89 mg./min. whilc thc 
100-120 mesh samplc of pure drug showed a rate 
constant of 1.07 mg./niin., showing an increase of 
approximately 20%. The physically mixed sample 
of AP.4P and urea, corresponding to thc cutcctic 
composition, demonstrated an initial rate constant 
(0-1 min.) of 1.99 mg./min., about twice that of 
pure APAP of comparable particle size. The second 
phase of this dissolution curve showed a rate con- 
stant of 0.90 rng./min. This second rate constant 
is the same as that of purc APAP of equal particle 
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size (0.89 mg./min.). This suggests that urea has 
left the tnicroenvirounient a t  about 1 min. Ver- 
ification of this conclusion was provided by micro- 
scopic examination of the sample; after 1 min., thc 
tapc is depleted of urea and only RPAP particles 
remain. 

Whcn the amount of urea in the physically mixcd 
sample is increased beyond the eutectic composition 
an initial rate constant (0-1 rnin.) of 1.85 tng./min. 
is found, comparing favorably to  the initial rate 
constant found with the other physically mixed 
sample. The second phase of the dissolution (1-5 
min.) had a rate constant of 0.83 mg./min., again 
quite close to that of pure APAP of equal mesh size. 
The urea concentration in the mixed diffusion layer 
is apparently close to  the saturation level since 
initial dissolution ratcs were essentially indcpendcnt 
of the quantity of urea in the sample. In addition, 
once the urea is complctely depleted from thc dif- 
fusion layer, APAP particles of equal size remain 
on the tapc and dissolution is idcntical to the 
dissolution of pure APAP. 

Thc fused cutectic mixture shows an initial rate 
constant (0-3 min.) of 1.72 mg./min., rcasonably 
close to the initial rate constants found with the 
physically mixed samples. The second phase of 
the dissolution curve yielded a rate constant of 
0.81 mg./min , again in close agreement with the rate 
constant of pure APAP particles of 50-60 mesh. 

These rcsults indicate that particle size reduction 
of APAP by eutectic formation with urea does not 
increase the dissolution rate of the drug. I t  has 
been observed in the prcscnt dissolution system 
that decreasing the particle size Myo yields a 20% 
increase in the dissolution rate of APAP. According 
to  Findlay (9), the APAP in the eutectic should 
appear as fine-grained crystals. However, no 
evidence of any significant particle size reduction 
was observed. The initial rate of dissolution of 
APAP from the eutectic was found to be thc samc or 
slightly less than that of the physical mixture. The 
major difference betwecn the physical mixture and 
the eutectic was one of duration of effect. I t  ap- 
parently required a longer period for the urea to 
diffusc completely from the eutectic than from the 
physical mixture, thereby increasing the duration 
of the solubilizing effect of the urra on the APAP. 

TABLE II.-I’SEUDO ZEKO-OKDEK DISSOLUTIOS RATE CONSTANTS FOR APAP A1,ONE AND I S  FUSED OR 
PHYSICAL MIXTURES WITH UREA 

~~ - ~- 
~ ~- ~~~ 

Initial Time Scrond Time 
Kate Interval, Rate I nteyval, 

Sample Description Constant min. Consbnt mm. 
1 APAP Fused, 50-60 

2 APAP Fused, 100-200 

3 APAP-urca Fused mixture, 

mesh 0.89 0-5 . . .  . . .  

mesh 1.05 0--5 . . .  . . .  

eutectic 
comoosi tion 1.72 0-3 0.81 3-5 

4 APAP- urea Piiysical tnixturc, 
eutectic coni- 
position 1.99 0-1 0.90 1-5 

5 APAP-urea Physical mixture, 
urea present in 
excess of the 
cutcctic com- 
position 1 . X 5  0- 1 0.83 1-5 
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A second major reason for believing that particle 
size reduction was not achieved in the eutectic is 
provided by the second rate constant, which ap- 
proximated the rate constant for the 50-60 mesh 
APAP. This result suggests that the urea is leached 
from the mixed eutectic particle leaving a matrix 
of APAP with an effective surface area comparable 
to  that of a 50-60 mesh particle of APAP. There- 
fore, the value of eutectic formation as a means of 
enhancing dissolution rate still remains somewhat 
dubious. An enhancement of dissolution rate by 
virtue of simple eutectic formation alonc is yet to 
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Increasing Dissolution Rates and Gastrointestinal 
Absorption of Drugs Vid Solid Solutions 

and Eutectic Mixtures I11 

Experimental Evaluation of Griseofulvin-Succinic Acid Solid Solution 

By ARTHUR H. GOLDBERG*, MILO GIBALDI, and JOSEPH L. KANIG 

The phase diagram for the griseofulvin and succinic acid system showed a eutectic 
mixture with considerable solid solubility of griseofulvin in succinic acid. Evalua- 
tion of the dissolution rates of critical samples indicated that the solid solution dis- 

solved 6.5-7 times faster than the pure material. 

HE UTILIZATION of finely subdivided or mi- 
Tcronized particles as a means of increasing the 
rate of dissolution of a drug has been considered 
frequently (1-4). Various methods of achieving 
particle size reduction have been reviewed by  
Levy (5) .  Sekiguchi et al. (6, 7) have suggested 
that particle size reduction, as a means of in- 
creasing gastrointestinal absorption of a drug, 
may be achieved through cutectic formation 
between a poorly soluble drug and a rapidly 
soluble carrier. Goldberg et al. (3, 4) have 
proposed that  the increased absorption and 
dissolution rates found by Sekiguchi et al. were a 
function of the solid solutions present in  the 
samples tested, rather than eutectic formation 
per se. Goldberg et al. (3) have also noted 
that the dissolution rate of a poorly soluble drug 
from a solid solution with a soluble carrier should 
be considerably faster than any other physical 
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form of the drug, including the soluble eutectic 
and micronized forms. The  purpose of this study 
was to  evaluate experimentally the role of solid 
solutions in increasing dissolution rates. 

EXPERIMENTAL 

The experiniental procedures for selection of 
drugs and carriers, including the initial screening 
techniques, were reported previously (4). The 
system selected for this investigation consisted of 
the highly insoluble antiftingal agent, griscofulvin,' 
with sticcinic acid as the carrier. The phase clia- 
gram for the binary system was prepared by the 
niicrothermal technique (4). 

To determine any possible interaction between 
drug and carrier in aqueous solution, solubility 
studies were undertaken. An cxcc~s amount of 
drug was placed in 60-ml. tcst tubes equipped with 
screw caps and containing 30 ml. of an aqueous 
solution of the carrier in varying concentrations. 
The contents of each tube were equilibrated a t  37" 
in a Gyrotory incubator shaker.2 

At the end of this period, 1-ml. samples were 
withdrawn by means of a filter pipet. The griseo- 
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A second major reason for believing that particle 
size reduction was not achieved in the eutectic is 
provided by the second rate constant, which ap- 
proximated the rate constant for the 50-60 mesh 
APAP. This result suggests that the urea is leached 
from the mixed eutectic particle leaving a matrix 
of APAP with an effective surface area comparable 
to  that of a 50-60 mesh particle of APAP. There- 
fore, the value of eutectic formation as a means of 
enhancing dissolution rate still remains somewhat 
dubious. An enhancement of dissolution rate by 
virtue of simple eutectic formation alonc is yet to 
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Increasing Dissolution Rates and Gastrointestinal 
Absorption of Drugs Vid Solid Solutions 

and Eutectic Mixtures I11 

Experimental Evaluation of Griseofulvin-Succinic Acid Solid Solution 

By ARTHUR H. GOLDBERG*, MILO GIBALDI, and JOSEPH L. KANIG 

The phase diagram for the griseofulvin and succinic acid system showed a eutectic 
mixture with considerable solid solubility of griseofulvin in succinic acid. Evalua- 
tion of the dissolution rates of critical samples indicated that the solid solution dis- 

solved 6.5-7 times faster than the pure material. 

HE UTILIZATION of finely subdivided or mi- 
Tcronized particles as a means of increasing the 
rate of dissolution of a drug has been considered 
frequently (1-4). Various methods of achieving 
particle size reduction have been reviewed by  
Levy (5) .  Sekiguchi et al. (6, 7) have suggested 
that particle size reduction, as a means of in- 
creasing gastrointestinal absorption of a drug, 
may be achieved through cutectic formation 
between a poorly soluble drug and a rapidly 
soluble carrier. Goldberg et al. (3, 4) have 
proposed that  the increased absorption and 
dissolution rates found by Sekiguchi et al. were a 
function of the solid solutions present in  the 
samples tested, rather than eutectic formation 
per se. Goldberg et al. (3) have also noted 
that the dissolution rate of a poorly soluble drug 
from a solid solution with a soluble carrier should 
be considerably faster than any other physical 
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form of the drug, including the soluble eutectic 
and micronized forms. The  purpose of this study 
was to  evaluate experimentally the role of solid 
solutions in increasing dissolution rates. 

EXPERIMENTAL 

The experiniental procedures for selection of 
drugs and carriers, including the initial screening 
techniques, were reported previously (4). The 
system selected for this investigation consisted of 
the highly insoluble antiftingal agent, griscofulvin,' 
with sticcinic acid as the carrier. The phase clia- 
gram for the binary system was prepared by the 
niicrothermal technique (4). 

To determine any possible interaction between 
drug and carrier in aqueous solution, solubility 
studies were undertaken. An cxcc~s amount of 
drug was placed in 60-ml. tcst tubes equipped with 
screw caps and containing 30 ml. of an aqueous 
solution of the carrier in varying concentrations. 
The contents of each tube were equilibrated a t  37" 
in a Gyrotory incubator shaker.2 

At the end of this period, 1-ml. samples were 
withdrawn by means of a filter pipet. The griseo- 
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TABLE I.-COMPOSl rlON OF GRISEOFULVIN SAMPLES USED I N  DISSOLUTION STUDIES -~ ~ _ _ ~ _ _ _  

Sample Compn. 
1 Griseofulvina 
2 Griseofulvin 

Succinic acid 
3 Griseof ulvin 

Succinic acid 
4 Griseofulvin 

Succinic acid 
5 Griseofulvin 

Succinic acid 
6 Griseof ulvin 

Amt., mg. 
10.0 
10.0 
5.2 

10.0 
5.2 

10.0 
40.0 
10.0 
40.0 
10.0 

Form 
Crystalline 
Eutectic 

Physically mixed 

Solid soh.  

Particle Size, 

250-300 
250-300 

250-300 

P 

250-300 
250-300 

Physically mixed 250-300 
250--300 

Micronized 1-10 

Particle size enlargemcnt of pure griseofulvin was obtained by crystallization from methanol. 
Grisriseufulvin; howrver, showed signs of decomposition upon heating to its melting point. 

All other samples werc 
fused. 

rig. 1.-Oscillating bottle apparatus 
determining dissolution rates. 

Iiilvin-succinic acid samDlc was diluted 

used for 

to 10 ml. 
with methanol and assayed spectrophotometrically 
a t  292 mp using a recording spectr~photometer.~ 
d blank of lOy0 water in methanol was employed. 
The absorbance was read and the amount of griseo- 
fulvin present was determined by dividiug the 
absorbance by thc slopc (obtaincd by thc mcthod of 
least squares) of a previously constructed Beer's 
law curvc. Preliminary investigation had indicated 
that succinic acid did not interfere with the assay 
procedure. No shift in the absorbance peak was 
observed a d  solutions containing succinic acid gave 
t h e  same absorbance as solutions containing an 
cqual quantity of griseofulvin alone in the solvent. 

The dissolution rate studies were conducted by 2 
diffcrent mcthods. The apparatus uscd for one 
study is shown in Fig. 1. The various samples 
listed in Table I were screened, weighed, and placed 
into 10-ml. multiple-dose vials, sealed with an elas- 
tomer stopper, and capped with a metal ferrule 
having a hole in the center, exposing a portion of the 
top of the clastomcr. Ten millilitcrs of water a t  
37' was injected by syringc through the stopper a t  
time zero. The vial was immediately placed on the 
oscillating platform assembly in the water bath. 
The platform, in motion, described a 15" arc, 14 
times per minute. Destructive sampling was used 
for the assays a t  3,  5, 10, 15, and 20 min. after 
introduction. A sample was withdrawn by means 
of a syringe and rapidly filtered under vacuum using 
a Millipore4 filtcr asscmbly. A 2-1131. sample of the 

a Model UB, Beckman Instrument Co., Mountainside, 

4 Filter No. HA, 0.45 p, white, plaiu, 24 mm. Millipore. 
N. J. 

Inc.. Bedfnrd, Mass. 

filtrate was diluted to 10 nil. with metlianol and 
assaycd spcctrophotometrically as prcviously de- 
scribed. A minimum of 2 experiments were con- 
ducted with each sample a t  each time interval. 

The second mcthod employed for cvaluating the 
comparative dissolution rates was the tape method 
(8). This procedure involves accurately weighing 
and quantitatively transferring the screened ma- 
terial to be tested to a taut, adhesive surface and, 
in turn, introducing the resulting monoparticulate 
layer to the dissolution medium. Four hundred 
milliliters of distilled water, maititained a t  37", 
served as the dissolution fluid. Stirring rate was 
maintained a t  130 r.p.m. by means of a constant 
speed motor. Thc stir paddle employed was 2 
times the width of the stir paddle previously re- 
ported (8). Thc incrcased speed and wider stir 
paddle was necessitated by the extremely low 
solubility of griscofulvin. 

Samples 1, 2, 4, and 5 of Table I were evaluated 
by the tape method. Sampling times were 0.5, 
1.5, 3.0, 5.0, and 10 min. A t  cach time intcrval 
10-ml. samples were withdrawn by means of a filter 
pipet and immediately replaced with 10 ml. of dis- 
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Fig. 2.--Phase diagram for griseofulvin-succinic 
acid mixtures obtained by microthermal techniques. 
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tilled water preheated to 37". Griseofulvin concen- 
tration was determined spectrophotometrically. 
All values were corrected to account for drug re- 
moved by prior sampling. 

RESULTS AND DISCUSSION 

The phase diagram obtained with the griseo- 
fulvin-succinic acid mixtures is shown in Fig. 2 
The diagram clearly indicates the existeuce of a 
significant solid solution region consisting of griseo- 
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fulvin and succinic acid. Little solubility of suc- 
cinic acid in griscofulvin in the solid state is evi- 
denced. Further inspection of the phase diagram 
reveals that the mixture exhibits a well-defined 
eutectic point. The eutectic mixture has a com- 
position of 0.71 mole of succinic acid and 0.29 
mole of griseofulvin, corresponding to about 55% 
griseofulvin and 4.Yh succinic acid. 

The eutectic mixture cousists of 2 physically 
separable phases. One phase is almost pure griseo- 
fulvin, while the other phase is a saturated solid 
solution of griseofulvin in succinic acid. The com- 
position of the saturated solid solution is 10 moles 
per cent griseofulvin and 90 moles per cent succinic 
acid. This corrcsponds to about 25% griseofulvin 
dissolved in succinic acid. Because the ratio of 
griseofulvin to succinic acid a t  the eutectic poiut 
is thermodynatnically fixed, it can be shown by 
simultaneous equations that the eutectic mixture 
is composed of 6OyO solid solution and 40y0 of 
almost pure griseofulvin. Since the solid solution 
is 25% griseofulvin, 15 parts of the 55 parts of 
griseofulvin found in 100 parts of eutectic mixture 
is in the form of a solid solution. This corresponds 
to  27,3$& of the griseofulvin. 

It has been our experience that when 2 com- 
pounds exhibit solid state interactions they fre- 
quently demonstrate interaction in aqueous solution. 
This phenomenon has been observed with iV-acctyl- 
p-atninophenol and urea (4), niacinamide and 
ascorbic acid (9), and in sulfathiazole-urea and 
chloramphenicol-urea systems ( 10). Similarly, 
griseofulvin and succinic acid were fnund to display 

i 

/ 
Fig. 4.-Dissolutinn rates of 

various griseofulvin and griseo- 
fulvin-succinic acid samples as 
determined by the oscillating 
bottle method. Key: 0, gris- 
eofulvin, crystalline; A, griseo- 
fulvin, micronized; m, eutectic 
mixture; 0, physical mixture 
at cutcctic composition; n, solid 
solution; A,  physical mixture 
a t  solid solution composition. 
The dotted line indicates the 
rquilibriurn solubility of griseo- 
fulvin in water. 

5 10 15 20 
TIME, min. 



490 

TABLE II.-DISSOLLTTION STUDIES OF GRISEOFULVIN 
I N  FUSED A N D  PHYSICAL MIXTURES WITH SUCCINIC 

ACID EMPLOYING THE VIAL METHOD 

Relative Dissolu- 
tion Rate 

Sample Form 3 rnin. 5 min. 
Griseofulvin Crystalline 1.0 1.0 
Griseofulvin, Physical mix, eu- 1.4 1.0 

Griseofulvin, Physical mix, solid 1.5 1.1 

Griseofulvin Micronized 3 . 5  2 . 1  
Griseofulvin, Fused, eutectic 4 .2  3 . 7  

Griseofulvin, Fused, solid soh. 6 .9  6 .7  

Succinic acid tectic compn. 

Succiriic acid soh.  compn. 

Succinic acid mixture 

Succinic acid 

Journal of Pharmaceutical Sciences 

and dividiiig this figure by the amount of griseo- 
fulviii dissolvcd from tlie pure crystalline sample a t  
the same time interval. At 3 min., the ratio of 
griseofulvin solid solution to  that of the control is 
almost 7, indicating that the initial rate of dissolution 
of griseofulvin from a solid solution containing 20% 
griseofulvin is in the order of 7 times greater than 
griseofulvin alone. 

The amount of dissolved griseofulvin from the 
solid solution a t  5 min. was 2.4 times the eqnilib- 
rium solubility. It is well known that reduciug 
the particle size of a matrrial to a very fine state of 
subdivision often results in supersaturation (1 1 ) .  
Theoretically, griseofulvin is released from the solid 
solution in a molccular state and it is reasonable to 
expect such supersaturation. 

It is not possible to attribute thc observed in- 
creased dissolution rate to a local effect since the 
dissolution rate of all physical mixtures of succinic 
acid and griscofulvin was about the same as that of 
purc griseofulvin. In addition, no sample con- 
tained a sufficient amount of succinic acid to produce 
a bulk solubilizing effect. The increased dissolution 
rate of the micronized form as compared to the 
crystalline form of griseofulvin can be related to 
only one factor: decreased particle size and in- 
creased surface area. It may be concluded that 
since the solid solution dissolvcs twice as fast as the 
micronized form, the griseofulvin must be released 
in a particle size that is much smaller than the 

a solution phase intcraction manifested by a linear 
increase in the solubility of griseofulvin with in- 
creasing concentration of succinic acid. The solu- 
bility data are presented in Fig. 3. 

As uoted in the experiniental section of this report, 
2 methods were employed to evaluate the relative 
dissolution rates of tlie various samples listed in 
Table I. The results obtained using the oscillating 
vial iiicthod are shown in Fig. 4 and Table 11. 
Table 11 contains relative dissolution rate data 
which were calculated by determining the amount 
of griseofulvin dissolved from a particular sample 
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Fig. 5.-Dissolution rates of gri- 
seofulvin and griseufulvin-succinic i acid samples as determined by the 
tape method. Key: ., physical 
mixture at solid solution composi- i tion; 0, griseofulvin, crystalline; 
0,  eutectic mixture; 0, solid 

, solution. 

TABLE III.-DISSOLUTION STUDIES OF GRISEOFULVIN IN FUSED AND PHYSICAL MIXTURES WITH SUCCINIC 
ACID EMPLOYING THE TAPE METHOD 

Relative Dissolution Rate 
Sample Form 0 . 5  min. 1.5 min. 3 . 0  min. 5 . 0  min. 10.0 min. 

Griseofulvin Crystalline 1.0 1 .0  1.0 1.0 1.0 
Griseofulvin, Physical mix, solid soh .  campn. 0 .F  0 . 8  0 .9  1 . 2  1 . 6  

Griseofulvin, Fused eutectic mixture 2 .6  3 . 7  3 . 6  3 . 8  3 . 3  
Succinic acid 

Succinic acid 

Succinic acid 
Griseofulvin, Fused solid soh. 5.6 6.9 6.8 7 . 0  6 . 2  
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fulvin, no local effect was noted. The supcrsatura- 
tion that was found whcn using the vial method was 
absent from tlie data obtained with the tape mcthiid. 
This may be the result of diffcrcnces betweeu the 
2 methods in the amount of drug excess and in the 
type of agitation cmploycd. 

The use of the tape method permitted the prepara- 
tion of photomicrographs of the particles before and 
after the dissolution study. A light microscope, 
equipped with polarizing lenses, was employcd a t  a 
magnification of 1 5 0 ~ ~  in conjunction with a 
Polaroid Land camera. 

Figure 6, 4 ,  shows thc particles of pure griseo- 
fulvin before clissolutioti. Figure 6, B ,  shows the 
same particles after a 26-min. exposure to tlie dis- 
solution medium. The only difference seems to  be 
the disappearance of the microcrystals that  appear 
to  be associntrcl with tlie griseofulviri crystals in 
Fig. 6, A .  

Figure 7, A and H, arc photomicrographs of the 
griseofulvin-succinic acid eutectic mixture before 
arid after a 26-min. dissolution study. Fragmenta- 
tion of the particles is evident in Fig. 7, B. This is 
probably the result of preferential loss of the more 
soluble components of the individual particulates. 

Figure 8, A ,  shows tlie particles in a physical 
mixture of griseofulvin and succinic acid. The 
striking similarity between the two crystals may be 
observed. After a 26-min. period in the dissolution 
medium (Fig. 8, B )  only the griseofulvin crystals 
appeared to remain 011 the tape with little or 110 

A B 

Fig. K.-PliotorIiicrograp~is of crystalline griseo- 
fulvin before ('1) and after ( B )  exposure to tlie 
dissolution medium. 

A R 
Fig. 7.-f-'hotoiiiicrographs of the griseofulvin- 

succinic acid eutectic mixture initially (A) and after 
26 tnin. in the dissolution medium ( B ) .  

micronized particles theoretically approaching 
molecular size. 

The eutectic mixture, a t  3 min., dissolved 4.2 
times faster than thc crystalline griseofulviii, and 
1.2 times faster than the microiiized powder. This 
result is expected from the predictions of Sekiychi 
et al. (6, 7). However, since the eutectic mixture is 
composed of 607, of the solid solution, i t  is reason- 
able to assumc that the incrcascd dissolutiou rate is 
attributable primarily to  the presence of this solid 
solution in the eutectic sample. If decreased 
particle size does exert an effect, this effect appears 
inconsequential as compared to the effect of solid 
solution formation. 

Although i t  tilay be fortuitous, the  rutectic mix- 
ture which consists of 6Uy0 solid solution shows a 
rate a t  3 min. which is just 60% that of the solid 
solution. Since i t  has been sliowu (4) that  forma- 
tion of a eutectic mixture per  se may not incrcasc 
the rate of dissolution, i t  is interesting to speculate 
that this is not just coincidental, but a physically 
meaningful result. 

Thc results of thr dissolution rate studies con- 
ducted with the tape method are shown in Fig. 5 
and Table 111. Itispectioii of the data indicates 
excellent correlation between the 2 dissolution 
methods. The  griseofulvin from the solid solution 
was again found to dissolve 6-7 times faster than the 
pure material. 

When eiiiploping the tape method in an earlier 
study (1), with a physical mixture of APAP and 
urea, a distinct local cffcct of the urea on the APAP 
was noted. In the present invrstigation, despite 
the solubilizing effect of the succinic acid on gnsco- 

A I3 

Fig. 8. --Photomicrographs of a physical mixture 
of griseofulvin and succinic acid present in a ratio 
corresponding to  the solid solution composition. 
A shows both crystals; B shows thc same area of 
the tape after a 26-min. exposure to  the dissolu- 
tion fluids; only the griseofulvin crystals remain 
011 the tape. 

A n 
Fig. B.-Photornicrograglis oC the griseofulviri- 

succinic acid solid solution before ( A )  and after 
( B )  exposure to  the dissolution medium. 
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change in size or shape. Figures 9, A and B ,  are 
photomicrographs of the solid solution containing 
207, griseofulvin. Before dissolution the particles 
appeared somewhat more elongated and irregular 
than the other samples considered. A4fter exposure 
to the dissolution fluids (Fig. 9, 23) the particles 
seem to be sintered and greatly reduced in size. 

The photomicrographs serve to support graphi- 
cally the quantitative findings of the dissolution 
rate studics. The most rapidly soluble forms of 
griseofulvin, i.e., the solid solution and the eutcctic 
mixture, manifest the most dramatic alterations in 
their crystalline nature after exposure to the dis- 
solution medium. 

The therapeutic advantages of the griseofulvin- 
succinic acid solid solution arc presently under 
investigation in our laboratories. Extrapolation 
of the in vitro findings suggests the possibility that 
this form will providc more rapid and complete 
absorption of the drug, permit a reduction in dosage, 
and conceivably provide a more uniform thera- 

JournaJ of Pharmaceutical Sciences 

peutic response. Of greater significance is the f d C t  
that this investigation has demonstrated a method 
of physical modification which could prove more 
important than rnicronization in enhancing the 
absorption and therapeutic effect of many water- 
insoluble drugs. 
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The Antitumor Agent, 
1,3-Bis( 2 -chloroethyl)-1-nitrosourea 

By TI LI LOO*, ROBERT L. DION, ROBERT L. DIXONt, and DAVID P. RALL 

The new potent antitumor agent, 1,g-bis (2-chloroethyl)-l-nitrosourea (BCNU), 
is most stable at pH 4. In  acid and in  solutions above p H  7, it decomposes rapidly. 
In plasma, BCNU has a half-life of 20 min. in vitro, and less than 15 min. i n  vim. 
Its alkylating action is not caused by the slow hydroAysis of the chlorine. BCNU 
is 80 per cent bound to human plasma protein at 0 . When administered intra- 
venously to the dog, it enters the cerebrospinal fluid (CSF) readily and disappears 
speedily from the plasma and the CSF. The total amount of unchanged drug ex- 
creted in the urine in 4 hr. is less than 0.1 per cent of the dose. Heating at  43' for 

5 hr. converts BCNU partly into 1,j-bis (2-chloroethy1)urea. 

S 
(3)  

TUDIES OF the antitumor activity of deriva- in intracerebral L1210 leukemia ( 4 ) ,  a distinct 
tives of nitrosoguanidine (2) and nitrosourea feature seldom found in most conventional agents. 
have led to  the discovery of 1,3-bis(2-chloro- Unfortunately, clinical application of BCNU is 

ethyl)-l nitrosourea (BCNU), a potent cancer limited because of unusual delayed toxicity in 
chemotherapeutic agent of a novel type. BCNU animals and man (5 -7). 
is remarkable in that i t  is highly effective not Chcmically, although considered to be an 
only in intraperitoneal L1210 leukemia, but  also alkylating agent, BCNU differs from typical 
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change in size or shape. Figures 9, A and B ,  are 
photomicrographs of the solid solution containing 
207, griseofulvin. Before dissolution the particles 
appeared somewhat more elongated and irregular 
than the other samples considered. A4fter exposure 
to the dissolution fluids (Fig. 9, 23) the particles 
seem to be sintered and greatly reduced in size. 

The photomicrographs serve to support graphi- 
cally the quantitative findings of the dissolution 
rate studics. The most rapidly soluble forms of 
griseofulvin, i.e., the solid solution and the eutcctic 
mixture, manifest the most dramatic alterations in 
their crystalline nature after exposure to the dis- 
solution medium. 

The therapeutic advantages of the griseofulvin- 
succinic acid solid solution arc presently under 
investigation in our laboratories. Extrapolation 
of the in vitro findings suggests the possibility that 
this form will providc more rapid and complete 
absorption of the drug, permit a reduction in dosage, 
and conceivably provide a more uniform thera- 

JournaJ of Pharmaceutical Sciences 

peutic response. Of greater significance is the f d C t  
that this investigation has demonstrated a method 
of physical modification which could prove more 
important than rnicronization in enhancing the 
absorption and therapeutic effect of many water- 
insoluble drugs. 
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The Antitumor Agent, 
1,3-Bis( 2 -chloroethyl)-1-nitrosourea 

By TI LI LOO*, ROBERT L. DION, ROBERT L. DIXONt, and DAVID P. RALL 

The new potent antitumor agent, 1,g-bis (2-chloroethyl)-l-nitrosourea (BCNU), 
is most stable at pH 4. In  acid and in  solutions above p H  7, it decomposes rapidly. 
In plasma, BCNU has a half-life of 20 min. in vitro, and less than 15 min. i n  vim. 
Its alkylating action is not caused by the slow hydroAysis of the chlorine. BCNU 
is 80 per cent bound to human plasma protein at 0 . When administered intra- 
venously to the dog, it enters the cerebrospinal fluid (CSF) readily and disappears 
speedily from the plasma and the CSF. The total amount of unchanged drug ex- 
creted in the urine in 4 hr. is less than 0.1 per cent of the dose. Heating at  43' for 

5 hr. converts BCNU partly into 1,j-bis (2-chloroethy1)urea. 

S 
(3)  

TUDIES OF the antitumor activity of deriva- in intracerebral L1210 leukemia ( 4 ) ,  a distinct 
tives of nitrosoguanidine (2) and nitrosourea feature seldom found in most conventional agents. 
have led to  the discovery of 1,3-bis(2-chloro- Unfortunately, clinical application of BCNU is 

ethyl)-l nitrosourea (BCNU), a potent cancer limited because of unusual delayed toxicity in 
chemotherapeutic agent of a novel type. BCNU animals and man (5 -7). 
is remarkable in that i t  is highly effective not Chcmically, although considered to be an 
only in intraperitoneal L1210 leukemia, but  also alkylating agent, BCNU differs from typical 
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EXPERIMENTAL 

BCNU.'--A sensitive and reproducible colori- 
metric method for the determination of BCNU has 
been describcd (8). The rate of decomposition was 
calculated by measuring the amount of unchanged 
BCNU after incubation with buffers or biological 
fluids. For the recovery of BCNU, buffers were 
treated the same way as biological fluids. Also, a t  
pH above 8, the very fast rate of decomposition of 
BCNU necessitates the continuous direct measure- 
ment of absorbance a t  230 mF, the A,,,. of BCNU. 
Howcver, because of low molecular extinctioii 
(about 6,000), the direct measurement of absorb- 
ance is far less sensitive than the colorimetric 
method. In the range of 10--50 mcg./ml., a satis- 
factory linear relationship was found to exist be- 
tween the concentration of BCNU and its absorb- 
ance a t  230 nip. However, the absorbance at 230 
m r  assigned to T += x* transition (9) could be at- 
tributed to the excitation of -N=N- as well as to 
that of -N=O. Thc decrease in absorbance a t  
230 mp is a measurement of not only BCNU, but 
also its primary rearranged product (namely, the 
diazoester, see below). The colorimetric method is 
devoid of such ambiguities. 

Determination of Chloride.-Microtitration of 
chloride was performed with an automatic Cotlove 
titrator (10). Nitrite anion derived from the 
nitroso group of BCNU was found not to interfere 
with the titration. 

Protein Binding.-Protein binding was deter- 
mined by ultrafiltration using the Toribara appa- 
ratus (11). The experiments were carried out at 
0' because of the extreme instability of BCNU in 
plasma. A solution of BCNU in human plasma was 
prepared. An aliquot was kept at 0" throughout 
the duration of the experiment as a control. A 
measured volume of the remaining solution was 
placed in a cellulose sac (Visking Corp.) in the Tori- 
bara apparatus and spun at  2,200 r.p.m. for 2.5 hr. 
Further prolongation of centrifugation did not af- 
fect the results. rlfter centrifugation, the BCNU 
in the control plasma, the plasma in the cellulose 
sac, and the ultrafiltrate were determined. 

Plasma Level and Urinary Excretion in the Dog.- 
While under anesthesia with sodium pentobarbital,2 
female mongrcl dogs weighing 10-16 Kg. received 
BCNU Via the femoral vein, 10 mg./Kg., in a min- 
imal volume of 50% ethanol. Samples of blood, 5 
ml. each, were drawn from the opposite femoral 
artery with syringes wetted with heparin solution. 
Plasma was separated by centrifugation a t  0'. 
Urine samples were collected by cathctcrization. 
Cercbrospinal fluid (CSF) (1.5 ml.) was sampled eria 
the cisterna magna. All biological fluids were irn- 
mediately frozen in a dry ice bath until analyzed. 
It is often desirable to prepare plasma and urine 
standards of the same animal as previously ex- 
plained (8). Triplicate determinations were run 
whenever possible. 

To achieve a constant plasma level, constant drug 
infusion was performed after an intravcnous prim- 
ing dose of 10 mg./Kg. The infusion solution was 
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prepared by dissolving an appropriate amount of 
BCNU in a minimal volume of 95% ethanol and 
diluting with 0.2 &I acetate buffer of pH 4.1. The 
latter was choscn because it is ncarly isotonic and 
because BCNU is most stable (see below) a t  pH 4. 
The concentration of the infusion solution was such 
that the animal received 20 mg. of BCNU/Kg./hr. 
a t  a constant infusion rate of 0 . 5 1  ml./min. 

Paper Chromatography.-Solutions of BCNU 
were applied to strips of Whatnian No. 3 mm. paper 
and developed, ascending flow, by either 0.1 M 
sodium acetate buffer of pH 4.4 or petroleum cthcr 
of b.p. 100-115°. The instability of BCNU limits 
the solvent system to the above. Depending on 
BCNU concentration, thc spots could be made 
visible on the dried paper by any of the following 
procedures. (a) Direct illumination with ultra- 
violet light of 254 mp. ( b )  Spraying first with a 
solution of 50 mg. of sulfanilamide in 0.2 N hydro- 
chloric acid, and 5 min. later with a solution of 0.3 
Gm. of N-( 1-naphthy1)cthylenediamine dihydro- 
chloride in 100 nil. of 95% n-butanol. (c) Spraying 
with a diphenylamine-palladium chloride reagent 
(12) consisting of 5 parts of 1.5% diphenylamine in 
ethanol and 1 part of 0.1% palladium chloride and 
0.2 yo sodium chloride in water, followed irnmedi- 
ately by irradiation with ultraviolet light of 254 mp. 

In acetate buffer system, BCNU gave an Rf value 
of 0.73 and in petroleum ether, 0.78. 

Attempted Isolation of BCNU Metabolite from 
Dog Urine.-Following an intravenous injcction of 
BCNU a t  10 mg./Kg., the urine of a dog was col- 
lected for 3 hr. It was extracted 6 times with ether, 
using one-third its volume of ether each time. Thc 
combined ether extracts were dried over anhydrous 
magtiesium sulfate and concentrated in an atmos- 
phere of nitrogen at  0". The presence of BCNU in 
the residual oil was confirmed by paper chroma- 
tography. However, other spots on the chromato- 
gram were not identified. The oil resisted attempts 
a t  crystallization. 

Thermal Decomposition of BCNU in Petroleum 
Ether.--BCNU, 500 mg., was dissolved in 50 ml. of 
petroleum ether (b.p. 30-60") and refluxed at 43" 
(intcrnal tempcrature) for 5 hr. The solvent was 
removed by vacuum distillation iu a water bath at 
room temperature. After refrigeration overnight, 
the yellowish semisolid was triturated with ether 
and ccntrifuged. The supernatant was discarded 
and the rcsidual solid was recrystallized twice from 
30 ml. of ether containing 3 ml. of methanol. The 
fine colorless leaflets had an m.p. of 127-1:8', un- 
depressed by authentic 1,3-bis( 2-chloroethy1)urea 
(13). 

Anal.-Calcd. for C5HloCl2IVzO: C, 32.45; 11, 
5.45; C1, 38.32; N, 15.14. Found: C, 32.52; H, 
5.38; C1, 37.97; N, 14.86. 

The yield was 50 mg., 38y0. 

1 Supplied hy  Merck, Sharp and Dohme Research Labora- 
tories Kahway, N. J . ,  through the courtesy of the Cancer 
Chembtherapy National Service Center, National Cancer 
Institute Bethesda Md. 

* Marieted as N k h u t a l  by Abbott Laboratories, North 
Chicago, Ill. 

RESULTS AND DISCUSSION 

Stability of BCNU.-Table I summarizes thc 
authors' results. The stability of BCNU is pro 
foundly influenced by the pH of the solution. It is 
evident that BCNU is most stable in petroleum 
ethcr or in aqueous solution a t  pH 4. In acetate 
buffer of pH 4 a t  room tempcraturc, its half-life 
cxceeds 8 hr. 

In strong acid (pH below l ) ,  the rate of decotnpo- 
sition is too fast to measure. In  fact, the ready 
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'I'ABLE 1 --SIABILITY OF BCKU FIRST-ORDER K A l E  CONSTANTS AND HALF-LIFE PERIODS" 
- _ _  ~ - -  ~-~ - ~ - ~ - ~ ~ ~ ~  

Concn of BCNTJ! Temp I 

PH Medium mM X 102 O C  k X 10s min -1  t ' l n .  min. 
1 
2.2 
2.2 
4.4 
5.4 
5.7 
6 . 0  
6 . 8  
7 . 1  
7 .4  
7 . 4  
7 . 5  
7.8 
8 . 0  
8.0 
8.2  

0.1 ili HCIC 
0 .01  M K2SO.j 
0 .01 M K2S04 

2.57 
2.34 

18.72 
0 . 1  M NaOAc 2.57 
Dist. water" 2.34 
Urinec 2.34 
0 . 1  AI phosphate 2.34 
0 . 1  iZI Tris 2.34 
PlaSrrldC 2.34 
0 . 1  itf barbiturate 2.34 
0 . 1  i\f phosphate 2.34 
0.005 M phosphate 18.72 
Ringer's solution 2.34 
0.1 M phosphatc 18.72 
0.01 M phosphate 18.72 
0 .  1 ill Tris 18.72 

8 2  0.01 Af Tris 18.72 .~ 
8 . 2  6 , 0 0 1  %-Tris 18.72 
8 . 3  0 . 1  M NHdHCOs 18.72 
8.3 0.01 M KHIHCOS 18.72 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
25 
25 
2 5 
25 
2 5 
25 
25 

3.41 
1.66 
1.47 
1.36 
2.69 
2.48 
2.20 
6.14 

40.0 
13.3 
13.3 
20.4 
26.3 
4.51 
4.89 
4.00 

202 
416 
470 
51 1 
257 
278 
314 
112 
17 
52 
52 
34 
26 

I52 
141 
170 

4.70 147 
3.82 is1 
6.29 110 
7.73 89 

8.8 0 . 1  M borate 9.36 25 12.0 57 
8.8 0 . 1  M borate 18.72 25 12.0 57 
9.3 0 . 1  M Tris 14.04 25 29.5 23 

Petrolcum etherc 14.04 50 0.94 730 
__ -~ ~- 

a Hvet-age n$ three experiments. Solutions more concentrated than 2.57 X 10-2 m.li  were studied by direct spcctroyhoto- 
metric measurement of absorbance at 230 mu. Unbuffered solutinns. 

liberation of nitrous acid by BCNU in strong acidic 
solution constitutes the basis for its colorimetric 
determination. Between pH 1 and pH 4, the de- 
composition is first order with respect to BCNU. 
Its relative stability a t  pH 1 (half-life longer than 3 
hr.) agrees with the observation that BCNU is 
effective by mouth. 

From pH 4.4 to pH 7.8, the decomposition still 
follows first-ordcr kinctics; however, as explaincd 
below, the mechanism is probably not the same as in 
the more acidic media. The results of some typical 
experiments are graphically representcd in Fig. 1. 
In the pH range of 4 to 9 the rate varies directly with 
pH,3 but it is independent of the nature and con- 
centration of the buffer. I t  is naturally affected 
by temperature: a t  room temperature (25") the 
rate of decomposition is about 35% slower than at  
body temperature (37"). Also, a t  pH above 9.3, 
or even a t  pH 8, but at 37" instead of 25", the de- 
composition of BCNU becomes complex kinetically, 
and the rate is not only very fast, but also no longer 
first order. Its half-life a t  pH 10 is not much more 
than 5 min. 

In urine, BCNU is about as stable as in water of 
comparable pH. But with plasma, the case is 
entirely different. It decomposes a t  a rate 3 times 
faster than in phosphate buffer of pH 7.4, and its 
in vilro half-life in plasma is about 20 rnin. Al- 
though fast, the decay still obeys first-order kinetics, 
in distinct contrast with the in vivo situation. In 
the latter case, the decay of BCNU is not only 
somewhat faster, but follows complex kinetics be- 
cause of biotransformation and excretion. In 
Ringer's solution, however, thc decomposition is 
unremarkable. Clearly, plasma accelerates the 
destruction of BCNU in vilro. 

3 A rate expression could be empirically derive4, 

- %BcNx) = K(BCNIJ)/(H + ) 0 . 3  
dl  

at 2 5 O  for the range pH 4 t o  pH 9. 

The stability of BCNU was also studicd in two 
organic solvcnts, namely, methanol and petroleum 
ether (b.p. 10C-115°) by direct spectrophotornetry. 
In the former a t  50°, the decomposition of BCNU is 
rapid and the kinetics is complicated. On the 

1.0 I 

.o 1 i IH 8.8, 0.1 11 BORATE BUFFER 

0 60 1 2 0  1 8 0  240 300 
TIME, mln. 

Fig. 1.-Decomposition of BCNU at 37" 
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other hand, BCNU appears to bc relatively stable in 
thc latter cvcn a t  SO", and the decay obeys first- 
order law. 

Alkaline Hydrolysis of BCNU.-It is diflicult, per- 
haps impossible, to  ascertain meaningfully the true 
rate of hydrolysis of the chloro- group in BCNU be- 
cause of the extreme instability of BCNU in alkaline 
solution. However, since BCNU is gencrally con- 
sidrrcd an alkylating agent, we undertook :t study 
of the rate of release of chloride ion by BCNU in 
order to compare it with other well-known alkylating 
agents. As expected, a sernilog plot of eithcr chlo- 
ride liberated or fractional BCN U unhydrolyzecl 
versus time fails to reveal any kinetic trend. The 
ratc of hydrolysis is relativcly sloiv; no more than 
2Z'x, of the theoretical amount of chlorine was set 
free by incubation of BCNU a t  25" for 90 min. in 
0.1 M borate buffer of pH 9.8 at  concentrations 
ranging from 0.187 m M  (40 mcg./rnl.) to 2.34 m M  
(500 mcg./nil.). At 37' in 0.1 M phosphate buffer 
of pH 7.4, a 2.34 m M  solution of RCNU showed 
31.6% of hydrolysis after more than 5 hr. The 
same solution cxhibitcd 87% hydrolysis only after 
heating a t  50" for 24 hr. As stated above, these 
rates could not really pertain to BCNU becausc 
under the experimental conditions BCNU has a 
half-life of about 5 niin. to less than 1 hr. Ob- 
viously, in spitc of thc common biochemical effects 
(14) and cross resistance shared by BCNU and 
other alkylating agents (4, 15, 16), BCKU does not 
hclong to the group of alkylating agents such as 
bis(2-chloroethyl)methylamine. If it is an alkylat- 
ing agent at all, it must owe the alkylating action to 
one of its degradation products. 

Protein Binding.-With a solution of 9.36 X 
M of BCNU in human plasma, thc results of a 

typical experiment are shown in Table 11. 
The percentage of BCNU bound to plasma protein 

is: (0.760-0.170)/0.760 X 100 or 78%, and the 
percentage recovery is: (0.760 X 4.5) + (0.170 X 
0.5) X 100/(0.784 X 5.0) or 109%. On the basis of 
three experiments, the average extent of binding of 
BCNU with human plasma protein is about 80% at 
0". 

The fraction of plasma protein involved in drug 
binding usually is albumin. Assuming an albumin 
concentration of 5 X lo-* M in human plasma (17, 
18), and also there is only one single binding site for 
BCNU per molecule of human plasma protein, the 
association constant, K ,  of the plasma protein- 
BCNU complex is easily estimated: 

(P.BCNU) K =  ~~ 

(P/)(BCNW 
z 
I 
4 e c z 
: .5-  

t .4- 
L 

.3- 

.2- 
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0.80 X 9.36 x - ~~ - ( 5  x 10-4 - 0.80 x 9.36 x 10-5) 
(0.20 x 9 36 x 1 0 - 5 )  

= 9.1 X lo3 iW1 at 0" 
which is comparatively small. 

TABLE II.--R~sr:r~us OF TYPICAL EXPERIMENT 
-- ~. 

Absorbance 
at 540 mp Vnl., ml. 

Control 0.784 5 . 0  
Inside 0,760 4 . 5  
Ultrafiltrate 0.170 0 . 5  

40 - 
30 201 1 0  

1 -  
\o 0 

0 

0 
0 

1 . . . . . . . .  1 
10 30 60 90 120 150 180 210 140 

0 
0 

1 . . . . . . . .  1 
10 30 60 90 120 150 180 210 140 

TIME, m m  

Fig. 2.-Plasma and CSF lcvels of BCNG in thc 
dog. Key: 0, dog 1; 0, do% 2; V ,  dog 3. (Solid 
symbols indicate plasma; open syrtibols indicate 
CSF.) 

Plasma Level and Urinary Excretion in the Dog.- 
The rapid decline of BCiSU in the plasma of the 
dog after a single intravenous injection is shown in 
Fig. 2. For the first 30 min. the fall of plasma levels 
in the three animals does not dcviate too much from 
an exponential pattern and the half-life in plasma 
seems to be less than 15 min. Although protein 
binding by BCNU appears extcnsive, the association 
constant is relatively small. Consequently, even 

Fig. 

INFUSION 
STARTED 

0 0 

. 
0 

INFUSION 
STOPPED 

4 

0 

10 30 60 90 120 150 180 
TIME, min. 

3.--Entry of BCIW into CSF. Key:  e, 
plasma; 0,  CSF. 
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1 IHC1 
CICH?CH2-N=N-O-CO-NH-CH$2H2Cl (I 11) HNOZ + ClCH~CH~--NH-CO-NH-CH~CH~Cl 

i 
ClCHrCH=N+=N- (I\:) + HO,C-KH-CHZCHZCl (V)  1 

ClCHnCH: (IX) 

HzO i 
CH2-CHz 

'0'- CHaCHO. 

L 
NHZ- CHZCHzCl (VI) + OCN-CI-Id2H2CI (VII) 

.Scheme I 

though an increased proportion of drug would be 
bound as the total amount of BCNU decreases, this 
estimation of half-life in plasma is essentially correct 
(17). Extrapolation to zero time gives a zero time 
plasma level of about 30 mcg./ml. Since the doqe 
of BCNU in these experiments was 10 mg./Kg., the 
volume of distribution is therefore 33% of body 
weight, in other words, somewhat larger than the 
volume of extracellular watcr. This is unexpected 
because BCNU, being highly soluble in lipids, ap- 
pears to  pcnctrate cellular membranes freely. In 
fact, BCNU makes its appearance in the CSF and 
the blood stream simultaneously. Furthermore, its 
concentration in the former falls a t  about thc same 
rate as in the latter. 

In view of the exceptional chemical reactivity of 
BCNU, it is necessary to maintain a steady plasma 
level by infusion before a meaningful estimate of the 
extent of entry into the CSF could be made. Figure 
3 illustrates the results of such an experiment. 
After a constant plasma level of the drug has been 
achieved, the CSF level of BCNU reaches about 
48% that of plasma (average of three experiments), 
confirming the screening data and clinical experience 
that BCNU readily penetrates the blood-brain 
barrier. At first sight this ratio appears to be 
higher than the percentage of free BCNU in plasma 
(20yo). However, it  should be recalled that protein 
binding was determined with human plasma a t  0" 
and besides, the cellulose sac used ic: only a crude 
facsimile of cell membrane. 

Ten minutes after a single intravenous injection, 
BCKU begins to appear in the urine The excretion 
reaches a peak at  about 2 hr. and then gradually 
tapers off until 3 hr. later when a dctcctable amount 
of the drug was present. Nevertheless. in no case 
is thc total amount of unchanged BCNU excreted in 
4 hr. in excess of 0.1% of thc dose 

That the colorimetric method actually mcasurcs 
unchanged BCNU in plasma, CSF, and urine is 
supported by paper chromatography. When ap- 
plied on Whatman KO 3 mm. paper and developed 
by the systems described above, the ether extracts of 
these biological fluids exhibit spots with Rj values 
identical to those obtained from ether extracts of 

100" 

the same fluid after the addition of authentic 
BCNU. 

Doubtlessly BCNU undergoes extcnsivc catdbol- 
ism in the body since the percentage of unchanged 
BCKU recoverable from urine is so low. Although 
its biotransformation must await further studies, 
some indications could be gleaned from its thermal 
decomposition. 

Thermal Decomposition of BCNU in Petroleum 
Ether.-The authors chose to  undertake the study 
in a nonpolar solvent, namely, petroleum ether, so 
as to minimize secondary reactions. The isolation 
of 1,3-bis(2-chloroethyI)urea (II), after heating 
BCNU a t  43" for 5 hr., suggests the postulated SC- 

quence of events in Scheme I. 
The proposed 4-centered thermal rearrangemciit 

of BCNU (I), a nitrosamide, to  the diazoester 
(111), is well known (19, 20). This is perhaps also 
the first step in the decay of BCNU in aqueous 
solutions above pH 4. The diazoester (111), in- 
capable of but a fleeting existence, at once decom- 
poses by an a-elimination analogous to the case of 
N-(n-buty1)-N-nitrosotrimethylacetamide (21) to 
give the diazoethane (IV) and the carbainic acid (V). 
The fate of the diazoethane (IV) cannot be defined 
by this experiment. However, the isolation of 
acctaldehyde from an aqueous solution of BCNU 
after refluxing (22) implies that the acetaldehyde 
originates from an analogous ephemeral interrmedi- 
ate, 2-chloroethyldiazoic acid, C1CH2CHtN=NOH, 
uia ethylene oxide. Possibly, therefore, in this 
work the diazoethane (IV), on losing nitrogen, be- 
comes transformed into the reactive carbene (IX) 
which also hydrolyzes to  acetaldehyde. In aqueous 
solution, the intermediate steps would be similar. 

It is not clear cxactly how 1,3-bis(2-chloroethyl)- 
urea (11) is derived from the carbamic acid ( V ) ;  
the over-all reaction, iievertheless, must result from 
2 moles of V through the loss of I mole e-ach of 
water and carbon dioxide. The authors suggest 2- 
chloroethy! isocyanate (VII)4 as a possible inter- 

1 Dr. K. E. Larson independently made the satne suggestion 
that 2-chloroethyl isocyanate might be one of the intermedi- 
ate biotransformatioo products of BCNU. 
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mediate not only because the addition of 2-chloro- 
ethylamine (VI)  to the postulated 2-chloroethyl iso- 
cyanate (VII) explains very well the formation of 
1,3-bis(2-chloroethyl)urea (11), but also because the 
delayed hepatoxicity of BCNU strongly resembles 
that of a-naphthyl isocyanate. In any event, the 
thermal decomposition of BCNU (I)  to  afford the 
original unnitrosated 1,3-bis(2-chloroethyl)urea (11) 
cannot be explained by the simple loss of a nitroso 
group directly from BCNU for the following reasons: 
first of all, such a homolysis is unprecedented; 
second, and most important, when 1-(2-chloroethyl)- 
1-nitroso-3-cyclohexylurea undergoes a like reaction 
in petroleum ether (b.p. 66"-75") a t  67" overnight, 
the product is 1,3-dicyclohexylurea [m.p. 224', 
identical to an authentic sample (23) in every re- 
spect] and not l-(2-chloroethyl)-3-cyclohesylurea, 
m.p. 130"-132" (24). 

I t  has also been shown that 1,3-bis(2-chloroethyl)- 
urea (11) readily cyclizes in boiling water to 
2-( 2-chloroethylamino)-2-oxazoline (hydrochloride) 
(VIII) ( 2 5 ) .  However, we have no evidence that 
this has occurred a t  43" in petroleum ether. Whe- 
ther this is true in Vier0 remains to be seen. 

497 

CSF. No more than 0.1% of unchanged drug is 
excreted in 4 hr. Nothing is known conccrriirig it5 
biotransformation in Gvo. 

Refluxing of BCNU a t  43" in petroleum ether 
for 5 hr. converts it partly into 1,3-bis(2-chloro- 
ethy1)urea. The mechanism of this rcaction is 
discussed. 

5. 

SUMMARY 

1. BCiYU is most stable a t  pH 4. In acid as 
well as in aqueous solutions of pH greater than 7 it 
is shortlived. Its half-life in plasma is about 20 
min. in nitro and less than 15 min. in vivo. 

The release of C1- by hydrolysis of BCNU is 
too slow to account for its alkylating action. 

BCNU is 80% bound to human plasma pro- 
tein at 0". 

In the dog, after a single intravenous iiijection, 
BCNU enters thc CSF immcdiately and then disap- 
pears rapidly from both the blood stream and the 

2. 

3. 

4. 
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Retention, Excretion, and Distribution of 
2,3,5-Triiodobenzoic Acid and Its 

Metabolites in the Rat 
By R. D. ICE, C. E. BRECKINRIDGE, JR., and J. E. CHRISTIAN 

The synthesis of 2 (1311),3,5-triiodobenzoic acid (TI*BA), starting with 2-amino- 
3,5-diiodobenzoic acid and sodium iodide (I3lI) is described. The  rate of excretion, 
biological half-life, and metabolites of this compound in  rats were studied. Four 

metabolites and TIBA were found in  the urine. 

N SOYBEANS, TIBA affects plant morphology beans are used for animal and human consump- I and flowering response (1,2). When propcrly tion, the question arises as to  the cnvironrnental 
used i t  increases bean production through a bet- health hazards of TIBA and its metabolites. 
ter utilization of photosynthate (3). Since soy- TIBA was originally synthesized by Wheeler 

and Johns (4). Anthranilic acid was reacted 
with iodine monochloride and the resultant prod- 
uct diazotized and reacted with potassium io- 
dide. The synthesis of TI*BA has been de- 
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fication of the method uscd by Olivier and Combe 
(14), 2.5 Gm. of 2-amino-3,5-diiodobenzoic acid4 was 
dissolved in 10 ml. of sulfuric acid with continual 
cooling to 0'. One gram of sodium nitrite was 
added slowly. The reaction was stirred for 2 hr. 
This mixture was poured over 33 Gin. of ice and air 
was bubbled through thc solution for 1 hr. While 
cold, i t  was filtered through Whatman No. 1 
filter paper by gravity. Sodium iodide ('DLI), 
54.5 mc., in 1 ml. of NaOH was added. A carrier 
solution of 1 Gm. h'aI in 1 mf. of water was used to 
rinse the isotope container and this was added to 
the mixture. The solution was heated for 30 min. 
Free iodine was neutralized with sodium hydrogen 
sulfite. The resultant precipitate was separated by 
filtering by suction with a Biichner funnel and a 
double laycr of Whatman No. 1 filter paper. The 
precipitate was dissolved with a minimum amount 
of hot ethanol. Crystallization was accomplished 
by adding distilled water to the warm alcoholic 
solution with stirring until a saturation point was 
obtained. The solution was reheated to effect 
complete solution, covered, and set aside for crys- 
tallization. Needle shaped, light orange crystals 
with a melting point of 223.6-225.5' were obtained. 
The specific activity was 9.80 mc./mmole. Yields of 
8046% of theoretical were obtained. 

Radio-Compound Purity.-Dilutions of synthe- 
sized TI*BA in 10 pl. of ethanol, prepared to give a 
total of 108 disintegrating atoms during a 15-hr. 
period, were chromatographed using thin-laycr 
chromatography and solvent system (b),  made fresh. 
Only one labeled compound, R, 0.69, appeared on 
the autoradiograph and this gave an R, value of 
1.0 when compared with TIBA. Thin-layer chro- 
matography with solvent system ( a )  gave three 
separate labeled compounds. The Rj of TIBA 
was 0.60 and the two impurities were located a t  
Rf 0.39 and R, 0.73. Successive recrystallization 
decreased the amounts of the impurities significantly, 
but the impurities could not be completely removed, 
probably because of continued decomposition re- 
sulting from the recrystallization procedure. Re- 
peated thin-layer chromatogranis of the synthesized 
TI*BA compared with a radioiodidc ion standard 
indicated an R, of 1.0 for the impurity a t  R/ 0.73. 
The impurity at Rj 0.39 was not identified. 

Purification was accomplished using a thick-layer 
chromatographic technique. Thirty-six spots of 
the synthesized TI*BA and unlabeled TIBA control 
were placed across a thick-layered chromatogram 
1.5 cm. from the base of the plate. Each spot coil- 
tained 3 mg. of TI*BA in 100 pl. of ethanol. After 
developing, the control TIBA was located with 
broinocresol green spray. The Silica Gel G in the 
corresponding area to thc control presumed to con- 
tain pure TI*B.4 was scraped off and extracted 
with four 10-1111. portions of hot ethanol, and filtered 
through a sintered-glass funnel. The cthanolic 
solution was chromatographed using thc thin- 
layer technique and solvent systcm (a). Only onc 
labclcd compound (R, 0.60) appeared on the auto- 
radiogram of the chromatogram. To further prove 
the identity of the labeled compound, 250 mg. of 
unlabeled TIBA was added and the mixture, dis- 
solved in hot ethanol, filtered through a sintered-glass 
filter and recrystallized. The crystals melted a t  
223-225" (the known meltiug point of TIBA) 
and contained the radioactivity. A4ccordingly, the 

scribed by Munakata and Nakai (5). They fol- 
lowed the procedure of Wheeler and Johns sub- 
stituting sodiuni iodide ( W )  for potassiuni io- 
dide. 

Saz et al. (6-8) have reported that  oral doses 
have been given to man without apparent toxic 
effects and were still being excreted 10 days after 
administration. Goldberg et al. (9) have re- 
ported the LDlw for whitc mice to be 1.25 Gm./ 
Kg. The LDm was 0.70 Gm./Kg. Crismer (10) 
reported a recovery of 40% in the bile and 12%, 
in the urine of TIBA given i.v. to  dogs. Knoefel 
and Huang (11) have reported that TIBA exerts 
its toxic action through its protein binding capac- 
ity and that  TIBA was reabsorbed from the 
glomerular filtrate. 

EXPERIMENTAL 

Apparatus and Material~.-~i large volume liquid 
scintillation detector, the Purdue University Small 
Animal Counter (PUSAC), described by Dunavant 
and Christian (12), was employed for whole body 
counting. Crystal scintillation counting, using a 
2-in. thallium activated, sodium iodide, wcll crystal,, 
was uscd for feces, urine, and tissue counting. All 
activity deteriniuatious were corrected for back- 
ground, counter efficiency, and decay as required. 

Thin-layer chromatograms were made 250 p 
thick with a modcl 200 (L-2) spreader.1 Five 
plates, 20 X 20 cm., were prepared from 15-Gm. 
Silica Gel G2 mixed with 37 ml. of water. The 
chromatograms were heated 0.5 hr. a t  110" before 
use. Solvent chambers lincd with Whatman No. 
1 filter paper were used. Each chamber was satu- 
rated with solveut before use. 

Thick-layer chromatograms, 1.0-mm. thick, were 
prepared using a model 200-11' variable thickness 
spreader. Fivc chromatograms were prepared from 
85 Gm. of Silica Gel G and 150 ml. of water. The 
plates were activated at  110" for 1 lir. prior to use. 
Three solvents systems werc uscd. They were as 
follows: ( a )  normal propanol-arninoniuin hydroxide 
(28~c)-water (10: l:l), ( b )  normal butanol-acetic 
acid-water (4:l :I), (c) methanol-water (75:25) .  

All solvent systems were prepared fresh, except 
for solvent system ( b )  in which metabolite analyses 
were done with thc solvent system 30 or more days 
old. Each solvent was allowed to proceed 12-15 
cm. on the chromatogram. 

Unlabeled TIRA was located with brornocrexrl 
green spray3 (0.ltz in n-butauol). All lahcled com- 
pounds were identified frwn autoradiograms using 
No Screen medical X-ray film. After exposure, the 
film was developed using Kodak liquid X-ray de- 
veloper and fixed with Kodak liquid X-ray fixcr4 
following the manufacturer's recommendations. 
Reagent grade chemicals were used. Sodium radio- 
iodide was purchased from Iso/Serve, Inc., Cam- 
bridge, Mass. 

Synthesis of TI*BA.-Following a procedure de- 
scribed by Breckinridge et al. (13), which is a modi- 

1 Research Specialties Co. Richmond Calif. 
Brinkmaun Instrument, 'Inc., Westdury, ,N. Y .  
Research Specialties Co., Richmond, Calif. 
Eastman Kodak Co., Rachester, N. Y. 
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'rABLI3 I.-wHOLE BODY I<ETENTIOS O P  ORALLY ADMINISl'HRED %,3,6-'~RIIol)OBENZUIC A C I D  
~~ ~ _ _  ~. ~ 

~~ 

, ~ _ _  Rat  Gr1)np 1'- -- Iiat Graup z'-- , ~.__ R a t  Croup 3<--- ~ 

Tiroe, hr. "/; Retainedd Time, hr. Retained" Time, hr. % l<eteinedd 
0 100.0 0 100.0 0 100.0 

12 78.0 
24 66.! 
36 37. I 

18 30.1 
60 24.3 
72 22.1 
84 19.1 
96 17.2 

120 16.0 
144 15.0 
168 14 .4  

4 83.3 
8 62.8 

12 46.8 
16 3 3 . 5  
20 26.8 
24 23.1 
36 13 .5  
42 
48 
60 

12 .1  
11.2 
10.2 

6 85 9 
12 59 0 
18 41 9 
24 34 1 
36 16 .8  
48 14.9 
60 11.4 
84 9.1 
96 8 . 9  

~~ ~ _ _ _ _ _ _ _  
" Seven, female, albino. Holtzrnan Rats; weight, 2fi6-288Gm.; temp., 21'; food arid water ud l ib i tum.  Six  female, alhino, 

Six, male, nlhino Holtzrnan rats;  weight, 182 288 Radget 1-ats; weight, 165-175 Grn.; temp., 28"; food and water ud l ib i tum.  
Gin.; temp., 28"; food ud libttum; 20 nil. waler limit daily. Per cent of administered dosc. 

T A B L E  II.-.kCCUMULATED PER CENTU EXCRETION OF ORALLY ADMINISlERED 2,3,6-TRIIol)OBErZOIC ACID 

- --Hat Group I'-- , - ~ ~  R a t  Group 2"--- R a t  Group .?-- - - 
Time, hr .  Uiinc, yo Time, hr. Cr-inc, Yo Fecal, %, Time, hr. Urine, yo Fecal, % 

~ ~~ _ _  -. ~ 

~. 
~~ 

12 21.4 
24 40.2 
36 53 8 

4 12 3 . . .  
8 28.6 . . .  

12 38.3 0.5 

6 14.2 , . .  
12 37.2 0 .8  
18 51.2 . . .  

48 63.0 16 48.4 . . .  24 57.1 2 . 2  
60 68.4 20 54.5 . . .  36 69.8 3 .2  
72 '70.4 24 58.2 1 . 6  48 71.2 3 .5  
84 i 3 . 4  36 66.9 2 .6  60 7 3 . i  3 . 7  
96 74.0 42 67.9 . . .  84 75.0 4 . 0  

120 76.7 48 68.5 2 . 7  96 75.3 4 . 1  
144 77.6 A0 70.2 2 . 9  . . .  . . .  . . .  
168 78.8 . . .  . . .  . . .  . . .  . . .  . . .  

. ~~~ 

a Per cent of administered dose. ' Same ra t  gi-oup conditions as listed in Table 1.  

purified TI*BA was considcrcd to  be free of labeled 
compound impurities. 

Whole Body Retention and Excretion.--Three 
groups of rats were studied. All doses wcrc oral 
using an oral administration needle. Each rat was 
given n dose of 0.2 pc. representing 0.10 mg. of 
TI*BA per 0.5 ml. All doses wcrc in a 50%, ethanol 
and distillcd water solution. The results wcrc 
tabulated in per cent rctaincd and appear in Table 
I. The data suggest two exponential components. 
A short biological half-life componcnt is indicated 
from 11.8-17.9 hr .  This may represent blood con- 
centration of TI*BA. A long biological half-life 
compouent, 395-403 hr., was also indicated. This 
component may indicatc thyroid involvement. 
Excretion studies wcrc run concomitantly with whole 
body retention studies using the same rats and 
groupings. 'rhr feces was collected at 12-hr. in- 
tervals atid the urine was  collected a t  4-12-hr. 
intervals. Results are shown in Table 11. Urinary 
excretiori was the primary mode of cxcrction, ac- 
counting for 70-78s of the administered dose. 
Fecal cxcrction accounted for 3-45G of the ad- 
ministcrcd dosc. 

Distribution Study.--Two groups of six rats each 
were starved for 24 hr. prior to and during the study. 
An oral dose of TI*BA, as bcforc, was administered. 
Immcdiatcly after aclministratiou a whole body 
count was made. Four hours later the rats wcre 
anesthetized with cthcr and a I-nil. blood sample 
was obtained from the tail. The animals were 
sacrificed by over-anesthetizing with cthcr and the 
thyroid and kidneys completely excised. An aliquot 

of muscle tissuc (from the right rear leg) aiid liver 
was also obtained. Each sample was weighed im- 
mediately after removal and a radioactivity de- 
termination made in the crystal scintillation counter. 
Table I11 prcscnts the data on the distribution of 
TIBA in tlie blood, liver, kidney, thyroid, and 
muscle tissue. 

Thc distribution study clearly indicates thyroid 
concentration of the labeled iodine atoms. Table 
I11 indicates tlie thyroid concentration was 12-18 
times tlie concentration found in the Mood. This 
probably is due to a partial breakdown of the TIBA 
to iodide ion which in turn is taken up by the 
thyroid. However, TIBA itself or othcr metabo- 
lites may be concentrated in this particular tissue. 

Metabolite Studies.--A total of 12 Holtzman rats 
were given orally 6.75 pc. representing 2.9 mg. of 
TI*BA in 5070 ethanol and distillcd water solu- 
tion. 'The rats were not permittcd food or water 

TABLE 111. L)ISTRIBUTION OF 2,3,5-'rRIIOOOREN- 
ZOIC ACID 4 hr. AFTER ORAL ADMINISTRATION 

~~ - .. 
o/u of L)osc/Grn. of Tissue 

l'issuc RaC Group I" Rat CI-onp I", 
Blood 0.9 0 . 7  
Thyroid 12.5 18.8 
Kidney 1 .2  0 . 6 
Muscle 0 .1  0.1 
Liver 0.3 0 . 3  

Mean of six female, albino Badger rats, 170-190 GUJ. 
Mean of six, mhlr, albino Holtzman I-ats, 192-217 Gm, 
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TABLE IV-RELATIVE PERCENTAGES OF 
METABOLITES FOUND IN THE URINE FOLLOWING 
THE ADMINISTRATION OF 2,3,~-TRIIODOBENZOIC 

ACID TO RATS" 
~- 

Metabolites, Relative 
K j  Values Abundance, yo S.E.2' 

0.81 26.3  zt3.2 
0 .77  31 .3  3 ~ 3 . 0  
0 52 10.4 A 3 . 6  

Journal of Pharmaceutical Sciences 

separated labeled compounds were located on the 
chromatogram by autoradiography and the Silica 
Gcl G containing each metabolite was quan- 
titatively transferred to separate vials for counting 
in the well crystal scintillation counter. The relative 
percentage of each metabolite, based on the total 
activity found on the chromatogram, was cal- 
culatcd. The data are presented in Table IV. 

SUMMARY AND CONCLUSIONS 

1. Radioactive labeled 2('311),3,5-triiodobenzoic 
acid was synthesized and purificd free of other 
radio-labeled compounds by thick-layer chromato- 
graphic separation followed by hot ethanolic ex- 
traction. 

2. Whole body retention studies of TIBA 
showed a two component system-one with a 
biological half-life of 11.8-17.9 hr. and the second 
395403 hr. 

Excretion studies showed that the primary 
route of cxcretion was urinary. Of the administcrcd 
dose, 70-78y0 was excreted through the urine 
while only 3-4y0 was excreted through the feces. 

4. Distribution studies in the blood, liver, 
kidney, muscle tissue, and thyroid after 4 hr. in- 
dicated an average thyroid concentration of 15 
times the average blood concentration. 

5. Metabolite studies using thick-layer chro- 
matography indicated 4 metabolites plus TIBA 
in the urine. One of the metabolites was identified 
as iodide ion. Quantitative determination showed 
31.3% TIBA and 10.4% iodide ion. Thrce un- 
identified metabolites were found to be present in 
the quantity of 26.3,20.4, and 11.60/0. 

3. 
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0.39 11.6 ~ k 1 . 8  
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Rapid, Sensitive Colorimetric Method for 
the Determination of Estrogens 

By TIBOR UKBANYI and C. K. REHM 

A colorimetric method has been developed for the routine determination of estro- 
gens in pharmaceutical preparations. The  method is based on the formation of an 
azo dye from the condensation of diazotized 4-amino-6-chloro-m-benzene disulfon- 
amide with estrogens which contain a phenolic hydroxyl group. The condensation 
product exhibits a red color with an absorption maximum at 500 mp in alkaline 
solution. The most reproducible results are obtained when coupling is carried out 
at pH 5 buffered solution. The color formation obeys Beer's law over a range of 
0.05-0.25 mg. of estrogens per ml. of sample solution. Optimum conditions for 
the color formation have been determined, and the application of this procedure to 

pharmaceutical products is given. 

HE OFFICIAL U.S.P. procedure for the deter- 
Trnination of ethinyl estradiol, estradiol 
benzoate, estradiol dipropionate, and estrone 
are based on the Kober reaction in which a violet 
color is developed on reaction of thc estrogens in 
a sulfuric acid-phenol-iron reagent (1). The 
Kober reaction, in spite of many modifications 
over the years, still leaves much to  he  desired in 
an analytical procedure. The method is time- 
consuming, and the color development is critically 
dependent upon reagent composition, reaction 
time, and temperature. Furthermore, inter- 
ference by  other nonphenolic steroids can occur 

Colorimetric methods, based on the coupling of 
the phenolic hydroxyl group with diazotized 
amines, have been reported for a number of the 
estrogens. These include coupling with diazo- 
tized p-nitroaniline (3), with diazotized sulfanilic 
acid (4, 5)  and its derivatives (6 ) ,  and with 
tetrazotized dianisidine (7) .  These methods 
have been used primarily in the determination of 
estrogens in biological samples. 

It has been observed in these laboratories that  
diazotized 4-amino-6-chloro-m-benzene disulfon- 
amide couples with phenolic compounds to form 
products with extremely stable colors (8) The 
suitability of this reagent for the determination 
of a number of estrogens has been investigated. 
As a result of these studies, a rapid and sensitive 
colorimetric method for the determination of 
ethinyl estradiol, estradiol, estradiol esters, 
and estrone has been developed. 

EXPERIMENTAL 

(2). 

A Bcckman model DU spectropliotometer was 
used to determine the absorbance values reported. 
A Cary model 11 recording spectrophotomcier was 
used to obtain thc spectra presented. 

Received January 25,1966, from the Research Department, 

Accepted for publication March 21, 1966. 
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Determination of Ethinyl Estradiol and 
Other Phenolic Estrogens 

Reagents and Solutions.4-Anii1io-G-cliloro-nz- 
benzene disulfonamide, 0.27; methanolic solution; 
sodium nitrite, 1% aqueous solution; hydrochloric 
acid, 1 N;  sulfuric acid, 18 A'; sodium acctate, 2 N 
solution; sodium hydroxide, 0.1 and 1 N aqueous 
solutions; sodium hydroxide, 10% aqucous solu- 
tion; sodium hydroxide, 10% in 80% methanol- 
water. 

Standard Estrogen Solution.-Weigh accurately 
about 50 mg. of the estrogen into a 50-ml. volumetric 
flask and dissolvc it in methanol. Make up to 
volume. with methanol, then dilute 10.0 to 100 ml. 
with 0.1 N sodium hydroxide. Concentration: 
approximately 0.1 mg./ml. 

Preparation of Assay Solutions.-Solid Dosage 
Forms.-Extract an accurately weighed sample of 
the powder or powdered tablets equivalent to about 
5 mg. of the estrogen with thrcc 10-ml. portions of 
methanol. Centrifuge each portion and filter the 
methanol extracts into a bcaker and evaporate the 
methanol to dryness. Transfer the contents of the 
beakcr quantitatively with 0.1 N sodium hydroxide 
to a 50-nil. volumetric flask and dilute to volume 
with additional 0.1 N sodium hydroxide. This is 
the assay solution 

Oil SolzLtiom-Pipet 5.0 Inl. of 1 0 ( ~ ~ 1  sodium 
hydroxide solutiou in 807; methanol-water into a 
40-ml. centrifuge tube. Accurately pipet a volume 
of thc oily sample solution containing approximately 
5 mg. of estradiol or estradiol esters and shake 
mechanically for a niininiurri of 15 min., add 20 ml. 
of pctrolcum ether and 5 tnl. of 1O'X aqueous sodium 
hydroxide, shake for 2 min., and centrifuge. Re- 
move the lower layer with a syringe equipped with 
a blunt, 14-gauge needle and filtcr the solution 
through a paper filter into a 50-ml. volumetric flask. 
Add 10 ml. of 105; sodium hydroxide to thc ccntri- 
fugc tubc, shake 2 min., centrifuge, a n d  filtcr the 
lower layer to the flask as beforc. Add sulfuric 
add dropwise until the sulution is approxiniatcly 
neutral (test with indicator paper, pH bctrvcen 6 
and 8). Dilute the solution to volunie with 0.1 N 
sodium hydroxide. 

Color Development.-Into separate 10-ml. vol- 
umetric flasks pipet successively 1.0 1111. each of 4- 
amino-6-chloro-m-betizeue disulfonamide, sodium 
nitrite, and hydrochloric acid solutions, and mix well. 
Allow to stand 1-2 min. and add 2.0 ml. of the stand- 

This is the assay solution. 
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Fig. 1.-Ab- 
sorption spectra 
of coupled prod- 
ucts of: 1, estra- 
diol; 2, estrone; 
3, ethinyl estra- 
diol; 4, estradiol 
dipropionate. 

TABLE I.-MOLECULAR AUSORPTIVITIES 

Compd. 
Estradiol 
Ethinyl cstradiol 
Estradiol dipropionate 
Estrone 

E (500 mp) 
8.17 X lo3 
7.93 x 103 
8.07 x 103 
8.04 X lo3 

Fig. 2.-Ef- 
fect of pH on the 
absorption spec- 
trum of the cou- 
pled product of 
estradiol. Kev: 
1, pH 5.3; b, 
pH 10.1; 3, pH 
13.0. 

Journal of Pharmaceutical Sciences 

TABLE II.-sTABILITY OF COLOR O F  COUPLING 
PRODUCT OF ESTRADIOL 

-Absorbance at 500 mp----. 

Time, hr. Dark Lighting Sunlinht 
Laboratory 

0 ,525 ,525 .525 
0 . 5  .525 ,525 -525 
1.0 . ,525 ,525 .525 
1.5 ,525 ,520 ,525 
2 . 0  ,535 ,535 ,540 
3 . 0  ,530 ,530 ,540 
4 . 0  .530 ,530 ,540 

C O N C  mg/lOml OF F I N A L  SOLUTION 

Fig. 4.-Plots of absorbance vs. conccntration for 
diazo products of various estrogens. 

ard solution, 2.0 ml. of the assay solution, and 2.0 ml. 
of 0.1 N sodium hydroxide solution to separatc 
flasks. Add 2.0 ml. of sodium acetate solution to 
each flask and allow to stand exactly 6 min. Dilute 
each flask to volume with 1 N sodium hydroxide 
and determine the absorbance of the standard and 
samplc solutions at 500 mp in I-cm. cells against the 
blank, using a suitable spcctrophotorrieter. 

DISCUSSION 

Thc absorption spectra of alkaline solutions of the 
coupled products, resulting from the reaction of 
cthinyl cstradiol, cstradiol, estradiol dipropionate 
after saponification, and estronc with diazvtized 4- 
~tmino-Ci-chloro-m-benzene disulfonamide arc shown 
in Fig. 1. I t  is seen that similar spectra are obtaincd 

Fig. :3.-Absorbancc of fiiial du t io i l  
us. coupling reaction timc for estradiol; 
coupling reaction carried out a t  pH 5.0. 
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TABLE 111.- CCJL(0RIhlETRIC 1)F;TERMINATION OF ESTROGENS I N  THE P R E S E S C E  CJb' C O M M O N  E X C I P I E N T S  
~ ~~~~ ___ ~~ ~ ~ ~ ~ _ ~ _ _ _  

Excipient Estradiol Flthioyl Estiadiol Estrone Estradiol 1)ipropionate 
Lactose 

Added, mg./Gni. 1.00 
Found, mg./Gm." 1.02 
yo Recovery 100 

Added, mg./Gm. 3.30 
Found, mg./Gm.Q 3.23 

Recovery 98 

Starch 

1.00 
1.00 
100 

1.00 
1 .OO 
100 

3.30 3.30 
3.30 3.26 
100 99 

Sesame Oil 
Added, mg./Gm. 
Found, mg./Gm.& 
yo Recovery 

. .  . . .  

. .  . . .  

. .  . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

1.00 
0.99 
99 

a Average of duplicate determinations. 

for thc four compounds, each exhibititig a broad 
absorption maximum a t  500 nip. Esters of estradiol 
exhibit spectra identical to that of estradiol when 
coupled with the reagent after saponification, as 
shown in Fig. 1. Saponification of mono- and di- 
esters of estradiol proceeds rapidly iu alkaline solu- 
tion a t  room temperature and is complete in 10 min. 
or less in aqueous media which is 0.1 M or stronger 
in hydroxyl ion. The structure of the coupled 
products has not been determined; however, it  is 
logical to assume that coupling occurs in one of the 
positions nrtho to the phenolic hydroxyl group. 

The molecular absorptivities of these four estro- 
gens as calculated from the curves in Fig. 1 are listed 
in Table I. 

It can be seen from these data that the molar 
absorptivities of the four compounds are nearly 
identical within experimental error. 

The p H  dependency of the absorption spectrum 
of the reaction product of estradiol u-ith diazotized 
4-amino-6-chloro-m-benzene disulfonamide is shown 
in Fig. 2. 

It can be seen from these spectra that the red 
color of the coupled product is produced only in a 
highly alkaline medium (pH > 12). At pH 5 or 
below, the coupled product in solution exhibits a 
yellow color, the absorption spectrum exhibiting a 
shoulder a t  450 nip. At pH values between pH 5 
arid 12, varying shades of orange are produced. 
The absorption band at  500 nip increases in intensity 
up to a pH of about 13; a t  pH values abovc this no 
further increase in intensity occurs. The spectra 
exhibit an isosbestic point a t  about 450 mp as shown 
in Fig. 2. The absorptiori spectra of the coupled 
products of cthinyl cstradiol and estrone with the 
diazotized disulfonamidc exhibit similar pH de- 
pendencies. 

The initial reaction between nitrous acid and 4- 
amino-6-chloro-m-benzene disulfonamide appears to 
be somewhat more complex than a simple diazotiza- 
tion rcaction since it has been observed that ap- 
proximately 2 moles of nitrous acid are consumed 
by the conipourid (8). Conditions for diazotization 
of the disulfonamide do not appear to be critical. 
Diazotization of the disulfonamide in 1 N hydro- 
chloric acid is complete in 2 min. in the presence of 
excess nitrous acid. Destruction of the e.xccss 
nitrous acid was not found to be necessary sincc no 
iiiterfereiice in the subsequerit color developinelit 
and measurement was observed. Coupling or the 
estrogens studied with diazotized 4-amino-6-chloro- 

m-benzene clisulfonamide does not proceed readily 
in acid solution but was found to proceed rapidly 
when carried out a t  pH 5 or above. The most re- 
producible absorbance values merc obtained when 
coupling was carried out a t  about pH 5. When 
coupling was carried out in alkaline solution, i t  was 
found that the rcsulting ahsorbance (color intensity) 
was critically dependent upon the rate of addition 
of alkali. This indicated a rapid dcstruction of the 
diazotized disulfoiiatiiide in highly alkaline solution. 
By coupling a t  pH 5 ,  however, this problem is 
avoided and day to day variation in color intcnsity 
never excecded 276. This is consisteut with the 
observation of Kehni arid Smith, who found that 
coupling or the reagent with chromotropic acid 
under similar conditions of pH also gave highly 
consistent absorbance values (8). The effect of 
coupling time a t  pH ,5 before the addition of alkali 
upon the absorbance of the final solution a t  500 
nip is shown in Fig. 3. I t  is seen that color intensity 
increases during the first 6 miu. and then remains 
constant over a period of a t  least 26 min. This 
indicates that the resulting diazo compound is quite 
stahle a t  this pH. 

The extreme stability of the red color as measured 
a t  ,500 m p  is shown by the data in Table 1 1 .  These 
data indicate no significant changes in absorbance 
of the final solution over a 4-hr. period in the dark 
and under riornial laboratory illumination. An in- 
crease of about 3Yh in absorbance is noted after 2 hr. 
for solutions placed in direct sunlight. 

The relationship between absorbance a t  500 mp 
and concentration was found to be quite linear for 
etliitiyl estradiol, estradiol, estradiol dipropionatc, 
and cstronc as showu in Fig. 4. 

The specificity of thc nicthod for these compourids 
in  the presence of several frequently encountercd 
excipients is demonstrated by the da ta  shown in 
Table 111. Recoveries of 98-100$<) were obtaincd 
for the various estrogens in the presence of lactose, 
starch, and sesame oil. Other phcnols will, of course, 
interfere in the determination of these estrogens by 
this method as they would in the ca5e of the Kohrr 
reaction; howevcr, such intrrfrrcnces would not 
normally be expected. 

The reproducibility, sensitivity, and rapidity of 
this proccdurc rcprcscnt a considerable improve- 
ment ovcr t h e  presently usrtl Kobrr reaction for thc 
tlcterniiii;rtioIi of these estro#cns. 

The application of this rcactioii to thc drtcrniina- 
tion of other compounds of pharmaceutical interest 
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containing phenolic hydroxyl groups such as pyr- tose, starch, and sesame oil were found not to intcr- 
idoxine will be presented in a future report. ferc in the determination of these estrogens. 
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gens containing a phenolic hydroxyl group to yield a ~ d . ,  21 210(1935). 

(4) Tdbot,  N. B., Wolfe, J. K., MacLachlan, E. A, ,  
Karush, F., and Butler, A. M.,  J .  Brol. Ckem. ,  134, 319 stable red color in alkaline solution. 

This reaction is the basis of a rapid, sensitive, (1940). 
and reproducible method for the determination of (l$&Bender~ A. E., and Wilson, *., Biockem. J. ,  41p 423 

estrogens such as estradiol, ethinyl estradiol, (6) Mitchell, F. L., and Davies, R. E., i6id., 56,690(1954). 
(7) Lieberman, S. ,  J .  Clrn. Invest., 31, 341(1952). 
(8) Rehm, C. R. ,  and Smith, J. B., J .  A m .  Pharm. Assoc., cstrone, and estradiol dipropionate. 

amidc has been found to couple with various eswo- Browne J. s. L. J .  B i d .  Chem., 120, 225(1937). 

Commonly encountered cxcipients such as lac- scr. E L .  49,386(1960). 

Effects of Adsorbents on Drug Absorption I1 

Effect of an Antidiarrhea Mixture on Promazine Absorption 

By DONALD L. SORBY and GRACE LIU 

An antidiarrhea mixture containing attapulgite and citrus pectin was studied for 
its potential effect on the absorption of promazine from the human gastrointestinal 
tract. Test conditions were established so that results would have maximum 
applicability to the clinical use situation. Drug and adsorbent were not equili- 
brated prior to administration. Under these conditions, the antidiarrhea mixture 
decreased the rate and extent of absorption of the test drug. An in vitro adsorption 
study established that the antidiarrhea mixture had a strong affinity for the test drug. 

Results are in general agreement with the previous report in this series. 

PREVIOUS report (1) showed that activated A charcoal and activated attapulgite both 
altered the absorption of promazine from the 
gastrointestinal tract. Prior to administration to 
human subjects, a 50-mg. quantity of promazine 
was equilibrated with the particular adsorbent 
material. The resulting test doses contained 
38.5 nig. of the total 50-mg quantity of prom- 
azine adsorbed to activated attapulgite or 24.7 
mg. bound to activated charcoal. Under these 
conditions, activated attapulgitc slowed the rate 
of absorption; however, it  had no significant 
effect on the total availability of the drug. 
Activated charcoal, on the other hand, appeared 
not to relcase any of the adsorbed drug while 
within the gastrointestinal tract and only prom- 
azine, which was free in solution in the test dose 
a t  the time of administration, was absorbed. 
In  elitvo studies of desorption rates from ad- 
sorbates demonstrated that promazine release 
was rapid from activated attapulgite and very 
slow from activated charcoal. 
~ _ _  
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Several pharmaceutical products containing ad- 
sorbent materials are intended to control diarrhca 
by exerting their action within the gastroin- 
testinal tract. In this respect they are thought 
to adsorb certain toxic amines produced by 
putrefaction or as by-products of bacterial me- 
tabolism, and thus prevent their undesirable 
actions on thc human body (2).  The question 
arises concerning whether the presence of such 
adsorbent materials within the gastrointestinal 
tract might also interfere with absorption of 
amine-type drugs, many of which are known to be 
strongly adsorbed in sitro by the materials in- 
cluded in antidiarrhea preparations (2-6). 

The observed effects of adsorbents on drug ab- 
sorption ( I )  are applicable only to the situation 
where drug and adsorbent are equilibrated before 
administration to test subjects. The question 
concerning whether the samc cffccts will be ob- 
tained if drug and adsorbent do not meet until 
both are within the confines of the gastroin- 
testinal tract was left unanswcred. 

The purpose of this research was to determine 
whether the presence of an adsorbent anti- 
diarrhea mixture within thc gastrointestinal 
tract would interfere with the absorption of an 
amine-type drug. Promazine hydrochloride (50 
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study established that the antidiarrhea mixture had a strong affinity for the test drug. 

Results are in general agreement with the previous report in this series. 

PREVIOUS report (1) showed that activated A charcoal and activated attapulgite both 
altered the absorption of promazine from the 
gastrointestinal tract. Prior to administration to 
human subjects, a 50-mg. quantity of promazine 
was equilibrated with the particular adsorbent 
material. The resulting test doses contained 
38.5 nig. of the total 50-mg quantity of prom- 
azine adsorbed to activated attapulgite or 24.7 
mg. bound to activated charcoal. Under these 
conditions, activated attapulgitc slowed the rate 
of absorption; however, it  had no significant 
effect on the total availability of the drug. 
Activated charcoal, on the other hand, appeared 
not to relcase any of the adsorbed drug while 
within the gastrointestinal tract and only prom- 
azine, which was free in solution in the test dose 
a t  the time of administration, was absorbed. 
In  elitvo studies of desorption rates from ad- 
sorbates demonstrated that promazine release 
was rapid from activated attapulgite and very 
slow from activated charcoal. 
~ _ _  
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Several pharmaceutical products containing ad- 
sorbent materials are intended to control diarrhca 
by exerting their action within the gastroin- 
testinal tract. In this respect they are thought 
to adsorb certain toxic amines produced by 
putrefaction or as by-products of bacterial me- 
tabolism, and thus prevent their undesirable 
actions on thc human body (2).  The question 
arises concerning whether the presence of such 
adsorbent materials within the gastrointestinal 
tract might also interfere with absorption of 
amine-type drugs, many of which are known to be 
strongly adsorbed in sitro by the materials in- 
cluded in antidiarrhea preparations (2-6). 

The observed effects of adsorbents on drug ab- 
sorption ( I )  are applicable only to the situation 
where drug and adsorbent are equilibrated before 
administration to test subjects. The question 
concerning whether the samc cffccts will be ob- 
tained if drug and adsorbent do not meet until 
both are within the confines of the gastroin- 
testinal tract was left unanswcred. 

The purpose of this research was to determine 
whether the presence of an adsorbent anti- 
diarrhea mixture within thc gastrointestinal 
tract would interfere with the absorption of an 
amine-type drug. Promazine hydrochloride (50 
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mg.) was used as the test drug. The antidiarrhea 
mixture containcd in  each 30-ml. vol. activated 
attapulgite (3 Gm.), activated attapulgite, 
colloidal (0.9 Gm.), and citrus pectin, 0.3 Gm.' 

EXPERIMENTAL 

Determination of Adsorption 1sotherm.- 
Adsorption of promazine by activated at- 
tapulgite was reported previously (1). The 
antidiarrhea mixture contained additional 
ingredients, however, and i t  was thus necessary 
to study the interaction between promazine 
and the specific product. 

The antidiarrhea mixture was diluted with a 
quantity of distilled water equal to twice its own 
weight. While the resulting suspension was 
vigorously stirred, 20-1111. aliquots were pipeted 
into 50-ml. glass-stoppered test tubes. 

Visking cellulose dialysis casings ('*/m X 8 
in.) were pretreated by soaking in distilled water 
a t  90' for 10 hr. The water was changed several 
times during this period. The inside of each 
casing was then flushed with distilled water and 
the casings were returned to a warm water soak for 
an additional half hour. Just prior to use, ex- 
cess water was expressed, and a knot was tied in 
one end of each casing to form a small bag. 

A 10-ml. quantity of a solution containing 
either 10, 20, 30, 40, or 50 mg. of promazine 
hydrochloride in distilled water was pipeted into 
each dialysis bag, and a knot was tied to close the 
open end. Four bags were prepared for each 
concentration of promazine hydrochloride. Two 
of the four bags were placed into tubes containing 
the diluted antidiarrhea mixture. The remain- 
ing two bags were placed into tubes containing 
20 ml. of distilled water. The tubes were 
stoppered and sealed with paraffin wax to pre- 
vent passage of water along the stoppers by 
capillary action. All tubes were placed in a 
rocker-shaker device totally immersrd in a con- 
stant-temperature bath at 25.0'. Shaking pro- 
ceeded for 5 days. Equilibrium was established 
by the end of this time period. 

The dialysis bags were rcmoved from the tubes 
and dried lightly with tissue. An appropriate 
aliquot of the solution inside the hag was re- 
moved, and the amount of promazine remaining 
in solution was determined by the method de- 
scribed previously (3). Control experiments 
showed that the antidiarrhea mixture contained 
no interfering materials a t  the levels of dilution 
used to assay for promazine. For systems con- 
taining only distilled water as the phase outside 

1 The antidiarrhea mixtur? was procured from a local 
souice and was representative of the product as i t  appears i s .  
commerce. 
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the dialysis bag, both external and internal solu- 
tions were assayed for promazine content. 

The amount of material disappearing from solu- 
tion in the systems containing no adsorbent was 
plotted versus the concentration of material re- 
maining. This served as a calibration curve to 
provide a "dialysis cell adsorption value" for the 
samples containing adsorbent. The apparent 
amount of promazine adsorbed in systems con- 
taining the antidiarrhea mixture was calculated 
from the difference between the amount of pro- 
mazine added initially and the amount present in 
solution at the end of the experiment minus the 
amount adsorbed by the dialysis cell. 

Twenty-milliliter aliquots of the diluted sus- 
pension were pipeted into tared dishes, weighed, 
evaporated to dryness, and reweighed. From 
these data, i t  was possible to calculate the amount 
of water contributed to the dialysis system by the 
antidiarrhea mixture and also the weight of solids 
which it contained. This experiment also showed 
that there was a high degree of reproducibility in 
pipeting the diluted antidiarrhea mixture, even 
though there was some hold-back of material 
within the pipet. 

The data obtained from the adsorption experi- 
ments were treated according to the Langmuir 
equation. Figure 1 shows the experiniental 
values and the regression line calculated by the 
method of least squares. The constants for the 
Langmuir equation were calculated from the 
reciprocals of the slope and intercept values of 
the regression equation. 

In  Vivo Tests.-In oivo testing was con- 
ducted using an adult, male human, 31 years of 
age, weighing 80 Kg., and in apparent good 

80 OF 

l 0 . ; L  20.0 40.0 40.0 

(cm) 105 

Fig. l.-Langrnuir isotherm for adsorption of 
promazine at 25.0" by the antidiarrhea mixture. 
CEQ denotes the molar concentration of promazine 
in solution at equilibrium; x / m ,  the niillimoles of 
promazine adsorbed per grani of solids in t h e  enti- 
diarrhea mixture. 
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OF VARIOUS TIME INTERVALS FOLLOWING ADMINISTRATION OF TEST DOSAGE FORMS‘~ 
‘rAB1.E I.-cUHULAlIVE PRoHAZINE EQUIVALENTS PRESENT I N  TOTAL URINE SAMPLES AT THE END 

__ ~ . . - -~___~________.-___ 

Time After ,---------- 

Test Dose, Solution? 
Administration of 

hr. 25 mg 

1 
2 
3 
4 
5 
6 
8 

10 
12 
15 
18 
24 
30 
36 

x3 f 92d 
311 * 167 
634 i 311 
910 f 443 

1114 * 455 
1252 + 518 
1451 f 590 
1623 + 67X 
1731 + 792 
1948 i 882 
“091 i 931 
2303 + 955 
2411 + 7032 
2445 3= 1137 

-Mean Promazine Equivalents Excreted-------------- 

37.5 mg. 50 ma. Mixture 

Test Dosage Form 
Solution: Solution,c AntidiarrheaC 

96 f 105“ 
478 141 

1004 + 180 
1463 + 191 
1764 i 242 
1962 =t a i l  
2301 + 392 
2585 f 49% 
2791 f 507 
:1024 f 
:3204 f 
3491 f 
3491 + 
3549 f 

640 
700 
793 
793 
774 

121 i 7 8 d  
739 & 265 

1393 f 303 
1929 f 411 
2233 f 428 
2495 f 480 
2920 t 496 
3238 t 452 
319.5 & 434 
3798 i 437 
40(i8 * 148 
4429 =t 5x9 
4720 + 747 
4906 * 721 

36 f 6ld 
159 =t 138 
333 f 216 
561 =!= 266 
804 41 324 

1074 + 389 
1680 + 355 
2042 t 453 
2395 _t 596 
2732 k 754 
2992 ;t 884 
3368 3= 1030 
3619 f 1084 
3730 + 1098 

~~ ~ 

Foi- n definition of the promazine equivalent, see under Anuiysis of Urine Sumpit‘s. Mean of foul- experiments. Mean 
of five experiments. Plus-minus values represent the  95% confidence intervals about means. 

health. The subject had participated in 
previous experiments (1) where he was 
designated as subject A. 

The subject was assigned the various test 
doses in a random order determined through 
use of a table of random numbers. A t  least 
I week elapsed between administration of 
consecutive test doses. During the course of the 
study, there was no appreciable change in the 
amount of background material in the urine which 
was sensitive to the assay procedure. Thus, the 
1-week delay between tests appeared to be 
adequate to avoid carryover effects between 
consecutive doses. 

On the day prior to each experiment, the sub- 
ject collected three separate urine samples to 
serve as blanks in the assay. Upon arising the 
morning of the test day, the subject voided his 
bladder, consumed 4 fl. oz. of water and, after 
waiting 0.5 hr., collected a urine sample also 
to be used as a blank in the assay. The sub- 
ject immediately consumed the test preparation, 
rinsing the bottle with a small portion of water 
to insure complete transfer of the test dose. Urine 
samples mere collected over the time intervals 
shown in Table I. No further food or drink was 
consumed for at lcast I hr. Consumption of 
food and water was ad libitum for the remainder of 
the test period. Immediately after collection, 
the volume of each urine sample was measured 
and recorded. An aliquot of the sample was 
frozen for assay a t  a later time. At the conclu- 
sion of each experiment, the frozen samples were 
returned to the laboratory, and after reaching 
room temperature they were assayed for their 
content of promazine excretion products. 

When the experiment involved measurement 
uf the effects of the antidiarrhea mixture, the 
subject consumed 1 fl .  oz. of the undiluted prep- 

aration a t  bedtime the night before the test. 
Upon arising the next morning, the subject con- 
sumed an additional 1 fl. 02.  of the antidiarrhea 
mixture. Finally, 0.5 hr. later, he took 
another 0.5 fl. oz. A solution containing 50 mg. 
of promazine hydrochloride in 45 ml. of distilled 
water was immediately consumed. Experiments 
were also carried out to measure excretion char- 
acteristics following doses of 25 mg., 37.5 mg., 
and 50 mg. of promazine hydrochloride in distilled 
water and with no antidiarrhea mixture present in 
the gastrointestinal tract. Data obtained from 
the various experiments are shown in Table 1. 

Analysis of Urine Samples.-Urine samples 
were analyzed by a procedure similar to the 
method used before (1). It was found 
previously tha t  the yellow-colored urine pig- 
ments cause some interference with the assay 
procedure. This interference introduces a 
systematic bu t  variable error into each 
assay since the intensity of the yellow color 
varies from sample to sample. The assay 
procedurc was further modified in this ex- 
periment to better cnrrect for this interference 
in order to obtain higher precision. 
h relationship exists between the transmittance 

a t  420 inp of urine samples containing no proma- 
zine and the intensity of color developed at 515 
mp in these same samples when assayed by the 
method for determining promazine content of 
the urine. The assay procedure was thus modi- 
fied in the following fashion. Four urine blanks 
were collected prior to each experiment. The 
transmittance of all samples, as well as urine 
blanks, was determined a t  420 mp before assay 
for promazine content. The samples and blanks 
-~ ~ 

2 Per cent transmittance a t  420 mp was measured on the  
diluted urine sample immediately prior to  passing i t  through 
the  ion-exchange column. 
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assay procedure, would give the same color in- 
tensity at 315 n ~ @  as the urine sample in question. 
The excretion products in urine samples were 
quantitated by  comparing their per cent trans- 
mittance at 515 mp to a standard curve prepared 
by assaying known amounts of promazine hydro- 
chloride dissolved in distilled water. The pro- 
mazine equivalent representing the blank for a 
particular sample was subtracted from the assay 
value t o  obtain the actual amount of cxcrction 
product. 

Treatment  of Excretion Data.-Methods for 
treating urinary excretion d a t a  were described 
previously (1). Cumulative amounts of pro- 
mazine equivalents excreted up t o  the end of 
each time interval a n d  the average excretion 
rates during each time period were calculated. 
Statistical comparisons of d a t a  were made 
by  a t tes t  for independent sample means. 
Two-tail t values were used in assessing the level 
of significance of all data. The results of the 
various calculations are presented in Figs. 2, 3, 
and 4 and in Tables I and 11. 

DISCUSSION 

I 

0 6 12 18 24 30 36 
Time (hours1 

Fig. 2.--Cuinulative amounts of proinazine equiv- 
alents excreted in the urine followiug aclxiiitiistration 
of promazine hydrochloride (50 mg.) in simple 
aqucous solution. Key : 0, promazine admiriis- 
tcrcd alone; A, promazinc administered ini- 
mcdiatcly following antidiarrhea mixture. Points 
nil each curve rcprescnt mcans from five separate 
experiments. 

Time (hours) 

Fig. 3.-Average urinary excretion rate of prnma- 
zine equivalents following administration of proma- 
zine hydrochloride (50 mg.) in simple aqueous solu- 
tion. Key: 0, promazine administered alone ; 
A, promazine administered immediately following 
antidiarrhea mixture. Points on each curve repre- 
sent means from five scparatc experiments. 

were then assayed as described previously ( 1 )  for 
their apparent content of proinazine excretion 
products. A blank correction curve was pre- 
pared by plotting the per cent transmittance at 
-120 mp against per cent transmittance a t  515 mp 
after assay for each of the urine blanks. A blank 
correction was made for each test sample by  
comparing its per cent transmittance at 420 mp 
with the correction curve. The probable color 
intensity at 515 mp contributed by blank was 
therefore obtained for each test sample. 

As discussed previously (l), due to  the non- 
specific nature of the assay procedure, it is neces- 
sary to express the results of assays on the basis of 
promazine equivalents. A promazine equivalent 
is defined as representing the amount of proma- 
zine hydrochloride which, if carried through the 

Adsorption of promazine by the contents of the 
antidiarrhea mixture appears to  conform to the 
Langmuir equation (Fig. 1). The equation for 
the regression line shown in Fig. 1 is 

where C&Q is the concentration of promazine 

T 6~oor---- 5 .oo 

0 25.0 50.0 

initial Dose (mg) 
Fig. 4.-Relationship between iilitial dose of 

promazine hydrochloride arid cumulative promazine 
equivalents excreted in the urine after 36 hr. 
Points reprcsent mcans of fivc separate experiments 
for the 50.0 and 37.5 mg. doses and four separate 
experiments for thc 25.0-mg. dose. Bars denote 
95% confidence intcrvals about means. Differ- 
ences between rriearis are significant a t  the P = 
0.0.5 level by the t test. 



508 Journal of Pharmaceutical Sciences 

'TABLE 11. --RESULTS O F  STATISTICAL CoMPARISONS O F  EXCRETION DATA FOR PROMAZINE, 50 mg., 
IN SOI,UTION ADMINISTERED WITH AND WITHOUT ANTIDIARRHEA M I X T U R E  

Time After Comparison of Midpoint Time Comparison of 
- - 

Administration of Cumulative Amount uf Collection Average Excretion 
Test Dose, hr. Excreteda Period. hr. Ratefi 

1 
2 
:3 
1 
6 
ii 
8 

10 
12 
1 5 
18 
21 
30 
36 

0.05/P/.025 
0.00 1 / P 

0.001 )P 
0.001/P 
0.001/P 
0.005/P/0.001 

0.30/P/0.25 
0.90/P/0.80 
0.50/P/0.40 
0 . 2 o l r l o .  1 0 c  
0.25jP/0.20' 
0 .70/P /o .60 

P/0.90 
0.90/P/0.80 
0.70/P/0.60 
0.50/P/O.40 

~ _ - _ _ _ _  
These comparisons pertain to plots shown in Fig. 2. These comparisons pertain to plots shown in Fig. 3.  The variance 

ratio o f  these comparisons exceeded the ct-itical value at the P = 0 05 level. 

remaining in solution at  equilibrium, and x / m  is 
the amount of promazine adsorbed per unit weight 
ol adsorbent, i.e., the specific adsorption. The 
reciprocal of the slope yields a Langmuir adsorp- 
tion constant which predicts the maximum amount 
of protnazine which can be adsorbed. At that 
point, the surfaces of all adsorbing materials in 
the preparation supposedly are saturated with 
the adsorbed substance. The value of this con- 
stant is 0,120 mmole/Gm. of solids in the antidiar- 
rhea m i x t ~ r e . ~  This amount corresponds to  
38.5 mg. of piomazine adsorbed per gram of solids. 
While the extent of adsorption is not always 
directly proportional to the total adsorbent in a 
system ( i) ,  i t  appears that the usual 1-fl. oz. dose 
of the antidiarrhea mixture would be capable of 
adsorbing nearly all of a 50-mg. dose of proma- 
zine hydrochloride. I t  should he pointed out 
that the degree of dilution by gastric fluids and 
by water in the test dose, as well as the effects of 
the various gastrointestinal contents, could make 
the adsorption characteristics quite different in 
the in oioo situation. These in citro data do show, 
however, a high potential for adsorption of pro- 
mazine by the antidiarrhea mixture. The quan- 
tity of antidiarrhea mixture consumed by the 
test subject would be more than adequate to 
adsorb all of the test dose under conditions similar 
to the in oitro experiment. 

Data presented in Tables I and I1 and in Figs. 
2 and 3 amply demonstrate the fact that the anti- 
diarrhea rnixturc interferes with absorption of 
the test drug from the human gastrointestinal 
tract. Both the absorption rate and the over-all 
extent of  absorption, as judged by urinary excre- 
tion data, are modified when the antidiarrhea 

3 N o  attempt was made to distinguish between adsorbing 
and nonadsorbing solids in the antidiarrhea mixture. I t  is 
likely that only a portion of the total sulids present after evap- 
orating the mixture to dryness possess adsorbent power. 

mixture is present. The delay in the time of peak 
urinary excretion rate (Fig. 3) suggests that, for 
a period of time, the apparent absorption rate 
constant for promazine is altered. Such an 
effect was also seen previously (1) when proma- 
zine pre-equilibrated with activated attapulgite 
was administered to test subjects. These results 
differ from those obtained previously in that the 
tota! amount ol drug absorbed is also significantly 
de:reased. This may be seen in both Figs. 2 and 
3. Judged by the 36-hr. cumulative excretion, 
the relative availability of promazine was 76% 
after administration with the antidiarrhea mix- 
ture. The same value can also be arrived at in- 
dependently by comparing the 36-hr. cumulative 
excretion after the antidiarrhea mixture to Fig. 4. 
This amount of excretion product would be ob- 
tained from an initial dose of 38 mg. of promazine 
hydrochloride in solution, again 76% of the actual 
dose. 

Data shown in Fig. 4 add proof to the validity 
of test methods employed here and previously 
(1) for studying the effects of adsorbents on the 
absorption of the model aniine. While the assay 
method is indeed nonspecific and will determine 
only a portion of total drug metabolites excreted 
(1,8), Fig. 4 shows that a direct relationship exists 
between the initial dose of promazine and the 
amount of excretion product collected over a 36-hr. 
period. While not presented here, similar plots of 
data for other collection periods are also linearly 
related to initial dose. Differences between the 
three doses with respect to the mean cumulative 
excretion products a t  each collection period were 
significant in every case a t  the P = 0.05 level as 
well. It is thus established that the diflerences 
between excretion cur\ es lound both here and 
previously (1) reflect differcncr5 in the amount 
of test drug alxorbed. 
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The decision to perform the experiments in 
replicate with one subject rather than by using 
a test pancl of different subjects was based on 
several factors. Between subjects variability 
with respect to elimination of the test drug is 
quite high (1). This reduces the sensitivity of 
the experiment with respect to its ability to detect 
adsorbent effects. Replicate experiments in one 
individual should be subject to less variability. 
The data show that even with one subject, vari- 
ability is high but it is not so great as was ob- 
tained previously (1). Data in the literature 
(9-12) point out the importance of urine 
flow rate and urine pH to the excretion rate of 
various amines. It was not considered to be 
desirable to attempt to control urine pH since 
this would involve administration of materials 
which might alter the local cnvironment within 
the gastrointestinal tract at the time of adniinis- 
tering the test dose. It was thought that by using 
a single test subject, patterns of diet and fluid 
intake would be less varied and would result in 
a more constant influence of urine pH and flow 
rate on promazine excretion. The difficulty of 
securing cooperation of test subjects in an experi- 
ment where many samples are collected and 
several tests are to be performed was another 
factor behind use of a single test subject. Others 
have also employed a single test subject in cases 
where precise and careful subject cooperation 
was required (13). 

Of course it may be argued that the responses 
of one individual cannot be extrapolated to the 
general population of subjects. This would cer- 
tainly he true in many cases and indeed one must 
proceed with caution in interpreting the results 
of this experiment. In this case, however, the 
human subject is used to provide a suitable en- 
vironment to study uptake and release of the test 
drug from the adsorbent material. A more pre- 
cise estimation of these effects may be obtained 
where the data are not subject to the additional 
variables arising from differences in the way in- 
dividuals metabolize and cxcrcte the drug once i t  
is absorbed. In a sense the human subject pro- 
vides an cxpcrimental instrument which no in 
vitro apparatus can be made sufficiently refined 
to do, viz., to provide a system containing all of 
the variables usually met within the human gas- 
trointestinal tract. It is also necessary to study 
the adsorption phenomenon where it is subject 
to the influence of the dynamic situation which is 
provided by constant removal of drug from solu- 
lion in the gut through absorption. Obviously, 
there will be quantitative differences in the magni- 
tude of adsorbent effects hetween different indi- 

spect to gastric and intestinal pH, gastrointestinal 
motility, ionic content of thc gastrointestinal 
fluids, presence of food, the adsorbent dose, and 
even the disease state may all alter the magnitude 
of the adsorbent effect in a given individual. I t  
is considered, however, that the results of this 
experiment amply demonstrate the potential 
effect of an adsorbent on drug absorption. In 
showing that this potential exists, the results 
should be applicable to the general population of 
subjects. 

SUMMARY 

It is apparent, on the basis of evidence prc- 
sented, that the presence of the antidiarrhca mix- 
ture within the gastrointestinal tract is sufficient 
to retard absorption of the model amine drug. 
While availability was retarded in this case, the 
results still compare qualitatively with those ob- 
tained previously (1) for attapulgite-promazine 
adsorbates. Considering the overwhelming ex- 
cess of adsorbent present, and its affinity for the 
drug in vitru, the degree of interference with ah- 
sorption is more remarkable for the fact that it  
does not occur to a greater extent rather than for 
the fact that it  docs occur. It has already been 
shown in vitro (1) that desorption is facilitated in 
acidic media. It was also found for other clay- 
type adsorbents (14) that acidic media retard 
adsorption of various phenothiazine derivatives. 
In the gastrointestinal tract, therefore, the affinity 
between drug and the antidiarrhea mixture may 
he considerably less than found in vitro. 

The results of this study have important clinical 
implications. While it has not been established 
whether adsorbent effects determined here and 
previously (1) are applicablc to other amine-type 
drugs, i t  is probably true that effects would be 
similar for amines of similar basicity and adsorb- 
ability in vivo. If this is the case, a potential 
exists for interference with the absorption of many 
drugs when the gastrointestinal tract is “loaded” 
with an antidiarrhea mixture. In view of the 
somewhat questionable merits of these prepara- 
tions as adjuncts to controlling diarrhea (Is), 
their use in a given situation should be carefully 
weighed against potential harmful effects on the 
absorption of certain more therapeutically im- 
portant drugs which the subject might be taking 
concurrently. 

Further studies now in progress should provide 
more information concerning the general applica- 
bility of these results to other amine-type drugs. 
Also in progress are studies aimed a t  establishing 
correlations between im oitro adsorptiorl studies 
and in yivo  effects of adsorbents on drug absorp- 

viduals. Retween suhject differences with re- tion. 
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Technical Articles- 

M icrocrystalline Cellulose in Tableting 
By GEORGE E. REIER* and RALPH IF. SHANGRAW 

The development of microcrystalline cellulose has made available to  the pharma- 
ceutical industry an extremely valuable tableting agent. It was found that tablets of 
plain microcrystalline cellulose will tend to soften and swell when exposed to  humid 
conditions, but the effect is reversed upon the removal of increased humidities. 
Elevated temperatures have no effect on  these tablets. Microcrystalline cellulose 
tablets will disintegrate very slowly in solvents of a relatively low polarity. I t  is 
postulated that tablets of this material are a special form of cellulose fibril in which 
the individual crystallites are held together largely by hydrogen bonding. Tablet 
disintegration is merely the breaking of the intercrystallite bonds by the disinte- 
grating medium. No significant separation of components was found during the 
compression of a microcrystalline cellulose-containing formulation. T h e  release 
of amphetamine sulfate and sodium phenobarbital from tablets containing micro- 
crystalline cellulose is excellent. Determinations after 1 0  weeks at various environ- 
ments indicate that no release problems exist. When the cellulosic compound was 
used as a dry binder-disintegrator in  the direct compression of formulations of 
ephedrine hydrochloride, quinine sulfate, and a low melting steroid, tablets of 

outstanding quality were produced. 

HE SUCCESSFUL application of direct compres- 
Tsion as a tableting procedure is dependent 
upon the development of suitable materials 
which in themselves are both highly fluid and 
cohesive. Spray-dried lactose exhibits these char- 
acteristics and has enjoyed considerable success as 
a tableting agent in direct compression. However, 
i t  has the disadvantage of browning under cer- 
tain conditions (1-3) and there is a limiting hard- 
ness to tablets produced from spray-dried lactose 
which, if exceeded, results in capping. This 
pressure sensitivity occurs at lower tablet hard- 
nesses than usually encountered with granulations 
of conventional lactose. 
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Another material which possesses the required 
properties for direct compression is microcry- 
stalline ce1lulose.l This material is not a deriva- 
tive of the parent compound, nor is i t  merely puri- 
fied cellulosc (4, 5 ) .  

A preliminary report pointed up the ability of 
microcrystalline cellulose to form extremely hard 
tablets that are not friable and yet possess unus- 
ually short disintegration times (6). The prepara- 
tion and stability of glyceryl trinitrate tablets 
produced by direct compression of the drug in a 
microcrystalline cellulose matrix have been de- 
scribed (7). A comparison of the effect of water 
vapor pressure on the moisture sorption and 
stability characteristics of aspirin and ascorbic 
acid tablets containing various fillers including 
microcrystalline cellulose has been published (8). 
Microcrystalline cellulose has been included in 
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TABLE I.-THE EFFECT OF ENVIRONMENT ON WEIGHT ASD HARDSESS OF PLAIN MICROCRPSTALLINE 
CELLULOSE TABLETS COMPRESSED TO A CONSTANT TIIICKNESS 

- - ~  ~ ~ __ -___ 
Initial---- -. _ _ ~ ~  After 1 Wk.-- - 

Hardness, Thickness, Hardness, Thickness, 
Batch Wt.,  Gm. S.C. units in. Wt., Gtn. S.C. units in. 

75'7" Relative Humidity 
1 0.149 13.1 0.1011 0.156 6 .4  0.1094 
2 0.144 11.5 0.0986 0.152 6.3 0.1067 
3 0.132 8.3 0.0985 0.139 5 . 2  0.1058 
4 0.128 7 .6  0.0973 0.135 5 .0  0.1045 
5 0.123 5.7 0.1001 0.129 4.3 0.1072 
6 0.114 4.3 0.1015 0.119 3 . 4  0.1074 
I 0.108 3 . 0  0.100: 0.113 2.6 0.10dH 

8 0.150 13.1 0.1020 0.146 11.6 0.1020 
9 0.144 11.0 0,1013 0,141 10.5 0.1014 

10 0.132 9.3 0,0990 0 ,129 7.2 0,0992 
11 0.130 6 .9  0.1021 0.127 6 .3  0.1023 
12 0.124 5.9 0.1020 0.121 5 .4  0.1021 
1 3 0.11.5 4.9 0.0973 0.113 5 .1  0.0973 
14 0.107 3.9 0,1005 0.105 4 . 1  0.1004 

- 
60' Temperature 

studies of disintegrants in direct compression 
systems (9, 10). 

There can be no doubt that  microcrystalline 
cellulose is a unique material and a more detailed 
study of the following appeared warranted : (a) 
the eirect of elevated temperalure and humidity 
on plain microcrystalline cellulose tablets; ( b )  
the disintegration time in media of varying polar- 
ities of plain microcrystalline cellulose tablets; (C) 

the  extent of hopper segregation occurring during 
tableting ; (d)  the extent of irreversible adsorp- 
tion of drugs of different ionic character onto 
microcrystalline cellulose; and ( e )  the further 
investigation of microcrystalline cellulose as  a 
dry binder. 

EXPERIMENTAL 

Throughout the investigation, tablets were eval- 
uated with respect to weight, hardness, disintegration 
time, and friability. !dl hdrdnesses were measured 
by means of a hand operated Strong Cobb hardness 

TABLE 11 .-THE EFFECT O F  PROGRESSIVE 
CIIAKGES IS CONnrTIONS ON WEIGHT A N D  
HARDNESS O F  PLAI?; MICROCRYSTALLINE 

CELLULOSE TABLETS 
__- 

Conditions, 
Time, R H. Hardtiess 
Days and Temp. Wt., Gm. (S.C. units)" 

0 0 14.5 11 7 

4 60' C. 0.141 10.7 
6 Ambient 0.146 11.6 

2 75%. R. H. 0 153 7 . 2  

condi- 
tionsh 

X 60" C. 0.143 12.3 
10 759,  R. H. 0.151 8.0 
12 Ambient 0,147 11.5 

condi- 
tions* 

Strong Cobb units. Ambient conditions are approx- 
imately 2 5 O  and 40y0 relative humidity. 

tester. Disintegration times were determined by 
means of the U.S.P. disintegration apparatus, util- 
izing distilled water a t  25" as the immersion fluid. 

Effects of Temperature and Humidity.-A study 
of variations in hardness and wei.qht caused by 
environment was conducted on tablcts compressed 
to a constant thickness by rnearis of a hand operated 
single punch Erweka tablet machine using G/~6-in. 
dies and flat-faced punches. I n  order to vary 
hardness while keeping thickness constant, it  was 
necessary to change the die fill and, consequently, 
the average tablet weight between batches. The 
tablets were stored at a high relative humidity 
(7576) or high temperature (60') for 1 week and 
changes in weight, hardness, and thickness noted. 
These results can be seen in Table I. Tablets were 
also cyclrd through temperature and humidity 
changes. These results are summarized in Table 
11. 

Influence of the Polarity of the Disintegration 
Medium on Tablet Disintegration.-Flat-faced 5/1 6' 

in. plain microcrystalline cellulose tablets having 
an average weight of 0.15 Gm. and hardness of 6 
were prnduced on a hand operated press. The 
effect of thc polarity 01 the disintegration medium on 
the disintegratioti of these tablets was studied by dc- 
termining thc timc for disintegration in media of dif- 
fereut dielectric constants. One tube from the U.S.P. 
basket rack assembly was suspended in a 250-ml. 
graduated beaker containing the disintegration 
medium at  room temperature. The tube was 
raised and lowered according to U.S.P. speci- 
fications but disks were not used. Table I11 
shows the results of this study. 

Determination of Component Separation During 
Compression.-A forniula containing 30% red 
spray-dried lactose was chosen since it was thought 
that spherically shaped particlcs in such an amount 
could easily "settle through" the microcrystalline 
cellulose when the powder blend was  subjected to 
vibration. The colored material was utilized so 
that the degree of separation could be estimated by 
extraction oi the dye from the tablet. Akmphetamine 
sulfate was also included in a concentration such 
that each tablet of the mixture would contain 
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TABLE III.-THE DISINTEGRATION TIME OF PLAIN 

OF VARYISC POLARITY 
MIcRocRYS rALLINE CELLULOSE TABLETS I N  MEDIA 

~ ~~ ~- ~ ~ - ~ ~ _ _ _ _  ~ - -  ~ 
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Amphetamiue sulfate 15.0 . . .  
Sodium phenobarbital . . .  15.0 
Spray-dried lactosc 75.0 75.0 
Microcrystalline cellulose 158.8 157.5 
Magnesium stearate 1.2 2 . 5  

The results of this experiment are shown in Tables 
V and VI. 

Microcrystalline Cellulose as  a Dry Binder- 
Disintegrator.-Ephedrine hydrochloride and qui- 
nine sulfate have long posed problems in regard to 
disintegration and until reccntly were allowed to  
possess unusually long disintegration times (11). 
For this reason, these materials wcrc choscn for 
use in further evaluating the binding and dis- 
integration properties of microcrystalline cellulose 
in direct compression. 

An androstane-type steroid (undcr clinical 
investigation by the National Institutes of Health) 
was also included in this part of thc work. The 
steroid melts at 60" and liquefies under pressure, 
thus microcrystalline cellulose was utilizcd as au 
adsorbent as well as a dry binder-disintegrator in 
order that tablets of a uniform surface appearance 
might be produced by direct compression. 

In all cases it was necessary to slug thc powder 
blend. The slugs were passed through a No. 18 
screen and additional lubricant added before re- 
compression on a rotary tablet machine. The mg. 
per tablet formulas were as follows: 

Dielectric 
Disintegration Constant,h 

Solvent' Time, sec. 250 
Water 20 78.5 
23V: Glycerin 30 . . .  
509% Glycerin 57 . . .  
7556 Glyccrin 232 . . .  
Glycerin U.S.P. >300 42.5 
25% Alcohol 38 
5Oc,; Alcohol 
755% Alcohol 
Alcohol U.S.P. 

65 . . .  
180 . . .  

>300 24.3 
Acetone N.F. >300 20.7 
25% Isopropyl alcohol 75 . . .  
505% Isopropyl alcohol 300 
75y0 Isopropyl alcohol >300d . . .  
Isopropyl alcohol N.F. >300" 18.3 

____ 
Percentage strengths refer to aqueous solutions (v/v). 

Reported in "Handbook of Chemistry and Physics," 
39th ed . ,  Chemical Rubher Publishing Co., Cleveland, 
Ohio. 1957, pp. 2331-2335. ' Tablet softened, lateral 
cracks observed but no flaking o f f .  Some Baking occurred, 
tablet snft but not disintegrated. ' A  few small pieces 
Raked off. 

5 1ng. No lubricant was neccssary in the comprcs- 
sion of the formulation. The total coinposition 
was : 

Amphetamine sulfate.. . . . . . 75 Gm. ( 1.7%) 
Red spray-dried lactose.. . . ,1350 Gm. (30.0y0) 
Microcrystalline cellulose. . ,3075 Gm. (68.3%) 

Tablets were produced on a Colton model 216 
rotary press fitted with 7/la-in. standard concave 
punches. Die fill and pressure were adjusted at 
the beginning of the run to produce tablets of about 
300 mg. in weight and 6-7 Strong Cobb units in 
harduess. Thrcc different machine speeds were 
used during the course of the study: 800, 860, and 
1120 tabkts/rnin. 

Tablet samples werc takcn a t  intervals that 
vaned with the speed of the machine. These 
tablets were assayed by a spectrophotographic 
method which allowed for thc scparate dctermina- 
tion of amphetamine sulfate and red spray-dried 
lactose, The means of the assay results for each 
sample were calculated, and the per cent deviations 
of the sample means from the over-all mean are 
shown in Table IV. The disintegration times of 
all tablet samples were less than 30 sec. while fri- 
ability ran from 0.1-0.25% weight lost. 

Amphetamine Sulfate and Sodium Phenobarbital 
Release from Tablets of Microcrystalline Cellulose. 
-Since the acidity or basicity of the therapeutic 
agent must be taken into account, an ionic drug 
From each category was included in this study. 
The tablets were placed at three storage stations. 
The determination of drug release was carried out 
by placing the tablets, previously wcighed, into 
1-oz. dry square bottles and adding 25 ml. of 
distilled water prewarmed to 37". The bottle and 
contents were placed in a 37" water bath and 
rotated end-over-end a t  20 r.p.m. At the end of the 
desired time, the mixture was quickly filtered, and a 
sample collected for further dilution and spectro- 
photometric assay. The tablets were comprcsscd 
using flat-faced 13/&n. tooling and  the m g .  per tablet 
formulas were as follows: 

Ephedrine Tablet 
Ephedrine hydrochloridc . . . . . . . . . 
Spray-dried lactose.. . . . . . . , . . . . 
Microcrystalline cellulosc . . . . . . , . 
Calcium sulfate.. . . . . . . . . . . . . . . . 
Magnesium stearate.. . . . . . . . . . . . 

30.0 
37.5 

112.6 
187.5 

7 . 5  

TABLE IV.-DETERMISATION O F  COMPONENT 
SEPARATION DURING COMPRESSION 

--70 Deviation from Over-All Mean- 
Amphetamine Red Spray- 

Sample Sulfate Dried Lactose 
1 a -3 .48 +6.92 
2 -3.48 -0.61 
3 + O .  79 -0.27 
4 -0.43 -0.27 
5 -1.63 +0 .38 
6 -0.86 + O .  03 
7 -1.89 t 1 . 6 0  
8 -1.71 +0. 38 
9 -0.43 -2.18 

10 -0.79 +0.44 
11 -0.61 + O .  72 
12 $0.79 +2,62 
13b +1 .83  -0.85 
14 + O .  49 -2.08 
15 -0.31 -0.99 
16 +3.24 -1.09 
17 -0.67 +l .02  
18 +1.41 $0.17 
19c $1.89 -2.28 
20 +2.50 -2.28 
21 +2.19 -0.38 
22 +2.20 -0.85 

a .  Samples 1-12, machine speed of 600 tahlets/min. 
' I  Samples 13-18, machine speed of 1120 tahlets!min. 

Samples 19--23. machine speed of 860 tablets/min. 



Vol. 45, No. 5 ,  May 1966 51 3 

T A B L E  V.-EFFECT OF 10-WEEK STORAGE O N  CHARACTERISTICS OF DIRECTLY COMPRESSED 
AMPHETAMINE SULFATE-MICROCRYSTALLINE CELLULOSE TABLETS 

- 
”/o c/o 

Control before storage 10.1 39 98.8 . . .  
Ambient conditionsb 10.0 54 99.3 
75% R. H. 4.7 42 95.5 102 8 
60 O 9.1 36 103.0 . . .  

Hardness, Disintegration Drug Release, Drug Release, 
Storage Conditions S. C. unitsa Time, sec. 3 min. 30 min. 

a Strong Cobb units. Ambient conditions approximately 25’ and 40% relative humidity. 

TABLE VI.-EFFECT O F  10-\vEEK STORAGE O N  CHARACTERISTICS O F  DIRECTLY COhlPRESSED 
SODIUM PHENOBARBITAL-MICROCRYSTALLINE CELLULOSE TABLETS 

~ ~____ 
~ ~ 

~~~ ~ _ _ ~ _ _ _ _ _ _  
% TI 

Hardness, Disintegration Drug Release, Drug Release, 
Storage Conditions S.C. unitsa Time, sec. 3 min. 30 tnin. 

Control bcforc storagc 8.2 31 100.1 
Ambient conditionsb 8 . 5  68 89.3 i o i : g  
7570 R. H. 5.1 42 96.9 99.2 
60 7 .3  36 97.0 101.6 

a Strong Cobb units. Ambient conditions approximately 25’ and 40% relative humidity. 

Quinine Tablet 
Quinine sulfate. . . . . . . . . . . . . . . . .  300.0 
Spray-dried lactose.. . . . . . . . . . . . .  60 .O 
Microcrystalline cellulose. . . . . . . .  200.0 
Calcium sulfate.. . . . . . . . . . . . . . . .  28.0 
Magnesium stearate.. . . . . . . . . . . .  18.0 

Steroid Tablet 
Androstane-type steroid. . . . . . . . .  ’250.0 
Spray-dried lactose.. . . . . . . . . . . . .  62.5 
Microcrystalline cellulose. . . . . . . .  300.0 
Magnesium stearate., . . . . . . . . . . .  12.5 

Attempted recompression of the steroid product 
resulted in considerablc “picking.” However, freez- 
ing of the granulation by placing i t  in a container 
with dry icc for a short period of time immediately 
prior to compression eliminated this difficulty. 
The success of this procedure would suggest that 
further studies should be conducted on the effect 
of low temperatures on compaction. The char- 
acteristics of the tablcts produced in this stucly are 
shown in Table VII. 

DISCUSSION 

Mechanism of Compaction and Disintegration.- 
As may be secn from Tablc I, plain microcrystalline 
cellulose tablets after storage a t  75% relative 
humidity for 1 week exhibit an increase in weight 
and a decrease in hardness. The latter result is 
consistent with that noted in an earlier report ( 6 ) .  
In  addition, tablct thickness appears to increase. 
The mean thicknesses of the group bcforc and after 
rxposurc to increased humidity were tested by 
means of Student t test (12). While the changes in  
thickness appear quite large, they are not statis- 
tically significant a t  the 95y0 confidence level. 
This lack of significance can be attributed to the 
relatively high variance found in the group. How- 
ever, the consistent increase in thickness for the 
batches studied certainly is indicative of a swelling 
effect. Similar tablcts stored at 60” for 1 week 
cxhibit a uniform weight loss but 110 change in 
thickncss. A slight decrease in hardness may be 

noted, but it was not large enough to even con- 
sider a test for significance. 

The changes in plain microcrystalline cellulose 
tablets brought about by storage in various en- 
vironmental conditions are not permanent as 
evidenced by the data in Table IT. Loss of hard- 
ness of microcrystalline cellulose tablets a t  in- 
creased humidities may be explained by the ad- 
sorption of water onto the surfaces of the cellulose 
crystals. The adsorbed water molecules interrupt 
the bonding between particles thus causing a 
softening of the tablet and a tendency to swell. 
When humid conditions are removed, the equi- 
librium moisture content is lowcred in the tablet, 
and it resumes its original hardness and thickness. 
-4t elevated tcmpcratures, there is a slight weight 
loss due to  the driving off of water, but this appears 
to  have no appreciable effect on hardness. 

As the mechanism of disintegration of micro- 
crystalline cellulose tablets has been attributed to 
hydrogen bonding and its interruption (G), a study 
of disintegration times in media of variable polar- 
ities should and did give interesting results. Table 
111 shows the variation of tablet disintegration 
time with the dielectric constant of the disintegrating 
rnediurn. The dielcctric constant is a measure of i~ 

solvent’s polarity or ability to form dipoles and is, 

TABLE VII.-PROPERTIES OF MICROCRYSTALLINE 
CELI~ULOSB-CONTAISING TABLETS 

_ _ ~  -- Active Ingredien---- 
And,-ostane- 

FIydrochloridr Sulfate Sterold 
Ephedrine Quinine 

Wt., Gm. 0.374 0.621 0.625 
Punch. in. 13/32“ 13/3Za 7/16“ 
Wt. var- 

Hardncss, S.C. 

I>isintrgration 

iation, yo 1.18 1.55 . . .  
units 8 . 4  14.6 23.5 

time. sec.6 104 59 12 
Friability, 

wt. lost 0.37 0.10 . .  
Standard concave. * With disks. 
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consequently, a measure of a compound’s ability 
to hydrogen bond, since this phenomenon is a 
particular kind of dipole-dipole interaction. As 
the dielectric constant decreases, the medium 
becomes less able to  hydrogen bond with the indi- 
vidual crystals of cellulose. The result is that the 
crystals remain bonded to each other and tablet 
disintegration does not occur. 

Because of the extreme ease of compression of 
microcrystalline cellulose into hard tablets, ap- 
parently very little elastic deformation occurs 
within the microcrystals during tablet formation 
(13). In fact, it is even doubtful that significant 
amounts of plastic slip and crystal fusion take place. 
Undoubtedly, a much more important factor 
contributing to the compaction of this material is 
hydrogen bonding. A microcrystalline cellulose 
tablet may be visualized as a special form of cellulose 
fibril in which the crystals are compacted close 
enough together so that hydrogen bonding be- 
tween them can occur. 

Problems in Tab1eting.-Due to the small particle 
size of microcrystalline cellulose as well as its 
fluidity, hesitancy to assume a charge, and lack of 
aggregation, blending with other substances does 
not appear to  offer difficulty. While one might 
expect these mixtures to separate when subjected 
to vibration, the results in Table IV do not so in- 
dicate even though the formulation studied was de- 
signed to  point up segregation. The initial high 
reading for spray-dried lactose in the first sample 
can be ascribed to a small quantity of the higher 
density lactose separating from the mixture during 
the period of free fall when the hopper was loaded. 
The effect rapidly disappeared and deviation from 
the average appears relatively random until the 
end of the experiment where some increase in 
drug concentration did occur. However, none 
of the variations found can be considered serious. 

Because of the large surface area of micro- 
crystalline cellulose and its adsorptive capacity 
( 5 ) ,  tablets composed largely of this material might 
not exhibit complete release of the therapeutic 
agent contained therein The data in Tables V 
and \‘I show the effects of various environmental 
conditions on the release of amphetamine sulfate 
and sodium phenobarbital from tablets containing 
microcrystalline cellulose and spraydried lactose 
as the fillers Immediately following manufacture, 
full drug release was achieved within 3 min. After 
10 weeks storage a t  7574 relative humidity and 
room temperature, the release of the amphetamine 
sulfate product was slightly decreased. How- 
ever, the full amount of drug was available after 
30 min. No slowing of release was found a t  the 
other storage stations. 

In the case of the sodium phenobarbital tablets, 
the same slight decrease in drug release was found 
in those tablets stored a t  757, relative humidity 
and room temperature as well as a t  60” and ambient 
humidity. Those tablets stored under ambient 
conditions showed a considerably greater reduction 
in the amount of drug released within 3 min. How- 
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ever, all sodium phenobarbital tablets exhibited 
complete drug release at the end of 30 min. thus 
indicating no drug-binder interaction. 

While the usefulness of microcrystalline cellulose 
as a dry binder-disintegrator has previously been 
reported (6), the results in Table VI I  serve to  
emphasize the uniqueness of the material when 
used in such a manner. The properties of the 
ephedrine hydrochloride and quinine sulfate pro- 
ducts illustrate the outstanding tablet quality 
routinely available through the use of micro- 
crystalline cellulose as a dry binder-disintegrator. 
It would certainly appear that microcrystalline 
cellulose should be given serious consideration by 
tablet formulators as a dry binder, particularly in 
direct compression. 

SUMMARY AND CONCLUSIONS 
1. It was found that increased humidities caused 

a softening and a tendency to swell of plain micro- 
crystalline cellulose tablets. Neither tablet change 
is permanent since they disappear upon removal of 
the humid conditions. Elevated temperatures do 
not affect tablets of this material. 

2. The disintegration time of such tablcts is 
markedly influenced by the polarity of the dis- 
integrating medium. From the environment and 
disintegration observations, it  was postulated that 
a plain microcrystalline cellulose tablet is a special 
form of cellulose fibril which is held together largely 
by hydrogen bonding. 

The results 
of the experiment indicate that no significant 
separation need be anticipated. 
4. Amphetamine sulfate and sodium pheno- 

barbital tablets prepared utilizing a blending of 
spray-dried lactose and microcrystalline cellulose 
as a filler exhibited no problems in respect to  dis- 
solution of active ingredients. 

5. The characteristics of tablets produced with 
microcrystalline ce1lulo.w m a dry binder-dis- 
integrator were outstanding. 

3. Hopper segregation was studied. 
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Notes- 

Effect of Physical Activity on the Absorption Rates of 
Procaine Penicillin G Implants 

By BERTON E. BALLARD 

The pellet implantation technique was used to estimate quantitatively the effect of rat 
body movement o n  solid drug absorption rate. Animals placed in a rodent activity 
cage and rotated at 2.81 and 3.83 r.p.m. showed significantly greater mean absorp- 
tion rates per mean area for procaine penicillin G pellets than nonrotated controls. 

o DATE no study has appeared in the literature T which shows the possible quantitative relation- 
ship that may cxist between drug pellet absorption 
rate and degree of animal physical activity (1). 
Such a study would have theoretical as well as prac- 
tical significance, because the intensity of the 
pharmacological, toxicological, and therapeutic 
response to an implanted solid drug may be directly 
related to the magnitude of the absorption rate of 
the drug. 

MATERIAL AND METHODS 

Implants.-Commcrcially available procaine peni- 
cillin G was the model drug used in thesc studies. 
After i t  was recrystallized from water and dried in a 
desiccator for 48 or more hr., it  was comprcsscd a t  
2.81 X lo3 Kg./cm2 on a Carver laboratory press 
designed to allow use of standard tableting machinc 
punches and dics. The mean diameter of the disks 
was 0.639 cm. and their mean initial weight was 
66.9 mg. (range 51.8 to 86.9 tng.). ’The mean 
apparent density of the disks was 1.167 G t n . / ~ m . ~ .  
Ko binders, excipients, diluents, or lubricants were 
added. 

Implantation.-Female Sprague-Dawley rats hav- 
ing a mean weight of 228 Gm. (range 182 to  298 
Gm.) wcrc used in these tests. Animal weight was 
not rigidly controlled, because it was obvious by 
inspection that no correlation could be found be- 
tween disk absorption rate and animal weight for 
any given rotational velocity. The animals were 
anesthetized with ethyl ether, and a ventral midline 
incision of about 1-cm. length was made in the 
abdominal skin in an anatomical region that has 
been defined before (2). The subcutancous conncc- 
tive tissue lateral to the incision was teased apart t o  
provide sites for the implantation of 2 preweighed 
disks, one to either side of the midline incision. 
The incision was sutured closcd following the im- 
plantation of the disks. After the “rest” and excr- 
cise periods, the animals were reanesthetized and 
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the implants rcmoved. The disks were briefly 
washed with distilled water and placed to air dry for 
24 hr. or more on pieces of filter paper. The disks 
wcre reweigh_ed and the mean absorption ratc per 
mean area, R / X ,  was calculated by methods pre- 
viously described (3),  except that no correction for 
the proteinaceous “ghost” weight was made, be- 
cause of the short implantation times used. 

Activity.- -After implantation of the 2 disks, the 
animals were allowed to recover (”rcst”) from effects 
of anesthcsia in their cages for about 2 hr. They 
then were placed in a rodent activity cage’ for vary- 
ing periods of time, depending in part upon the 
rotational velocity of the cage. The cage has a 
circumfcrcnce of 1.13 M., and was rotated a t  a 
constant angular velocity by mcans of a dual shaft 
electronic controlled mixerz fitted with a small 
pulley having an outside diameter of 2.1 cm. A 
piecc of laboratory rubber tubing about 140 cm. 
long and 8 mm. in outside diameter with the ends 
stapled together was wouitd around part of the 
circumfcrenccs of the pulley and cage. The revolu- 
tions per minute (r.p.m.) shown in Table I were 
read a t  the end of each exercise period from a 
counter attached to the wheel. 

Calculation.-Hecausc pcriods of rest ( Y )  and 
cxcrcise ( e )  varied from animal to animal and from 
one rotational velocity to another, Eq. 1 was used to 
account for these variables. 

where (R/z), is the mean absorption rate per 
mean area attribJttcd to the exercise pcriod in the 
activity cage; ( R / i l ) t  is the mean abqorption ratc 
per mean area for the total implantation timc, Ti ,  
the term ( R / A ) ,  is thc mean absorption rate par 
mcan area for the rest period; T7 is the total time 
an implanted animal was “resting” or outside the 
activity cage and is the sum of the times after 
implantation and before excrcisc and after exercise 
up to the time of implant removal; and T, is the 
time that the implanted animal was “exercising” 
in the activity cage. 

1 Rodent activity cage (AC-BOF), Acme Animal Cdie 

2 Cole Palmer Instrument and EauiDment Co. (No. 4650). 
Equipment, Chicago, Ill. 

Chicago, Ill. 
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TABLE  INTENSITY OF PHYSICAL ACTIVITY AND PROCAINE PENICILLIN G ABSORPTION DATA 

( R / A ) s d  
i=t 95% 

Confidence 
Limits) 

T e b  Y.7 c Distance X 10‘ Cm./ 
r.p.raU ihr.) (hr.) Traveled, M. hr./cm.z PB 
0 0 6.27 . . .  1 . 9 3  . . .  
1.04 3.79 3.23 267 
(12)  

3.19 3.15 443 1.97 0.8 < p < 0.9 
( 6 )  

2.05 

2.98 3.08 567 2.34 0.001 < p < 0.005 
( 8 )  

2.81 
(0.04) 

3.83 2.00 3.26 519 2.57 0.001 < p < 0.005 
(12 )  

( 7 )  (0.03) 

(0.29) 
2.18 

(0.00) 

(0.00) 

0.20 < p < 0.25 

a Weighted mean revolutions of activity cage per minute. Number of animals is in parentheses. Mean time for exercise 
Mean absorption rate per 

The value for zero r.p.m., included for 
The p value from the 2-tail I 

The values at 1.04 

in activity case. 
mean area attributed to the exercise period in the activity cage as calculated by Bq. 1. 
comparison purposes, is actually ( R / A ) ? .  
test when comparing the mean absorption rate per mean area for zero r.p.m. with rates at another r.p.m. 
and 2.05 r.p.m. should be considered as not significant. 

Mean time an implanted animal was “resting” or outside the activity cage. 

The 95% confidence limits appear in parentheses. 

RESULTS AND DISCUSSION 

Thc results of this experiment summarized in 
Table 1 showed that whcn the animals’ activity was 
substantially increased over normal values there was 
also a significant increase in the magnitude of the 
mcan disk absorption rate per mean area. The 
present findings tend to substantiate the unverified 
suggestion made by Kearns (4) that the absorption 
rate of an implanted pellet (a steroid) could be 
increased if the patient would massage daily the 
skin area over the drug. 

The results also show that_ th_e degree of dispersion 
about the mean values of RIA (as reflected by the 
957, confidence limits) is much broader for the 
animals “resting” than i t  is for those moving a t  a 
constant velocity on the activity wheel. The 
broader dispersion seen in the mean values for thc 
“resting” animals might be cxpcctcd because there 
was a wide variation in the intensity of body move- 
ment brought on by the use of cther as the anesthetic. 

Some clinicians (5, 6) have studied the correlation 

between physical activity and the magnitude and 
duration of penicillin serum levels following an 
intramuscular injection of procaine or benzathine 
pcniallin G. Elevations in penicillin serum levels 
observed by these investigators after vigorous 
exercise could be explained by the results of this 
experiment. If human physical activity increased 
the dissolution rate of the depot penicillin salt 
crystals, then elevations in the drug serum level 
should logically follow, assuming that drug elimina- 
tion mechanisms remained unchanged before and 
after exercise. 
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Cholinesterase Activity and Sulfonamide Absorption in Rats 
By VERNON A. GREEN, THOMAS M. GLENN, SAMUEL J. STRADA, and GONZALO MEDINA 

Rats administered, orally, a combination of 
neostigmine methylsulfate and sulfonamide 
showed an increased 4-hr. blood sulfonamide 
level as compared to animals administered 
only sulfonamide. Blood cholinesterase ac- 
tivity, 4 hr. after treatment, was determined 
and compared with that of control animals. 

VER A half-century ago Barbour and Abel (1) 0 found that physostigmine increased the rate 
of diffusion of acid fuchsin in frogs. Lewis (2), 
in 1916, reported the same to be true for trypan red 
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it1 dogs. Twenty-two ycars later Cole and Curtis 
(3) showed that acetylcholine increased the per- 
meability of the marine organism Nitella. In thc 
last decadc thcre have been reports of the potentis- 
tion of the action of morphine in cats (4). strepto- 
mycin in rats (5), and barbital in mice (6) by pre- 
treating with cholinesterase inhibitors. Other re- 
ported changes in drug activity brought about by 
anticholinesterases include the potentiation of thc 
anesthetic activity of a given dose of phenobarbital 
and pentothal (7) and a lengthening of the dura- 
tion of the anesthesia. 

The increased permeability of .h?tella in thc pres- 
encc of acetylcholine and the like phenometra wrn 
in P. oulgarus, S. typhosa, and P. aeruginosa with 
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TABLE I.-RAT BLOOD CHOLINESTERASE ACTIVITY'~ 
~~ ~- ______ 

Animals, Units of % 

COII trols 20 0.61 0 .07  ... 
Iieostigmine 

methylsulfate 20 0 .49  0 . 0 4  20 

Group No. RctivitP S.U. Uepiession 

51 7 

a Xeostigmine dose 6 mcg./Kg. Mean value for 20 
animals. 

Table II.-4-hr. BLOOD SULPONAMItiE' LEVELS 
IN RATS ______ ____ -___- 

Animals, 
Group KO. mcg./ml. S.E. 

Sulfacetamide 16 1.29 0 . 1  
Sulfacetamide 
Neostigmine methylsulfateb 14 2.83 0 .38  
Sulfanilamide 16 1.45 0.12 
Sulfanilamide 
Neostigmine methylsulfate 14 4.10 0 .37  
Sulfaguanidine 16 6 38 0 .08  
Sulfaguanidinc 
Neostigmine methylsulfate 12 7 .35  0 .23  

a All sulfonamides given orally 400 mg./Kg. Neostig 
mine methylsulfate given orally 6 mcg./Kg. 

eserine (8) would indicate a possible relationship 
betwecn cholincsterasc or acetylcholine and mcm- 
brane permeability in these species. 

Cholinesterasc and acctylcholinc arc found 
throughout the body of higher animals. Alteratiou 
of either could affect the tissue permeability which 
would influence drug absorption. Neostigmine 
methylsulfate-induced increases of absorption of 
sulfisoxazole from everted sacs of guinea pig ileum 
(9) are indicative of the above. 

In this work the in vivo absorption of sulfonamides 
in the presence of an anticholinesterase was studied 
and a comparison made with the sulfoiiamide ab- 
sorption in animals with sulfonamide alone. Blood 
cholinesterase activity was determined 4 hr. after 
treatment to ascertain the anticholinesterase ac- 
tivity of the neostigniirie methylsulfate. 

EXPERIMENTAL 

Cholinesterase Depression.-In order to  correlate 
any change in sulfonamide absorption with the de- 
pression of the csterasc, thc activity of the enzyme 
was determined in untreated rats arid rats receiving 
6 mcg./Kg. of neostigmine methylsulfate 4 hr. 
prior to withdrawal of blood sample. Blood was 
removed by cardiac puncture; thc cnzyme de- 
termination was made immediately and expressed 
in units.' The depression was determined to be 
approximately 20y0 as shown in Table I. 

Sulfonamide Determination.-Sulfacetamide, sul- 
fanilamide, and sulfaguanidine wcre administercd, 
400 mg./Kg. orally, to randomly sexed Sprague- 
Dawley rats weighing 225-275 Gm. Twenty ani- 
mals were used in each group. A similar number of 
animals was used for the same sulfonamides ad- 

1 A unit of cholinesteiase, a* used in this study, is defined 
as the number of milliliters of 0 1 M acetic acid derived from 
3 ml. of 0.1 M acetylcholine bromide solution by the cholin- 
esterase activity in 1 ml. of blood at pH 8. 

ministered at the same dose but in combination 
with 6 mcg./Kg. of neostigmine methylsulfate. 

Pour hours after the administration of the sul- 
fonamidc, 2 ml. of blood to be used for the totdl 
sulfonamide determination was removcd by cardiac 
puncturr. Samples that clotted before being mixed 
with the buffer or that may havc been diluted with 
tissue fluid were discarded. 

The method used to detcrmine the sulfonamide 
concentration was the colorimetric method for 
measuring free and total sulfonamides in tissue 
used by Bratton and Marshall (10). 

Neostigmine methylsulfate iiicreased the blood 
levels with all three sulfonamides. (Table 11.) 

DISCUSSION 
From the data obtained in this study, it appears 

that neostigmine methylsulfate incrcascd the 
absorption of the sulfonamides from the gastro- 
intestinal tract. The observed increase in blood 
sulfonamide is in agreement with that reported 
earlier for sulfisoxazole in guinea pigs (9). 

It appears probable that the inhibition of cholin- 
esterase, by some mechanism, alters the permeability 
of the intestinal tract to allow for greater absorp- 
tion of the drug. It is possible that the anti- 
cholinesterase by some combination with the cnzyme 
as a part of cell membrane may change the char- 
acteristics of the membrane to allow for greatcr 
permeability. Furthermore, it may be that the 
acetylcholine accumulates in sufficient quantities 
to change the permeability as it does in Nitella. 
If vasodilation due to the accumulation of acetyl- 
choline is the basic factor in the increased per- 
meability, i t  should be blocked by atropine. The 
failure of atropine to block this phenomenon has 
been shown earlier by Green (7). It appears that 
cholinesterase-inhibitor combination is the most 
likely explanation for the observed increases in 
absorption. 

SUMMARY 
In this study, rats receiving neostigmine-sul- 

fonamide combinations, orally, showed higher blood 
levels of the sulfonamides than animals receiving 
sulfonamide alone. The neostigmine methyl- 
sulfate-treated animals showed a 20% depression of 
blood cholinesterase activity. 

Piumerous drug agents have anticholinesterase 
activity. If esterase activity affccts absorption, 
increased absorption of the inhibitor-drug or other 
drugs used in combination could be a factor in 
creating undesirable responses. The investigators 
feel that these findings warrant further investigation 
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Repeated Test of Mice in the Photocell Activity Cage 
After Different Time Intervals 

By NATHAN WATZMAN, HERBERT BARRY, 111, WILLIAM J. KINNARD, J R  , 
and JOSEPH P. BUCKLEY 

A total of 384 mice, given 2-hr. tests twice in  the photocell activity cage under the 
same conditions, showed lower activity scores (with square root transformation) in 
the second test. This behavioral carry-over effect was greater for subgroups given 
the second test at an interval of 1 or 3, instead of 7 or 14 days, after the first. Chlor- 
promazine produced a greater decrement in  activity in the first 0.5 hr. of the second 
test than of the first. In  both tests, aggregations of five, rather than single animals, 
showed a greater drug decrement in the first hour and some recovery from the drug 
effect in the Last 0.5 hr. The most stable data were obtained in the first 0.5 hr. A 
high correlation between tests, especially with a 1-day interval, indicated that a re- 

peated-test design can provide a sensitive measure of drug effects. 

T IS HIGHLY desirablc to give repeated tests to the I same animals when evaluating the effects of 
psychotropic agents on behavior. Not only is it  an 
econoniic advantage, but a more sensitive test is ob- 
tained, because the consistency of individual per- 
formances usually found in repeated tests means a 
small variation in scores against which the effects of 
drugs can be measured. 

The disadvantage of repeated tests on the same 
animals is that both drug and behavioral carry-over 
effects may occur from one test to the nest, especially 
when therc is a short timc interval bctwecn sessions. 
In order to assess this disadvantage, it is necessary 
to measure the degree of this carry-over effect a t  
different intersession intervals, with the experi- 
mental conditions held constant in both sessions. 
This was the purpose of the study reported in the 
prcscnt paper. 

The photocell activity cage, which has been used 
extensively to study the dcpressant propcrtics of 
chlorpromazine (1-3), was used as the test appara- 
tus. 

METHOD 

Subjects.-The subjects were 384 male, Swiss- 
Wcbster mice (Taconic Farms, N. Y.) weighing 
approximately 18-20 Gm. Housing and testing 
were in separate rooms, both with thc tcmperaturc 
controlled between 73 and 75°F. Food and water 
were available ad libitum. 

Apparatus.-The experimental work was per- 
formed in four &beam photocell activity cages, 
circular in  shape (hctophotometcrs, Mctro Indus- 
tries, Inc.). The electronic circuits of each cage are 
designed so that a single digital counter (General 
Controls, Des Plaines, Ill.) is activated whenever an 
animal blucks, or moves through any btmn, regard- 
less of whether any of thc othcr beams are intcr- 
rupted. ‘Thcrefore, an animal continuously block- 
ing a single beam could not preclude the registration 
of counts emanating from the other beams. The  
cxpcrimental room was sound attenuated, and was 
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effectively shielded from the noise of the countcrs 
which were placed in an adjoining room. 

Experimental Design.-Each animal, or group of 
animals, was tested in 2 sessions, both 2 hr. in dura- 
tion. Several experimental conditions were varied 
in a complete factorial design, so that all levels 
of each variable were equally represented as follows. 

Intersession Innterval.-l, 3, 7, and 14 days. 
Drug Condilion.-Chlorpromazinc (4 mg./Kg. j or 

placebo (salinc, 0.1 m1./10 Gm. body weight), given 
orally 30 min. before the start of the session. Bach 
animal was assigned to the same condition (drug or 
placebo) in both tests. 

Test Aggregation.-Singly, or in groups of five 
micc. They were housed during the intersession 
interval under the same aggregation conditions as 
during testing. 

Difefent Units.-Four activity cages operated 
simultaneously. 

Kep1kation.-The complete design was repeated 
once. 

This experimental design resulted in 128 different 
combinations of conditions, divided equally between 
single animals and groups of five. 

Statistical Treatment of Data.-Normalization of 
skewed frequency distributions by means of data 
transformation is an acceptable statistical technique 
in research. Extremely high raw scores are likely 
to lead to a misinterpretation of rclativc magni- 
tudes, if they arc farther from the median valucs 
than the lowest scores. Logarithmic, or square root, 
transformation of data may provide a nonskewed. 
normal distribution of scores by reducing the rnag- 
nitude of the high scores more than the low ones. 
The parametric tests of statistical significance, 
including the analysis of variance, depend on the 
assumption that the frequency distribution of scores 
is nonskcwcd. 
h comparison of thc raw, square root, and log- 

arithmic forms of these experimental data indicated 
that the raw scores were skewed in a positive direc- 
tion, with the extreme high scores being much farther 
from the median than were the extreme low scores, 
whereas the logarithmic scores were skewed in the 
opposite, negative direction. The square root scores 
were skewed to the least degree (positive direction), 
especially in the first hour of the 2-hr. session. Also, 
activity appeared to be the most consistent and 
corrclations between the two sessions highest for thc 
scorcs in square root form. Irwin (4) has used 
square root transformation of data on locomotor 
activity in thc trcadwhcel. 
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a greater effect on thc activity ol aggreKated than 
singlemiceforthefirst0.5hr. ( F  = 6.70,df = 1,117, 
p <0.05). This interaction was also significant for 
the second 0.5 hr. ( F  = 5.31, df = 1,117, p <0.05), 
but riot for the last two 0.5-hr. periods. These 
findings confirm results reported previously by 
Watzman et al. (2 ) ,  utilizing raw scores. 

In the last 0.5 hr. of the session, thc aniixials 
tested in groups of five showed some recovery from 
the depressant effects of the drug. Out of 32 groups 
of aggregated animals under chlorpromazinc, 25 
showed highcr activity in the lourth than iii the third 
0.5 hr., and only seven groups were lower. This 
recovery from the depressant effects of the drug was 
statistically significant (x2 = 9.0, df = 1, p < 
0.01) and is in contrast with the lower activity in the 
fourth than third 0.5-hr. period found with each of 
the other three conditions shown in Fig. 1. In  gen- 
eral, all of these experimental effects decreased in 
statistical significance in the later 0.5-hr. periods, due 
to a decrease in stability of the scores. However, 
the difference between animals tested singly and in 
groups of fivc continued to be highly significant, 
even in the last 0.5-hr. period ( F  = 25, df = 1,117, 

The replication showed no consistently significant 
difference from the original experiment. There was 
a significant difference among the four test units 
( F  = 9, df = 3,117, p <0.01) for the entire 2 hr., 
but no consistently significant interaction between 
this variable and any of the others. 

The main subject of interest in the present cxperi- 
ment is the comparison between the first and second 
test sessiou, shown in Fig. 2. The activity counts 
were preponderantly lower in the second session (F 
= 48, df = 1,112, p (0.01 for the total 2 hr.). This 
decrement in second-session performance was 
greater for the groups tested a t  shorter time inter- 
vals (1 and 3 days). This difference, generally, 
persisted throughout the second session, but was 
statistically significant for the first 0.5 hr. only, 
measnred by the interaction of sessions with the four 
intervals ( F  = 3.06, df = 3,112, p <0.05). When 
the test for linearity of the scores is applied, with the 
assumption that thc 1, 3, 7, and 14-day intervals 
represent a progressive function, the intcraction 
between tests and intervals is statistically significant 

p < 0.01). 

- 

- 
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H A L F  HOUR PERIODS 

Fig. 1.-The effects of chlorprotnazine and aggre- 
gation on the spontaneous activity of micc. 

In thc present study, the number of counts lor each 
0 . 5  hr., hour, arid the 2-hr. total in both sessions were 
punched on IBM cards, converted to squarc root 
scores by the IBM 7090 computer, and tested for 
statistical significance by the BMD 02V analysis of 
variance program on the same computer. Each 
fixed factor (drug, aggregation, intersession interval) 
was tested for statistical significance in relation to the 
pooled intcractions, which included the interaction 
of the rariclomly selected variables (test units with 
replication) and either or both variables with OIIC or 
more of the fixed variables ( 5 ) .  Since each animal 
was tested in both sessions, the pooled interaction 
term for testing the difference bctween the sessions, 
and interactions of any other variables with sessions, 
included the session variable. Correlations between 
the first and second session for all the animals, and 
for each level of the selected variables, werc com- 
.puted by the BMD 03D program. Stability of per- 
formance within the same session was computed 
,according to the split-half method (6), for 0..5-hr. 
intervals, utilizing a specialized program written 
for the IHM 7090 computer. This method corre- 
llates the performance of an animal, or aggregation 
of animals, in the even-time segments (second and 
fourth 0.5-hr. periods) with the scores rccorded in 
the odd-time segments (first and third O..i-hr. 
lxriods). The test of statistical significance for the 
difference between corrclation coefficients was that 
described by Edwards (7). 

RESULTS 

Figure 1 shows thc effects of two variables (drug 
and aggregation) on activity in each 0.5-hr. period, 
with scores for the other experimental variables 
averaged together. In the first 0.5 hr., there was a 
highly significant difference between the chlor- 
promazine and saline conditions ( F  = 174, df = 
il,ll7, p <0.01) and between animals tested singly 
and in groups of five ( F  = 90, df = 1,117, p <0.01). 
There was also a significant interaction between drug 
and aggregation, indicating that chlorpromazine had 

I N T E R S E S S I O N  

I NTFRVAL 

1 D A Y S  I 

I 2 3 4 

HALF HOUR P E R 1 0 0 5  

Fig. 2.-The effect of retest on thc spontaneous 
activity of mice a t  1 , 3 , 7 ,  and 1Pday intervals. 
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(/> <O.Uj) in each o f  the 0.5-lir. periods, cxccpt the 
third ( F  = 4.6, 6.0, 3.7, and 6.5, respectively, df 
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prior study. The present expcriment also showed 
that the aggregated condition, which produced a 
greater decrement under the drug in the first hour, 
produced an earlier recovery from the drug effect, 
indicated by the statistically significant increase in 
activity from the third to the fourth 0.5 hr. The 
stimulating aggregation situation, in which activity 
was decreased to a greater degree by chlorpromazine, 
apparently causcd a more rapid rccovcry from the 
depressant effects of the drug. 

The present experiment also demonstrated a 
grcatcr dcprcssant effcct of chlorpromazinc on 
activity in the first 0.5 hr. of the second session than 
of the first session. Adler (S), also utilizing the 
photocell activity cage, found a greater depressant 
effect of tetrabenazine on the motor activity of rats 
in the second of two tests with a 1-week intertrial 
period. Rushton et al. (9) found different magni- 
tudes of drug effect on exploratory activity of rats, 
depending on whether the drug test was on their 
second rather than first exposure to the test situa- 
tion, and also depending on whether the drug test 
was preceded by a drug or placebo test in the same 
situation. The stimulating effect of an amphet- 
amine-barbiturate mixture was apparently greater 
in the second test, when the same drug was givcn in 
both tests. In  the present experiment, and in 
Adler's study (8), the animals were given the samc 
drug, or placebo, condition in both tests, so that it is 
not possible to determine whether the grcatcr dc- 
pressant drug effect in the second test was due solely 
to a greater familiarity with the test situation, or 
to the prior administration of the drug associated 
with this test situation. However, this effect was 
clearly not due to accumulation of the drug from the 
first session, because the greater drug effect was 
found in the sccond session after the 14-day interval, 
as well as after the 1-day interval. 

The behavioral and drug carry-over effects, from 
the first to the second session, indicate that the ex- 
perimenter should be carcful when using the same 
animals more than once in tests of drug effects. It 
is obviously necessary to countcrbalance the sc- 
quence, giving placebo first to half the animals and 
the drug first to the other half. On the other hand, 
the high over-all correlation in activity between the 
first and second sessions, especially in the early part 
of thc sessions, shows that the use of rcpeated tests 
on the same animal can increase the sensitivity of 
the test of drugs, or other conditions which are ex- 
perimentally varied in the different test sessions. 
With the factorial design as used in the present 
experiment, the advantages of repeated testing 
can bc fully obtained, cvcn when there is a decrement 
in performance in the second session and a different 
magnitude of drug effect in the two sessions. It 
should be emphasized that, in the present experi- 
ment, these differential effects in the two sessions 
were fairly small, relative to the magnitude of the 
over-all drug effects and to the effects of other condi- 
tions, such as  aggregation and 0.5-hr. intervals. The 
same general pattern of depressant drug effects was 
found in both sessions. Thcreforc, the effects of 
the drug could be tested adequately with a greatly 
reduced number of animals by the use of the re- 
peated test design, giving chlorprornazine in our 
session and placebo in the othcr, at Ieast for this 
dosage of this compound and under these conditions. 

The m05t stable data were obtained in the first 

= 1,112). 
In the first 0.5 hr.. chlororomazinc Droduced a 23% 

I "  

dccrcment in activity in the first session and a 32% 
decrement in the second session. This difference 
was statistically significant, as indicated by the 
interaction bctween sessions and drug conditions 
( F  = 4.68, df = 1,112, p <0.05). This difference 
was approximately equal for the groups given the 
two tests at different intervals ( F  < 1 for the three- 
way interaction among drug conditions, sessions, and 
intervals). In the last three 0.5-hr. periods, the 
drug-induced decrement in activity was approxi- 
matcly equal in the two sessions, as indicated by the 
absence of any significant intcraction between ses- 
sions and drug conditions. The other variables did 
not interact significantly with the two sessions, and 
thcrcfore showed similar patterns in both tests. 

There was a high degree of stability of perform- 
ance within each session, with the split-half correla- 
tion being 0.75 for session 1 and 0.74 for session 2.  
The over-all correlation between the two sessions, 
pooling all of the other parameters together, was 0.74 
for the total 2 hr. As would be expected, the correla- 
tion between sessions was greater for the shorter 
intcrscssion intervals, with the stability scores for 
the total 2 hr. being 0.84, 0.78, 0.80, and 0.61, rc- 
spectively, for the groups given the second session 
1, 3, 7, arid 14 days after the first. The correlation 
bctween sessions was highest in the first 0.5 hr. of 
the session (0.73) and lowest in thc fourth 0.5 hr. 
(0.36 j ,  and this difference was statistically significant 
a t  the 1% level. For the total 2 hr., this stability 
scorc showed little difference between saline (0.62) 
and drug treatmcnt (0.57), but in thc first 0.5 hr., 
the saline scores were significantly more stable, with 
correlations bctwcen the sessions of 0.68 for saline 
and 0.46 for chlorproniazirie ( p  < 0.05). 111 the first 
0.5 hr., the correlation between sessions was highcr 
for the animals tested in groups of five (0.74) than 
those tested singly (0.60), but this difference was not 
statistically significant. 

DISCUSSION 

'Tlie prcsetit experiment clearly shows a behavioral 
carry-over effect from one session to  the next for both 
saline ancl chlorpromazine animals. After a11 inter- 
val of 1 or 3 days between tests, activity in the 
second session was substantially lower than in the 
first, in all four 0.5-hr. periods. Even a t  the 7 and 
14-day intervals; thc recovery of the original ac- 
tivity levcl was not completc, as shown by signifi- 
cantly lower activity iu the first 0.5 hr. for these two 
groups pooled together ( F  = 20, df = 156, p < 0.01.) 

The dosage of chlorprornazine used (4 mg./Kg., 
orally) greatly decreased the activity of mice under 
a11 the cxpcrimcntal conditions tested. However, 
the magnitude of this drug effect mas somcwhat 
altered by ccrtaiu experimental conditions. The 
greatcr dccrcrncnt produced by chlorprornazine in 
the first two 0.5-hr. periods, for animals tested in 
groups of fivc rather than singly, confirms findings 
prcviously rcportcd (2). Since the present experi- 
ment uscd square root transformations which pro- 
duced normally distributed scores, this interaction 
Ixtween drug condition aud aggrcgation appears to 
be a general phenomenon, not depending on the 
skewed distribution of the raw scores uscd in the 
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the first 0.5 llr, for the interval, T h e  Huckley, J .  P., I'~derntio7z /'Y(JG., 23, lSi(lHG4). 
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and second sessions found for the I-day group, as I9G2, P. 

(6) Cronbach, I,. J., "Essentials of Psychological Teqting," 
well as by the practical advantage of using a shorter znd ed.. H~~~~~ arid llow, N~~ yol-k,  iy. y . ,  1960, p. 141. 
interval. These findings may be of use to cxperi- I,at~b~d~~~~rs,".H4,i;, ~ ~ ~ ~ ~ ~ i ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ . ~ ~ ~ ~ ~ ~ ~  
mentcrs in selecting the optimum conditions for N. y . ,  1954, p. 904. 
testirlg the effect of chlorpromazinc on thc activity (8 )  Adler, M. W.. Psychugharmacologia, 5 ,  393(1964). 

(9) Rushton, R . ,  Steinberg, II. ,  and Tinson, C., Bril. J .  of mice in the photocell cage. Phavmacoi., 20, 99(1963). 

Preliminary Investigations of Heracleum ma~tegazziu~z/m 
By EUGENE C. LEE, PHILIP CATALFOMO, and LEO A. SCIUCHETTI 

Preliminary investigations of the air-dried roots of Heracleuna naantegarzianum 
grown under greenhouse conditions were conducted. Seed germination requires 
moist cold treatment. The germination rate appears to be directly related to the 
length of the moist cold period. Gibberellin seed treatment did not substitute for 
the cold requirement. Thin-layer chromatography revealed the presence of 6 cou- 
marins which were tentatively identified as bergapten, isobergapten, pimpinellen, iso- 
pimpinellen, sphondin, and umbelliferone. Results also indicate that the plant can 

cause photosensitization. 

XCELLENT reviews concerning the distribution, E chemistry, or pharmacological properties of 
the naturally occurring coumariiis are available 
(1-5); includcd arc phytochemical studies reveal- 
ing the presence of couinarins in a iiumber of 
Ileyacleum species. A notable aspect is the in- 
volvement of furocoumarins in certain cases of 
phytophotoderrnatitis; several of them occur in 
Heracleum species. Thc distribution of photo- 
dynamically active furocoumarins were recently 
reviewed by Pathak et el. (6). Although phyto- 
chemical investigations of the coumarins of Her- 
acleum. species has been extensive, the species 
Heracleum rnantegazzianurn Somm. et Lev. is a 
noteworthy exception. However, duriug the course 
of this investigation, a report by Beyrich (7) re- 
vealed the presence of phellopterin and other 
coumarins in this species, but the results are not 
entirely consistent with those reported in this in- 
vestigation. Since H. mantegazzianum has been 
reported to evoke phytodermatitis, a preliminary 
investigation was undertaken to determine the 
presence of photosensitizing couniarins and related 
compounds. 

To obtain sufficient plant material for this and 
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subsequent studies the plant was propagated under 
grccnhouse conditions. Seeds of tlie Umbellijerae 
have been noted for germination difficulties, and 
germination standards for cultivated members of 
this order have been set much lower than those of 
other plants (8). The seeds of some Heracleum 
species have a requirement for after ripcning in 
moist cold (9). Attempts have also beeti made to 
obviate thc cold rcquiremcnt in the dormaricy of 
certain seeds by cheniical means, especially with the 
gibberellins (10). Since no report could be found 
in tlie literature coucerning the cold requirrinent of  
the effects of gibberellic acid on seed germination of 
H. mantegazzianum, preliminary germination studies 
were also conducted. 

EXPERILMENTAL AND RESULTS 

Germination Studies.-Prcliminary studies were 
designed to comparr the effect of cold treatment 
r w s m  treatment wi th  gibberellic acid on the gcr- 
mination rate of the seeds. Three groups of seeds 
(39 per group) were planted in flats containing a 
mixture of 1 part sand and 2 parts sandy loam plus 
50 Gm. of complete fertilizer.' Group A was pre- 
treated by storage a t  2-5O for 74 days; group 
was soaked for 20 hr. in a solution of gibberellic 
acid (100 p.p.rn.); and group C. soaked in distilled 
water, was considered the control group. The flats 
were rnaintairied under normal greenhouse con- 
ditions and germination was allowed to occur at a 
temperature range of 18-27" for 3X days. Ger- 

1 Organic Morcrop, Chas. Lilly Co., Seattle, Wash. (Anal- 
5 %  total ni11-0yr11, :i:4) :Lvailal,lr phosphatr, 2I)L avail- ysis: 

able prhsh.) 
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were rnaintairied under normal greenhouse con- 
ditions and germination was allowed to occur at a 
temperature range of 18-27" for 3X days. Ger- 

1 Organic Morcrop, Chas. Lilly Co., Seattle, Wash. (Anal- 
5 %  total ni11-0yr11, :i:4) :Lvailal,lr phosphatr, 2I)L avail- ysis: 

able prhsh.) 
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mination did not occur in group B or group C; 
however, 4 seeds in group A germinated. Although 
this is a low germination rate (10.3%), i t  was ap- 
parent that cold treatment is required for germina- 
tion. Based on these results, 1000 selected seeds 
were soaked for 36 hr. and refrigerated at 2-5' 
for 294 days. This treatment resulted in a 5570 
germination. 

Preparation of Root Material.-To obtain root 
material for subsequent investigations, seeds werc 
cold treated and germinated on moist blotting paper 
in Petri dishes. Aftcr germination occurred, they 
were transplanted in peat pots containing the soil 
mixture previously described. After 92 days the 
plants (average height 33.5 cm.) were harvested, the 
roots washed free of soil, and separated from the 
plant. The roots were allowed to dry a t  room tem- 
perature for 8 weeks. The dried material was 
milled to a No. 20 powder in a Wiley mill and the 
powder placed in air-tight colored glass containers 
until utilized in subsequent analyses. 

Extraction of Coumarins.-Approximately 13.5 
Gm. of dried powdered root was placed in a Soxhlet- 
type apparatus and extracted to exhaustion with 100 
ml. of ethyl ether. The extractive was filtered and 
the filtrate evaporated on a steam bath to a syrupy 
residue. The residue was washed 3 times with 2- 
nil. portions of petroleum ether and redissolved in a 
mixture containing equal parts of ethyl ether and 
alcohol to a total volume of 10 mi. in a volumetric 
flask. The extract was stored in a refrigerator until 
subjected to chromatographic analysis. 

Chromatographic Analysis.-Tentative identifica- 
tion of the coumarins was accomplished by employ- 
ing two-dimensional thin-layer chromatography on 
Silica Gel G. The extract was applied in 20-pl. por- 
tions to thin-layer plates, 200 mm. on each side. 
The plates were developed in ethyl acetate-xylene 
(1 : 1) in the first direction and hexane-cthyl acetate 
(2 : l )  in the second direction. The solvent front 
was allowed to proceed a distance of 100 mm. in 
each direction. Solutions of known coumarins 
which were chromatographed singly, in mixture, 
and in combination with extracts, were compared to 
chromatoplates of extracts without additions. The 
coumarins were detected by examining the plates 
under ultraviolet light. This procedure revealed 
the presence of 7 principal spots which were ten- 
tatively identified as bergapten, isobergapten, pim- 
pinellin, isopimpinellin, sphondin, and umbelli- 
ferone. The seventh spot, which fluoresced blue, 
was not identified, but co-chromatography indicated 
that i t  was not imperatorin. 
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DISCUSSION 

The germination studies indicated that seeds of 
I€.  manteguzzzianum will germinate only after ex- 
tended cold treatment since no seeds gcrminated in 
the group where this procedure was omitted. Seeds 
exposed to moist cold for 74 days showed a ger- 
mination rate of 10.3%. When the cold period 
was extended to 294 days, the germination rate 
increased to 5570. It appears, therefore, that the 
germination rate may be directly related to the 
period of moist cold treatment. An attempt to 
overcome this requirement by soaking in a solu- 
tion of gibberellic acid met with no success. Sim- 
ilar attempts by Stuart and Cathey (lo), but with 
sweet cherry and peach, indicated that gibberellic 
acid only partially substituted for cold treatment. 
Although gibberellins have been credited with sub- 
stituting for other germination conditions, i.e., light 
requirement, they do not adequately substitute for 
the cold treatment (10). 

Thin-layer chromatographic analysis of the ether 
extract of air-dried root revealed the probable 
presence of 6 coumarins: bergapten, isobergapten, 
pimpinellin, isopimpinellin, sphondin, and um- 
belliferone, the last being the only nonfurocoumarin. 
A seventh spot, which fluoresced blue, was not 
imperatorin. A preliminary report by Beyrich 
(7) ,  who investigated the fruits of H. mantegaz- 
ziunum, showed the presence of pimpinellin and 
isopimpinellin in addition to the following furo- 
coumarins: angelicin, xanthotoxin, imperatorin, 
and phellopterin. Since he examined a different 
plant part, direct comparison of results is precluded. 

The plant under investigation has been shown to 
evoke phytophotodermatitis (6 ) .  The furocou- 
marins, especially bergapten and xanthotoxin, 
cause dermatitis. Sincc these compounds in all 
probability appear to exist in El. mantegazzzianum, 
as well as others possibly having similar biological 
activity, this plant should be considered a photo- 
sensitizing species. 
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Stability of the Folin Phenol Reagent 
n y  ROBERT C.  PETERSON 

A comprehensive study has been made of the stability of the Folin phenol reagent as 
the initial acidic concentrate. Even though refrigerated, an apparent continuing and 
linear decomposition of about 2 per cent per month occurs which should be con- 

sidered in the determination of mcg. amounts of protein. 

URING work in which it was attcmptcd to de- D termine the specific activity of trypsin, the 
protein coutent of electrophoretically fractionated 
zones was determined with the Lowry (1) modi- 
fication of the Folin-Ciocalteu (2) reagent. 

A satisfactory standard curve could be preparc.d 
for protein concentration, but when a known 
sample was referred to it a t  a later time, the sample 
value was always low. It was found that the 
low values were produced by a slow but consistent 
deterioration of the Folin reagent whether it was 
from commercial sources1 or prepared in our labora- 
tory according to Folin-Ciocalteu (2). This de- 
terioration occurred eyen though the reagent was 
refrigerated (6") immcdiately after preparation and 
removed only w-hen portions were desired for dilu- 
tioii in the protein tests. 

The Folin phenol reagetit is knowu to be rapidly 
destroyed by an alkaline solution (l), but this 
writer is not aware of any comments in the litera- 
ture regarding its instability as thc initially prcpared 
acid. 

Since this reagent is continually used, it seemed 
worthwhile to acquire more knowledge concerning 
its stability. I t  was felt that reagent prepared in the 
laboratory and used shortly thereafter would give 
the greatest response, and so a preparation was 
made as mentioned above and immediately re- 
Irigerated. The reagent titrated as 2.5 N acid with 
0.5 N NaOH in the presence of phenol red; Fisher 
reagent gave the same value under these conditions. 
The laboratory reagent was tested approximately 
once a month for 6 to 7 months. 

METHODS AND MATERIALS 

The standard protein was N.F. Trypsin Crystal- 
lized Reference Standard, lot 6040 (3 ) .  A new 
solution, 5 mg. in 100 ml. of water, was made up for 
each test. A second standard was L-tyrosine.* 
A new solution, 3 mg. in 100 ml. of water, was 
made up for each test. 

The phenol reagent was tested for optimal re- 
sponse according to Oyama and Eagle (4) and their 
Lowry reagent modifications were used. Reagent A 
consisted of 20 Gm. of NaZC03, 4 Gm. of NaOH, 
arid 0.2 Gin. of K&H406.l/2 HzO made to 1 L. 
with water. Reagent B was 0.5 Gm. of CuSO4.- 
5H20 made to 100 ml. with water. Reagent C was 
made freshly before each tcst scries from reagents 
'1 and B:50 to 1 by volume. For each test 0.5 ml. 
of each standard was diluted to 1 nil. with water 
and this solution was reacted with 2.5 ml. of reagent 
C for 10 min. Folin reagent, 0.25 ml., a t  various 
dilutions with water (4) was jetted in and mixed 
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thoroughly. The absorbance was determined a t  
7\50 nip every 30 min. for 2 hr. with a Beckman model 
DU spectrophototneter. For each test the optimum 
response of the Foliu reagent was considered to be 
the absorbance value from the phenol reagent dilu- 
tion which gave the greatest stability of color, ie., 
the absorbance values produced a plateau. These 
absorbance values, determined at approximately 
1-month intervals, gave an indication of the stability 
of the phenol reagent. 

With L-tyrosine, 15 mcg. per test, the curve in 
Fig. 1 was obtained when absorbance was plotted 
against time elapsed since preparation of the re- 
agent. Figure 2 presents similar data for 25 mcg. 
of trypsin per test, 

DISCUSSION 
In all C ~ S C S  it  was found that the 1 to 2 dilution 

of phcnol reagent gave optimum response. 
The continual deterioration of the phenol reagetit 

is obvious. With trypsin this is a decrease in 
absorbance of 0.0044 every 30 days. With L- 
tyrosine, the decrease is greater. 

.460 i -~ 

.400 ! , -  
0 30 60 90 120 150 180 210 

TIME, DAYS 

Fig. 1.-Lowry test with L-tyrosine as related to age 
of phenol reagent. 

.340 1 

0 30 60 90 120 150 180 210 
TIME,  DAYS 

Fig. 2.-Lowry test with trypsin as related to age 
of phenol reagent. 
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tion is sufficiently great, either fresh reagent must 
be used or the quantity must be increased. 

For accurate quantitative use of the Folin phenol 
reagent, either its response as related to a standard 
decotnpositiou curve must be considered or its KEFEKENCES 
activity must be correlated with a known amount 
of standard protein or amino acid. 

It follows that to get sensitivity with the reagent 
with microgram quantities of protein, the state of 
decay of the reagent must be known. If deteriora- 

( I )  Lowry, o., Rosebrough, N., Farr. A., and Randall, R., 

(2) Polin, O., and Ciocalteu, V., ibid., 73, 627(1927). 
(3) “National Formulary,” 11th ed., J. B. Lippincott Co.,  

(4) Oyama, V. I., and Eagle, H.,  Proc. SOC. En#L Bid. 

J .  B i d .  Chem., 193, 265(1951). 

Pa., lg60, P. 385. 

,wed., 91,305(1956). 

Nuclear Magnetic Resonance Spectra of Amines 11. 
Identification of N-Phenyl Amines 

By R. J. WARREN, W. E. THOMPSON, J. E. ZAREMBO, and I. n. EISDORFER 

The effects of a strongly acidic solvent on the chemical shift and spin-spin splitting 
of the phenyl protons in N-phenyl amines are characteristic for this functional group. 
These effects provide the basis for the identification of the N-phenyl group in pri- 

mary, secondary, and tertiary amines. 

HE EFFECT of protonation of amines containing T Winethyl groups has been recently reported by 
these laboratones (1). The authors wish to report 
on the A-phenyl group as characteristically identi- 
fied by examination of the NMR spectrum of free 
base in deuterated chloroform and the spectrum in 
trifluoroacetic acid. 

EXPERIMENTAL 

All NMR spectra were recorded on a Varian A-60 
spectrometer using Varian sample tubes. Deu- 
terated chloroform and trifluoroacetic acid were used 
as solvents. Spectra were obtained on samples a t  
room temperature a t  a concentration of 50 mg./ml. 

The N-phenyl axnines used were Eastman or- 
ganic chemicals as purchased from Distillation 
Products Industries, Rochester, N. Y., or K and K 
chemicals as purchased from the K and K Labora- 
tories, Plainview, N. Y. 

KESULTS AND DISCUSSION 

The protiounced change in the aromatic proton 
pattern of an N-phenyl arnine free base on conversion 
to t h e  amine cation is illustrated in Fig. 1, curvc A, 
cliphenylaniine in deuterated chloroform, aud curve 
B, diphcnylamine in trifluoroacetic acid. This 
phenomenon, the collapse of a complex AzBzC 
aromatic pattern into a simplc peak (or narrow 
band of peaks), is general for any protonatable N- 
phenyl group with no other substituents 011 the N- 
phenyl ring. The collapse of this pattern can be 
attributcd to equalization of the chemical shifts of 
the phenyl protons. The principal cause of in- 
equality of chernical shifts for the phenyl protons in 
an amine frec base is conjugation of the aminc group 
with the phenyl ring. Protonation of the atnine 
blocks this conjugation arid results in nearly uniform 
chrmical shifts for the protons on the benzene ring. 
The reduction of conjugation of an N-phenyl amine 
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on formation of the amine cation is well established 
in the theory of ultraviolet spectra for anilines (2). 

The authors have found the collapse of the A2B2C 
spectral pattern of the N-phenyl group useful for 
determining whether one or more N-phenyl groups 
in an unknown compound have other substituents 
on the N-phenyl ring. For example 3-chloro-N- 
phrnyl aniline shows 2 species of protons in tri- 
fluoroacetic acid due to the mela substituted benzene 
ring. 

The NMR data for 5 representative N-phenyl 
reference compounds are listed in Table I. It should 
be uoted that acidic solvents, such as aqueous hy- 
drochloric and sulfuric acids, all influence the NMR 
absorption pattern of the N-phenyl group in the 
same fashion, regardless of whether the amine is 
primary, secondary, or tertiary. 

If the N-phenyl group is close to another aromatic 
ring, the asymmetric magnetic field generated by 
the second aromatic ring may prevent observation of 
collapse of the AzBzC pattern on cation formation. 
For example, the NMR spectra for A-methyl-N- 
phenyl-bcnzyhnine (Fig. 2) show a more complex 
pattern for the ion (Fig. 2, B) than for the free base 
(Fig. 2, A).  The authors have observed a similar 

TABI,E I.-NMR CHEMICAL SHIFTS FOR N-PHENYL 
GROUFS IN ANILINE AND N-SIJBSTITUTED ANILINES 

___ ~_____ - 
Chemical Shift 

Appropriate Downfield from 

Complex AzBtC for Single Aromatic 
Range of Tetramethylsilane 

Aromatic Pattern N-Phenyl Peak in 
Compd. in CDCls, p.p.m. CPsCOOH, p.p.m. 

Aniline 6.7-7.4 7.52 
Diphenylamine 6 .  .57.5 7.60 
N,N-Dimethyl- 

aniline 6.3-7.4 7.62 
N-Methylaniline 6.0-7.4 7.65 
N-Methyldi- 

phenylamine 6.7-7.4 7.65 
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tion is sufficiently great, either fresh reagent must 
be used or the quantity must be increased. 

For accurate quantitative use of the Folin phenol 
reagent, either its response as related to a standard 
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determining whether one or more N-phenyl groups 
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A 

I , . . .  , . . .  I . ,  

Pig. l.--NMR spectra of diphenylamine. Key: 
A, solvent, deuterated chloroform; €3, solvent, tri- 
fluoroacetic acid. 

lack of collapse for the N-phenyl protons of N- 
phenylbenzylamine. 

CONCLUSION 

The difference between the NMR spectrum of the 
N-phenyl amine free base and that of the N-phenyl 
amine ion is a useful diagnostic tool for structure 
determinations of these compounds. This differ- 
ence makes it possible to establish the presence of the 
N-phenyl structures in primary, secondary, and 
tertiary amines. Interference with identification of 

Fig. 2.-NMK spectra of N-methyl-N-phenlyben- 
zylaminc. Key: A, solvent, deuterated chloroform; 
B, solvent, trifluoroacetic acid. 

the N-phenyl group may occur from other aromatic 
rings in the molecule. I t  is conceivable that long- 
range effects of any functional group possessing mag- 
netic anisotropy could cause some interference; 
however, no examples 01 this effect were noted in 
this study. 
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Interaction Between Pharmaceuticals and 
Sodium Polyethylenesulfonate 

By G. LEONARDL, M. SOLINAS, and C. BOTRB 

Several drugs, mainly in the field of local 
anesthetics, were studied with a synthetic 
polyelectrolyte, sodium polyethylenesulfo- 
nate, by means of membrane equilibrium di- 
alysis measurements. Data on equilibrium 
constants of the association between the 
drugs considered, as hydrochlorides, and 

the polyelectrolyte are reported. 

HE STUDY of interactions between drugs and T macromolecules has received increasing interest 
recently (1-5). 

The result of such interaction, in general, is the 
formation of association complexes between the drug 
and the macromolecule, which may lead to unusual 
features, both from physicochemical and biological 
points of view. 

In some cases, for instance, the pharmacological 
activity of the complex is improved with respect to  
the single drug, either in the sense of the intensity 
and/or thc duration of action. 

This paper reports data about the interaction 
observed between several local ancsthetics and a 
synthetic polyelectrolyte, i e . ,  sodium polyethylene- 
sulfonate. 

This study was performed mainly by means of 
mcmbranc equilibrium dialysis according to a 
procedure proposed by Klotz et al. (6). 

The cquilibrium constants of associations bctwccn 
drugs and the polyelectrolyte are reported. 

EXPERIMENTAL 

The sample of sodium polyethylenesulfonate 
(NaPES) was prcparcd according to Brcslow and 
Kutner (7). Its molecular weight was about 7,000. 
The dissociation degree ( a )  of the NaPES was 
determined potentiometrically in an aqueous solu- 
tion by using a cationic glass electrode (Beckman 
catalog No. 39728) and saturated calomel elec- 
trodes connected to the solution by means of an 
agar bridge. The procedure and the apparatus 
were extensively described in a previous paper (8). 
The experimental value of 01 was 0.25, in good 
agreement with the theoretical value calculated 
according to Oosawa (9). 

All the pharmaceuticals were used as hydro- 
chlorides. They are listed in Table I together with 
the wavelength corresponding to a maximum of 
absorbance. Table I also reports association con- 
stants and pKa values at 25" (10). 

Conductivity measurements were performed in a 
thermostatic bath at 25 =t 0.02" using a WTW 
bridge model LF 3. 

The dialysis cxpcriments were carried out with 
cellophane bags (HMC type). These were pre- 
viously treated with boiling water for about 5 miti., 
washed with cold water, wiped, filled with a known 
volume of the NaPES solution, and then dipped into 
a knowu volume of drug solution. 
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The polymer concentration was 10-3 M ;  the 
drug concentration was lo-' M .  The equilibrium 
across the membrane was reached at room tem- 
perature after about 48 hr. hTo change in volume 
inside or outside the bag was observed. 

The concentration of the drug in solution was 
determined with a grating spectrophotometer 
(Hitachi, Perkin-Elmer, model 139). The measure- 
ments of the absorbance were performed in each 
case at the wavelength corresponding to the maxi- 
mum value of the absorption of the drug. Quartz 
cclls, 1 mm. optical path, were employed. 

At each concentration a blank test was set up. 
In this case, water was placed inside the bag instead 
of polyelectrolyte solution. The amount of drug 
bound to the polyelcctrolyte was determined by 
measuring the concentration of the solution outside 
thc bag containing the polyelectrolyte as well as thc 
outside concentration of the drug in the blank. 

RESULTS AND DISCUSSION 

In order to prove that in the range of concentra- 
tion considered no aggregation takes place in solu- 
tion of the drugs considered, specific conductivity 
was measured a t  different concentrations. I n  each 
case the plots of specific conductivity versus the 
concentration gave straight lines. On the other 
hand, it was shown that when aggregation of drug 
molcculcs in solution occurs, a brcak in the plot of 
specific conductivity versus concentration may be 
dctectcd (2). 

The data obtained from the membrane equilib- 
rium dialysis were treated according to the mcthod of 
Klotz et al. (6). Such treatment, in fact, may be 
applied to a general association equilibrium betwecn 
a polyelectrolyte (P) and a drug (D), for which 

P + D = P D  (Eq. 1) 

The equilibrium constant for the ith association, k'i, 
is: 

When z = 1, first equilibrium constant, Eq 2 re- 
duces to 

K = nk (m 3) 
where n = number of sites available along the poly- 

mer 
R = equilibrium constant 
k 

the anion 
= constant which depends on the nature of 

The relationship which correlates the number of 
sites available along thc polymer to the interaction 
with the molecul~s of the drug can be written a5 
follows : 

(Eq. 4) 

where Y is the ratio between the number of moles of 
bound drug and total moles of polymer. 

By plotting l / r  iieYsiis thr reciprocal of noc~bountl 
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Hydrochlorides of 

Amylocaine 
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TABLE  ASSOCIATION CONSTAN rs FOR L)RUG-POI.YELECTROLYTE SYSTEM 
~ 

~ 
~ ~~ ~ 

~~ 

Association 
X Constant pKao 

Formula mp K X 10-4 at 25 

CH3 

Benzocaine 

Diphenhydramine 

&Ephedrine 

Parethoxycaine 

Tripelennamiiie 

Procaine 

Pronietliazine 

Pramoxine 

I 
CsHs--COO--C--CzH5 

H~N-CGH~--COOCZH~ . HCI 

232 7.94 8.40 

235 ... 2.43 

250 6.52 9.00 
CHJ CsH5 

CBH5 CII3 
CsH~-CI€OI3--CH--CH3 . HC1 210 25.00 9.53 

I 

> CHO-CH?-CH2-K< . HC1 

XH- CHI 

H,C~-O-Cs€IIa-COO-C€I~-CII?-N < C2Hs 260 6.25 . . .  
CeH5 

. HCl 

,CH3 
.HCI 

‘CHe 
c,H,-cH~-N-CH~-CH~-N 

I 305 7.60 8.96 

290 3.33 8.95 

248 16.95 8.65 

~- ~- ~ 

m o l e s  t o t a l  p o l y m e r  r m o l e s  b o u n d  d r u g  

c / I- 

_- -/-- _- - 

Fig. 1.-Ratio between 
total moles of polymer 
and moles of bound drug 
us.  the reciprocal of free 
drug molcculcs. Key: 
0, procaine; 8, promcth- 
azine; +, prarnoxine; 0, 
&ephedrine; 0 ,  tripel- 
ennamine; 8,  parethoxy- 
caine; A, amylocaine; 0, 
diphenhydramine. 
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By solving the system one obtains, 

(0.5 uo - ai)xo2 + (Dai - Poi f uoai - 
0.5 ao2)xo + (DPai - Dqai) = 0 (Eq. 5) 

By substituting in Eq. 5 the values of D, P, a,,, 
and ai, respectively, the values of xg and xi are ob- 
tained. 

In Fig. 2, the ratio between inside molar conccn- 
tratioii of the drug, ci, and outsidc molar concentra- 
tion, CO, is plotted against the total concentration of 
the drug. Figure 3 reports the ratio, G ~ / C O ,  respec- 
tive to the chloride ions as a function of the total 
concentration of the drug. 

I 

- ~ 1 - __ J 
1 0  2 0  P O  

o r u s  H 16 '  

Fig 2.--Ratio, cl/cg, (drug) us total concentration of 
the drug. 

Ci 
C. 
- 

1 

C / 
0 1.0 2 . 0  

moles of drug (Fig I), straight lines are obtaincd, 
showing that the electrostatic effect can be neglected 
with respect to the statistical effect. This is reason- 
able since the concentration of the solution is very 
low. The number of free sites of the polymer was, 
under our conditions, roughly 10 times the concen- 
tration of the drugs considered. 

Under the experimental conditions of this work, 
the Donnan effect may be neglected, since we have 

Xz . aa . ys = . Y O .  3 .  54.  
v,  vII vz z'o vlJ Zfo I 
3 = -(a0 - xn) Lo : 

and 

D-z Xo . ai . P L 2  = 3 . 9 . 5 
vi v i  Vi a0 vu *a 

3'0 = a" - xu 

where D = mmoles of total drug 
= mmoles of polymer (inside) 
= mmoles of chloride outside 

P 
a0 
ai = mmoles of chloride inside [this value 

xu 
Xi 
vo 
Vi 

was obtained by Kennon et al. (ll)] 
= mmoles of drug outside 
= mmoles of drug inside 
= outside volume of solution (20 nil.) 
= inside volume of solution (10 nil.) 

V i / V O  = 0.5 
yo 
4'1 

= mmoles of sodium outside 
= nimoles of sodium inside 

Fig. 3.-Ratio, ci /co 
(chloride ion) vs. total 
concentration of the drug. 

The trend of the values, C ~ / C O  versus the concentra- 
tion of the drug, shows that in the considered range 
of concentrations, they may be considered roughly 
constant and near unity. Therefore, under the 
above-mentioned conditions the Donnan effect 
can be neglected. 

The association constants between the drugs and 
polyelectrolyte reported in Table I arc approxi- 
mately higher for monomcthyl dcrivatives (d-  
ephedrine), followed by dimethyl and diethyl 
dcrivativcs, while no significant differences can be 
observed iii their respective pKa values. 

Further studies are in progress to cvaluatc the 
role of the steric hindrance on such interactions. 
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Evaluation of N-Haloacyl Analogs of a,a-Diphenyl-4-piperidinemetha- 
no1 Against Ehrlich Ascites Carcinoma in Mice 

By WIUIAM D. ROLL 

The antitumor activity of 8 haloamide derivatives of n,a-diphenyl-4-piperidine- 
methanol was studied in C3H agouti mice against the Ehrlich ascites carcinoma. 
The preliminary screening studies would seem t o  indicate that the chemotherapeutic 
effect of these compounds is potentially significant. There seems to  be a definite 
correlation between structure and activity within the propionamide and acetamide 
analogs in  that within each group of compounds the iodoamides have the highest 
order of activity; the bromoamides have intermediate activity; and the chloroamides 
have the least activity. The  haloacetamide analogs seem to be more toxic than the 

corresponding halopropionamide derivatives. 

N A PREVIOUS paper (1) the synthesis and potential I antitumor activity of a series of N-haloacyl 
derivat.ives of a,a-dipheny1-4-piperidinemethanol 
wcrc reported. A continuation of the antitumor 
screening study shows that the compounds (Table I )  
have significant activity against Ehrlich ascites 
tumor in C3H mice. 

EXPERIMENTAL' 

Experiments were performed on 5-10-week-old 
C3H agouti mice purchased from the K. B. Jackson 
Memorial Laboratory, Bar Harbor, Maine. The 
testing procedure used was similar to that described 
by Linder (2) and Hauschka et al. ( 3 ) .  

Transplantation of the tumor was carried out by 
aseptically withdrawing ascites fluid from a donor 
mouse bearing a 7-day ascites tumor. Each expcri- 
mental animal was inoculated i.p. with 2 X lo6 
ascites cells. Ten animals were used as controls and 
10 animals for treatment. Mice were distributed 
into groups of comparable weight and treatment 
was begun 24 hr. after tumor implantation. The 
compouuds were administered in peanut oil (1 yo) 
and control animals received Corresponding volumes 
of peanut oil alone. Change in body weight was 
noted as a measurc of the accumulation of tumor 
cells and ascitic fluid. Cell counts were used as a 
measure of the inhibition of tumor cell growth. 
The dosages recorded in Table I1 were administered 
in single intraperitoneal injections per day com- 
mencing 24 hr. after transplantation of the tumor 
and continuing for 3 days. The results recorded 
in Table I1 were determined on the sixth day after 
intrapcritoiieal transplantation of the tumor. 

RESULTS 

The chemotherapeutic activity of the halo- 
propionamide analogs ( I ,  IV,  VTI) against ascites 
tumor showed that the iodopropionyl derivative 
(VII) exhibited the greatest inhibition, and the 
relative activity within this group of compounds was 
VII > I V  > I. Thc same ordcr of activity was 
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fnr providing us with the original donor animals. 

TABLE  DERIVATIVES OF ol,a-DIPHESYL-4- 
PIPERIDINEMETHANOL 

Compd. 
1-( 3-Chloropropionyl)-a,a-diphenyl-4-piperidinc- 

1-( 2-Chloropropionyl)-a,~-diphenyl-4-piperidi~e- 

l-Chloroacctyl-~,~-diphenyl-4-piperidir~e~1iethanol 

1-( 3-Bromopropionyl)-~~,a-diphcnyl-4-pipcridinc- 

methanol (I)  

methanol (11) 

(111) 

methanol (11') 

methanol (17) 
I-( 2-Bromopropionyl)-a,a-diphenyl-4-piperidinc- 

l-Bromoacetyl-a,a-diphenyt-4-piperidin~m~t~~a~ol 

1-( 3-Iodopropionyl)-a, ru-diplicnyl-4-piperidinc- 

1-Iodoacetyl-or ,~-dipIienyl-4-piperidi1iemethaiiol 

( V I )  

methanol ( V I I )  

(VIII) 

TABLE II.-RESULTS OF SCREENING TESTS Versus 
THE EHRLICH ASCITES CARCINOMA" 

~- 
~~ 

GI-owth 
Dosage, Mortality Av. Wt. Inhibi- 

Compd. Day" Group T I C .  Gm. Katio" 
mr.,f'Kg.,f' Treated Change, tion 

I 20 0/l0 1.9/4.5 5:l  
I1 20 0/10 0.5/4.4 2 : l  

I v 20 0/10 3 2 / 5  3 2 O : l  

VII  20 0/10 ~ 0.6/4 5 T5:l 
VIII 10 0/10 --2.1/4.2 2 7 : l  

111 10 0/10 -l.T/3.5 3:1 

v I 10 2/10 -3.6/4.1 32:l 
v 20 0/10 -1 .6/4.5 13:l 

a T = treated group. C = contiol group. Katio o f  the 
total number of turnor' cells in control mice to number in 
treated animals. Represents one-half the I.Dso as deter- 
mined in C3H mice. 

noted with regard to thc haloacetamidc analogs: 
iodoacetamide > bromoacctamidc > chloroacct- 
amide. The toxicity of haloacetyl dcrivatives was 
greater than that of the halopropionyl analogs. 
(See Footnote I;, Table 11.) 
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Saccharin Derivatives VIII. Hypotensive Agents 
By GLENN €1. HAMOR 

Saccharin analogs of chlorothiazide have been reported to possess diuretic activity. 
This paper relates the synthesis of 6-chloro-2-methylsaccharin, which is structurally 
similar t o  7-chloro-3-methyl-l,2,4-benzothiadiazine 1,l-dioxide (diazoxide), a non- 
diuretic, hypotensive benzothiadiazine. The 6-chloro-2-methylsaccharin along with 
some 9 related saccharin derivatives, which had been synthesized earlier in  a con- 
tinuing study of saccharin chemistry, were screened for pharmacological activity. 
Preliminary results indicate hypotensive effects in cats and dogs, with little diuretic 
response. In  fact, 2-ethyl-4-nitrosaccharin showed antidiuretic properties. In  addi- 
tion to  producing a moderate transient hypotension in the anesthetized dog, 

6-chloro-2-methylsaccharin produced CNS stimulation in rats. 

HE DIURETIC activity of compounds rclatcd to 6- T chloro-7-sulfamoyl-1,2,4-benzothiadiazine 1,l- 
dioxidc (chlorothiazide) ( I )  is well known (I). Cer- 
tain of them also show hypotensive activity and are 
used clinically in the treatment of mild hypertension 
(2). Several recent papers describe closely related 
substatices lacking the sulfamoyl group, exemplified 
by 7-chloro-3-methyl- 1,2,4-benzothiadiazine 1,l- 
dioxide (diazoxide) (11), as possessing antihyper- 
tensive but not diuretic activity (3-6). 

The saccharin analogs, 5-chloro-6-sulfarnoyl- 
saccharin (111) (7) and 2-methyl-6-sulfamoyl- 
saccharin (IV) ( 8 ) ,  are reported to exhibit diuretic 
activity.’ This paper relates the results of prr- 
liminary pharmacological testing of some 9 sac- 
charins corresponding to the hypotensive 1,2,4- 
benzothiadiazines in not containing an extranuclear 
sulfamoyl group. The synthesis of 6-chloro-2- 
methylsaccharin (V) is described. The remaining 8 
saccharin derivatives had been prepared earlier in a 
contiiiuing study of saccharin chemistry (9-11). 

Because Topliss et al. (4) had reported most of the 
hypotensive activity of the benzothiadiazines to be 
retained if the chlorine at position 7 were replaced by 
nitro, various nitrosaccharins and related com- 
pounds were selected for testing (Table I). The F- 
chloro-2-methylsaccharin was synthesized by chloro- 
sulfonation of 4-chlorotoluene, followed by treatment 
with aqueous ammonia, which gave 4-chlorotoluenc- 
2-sulfoiiamide. Oxidation of this compound suc- 
ceeded by a Williamson reaction of the resulting 6- 
chlorosaccharin with methyl iodide gave the desired 
6-chloro-Z-meth yIsaccharin. 

Preliminary pharmacological resultsa indicate 
these compounds to possess hypotensive effects, on  
intravenous injection in cats and dogs, of primarily 
a transient nature. The 4-nitro-2-n-propylsaccharin 
(compound 4) shows some evidence of autonomic 
ganglionic blocking. These substances possess littlc 
diuretic response. In fact, 2-ethyl-4-nitrosaccliari11 
(compound 3 )  showed antidiuretic properties. In 
contrast, 2-methyl-6-suliamoylsaccharin (IV), the 
diuretic compound, produced transicnt pressor 
effects in the cat after doses of 0.5-10.0 mg./Kg. 
intravenously. In addition to producing a moderate 
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1 However, destevens reports 111 to be inactive a5 a di- 
uretic. 

* The author is indebted to Smith Kline & Fi-ench 1,abora- 
fories, Philadelphia, Pa., for pharmacological testing. 

Hamor, G. H., J .  Phnrm. 

(See  Reference I ,  p. 113.) 

I I1 

c1 
111 

IV 

V 

transient hypotension following administration of 5 
and 10 mg./Kg. i.v. in the dog, 6-chloro-2-methyl- 
saccharin ( V )  caused CNS stimulation in rats orally 
at 300 mg./Kg. It may be of intcrcst t o  note that 
this sacchariu compound (V)  is tasteless, as have 
been other N-substituted saccharins in our experi- 
cnce. 

EXPERIMENTAL 

6-Chloro-2-methylsaccharin (V).3-In a 200-ml. 
round-bottom flask fitted with a reflux cotidenser 
and hcating mantle wcre placed 5.0 Gm. (0.023 mole) 
of 6-cliloro~accharin,~ 1n.p. 217’ [reported 1n.p. 218’ 
(12)], 1.3 Gm. (0.012 mole) of sodium carbonate, 
and 100 ml. of dimethylformamide. To this was 
addcd 7.3 Gm. (0.051 mole) of mcthyl iodide. The 
solution was refluxed for 1 hr. aud then poured into 
approximtely 700 ml. of ice water. The mixture was 
cooled for 30 min., then filtered and washed with 2 
portions of cold water to give 3.2 Gm. (60y0) of 
white solid, m p .  174-175.5°.6 Recrystallization 

3 Chemical Abstracts nomenclature, 6-chloro-2-methyl- 
1 .~~benzisothiazolin~3-vne 1,l-dioxide. 

4 The author thanks Bernard L. lieavlin for synthesis of 
the sample of 6-chlvrosaccharin. 

8 Melting points were determined by the open capillary 
iube m.tbr>d and are uncorrected. 
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Compd. X R M p , Ref. 

I V  6-SOnNH2 CH3 230-232 (8) 

1 6-NO2 n-C3H; 12&121 (9)  
2 &NO2 i G H 7  148 (14) 
3 4-N02 CJ€5 184.5-185.5 (101 
4 4-NO2 z-C~H; 138-139.5 (101 
5 I1 &3H; G't-64 (14, 15) 

v 6-C1 CH3 180-181 This paper 

0 

6 

7 
8 

H 

II 
I3 

136 
// 
C-O--CzHs 

136-137 
206 207 

( 1 1 , 1 3 )  

~ 

0 ~ e l t i n g  points wet-c determined either with a Fisher-Johns melting point apparatus or by the capillary tube 
method and are uncorrected. 

from acetonc-water gave white needle crystals, 
m.p. 180-181". 

Anal.G-Calcd. for C8H6CIXOaS: C, 41.50; H, 
2.61. Found: C, 41.60; H ,  2.73. 
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Thin-Layer Chromatography of Cardiac Glycosides 
By EUGENE J. JOHNSTON and ALLEN L. JACOBS 

A rapid thin-layer chromatographic proce- 
dure for the separation and identification of the 
common cardiac glycosides is presented. A 
benzene-ethanol solvent is used for develop- 
ment and a perchloric acid spray for visualiza- 

tion. 

HIN-LAYRR chroniatngraphy has provcti to he 'T more rapid arid sensitive than paper chroxriatog- 
raphy for the identification and purity determina- 
irion of many drugs. A number of solvent systems 
and sprays useful for cardiac glycosides have been 
published (1-4). This paper reports the dcvelop- 
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mcnt of a relatively simple technique which has cer- 
tain advantages over these approaches. 

EXPERIMENTAL 

Thin-Layer Plates.-A 0.25-mm. layer of Silica 
Gel G (E. Merck, Darmstadt) is applied t o  the 
plates. The plates are air dried for 10 min , then 
heated in an oven for 45 rnin. a t  120". The plates 
are stored in a desiccator and used without further 
activation. 

Solvent System.-Benzene-95% ethanol (7 :3  

Spray Reagent.-Fifteen milliliters of 70% per- 
chloric acid added to  100 ml. of water. 

Preparation of Samples.-The substances are dis- 
solved in a suitable solvent, usually methanol. For 
purity studies, 100 nicg. of substance is spotted on 

v/v1. 
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Thin-Layer Chromatography of Cardiac Glycosides 
By EUGENE J. JOHNSTON and ALLEN L. JACOBS 

A rapid thin-layer chromatographic proce- 
dure for the separation and identification of the 
common cardiac glycosides is presented. A 
benzene-ethanol solvent is used for develop- 
ment and a perchloric acid spray for visualiza- 

tion. 

HIN-LAYRR chroniatngraphy has provcti to he 'T more rapid arid sensitive than paper chroxriatog- 
raphy for the identification and purity determina- 
irion of many drugs. A number of solvent systems 
and sprays useful for cardiac glycosides have been 
published (1-4). This paper reports the dcvelop- 
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mcnt of a relatively simple technique which has cer- 
tain advantages over these approaches. 

EXPERIMENTAL 

Thin-Layer Plates.-A 0.25-mm. layer of Silica 
Gel G (E. Merck, Darmstadt) is applied t o  the 
plates. The plates are air dried for 10 min , then 
heated in an oven for 45 rnin. a t  120". The plates 
are stored in a desiccator and used without further 
activation. 

Solvent System.-Benzene-95% ethanol (7 :3  

Spray Reagent.-Fifteen milliliters of 70% per- 
chloric acid added to  100 ml. of water. 

Preparation of Samples.-The substances are dis- 
solved in a suitable solvent, usually methanol. For 
purity studies, 100 nicg. of substance is spotted on 

v/v1. 
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light. Good separation of the common cardiac glyco- 
sidcs can be obtained (Table I). The presence of 
certain contaminants is easily detected. The system 
has the advantages of simplicity, speed (approxi- 
mately 0.5 hr.), efficiency of separation, and avoids 
the use of hazardous spray reagents, such as anti- 
mony trichloride. 

Good results can also be obtained using a spray 
consisting of 0.5 ml. of p-anisaldehydc in 50 ml. of 
glacial acetic acid and 1 ml. of concentrated sulfuric 
acid (5 ) .  Aftcr heating the plate for a few minutes 
a t  loo”, the glycosides appear as blue spots with the 
exception of ouabain which appears as a yellow 
spot. 

T A B L E  I .-CHROMATOGRAPHIC DATA 
_ _ _ _ _ _ ~  __-_ 

Substance Rr 
Acetyl digitoxin 0.82 
Digitoxin 0.72 
Digoxin 0.62 
Lanatoside A 0.52 
Lanatoside B 0.41 
Lanatoside C 0.36 
Desacetyl lanatoside C 0.27 
Ouabain 0.09 

_- ~~~- 
Flu orescence 

Red 
Red 
Blue 
Red 
Red 
Blue 
Blue 
Yellow-green 

the plate, although for simple detection 1 mcg. is 
sufficient. 

Visualization.-The platcs are sprayed, then 
placed in a 100’ oven for a few minutes. The per- 
chloric acid produces a charring cffcct and a fluores- 
cence which is visible under long-wave ultraviolet 
light (366 mp.). 

DISCUSSION 

The sensitivity or detection by fluorescence is aug- 
mented by the visualization of the spots in ordinary 
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Determination of Organically-Bound Iodine in Pharmaceuticals 
By GERALD J. YAKATAN* and MURRAY M. TUCKERMAN 

Eight official iodinated compounds with iodine contents from 50 to  66 per cent were 
assayed by the methods official in U.S.P. XVI and N.F. XI, by reduction with zinc in  
alkali, and by a standard procedure using oxygen flask combustion. An additional 
four compounds, formerly official, with iodine content as low as 23 per cent were 
also examined. The  results indicate that the suggested standard procedure is equal 
o r  superior to  the other methods in  recovery of iodine and generally equivalent in  
reproducibility. The  alkaline zinc reduction method is suggested for those com- 
pounds-having an electronegative substituent ortbo orpara to the iodine atoms on the 
aromatic ring. The oxygen flask combustion is suggested for all other iodinated 
compounds and as a general method. The suggested standard procedure consists 
of combustion by  the oxygen flask method, absorption of the combustion products 
in  an alkaline sulfite solution, and titration of the acidified solution of iodide with 
standard silver nitrate using a silver-calomel electrode pair for potentiometric deter- 

mination of the end point. 

HE QUANTITATIVE determination of iodine in T organic compounds has long proved a source of 
difficulty for the analytical chemist. This is re- 
flected in the numerous proposals for the determina- 
tion of iodine in organic substances. An assay pro- 
cedure for the determination of iodine in an organic 
compound actually involves two problems. First, 
the organic compound must he decomposed to 
liberate the iodine, and then the iodine must he 
quantitatively determined. By far the more diffi- 
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cult of these problems is finding an efficient method 
for the decomposition of the organic compound which 
will not result in the loss of any of the iodine present. 

EXPERIMENTAL 

Reagents.-All reagents cmploycd were reagent 
grade chemicals. All standard solutions employed 
were prepared and standardized according to the 
official compendia. 

Methods.-A. Parr Bomb Method (1-3).-The 
organic matter is oxidized by fusion with sodium 
peroxide in a bomb and the halide present is con- 
verted to sodium halide. 

Alkaline Permangunate Meihod (4,  S).-This 
assay is based on the conversion of organically- 
hound iodine to iodide by the action of permangarlate 
in alkali and reduction with bisulfite. 

Zinc-Sodium Hydroxide Method (6).--In this 
method thc organic iodine is replaced with hydrogen 
generated iii the nascent form by the reaction of 
zinc and sodium hydroxide. 

B. 

C. 
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placed in a 100’ oven for a few minutes. The per- 
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cence which is visible under long-wave ultraviolet 
light (366 mp.). 
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Eight official iodinated compounds with iodine contents from 50 to  66 per cent were 
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four compounds, formerly official, with iodine content as low as 23 per cent were 
also examined. The  results indicate that the suggested standard procedure is equal 
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pounds-having an electronegative substituent ortbo orpara to the iodine atoms on the 
aromatic ring. The oxygen flask combustion is suggested for all other iodinated 
compounds and as a general method. The suggested standard procedure consists 
of combustion by  the oxygen flask method, absorption of the combustion products 
in  an alkaline sulfite solution, and titration of the acidified solution of iodide with 
standard silver nitrate using a silver-calomel electrode pair for potentiometric deter- 

mination of the end point. 

HE QUANTITATIVE determination of iodine in T organic compounds has long proved a source of 
difficulty for the analytical chemist. This is re- 
flected in the numerous proposals for the determina- 
tion of iodine in organic substances. An assay pro- 
cedure for the determination of iodine in an organic 
compound actually involves two problems. First, 
the organic compound must he decomposed to 
liberate the iodine, and then the iodine must he 
quantitatively determined. By far the more diffi- 
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cult of these problems is finding an efficient method 
for the decomposition of the organic compound which 
will not result in the loss of any of the iodine present. 

EXPERIMENTAL 

Reagents.-All reagents cmploycd were reagent 
grade chemicals. All standard solutions employed 
were prepared and standardized according to the 
official compendia. 

Methods.-A. Parr Bomb Method (1-3).-The 
organic matter is oxidized by fusion with sodium 
peroxide in a bomb and the halide present is con- 
verted to sodium halide. 

Alkaline Permangunate Meihod (4,  S).-This 
assay is based on the conversion of organically- 
hound iodine to iodide by the action of permangarlate 
in alkali and reduction with bisulfite. 

Zinc-Sodium Hydroxide Method (6).--In this 
method thc organic iodine is replaced with hydrogen 
generated iii the nascent form by the reaction of 
zinc and sodium hydroxide. 

B. 

C. 
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TABLE I.-IODINE CONTENT DETERMINED B Y  VARIOUS METHODS OF ANALYSIS 
_______ __________ -~ O6cial Methodsb . Proposed MethodC 

Theoretical Results No. of Results No. of Results No. of Results No. of 
Compd.a % I  % 1 Detn. % I Detn. yo I Detn. '% I Detn. 

-----A- C- -B - -Y I C F - D--. 
Chiniofon 26..52gd . . .  . . .  2 3 . 6  f . 4  3 2 3 . 9  % . 3  3 2 3 . 8 3 ~  .1 3 

Iodochlorhydroxyquin U.S. P. 41.5' 4 0 . 6 ' f  .8 3 . . .  . . .  4 0 . 7  I . 2  4 

Diiodohydroxyquin U.S.P. 63.9 . . .  . . .  59.2  =I= .8 6 _ _ .  6 3 . 6  f . 3  5 
Iodipamide U.S.P. 6 6 . 8  . . .  . . .  , . .  6 5 . 4 . f  . 1  3 66 .3  3~ . 5  4 
Iodoalphionic acid N.F. 5 1 . 4  . . _  50.7.k . 5  3 49 .8  5 .6 3 51 .7  i . 2  4 

Iodophthalein 61 .8  ... _ _ _  6 0 . 3 ' 2  . 2  3 5 7 . 0 . j  1 . 0  4 60.6 + .6 4 
Iodopyracet N.F. 4 9 . 8  . . .  4 7 . 1 3 = . 1  3 4 6 . 9 & . 1  4 48.4k.4 4 
Iopanoic acid U.S.P. 66.7  66.5.k .5  3 . . .  , . .  64.5 f . 7  3 6 6 . 6  i . 6  4 
Sodium methiodal N.F. 52 .0  . . .  . . .  4 9 . 5 2 z . l "  3 5 0 . 4 f . 6 "  6 5 0 . 6 3 ~ . 3 ~  5 
Diatrizoic acid* 62 .0  . . .  . . .  . . .  . _ .  5 7 . 3  =t . 4  6 5 8 . 4  ;t . 3  3 
Sodium acetrizoatel 65.8 . . .  _ . .  6 0 . 3  I .7 3 60.7 j: . 3  3 6 1 . 6  j: . 3  4 
Sodium diatrizoate] 5 9 . 9  . . .  . .. . . .  . . .  53.7 f .8  5 54.2 f . 5  4 _ _ _  7 6 . 5  1. . 2  7 Potassium iodide 76 .5  ... . . .  . . .  ... ... 

- _  ~~ 

All assays done on samples as received. The standard deviation was calculated by the Dean and Dixon method (10). 
Sample weight chosen to yield about 10 mg. of iodine. N.F. XI specifications are given since chiniofon is a 

mixture. Method will not produce quantitative dehalogenation. U,S.P. specifications are 40-42% I. Loss on drying 
was 3.25%. ' Used to prepare sodium acetrizoate injection U.S.P. 
XVI. 

Used to prepare meglumioe diatrizoate injection U.S.P. 
2 Used to prepare sodium diatrizoate injection U.S.P. 

D. Oxygen Flask Combustion Method (7-9).- 
This is an extremely rapid, simple, and inexpensive 
technique for combustion analysis of orgauic matc- 
rials in oxygen. The procedure converts organic 
materials into soluble combustion products which arc 
then analyzed. 

Methods A ,  B ,  and C were official in U.S.P. XVI 
and N.F. XI, and the complete procedures may be 
found in the compendia in the monographs for the 
various compounds used in this study. 

Preliminary testing indicated that, of thc official 
methods, method C offered the best possibility of a 
general assay method. All compounds uscd in this 
study were assayed by the official method, by method 
C, and by the proposed general method, method D ,  
which is given in detail under Proposed General 
Method. Table I shows a comparison of the four 
methods. 

Proposed General Method 
Apparatus.-Five-hundred-milliliter oxygen com- 

bution flask (Arthur H. Thomas Co., Philadelphia, 
Pa.), 10-ml. buret, pH meter, silver and calomel 
electrodes, magnetic stirrer. 

Reagents.Sodium hydroxide solution (1 in loo),  
sodium bisulfite solution (1 in loo), approximately 1 
N nitric acid solution, oxygen, 0.01 A6 AgNOs solu- 
tion prepared by weighing as primary standard, low- 
ash filter paper (Whatman 42). 

Combustion Method.-Weigh the sample ac- 
curately on a piece of the filter paper and fold the 
paper to enclose the sample. Place the sample, 
together with a filter paper fuse-strip, in the platinum 
wire loop fused into the flask stopper. Place 5 ml. 
of the sodium hydroxide solution and 2 ml. of the 
sodium bisulfite solution in the flask. Flush the air 
from the flask with a stream of rapidly flowing 
oxygen, moisten the stopper joint with water, and 
ignite the fuse strip. Immediately pluuge the Sam- 
ple holder into the flask, and hold the stopper firmly 
in place. After combustion is complete, shake the 
flask vigorously, inverting and rotating the flask 
to absorb all of the iodine vapor, and allow the flask 
to stand for 3 min. 

Completion Method.--Place a few drops of water 
around the stopper jviiit and twist thc stopper to 
looscn it. Rinse the stopper and sample holder with 
water and transfer the flask contents to a 250-m1. 

beaker, washing the flask several times with a total 
of about 70 ml. of water. Add 2 ml. of the nitric 
acid solution, and if the solution turns a pale yellow, 
add 1 or 2 drops of the bisulfite solution to decolorize. 
Titrate potentiometrically with 0.01 M silver 
nitrate using a silver indicator electrode and a 
calomel reference, adding titrant in 1-ml. increments 
until the potential is about -100 mv. Now add 
titrant dropwise, taking a reading after each addi- 
tion until the meter shows a changc of 150--200 mv. 
This maximum potential change occurs a t  about0 inv. 
and is evidenced by a slow drift in the meter pointer. 
The volume of titrant is recorded. The meter 
pointer will stabilize in a few minutes and thc addi- 
tion of 1 drop of excess titrant will result in a potential 
change of about 40 mv. The end point is further 
shown by the coagulation of the silver iodide par- 
ticles. The silver electrode may be cleaned by 
immersing it in a 50y0 nitric acid solution until the 
electrode gases freely. 

DISCUSSION 

Some of the assay methods for iodinated coni- 
pounds in the U.S.P. XVI aud N.F. X I  can produce 
low results and bc quite time-consuming. Because 
the zinc-sodium hydroxide method requires uo 
elaborate equipment and utilizes a simple procedure, 
i t  was hoped a t  the onset of this work that this 
method might be applicable to all of the compounds 
studied. In proving this, all of the compounds used 
in this study were analyzed by this procedure. The 
data reveal that the method is acceptable for those 
compounds which have a carhoxyl or sulfonic acid 
group attached directly to the ring structure with the 
iodine atoms being orth.o or parn to the acid groups. 
In those compounds in which the acid function 
is separated from the ring structure by one or more 
carbons, the results with this method arc a few per 
cent lower than those obtained with other methods. 
In compouuds without an acid group present, the 
zinc-sodium hydroxide method will not work. 

These observations can be explained on the basis 
of electron densities in the ring systems. The car- 
hoxyl gmup, a meta director, decreases the electron 
densities in the ovtho aud para positions, thus de- 
creasing the strcngth of the carbon-iodiur h o d s  iu 
these positions and allowing dehalogenation to take 
place readily. When the carboxyl function is sep- 
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arated from the ring, a decrease in electron density is 
effected to a lesser extent, possibly explaining the 
lower results obtained with compounds of this type. 
In the hydroxyquinoline compounds, the hydroxyl 
group, an ortho-pura director, increases the electron 
density a t  the ortho and para positions, strengthcning 
the C-I bond, thus resulting in the failure of the zinc- 
sodium hydroxide method. 

Tetrabroniophenolpl~thalein ethyl ester (0.1 % in 
glacial acctic acid) is the adsorption indicator used 
in the official compendia for the titration procedure 
following decomposition by zinc-sodium hydroxide. 
In the course of this work, it was noticed that the 
indicator was stable only for a period of 3-4 weeks. 
This is believed duc to hydrolysis of thc ester linkage, 
since refrigeration of the indicator prolonged the 
stability by scvcral weeks. The freshly prepared 
indicator produces a sharp color change at the end 
point, but the sharpness of this change dccrcascs as 
the indicator solution ages. It is important, there- 
fore, to follow the U.S.P. XVII requirement that the 
indicator be freshly prepared. 

The oxygen flask procedure produced values closcr 
to the theoretical values than were obtained with 
any of the other methods used except the longer, 
more involved Parr bomb procedure. No difficulty 
was encountered from loss due to the transfer of thc 
absorbing medium to another container prior to the 
titration procedure. Many of the conipounds used 
in thc study contained over 60% I and not a single 
case of incomplete combustion was cnountered, 
probably bccausc of the small sample size. 

The potentiometric titration technique was em- 
ployed becausc of the difficulties mentioned with 
tetrabroniophenolphthalein ethyl ester and because 
of the difficulty in visual detection of the equivalence 
point at low iodide concentration. The validity of 
the titration method was shown by the rccovery of 
100.0% of potassium iodide from seven different 
samples having iodide concentrations equivalent 
to that obtained from the combustion procedure. 

The suggested technique differs from that ollicial 
in U.S.P. XVII and N.F. XI1 in that the iodine is 
converted into iodide and titrated with silver nitrate 
as is requircd for iodochlorhydroxyquin U.S.P. The 
official method converts iodine to iodide, then to 
iodate by oxidation with bromine in an acetate- 
buffered medium, removal of excess bromine by 
lormic acid, rcmoval of oxygen by displacement with 
nitrogen, conversion of iodate to iodine by treatment 
with iodide solution, and titration of the liberated 
iodine with standard sodium thiosulfate. 

The official procedure has the advantage of pro- 
ducing six equivalents of iodine for each atom of 
iodine originally present, and is not subject to inter- 
ference by chloride. The sample size allows titra- 
tion volumes of about 30 ml. of 0.02 N thiosulfate. 

The suggestcd procedure eliminates the need €or 
further cheniical treatment after combustion, but 
produces only one equivalent of iodide for each atom 
of iodine originally prescnt. The saniple size re- 
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quires about 9 ml. of 0.01 N silver nitrate. The 
potentiometric end point prevents intcrfercnce by 
chloride. 

The choice between the two methods is certainly 
open to debate. The official method requires morc 
handling, more reagents, a cylinder of nitrogen, use 
of a hazardous bromine solution, storage of standard 
sodium thiosulfate whose normality must be fre- 
quently checked and which is a sccondary standard, 
and use of starch T.S. indicator which must be 
freshly prepared. In contrast, the suggested mcthod 
USCS the solution from the combustion and a stable 
solution of primary standard for titration, but does 
require the less common 10-ml. buret and silver 
clectrodc as wcll as a pH meter capable of use as a 
millivoltmeter. The official method might be bcst 
for a laboratory which routinely uses 0.02 N thio- 
sulfate for iodine determinations, whcrcas thc sug- 
gested method might be better for laboratories with 
a low volume of iodine titrations but with adequate 
instrumentation. 

In several instances the data obtained by all 
methods is a t  least 4y0 lower than the theoretical 
values for the compound. In all cases where this is 
true, the compound is not official as the powdered 
material supplied to the authors for this investiga- 
tion, but as the injection. The data obtained do 
not reflect on the validity of the assay methods; 
in many eases it is the manufacturcrs’ policy to assay 
thc powdcred material for iodine content and then 
prepare the injection to mcct the standards of the 
official compendia. 

CONCLUSIONS 
The proposed method utilizing the oxygcn flask 

combustion is in all cases superior to or equal to other 
mcthods in recovery of iodine and generally equiv- 
alent in reproducibility. With the procedure sug- 
gested, an analyst with a minimum of practice can 
complete an analysis in 20 min., far faster than any 
of the presently ofIicial methods. The method is so 
rapid and simple that a technician could obtain 
excellent results in routine laboratory work. 

Despite the general applicability of the suggested 
method, it is recommended that the alkaline zinc 
method be retained for appropriate compounds br- 
cause of its case, absence of hazard, use of coinnion 
equipment, and an indicator end point. 
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Quantitation of the PVA-Borate-Iodine Complex 
By CARL A. PANNUTI, VINCENT DEPAUL LYNCH, ANTHONY J. MONTE-BOW, and 

JOHN J. SCIARRA 

While the PVA-borate-iodine complex is 
shown to be suitable for the qualitative de- 
termination of boric acid, attempts to adapt 
this to a colorimetric procedure were of no 
avail. A possible explanation is suggested 

as a dilution phenomenon. 

N A PREVIOUS publication ( l) ,  i t  was reported that I the PVA-borate-iodine reaction was suitable 
for the detection of boric acid in urinc. -4t the same 
time it was inferred that this test might be adaptable 
to a quantitative dctermination of boric acid, on thc 
basis of the fact that the authors were able to detect 
as little as 0.3 mg. of that substance. The fact 
that this reaction involved the development of a 
color as an end point might also lead one to believe 
t h a t  variation in the color produccd by different 
concentrations of boric acid could be used as the 
basis for a colorimetric assay. 

In a series of experiments conducted along those 
lines in thesc laboratories, the following Pacts were 
ascertained. 

Simple dilution with water caused the typical 
blue-black color to be discharged. The resultant 
color was either yellow or red-brown. The intensity 
of the dilute color could not be related to differences 
in the concentration of any of the coniponents of the 
reaction mixture. Colorimetric determina.tions were 
carried out using a Spectronic 20 colorirneter. 

The discharge of color could not be attributed 
to altcration in pH. It was determined that an 
optimum p H  of 4.0 was necessary for initial color 
development, but that subsequent dilution caused 
the color to  discharge even though the optimum 
pH was maintained throughout the series of dilu- 
tions. 

( a )  

( b )  
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( 6 )  A variety of water-miscible, organic solveuts 
was tested to determine whcthcr the discharge of 
color could be caused by the available excess hy- 
droxyl or hydronium ions. A spectrum of glycols 
and alcohols caused color discharge. In addition, 
color loss was also noted with the addition of di- 
oxane, acetone, and ethyl acetate. This seems to 
indicate that the change in color from blue to yellow 
is a dilution phenomenon not related to either cxccss 
hydroxyl or hydronium ions. 

In the case of dilution with absolute ethyl 
alcohol, it  was noted that the yellow color which 
developed could be related to the concentration 
of boric acid. Using a Beckmati model DB record- 
ing spectrophotometer, a linear relationship was 
established for concentrations of boric acid down to 
10.0 mg. Below this concentration, only erratic 
readings were obtained. The developed color was 
discharged on standing. Dccoloration was hastened 
when heat was applied. I t  was shown snbsequently 
that thc ycllow color represented an excess of iodine. 

The above observations lead us to believe 
that this tcst, in all probability, will havc to rcmain 
qualitative. 

It must be concluded that the color developed in 
the PVA-borate-iodine reaction is dependent upon 
the optimum concentration of reactants in an 
optimum volume of solvent. The nature of the 
solvent is important to the extent that all reactants 
must be mutually soluble in it. The initial color 
is probably not due t o  a production of a color pig- 
ment in the complex formation, but rather to the 
ability of that specific concentration of substances 
to exhibit spectral absorbance within the blue range. 

( d )  

( e )  
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Quantitation of the PVA-Borate-Iodine Complex 
By CARL A. PANNUTI, VINCENT DEPAUL LYNCH, ANTHONY J. MONTE-BOW, and 

JOHN J. SCIARRA 

While the PVA-borate-iodine complex is 
shown to be suitable for the qualitative de- 
termination of boric acid, attempts to adapt 
this to a colorimetric procedure were of no 
avail. A possible explanation is suggested 

as a dilution phenomenon. 

N A PREVIOUS publication ( l) ,  i t  was reported that I the PVA-borate-iodine reaction was suitable 
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basis of the fact that the authors were able to detect 
as little as 0.3 mg. of that substance. The fact 
that this reaction involved the development of a 
color as an end point might also lead one to believe 
t h a t  variation in the color produccd by different 
concentrations of boric acid could be used as the 
basis for a colorimetric assay. 
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The discharge of color could not be attributed 
to altcration in pH. It was determined that an 
optimum p H  of 4.0 was necessary for initial color 
development, but that subsequent dilution caused 
the color to  discharge even though the optimum 
pH was maintained throughout the series of dilu- 
tions. 

( a )  

( b )  
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In the case of dilution with absolute ethyl 
alcohol, it  was noted that the yellow color which 
developed could be related to the concentration 
of boric acid. Using a Beckmati model DB record- 
ing spectrophotometer, a linear relationship was 
established for concentrations of boric acid down to 
10.0 mg. Below this concentration, only erratic 
readings were obtained. The developed color was 
discharged on standing. Dccoloration was hastened 
when heat was applied. I t  was shown snbsequently 
that thc ycllow color represented an excess of iodine. 

The above observations lead us to believe 
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TABLE ~.-QUATBRNARY SALTS 

W J n C N  

H' 
x (-) 

Position 
of Side Yield, M.p., ,-- Anal., %-- _. 

Compd. K n Chain X %  O C .  Formulas Calcd. Found 
1 CH, 1 3 I 84.5 119-120 CsHgINz C, 36.44 36.56 

H, 3.48 3.52 
N, 10.77 10.45 

H ,  5.30 5.20 
N, 11.45 11.58 

I1 CeHeCHP 1 3 C1 74 154-157 C I ~ H ~ S C I N ~  C, 68.70 68.69 

I11 CH? 2 2 I 61C 138-139.5 CSHIIIN~ C, 39.43 39.45 
r-1, 4.04 3.96 
N,10 .22  10.38 
_____ 

Reaction to form quaternary compound carried out at 100' for 18 hr. Reaction run a t  125' for 16 hr. The crystalline 
mass was  admixed with tar. Pure material was obtained by continuous extraction with refluxing isopropyl alcohol. 

TABLE 11.-HYDROGENATION PRODUCTS 

D(cH2)ncN 
I 

R 

Ring 
Position -- Constants-? 
of Side Yield,a B.p., mm. *--Anal., %---- 

Compd. I< n Chain % "C. n D  M.p. Salt Formulas Calcd. Pound 2 5  

1V CHI 1 3  59 106 13 1.4684 , . . C8H14N2 C, 69.51  68 .91  
H,  10 .21  10 .21  
N, 20.27  2 0 . 3 0  

. . .  . .. . . . . . . . . .  . , . 120-122' Cs€IisCIN2.1/2H?O C ,  52.31  52.47 
H. 8.78  8 . 6 2  
N, 15.26  1 5 . 2 8  

. . . . . . . . .  . . .  93.5-94.5' C12H20N204 C, 56.23  5 5 . 9 l  
H. 7 . 8 6  8 . 0 0  
N, 1 0 . 8 2  1 0 . 7 1  

V C6HsCHn 1 3 56 169 3 . 8  1.5301 . . .  CirHishTn C, 7 8 . 4 6  7 8 . 7 4  
H, 8 . 4 6  8 70 
N, 13.07  13 .14  

V I  CHa 2 2  54 13*5 32 1.4710 ... CPHIA" C, 71.00  70 96 
H, 10.59  10 .81  
N, 18 41 18 51 

The bases are easily soluble in water. The yields might be substantially increased by continuous extraction. " Hydro- 
chloride sdlL. Succinate salt. 

from thc hydrogenation of 3-acetylpyridine (3). 
Other investigators report selective convcrsion of the 
carbonyl group or concurrctit reduction in such in- 
stances 

1-Methyl-3-cyanotnethylpiperidine was obtained 
from thc reduction of methyl 3-cyanomethylpyri- 
dinium iodide in the presence of platinum oxide or 
rhodium on carbon The instability of 2- and 4- 
cyanomethylpyridincs prcvented any work on subse- 
quent quaternization and reduction t u  obtain the 
isomeric 2- and 4-cyanomethylpiperidines 1- 
B~nzyl-3-cyanomethylpipcridine mas alsn prepared 
and subjected to hydrogenolysis to yield X-cyano- 
tnrthylpiperidine. 

Attempts were made to reduce 3-cyauomcthyl- 
pyridine to the pipcridine selectively in aqueous 

alcoholic hydrochloric acid or in glacial acetic acid 
In all cases the nitrik group was perferentially 
attacked. 

It had been postulated that the selectivc conver- 
sion of the ring which occurs Nhen a quaternary 
compound is reduced is due to the existence of a 
single species incapable of reversibility as compared 
to the equilibrium existing betwccn the base and the 
ionic form of an arid salt ( I ) .  Thc unwcccssful 
conversions in aqueous acidic media were probably 
due to w-atcr competing for protonation In glacial 
acetic acid protonation apparcntly w a 5  not com- 
plete enough for selective ring reduction When the 
hydrogenation of 2-(3-cyanoethyl )pyriditie wa\ car- 
ried out in trifluoroacctic acid selective conversion 
of the ring did not take place. On thc other hand 
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reduction of the methiodide in 50y0 aqueous alcohol 
yielded l-niethyl-2-(2-cyanoethyl)piperidine in 
fairly good yield. 

EXPERIMENTAL' 

The following procedure was used to prepare the 
quaternary salts listed in Table I. 

Methyl 3-Cyanomethylpyridinium Iodide (I).-A 
mixture of 11.8 Gm. (0.1 mole) of 3-cyanomethyl- 
pyridine and 21.3 Gm. (0.15 mole) of methyl iodide 
in 60 nil. of dry benzene was heated in a 183-ml. 
stainlcss steel rocker type bomb for 12 hr. a t  100". 
After cooling, the solid product in the reactor was 
filtered, washed with anhydrous ether, and dried. 

Hydrogenation of the quaternary compounds was 
carried out in the following manner. 

1-Methyl-3-cyanomethylpipendine (IV).-A solu- 
tion of 20.8 Gm. (0.08 mole) of I in 200 ml. of 90% 
aqueous alcohol was hydrogenated ( 3  Atm.) in the 
presence of 0.6 Gm. of platinum oxide.2 Uptake for 
0.24 molc was complete in 4 hr. The catalyst was 
removed by filtration. It was washed with 25 ml. 
of water and the combined filtrate and washings 
concentrated to dryness under reduced pressure. 
The residue was dissolved in a small amount of water 
and the solution, kept below 15", was made strongly 
basic with 40-50y0 sodium hydroxide solution. The 
mixture was extracted thoroughly with benzene and 
the extract dried over anhydrous magnesium sulfate. 
The solution was then concentrated and the rcsiduc 
distilled. Gas-liquid chromatography of the dis- 
tilled product as well as the othcr amines (V and VI) 
showed each to be a single component. Infrared 
examination gave no evidence of the presence of 
primary or secondary amine but did show the 
characteristic C%N band at 4.464.48 G. It was 
difficult to get good carbon, hydrogen, and nitrogen 
values unless thc bascs wcre analyzed immediately 
after distillation because they absorbed carbon 
dioxide so rapidly. Some wcre additionally charac- 
terized as salts. (See Table TI.) 

3-Cyanomethylpiperidhe (VII).-A solution of 
32.8 Gm. (0.153 mole) of V in 100 ml. of 95% ethd- 
1101 containing 0.153 mole of dry hydrogen chloride 
was hydrogenated in the presence of 5.0 Gm. of 5% 
palladium on carbon at room temperature and 2 
Atm. pressure. Hydrogen uptake was interrupted 

1 Microanalyses were carried out by 0. F. Rolsto and his 
group, infrared examination by A. Kamrner and W. Wash- 
burn, gas-liquid chromatography by MIS. Tairni Anderson. 
The author is grateful to these people for their assistance and 
to Miss Evelyn Schuber for ihe preparation of 2-(2-cyano- 
rtby1)pyridine. 

2 A 1520% ratio of 5% rhodium on carbon to substrate 
may be substituted. Both catalysts are available from 13ngel- 
hard Induslries, Newark. N. J. 
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at 90% of theory to insure selectivity. After re- 
moval of catalyst, the solution was conccntrated to 
dryness under rctluccd pressure. 'The residue was 
dissolved in 50-75 ml. of water and cooled to about 
10-15" and kept cold while adding an excess of 50% 
sodium hydroxide solution. The oily layer was ex- 
tracted with benzene, dried over anhydrous magne- 
sium sulfate, and concentrated after filtration from 
the drying agent. The residue was distilled. b.p. 
125" (15 mm.); ng 1.4791; yield, 53%. 

And-Calcd. for C7H12N2: C, 67.69; H, 9.74. 
Found: C, 67.70; H, 9.96. 

The base picks up carbon dioxide rapidly arid must 
be analyzed immediately. The found nitrogen value 
continued to drop after each analysis. 

A hydrochloride mclted a t  14@142'. It was 
found to be a hemihydrate. 

Anal.-Calcd. for C7H13C1N2.0.5H20: C, 49.55; 
H, 8.35; N, 16.52. Found: C, 49.39; H,  8.00; N, 
16.58. 

011 further drying a t  100" under reduced pressure 
for 8 hr. the salt appcarcd to stabilize a t  0.25 H20. 

Anal.-Calcd. for C~HI~C~IY~.O.~EJH~O: C, 50.90, 
H, 8.24; C1, 21.45; N, 16.96; 0, 2.45. Found: C, 
50.75; H,  8.35; C1, 20.79; N, 16.98; 0, 1.87. 

Attcmpts to dry the salt at 130" in aacuo caused 
loss of hydrogen chloride. 

Hydrogenation of 3-Cyanomethylpyridine in 
Acidic Media.-A solution of 11.8 Gm. (0.1 mole) of 
3-cyanomethylpyridine in 50-75 ml. of water con- 
taining 1.0 to 1.2 moles of hydrogen chloride was 
hydrogenated in the presence of 0.350 Gm. of plati- 
num oxide. Only 2 molar equivalents of H were 
absorbed. After removal of catalyst, concentration 
of the filtrate and basification, as in previous experi- 
ments, the crude product on infrared examination 
showed that the C-N band was no longcr present. 
Thc presence of the pyridine ring C=N, and the 
presence of primary or secondary amine was noted. 
On distillation about a lOy0 yield of 3-(2-amino- 
ethy1)pyridine was obtained. The residue was a 
tarry formation. 

In a reduction in glacial acetic acid containing 
0.1% of concentrated sulfuric acid, 30% of the same 
amine was obtained. We never were able to show 
more than trace amounts of V I I  by gas-liquid chro- 
matography in these or other experiments in various 
acidic media. 

REPERENCES 

X V I  A Academic Prks luc., New York, N. Y .  1963 p. 227. 

SY7( 1861). 

( 1 )  Freifeldcr, M. "Advances in Catalysis," "01. 14, sec. 

( 2 )  i y l e ,  R.  E., and Warner, G. H., f. M e d .  ?hem., 3. 

(3) Freifelder, M., f. OFK.  Chmz., 29, 21)85(1964). 



In Vitro Determination of Defoaming Inactivation of 
Silicone Antacid Tablets 

By MORTON REZAK 

A simple and inexpensive in vitro test was utilized to  evaluate the defoaming activity 
of a silicone defoamer in tablet combination with a number of commonly used ant- 

acid materials. The results covered the complete range of defoaming action. 

HE USE OF silicone defoamers with routine T antacid therapy has come into common practice 
wlierc gas formation has been implicated as a diffi- 
culty in effective antacid therapy ( l ) ,  and where 
gaseous distention is a factor in patient distress (2- 

A study conducted in this laboratory indicated 
that the silicone defoamhg action in an antacid- 
defoamer tablet was not stable, and seemed to reduce 
with agiiig. The objectives of this study were to 
i u )  compare the defoaming activity of a silicone 
defoamer in tablet combination with commonly 
used antacids, ( b )  determine thc stability of the 
above products. 

4). 

EXPERIMENTAL 

Selection of Antacids.-The antacids selected as 
representative of the antacids in use today were 
calcium carbonate, sodium bicarbonate, sodium 
citratc, alurniriutn hydroxide, magnesium trisilicate, 
maguesium hydroxide, magnesium carbonate, gly- 
cine, nmgnesium carbonate-aluminum hydroxide 
coprccipitatc, magnesium peroxide, and bismuth 
subcarbonate. The silicone used is simethicorie 
(Autifoani A,  Dow Chemical Co.), an activated si'i- 
cone. 

Composition and Manufacture of the Tablets.- 
The following ingredients were used (mg./tablet): 
antacid, 400; cornstarch, S O ;  mannitol, 100; simc- 
thicone, 25; polyoxyl 40 stearate,' 3; lactose, 50; 

The granulation is wet and dry milled, blended with 
the cellulose and stcarate, and compressed. 

Both granulation and tablet were placed on stabil- 
ity a t  45". 

PROCEDURES 

Materials to be Tested.-The tablet to be tested 
was passed through a No. 20 screen. Tlie granula- 
tion was tested as a granulation. 

Foam.-The foam was gencrated by dissolving 200 
rng. of a commercial laundry detergent in 100 ml. of 
purified water a t  37". The solution was placed in a 
250-ml. graduated cylinder, and shaken vigorously 
until 150 ml. of foam was produced. 

Defoaming Rate.-The material to be tcsted was 
placed into the graduated cylinder; the cylinder was 
then stoppered and inverted quickly 5 times to 
placc thc granules in contact with both foam and 
liquid. The clock was started and a t  each 15-sec. 
interval, the volume of remaining foam was noted, 
aud the cylinder inverted once again. 'rhc test was 
considered complete after 2 min. or when all the 
foam disappeared, leaving the original 100 ml. of 
water in the cylinder. 

Prolonged Defoaming Rate.--A defoaming rate 
was run as above, extending the time to 5 min. 
Tablets and pure simethicone were tested to obtain 
some estimate of free simethicone remaining in the 
tablets. The simethicone was spread out on micro- 

T A B L E  I.-DEFOAMING TIME OF ANTACID-SILICONE TABLETS 
~. - - 

Days on Stability at 45' 7 

Antacid Material 0 2 7 14 

Calcium carbonate 15 sec. 30 sec. 30 sec. 30 sec. 
Sodium bicarbonate 15 15 15 15 
Sodium citrate 30 15 15 15 
Aluminum hydroxide <12u < 120 <120 <120 
Magnesium trisilicate 15 15 9 0 75 
Magnesium hydroxide 15 30 3 0 30 
LMagnesiutn carbonate <120 < 120 < 120 < 120 
Glycine 15 15 15 15 
Magnesium carbonate-alurriin~~irli hydroxide co-ppt. 90 <120 <120 < 120 
Magnesium peroxide 40 40 70 90 
Bismuth subcarbonate <120 < 120 <120 <120 

p\?P, 80 ; microcrystalline cellulose,2 35; and TABLE II.--DEFOAMING TIME OF TABLETS AFTER 
magnesium stearate, 7 ;  totaling 730. PROLONGED STORAGE 

Procedure.--The antacid, starch, and mannitol =~ 
Storage Defoaming 

are blended. The sitnethicone and polyoxyl 40 at 45', Time, 
stearate are melted togcther and added to the lac- Antacid Days see. 
tose. 8 1 1  the above inatcrials are blended and Calcium carbonate 57 30 
granUlated with an aqueous solution of the PVP. Sodium bicarbonate 44 <120 

Received December A, 1965, from the Research Taboratory, &fagnesium trisilicate 80 90 
Rred and Carnrick Pharmaceuticals, Kenilworlh, N. J. Magnesium hydroxide 49 30 

1 Marketed as Myt-j 52 by the Atlas Powdei- Co., Wilming- Glycine 49 15 

__~ ~~ Sodium citrate 44 1 5  

Accepted for publication January 28, 1966. 

2 Marketed as A v i d  by the American Viscose Co., Marciis 
ton, Del. Magnesiurn peroxide 44 105 
Hook, Pa. 
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TABLE 111.-DEFOAMING TIME OF TABLET 
GRANULATIONS 

Aluminum hydroxide <120 sec. 
Magnesium carbonate < 120 
Magnesium carbonatealuminum 90 

Bismuth subcarbonate <120 
hydroxide co-ppt. 
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Fig. 1 .-Foam depression of antacid-silicone 
tablets. Key: 0, calcium carbonate tablet; X ,  
aluminum hydroxide; A, magnesium carbonate- 
aluminum hydroxidc coprecipitate. 

crystallinc ccllulose at a concentration of 25 mg./ 
Gin. to facilitate testing. 

RESULTS AND DISCUSSION 

The speed of action of a gastrointestinal defoam- 
ing agent may be an indication of its efficiency in 
dispersing gas in vivu (5). This can be demon- 
strated by its defoaniing action. Thc results listed 
in Table I indicate that there is a wide variation of 
defoaming action depending upon the antacid used 
in a silicone defoamer-antacid tablet. 

There is also an apparent aging effect on these 
tablets, as some of the tablets exhibited a dccrease 
in defoaming activity with storage a t  45'. 'These 
test results can be seen in Table 11. 

It is significant that those antacids which most 
inactivate the simethicone (Antifoam A) did so indc- 
pendently of whether or not the material was com- 
pressed. In Table 111 it is evident that the sime- 
thicone inactivation is just as pronounced in these 
granulations as in the compressed tablets. 

An attempt was made to correlate the defoaming 
activity of the tablets with the defoaming activity of 
the pure simethicone. In Figs. 1 and 2, the foam 
reduction as a function of time is shown. 

The complete defoaming range of the tablets is 
shown in Fig. 1. The calcium carbonate tablet 
releases the simethicone almost immediately, so that 

100 - 
E 
i 
B 
LL 

50 

0 1 2 3 4 5 6  
Time, min. 

Fig. 2.-Foam depression of simethicone. Key : 
0 , j r n g . ;  X,lOmg.; A,15mg. 

the foam disappears in 30 sec. The magnesium car- 
bonate-aluminum hydroxide coprecipitate retards 
the simethicone, so that the foam drops after a 90-sec. 
delay. Thc aluminum hydroxide adsorbs the sim- 
ethicone to a significant degree, so that a very slow 
reduction in foam height takesplace. 

I n  Fig. 2, a l5-mg. close of plain simethicone ap- 
proximates the calcium carbonate tablet curve in Fig. 
1. Thc calcium carbonate tablet is a t  least cquiva- 
lent to 15 mg. of free simethicone. Smaller doses of 
thc simethicone quickly reduce smaller amounts of 
the foam, and do not approximate the simethicone- 
antacid tablet curves of Fig. 1. 

There appears to be a gross correlation of the 
amount of foam reduction with the amount of free 
simethiconc. I n  Fig. 2, we can see that 5 mg. of si- 
methicone will reduce 60 ml. of foam, 10 mg. of si- 
methicone will reduce 130 ml. of foam, aud 15 mg. 
of simethiconc will reduce a t  least 150 ml. of foam. 
Therefore, after 5 min., the aluminum hydroxide tab- 
let had released the equivalent of approximately 7.5 
mg. of free sirnethicone. 

SUMMARY 

An in vitru evaluation of the defoaming ability of 
antacid-silicone tablets was conducted. It was 
demonstrated that therc are marked differences 
among the antacids tested with regard to  their effcct 
of the activity of the silicone defoamer. 

Thc role of the amount of silicone defoamer was 
studied and correlated with foam depression. Sta- 
bility studies indicate that some antacids will adsorb 
the silicone over a period of time. 
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Books 

REVIEWS 

Atmuspheric Oxidation and Antioxidants. By 
GERALD SCOTT. American Elsevier Publishing 
Co., Inc., 52 Vanderbilt Ave., New York, N. Y. 
10017, 1965. x + 528 pp. 17 X 24.5 cm. 
Price $26. 
This book is concerned with the oxidative deg- 

radation of organic compounds. Particular em- 
phasis is placed on underlying mechanisms of autoxi- 
dation and antioxidant action. It is a well-written 
book containing an abundance of clear figurcs (174) 
and tables (172). Morc than 1200 references are 
listed, almost half of which are less than 10 years 
old, A particularly useful feature is the designation 
of general review references and others that arc 
complementary to text discussion. The well-ar- 
rangcd table of contents and extensive (over 1400 
entries) subject index enhance the value of the book 
as a reference source. 

The first part (Chapters 1-5) deals with funda- 
mental studies in simple systems and the classifica- 
tion of antioxidants by their mechanisms. Modes 
of breakdown of peroxides are cotisidered in relation 
to the autoxidative process. Data from kinetic 
studies are used to give information on reaction 
intermediates of the oxidative free radical chain 
mechanism. Effective use is made of illustrative 
thermo-chemical calculations in discussing reac- 
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Review Article 

Kinetic Methods of Analysis 
By J. GORDON HANNA and SIDNEY SIGGIA 

TETIC CONSIDERATIONS always have been of 

in the development and use of his procedures. 
Because he can he satisfied with no less than 
quantitative recoveries, he must utilize optimum 
cxperimcnt.al conditions for his reactions. He 
uses these conditions not only to produce the 
desired stoichiometric reaction in the minimum 
time but  also t C J  obtain a specific reaction with the 
least interference from side or parallel reactions. 
Analytical chemists have gone a step further and 
are applying the kincticists' reaction rate tech- 
niques directlJ- to  the solution of analytical proh- 
lems. This has yielded methods which give 
quantitative results based on reactions which are 

In fact, some methods 
require the occurrence of only a small fraction 
of the reaction. Also, procedures have been 
developed for the determination of traces of 
materials based on their catalytic effect on the 
rates of suitable reactions. Another result is the 
production of mcthods for the differential deter- 
mination of two or more compounds in a. mixture 
which are reacting concurrently but  a t  different 
rates with a common reagent. l'hese develop- 
ments in the use of reaction rate approaches are 
considered i n  this review. 

K'" prime importance to the analytical chemist 

rily complete. 

KINETIC METHODS FOR A SINGLE 
REACTIVE SPECIES 

The application of kinetic principles to :tnalysii 
renders posiible the use of reactions which nor- 

~~ 
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mally c h i  riot prmlucc quantitative conversions 
because of the establishment of unfavorable 
equilibria or because of the necessity for imprac- 
tically long reaction times. The concentration 
of a single rcaclive spccics can be determined in 
some cases l~ascd on an accurate knowledge of the 
rate constant and the measurement of the rate 
of reaction of the sample. A near quantitative 
conversion is riot required because a measurement 
of the fraction of the material which has reacted 
during a specified time interval can be related 
directly to  the original concentration. For ex- 
ample, if the reaction is first order, the integral 
form of the rate expression is 

Then, if the reaction is run under carefully con- 
trolled conditions, and if x, which rcprcscnts thc 
amount of the initial concentration, a, which has 
reaetcd in time, t ,  is measured, a can he calculated 
iicing Rq. 1. The same technique can be used 
for sccond-order reactions, in which case the 
integral form of the rate expression is 

2.303 a(h  ~~ a) 
x) 

kt ~ (Eq. 2 )  ( b  - u j  log b(u 

Here b is the initial concentration of the reagent 
which inust be known. If n = b,  the integral 
form is then 

In  practice, it  sometimes is more convenient to 
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ing tlie reaction has been determined also by its 
rapid molybdate-catalyzed oxidation of iodide 
and the glucosc oxidation followed by niessuring 
tlie iodine formed potentioinetrically (46, S), 
spectropliotornetrically (2, 41), snd ampero- 
metrically (56). 

Pardue and Frings (60) used antometric amper- 
oiiietric control equipment to provide a direct 
readout of the time required for a definite air.omt 
of iodine to be produced from iodide as the result 
of the cnzyine-catalyzed oxidation of galactose to 
peroxide. This amperometric method was fur- 
ther extended to  furnish digital readout in concen- 
tration units (61). Frings and Partluc (23) also 
used an automatic spectrophotometric measure- 
ment of the peroxide produced by the enzymatic 
reaction by measuring the color produced by tlic 
oxidation of o-dianisidine. B similar arrange- 
ment was used to obtain automatic direct read- 
out of p.p.ni. cystine based on potentiornetric 
measurement of the rate of an azide-iodine re- 
action (57, 59; (is). 

Malmstadt and Hadjiioannou (42) reported a 
similar technique for the determination of alcohol 
in blood. The time required for a small fixed 
change in absorbance as a result of the selective 
enzyme-catalyzed oxidation of the alcohol was 
measured in the early stages of the reaction, and 
this value related directly to the alcohol concen- 
tration. The method was used to determine 
alcohol in the range 0.015-0.300 Giii./100 ml. of 
hk~od with a relative error of 2-SyG. Sample 
sizes ranged from 0.1-0.?5 ml. and the time of 
measurement ranged from a few seconds to 2 
min. 

Malnistadt and Hadjiioannou (43) determined 
some L-amino acids by an automatic spectro- 
photometric reaction rate method based on the 
coupled enzyme reaction in which oxidative 
deamination is specifically catalyzed by L-amino 
acid oxidase to form hydrogen peroxide. The 
time required, from a few seconds to about 2 
min., for the reaction to produce a small fixed 
amount of colored product as a result of the re- 
action of the resultant peroxide with o-dianisidine 
was related to the initial amino acid concentra- 
tion. The concentration range determined was 
4-50 p.p.m. with a relative error of about 

A pH stat with digital readout of data collected 
early in the hydrolysis of urea in the prescnce 
of urease was used by Malmstadt and Picpmeier 
(47). The pH was maintained constant by add- 
ing dilute hydrochloric acid to neutralize the 
ammonia rormed. The increments of acid added 
during a preset time interval, about 2.5 niin., was 
counted. The count was directly proportional to 
the urea concentration. The procedure was 

refer the rate found for the sample to a calibra- 
tion curve prepared from data obtained using 
known amounts of the pure compound. 

Blaedel and Petitjean (3) investigated the possi- 
bility of developing kinetic methods based upon 
measurements of the rate of a reaction a t  several 
times during the early stages of the reaction. 
They carried out a preliminary study of the utility 
of the approach using the alkaline hydrolysis of 
ethyl acetate, The reaction vessel was part of 
a tuned circuit of a high frequency oscillator 
and conductance changes in the solution as the 
rcaction proceeded caused changes in the fre- 
quency of the loaded oscillator. The amount of 
organic compound in the sample being analyzed 
was then determined by referring the measured 
rates of frequency change, fit, to a working curve 
plotted from data obtaincd with known amounts 
of the substance being determined. The results 
obtained with ethyl acetate indicated that the 
method yielded highly precise determinations of 
single constituents in samples free of interferences. 
They then applied the developed method success- 
fully to acetylacetone determinations by measure- 
ment of the reaction rate of the ketone with 
hydroxylaminc hydrochloride. This particular 
oximation reaction docs not reach substantial 
completion in a practical period of time and, 
therefore, presents problems in the usual straight- 
forward procedures. These investigators con- 
cluded that data obtained during the first 5 or 
10 min. of a reaction are capable of yielding results 
accurate to 0.3yo for simple systems. 

The same principle has been used to determine 
glucose in serum plasma or blood, based on the 
enzyme-catalyzed oxidation of the sugar to 
gluconic acid and hydrogen peroxide. Guilbault 
and co-workers (27) followed the rate ol' peroxide 
production by recording the potential diflerence 
between two platinum indicator electrodes polar- 
ized with constant current. The potential 
changes are proportional to the glucose concentra- 
tion. Malmstadt and Piepineier (47) used a pH 
stat to maintain the pH stationary a t  a pre- 
selected value with continuous ncutralization of 
the gluconic acid formed during the reaction. 
The instrument which thcy described provides 
direct digital readout of initial rate data that are 
proportional to the Concentration of glucose pres- 
ent. Results reproducible within 1-2% in the 
50-250 p,p.m. range were obtained. Use also 
has been made of the color produced by the action 
of the peroxide formed on o-tolidine (2, 68) or on 
o-dianisidine (45). The elapsed time for the 
production of a definite absorbance change is 
proportional to the initial rate and to the concen- 
tration of glucose. The peroxide produced dur- 
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practical lower limit of the method was rcported 
to be about a millimicrogram of silver. 

Vanadium operates as a catalyst in tlie oxida- 
tion of p-phenetidine citrate by potassium chlo- 
rate in the presence of phenol as an activator yield- 
ing a colored product. Bontschev (10) deter- 
mined 0.1 nicg. of vanadium by means or the linear 
relationship between the extinction a t  510 nip and 
the time of heating. Fishman and Skongstad 
(19) used the catalytic effect of vanadium on the 
rate ol oxidation of gallic acid by persulfate in 
acid solution to determine vanadium in water. 
The absorbance a t  415 nip was determined and 
compared with standard solutions treated in an 
identical manner. Thc procedure is applicable 
for concentrations of vanadium in the range 0.1- 
8.0 mcg./L. and shows a standard deviation of 0.2 
or less. 

Alizarin is oxidized only slowly by hydrogen 
peroxide but in the prescnce of cobalt chloride in 
alkaline solution, the rate is increased in propor- 
tion to the concentration of alizarin and the cobalt. 
The color of the alizarin is dcstroycd by the 
oxidizing action of the peroxide, and then if the 
extinction of the solution is measured a t  intervals 
after the addition of the cobalt solution, the rate 
of reaction can be determined. A calibration 
curve was used (04) to dctermine cobalt in coil- 
centrations ranging from 0.001-0.00tiG nicg./ml. 
Bognar and Jellinek (5) determined as little as 
0,002 mcg. of cobalt with an accuracy of +lOyo 
by iiieasuring the rate of reaction of diphenyl- 
carbazone and hydrogen peroxide in the 1)rcsence 
of iron. They measured thc time intcrcal to the 
attainment of a specific extinction by the reaction 
mixture. 

Yatsimirskii and Raizmari (S5) utilized the 
catalytic effect of zirconium and hafnium on the 
oxidation of iodide by hydrogen peroxide to 
determinc the concentrations of these catalysts. 

Bulgakova and Zalubovskaya (13) rollow~d 
ainperometrically thc rate of iodide oxidation w-ith 
hydrogen peroxide as a method to dctermine 
molybdenum in cadmium sulfide anti in lithium 
fluoride crystals. 

Pantaler (52) determined tungsten and molyb- 
denum based on the catalytic oxidation of 
rubeanic acid by hydrogen peroxide iii 0.1 1%' 
hydrochloric acid. He plottcd absorbance 
against timc and obtained the amount of tungsten 
or molybdenum by comparing the slope of the 
line with slopes given by standard solutions. He 
reportcd the method satisfactory for 0.1 nicg. or 
either metal in 25 ml. of reaction mixture. 

Babkin ( I )  iollowed the rate of the nianganese- 
catalyzed permanganate-oxalate reaction to 
determine concentrations o l  manganese in the 

tested in the 2- to 10-p.p.m. range, and the results 
were reproducible within l-2Y0. 

The relationship between the concentration of 
the catalyst and the rate of the catalyzed reaction 
often is used to quantitatively estimate the 
catalyst. The approach is not new, but ncw and 
revised procedures based on i t  continue to appear 
because, where applicable, it  is one of the most 
sensitive techniques devised to determine minute 
traces of materials. Some of these methods are 
cited here as illustrations. 

The catalytic effect of copper on the oxidation 
of cysteine to cystine and the subsequent measure- 
ment of oxygen evolved in a specified time has 
been used to determine copper in blood (82) 
and in milk (9). The rcduction of ceric ion by 
arsenite in an acid medium is catalyzed by soluble 
iodides. Sandell and Kolthoff (51) measured the 
time required for this reaction lo go to completion 
and found a linear relationship betwcen the recip- 
rocal of that time and the quantity of iodine 
present. The reduction of the yellow ceric to 
colorless cerous ion was followed colorimetrically. 
The change in absorbance was recorded con- 
tinuously, and the slope of the recorded curve was 
related to the iodine concentration by Cliaiiey 
(14). Lein and Schwartz (39) used the first- 
order velocity constant as a function of the io- 
dine concentration. Malmstadt and Hadjiioan- 
nou (44) noted the time, 10-100 sec., required for 
the reaction to consume a small fixed amount of 
ceric ions, and, therefore, the absorbance to de- 
crease by a preselected amount, measured auto- 
matically, and rclatcd this directly to the iodine 
concentration. The latter investigators reported 
the determination of iodine in the range of 0.015- 
0.45 mcg. with a rclative error of about 1-270. 
Hadjiioannou (28) used this procedure to deter- 
mine iodine in common salt and in natural waters. 
This same reaction system was used for the de- 
termination of labile organic-bound iodine by Zak 
and Baginski (86). Yatsimirskii and co-workers 
(84) determined micro amounts of iodides by their 
catalytic action or1 the oxidation of thiocyanate 
with ferric iron and with nitrate. Changes in the 
extinction of the thiocyanate complex of iron 
wcre cvaluated. The sensitivity of this method 
was reported to be 0.001 mcg./rnl. and the error 
of a single determination was about 2%. 

Underwood, Rurrill, and Rogers (81) deter- 
mined submicrogram quantities of silver using tlie 
catalytic action of silver on the pcrsullate oxida- 
tion of manganous ion to perinanganate. Spec- 
trophotometric measurement a t  525 m p  after a 
:ipecificd time was rclatcd to a calibration curve 
prepared using standard silver solutions. The 
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0.01-0.6 mg. range. The results were obtained 
from a calibration curve constructed for the rela- 
tionship between reaction time and amount of 
manganese. Fernandcz, Sobel, and Jacobs (18) 
used the oxidation of leucomdlachite green with 
periodate in the presence of manganese for the 
determination of subrnicrogranl amounk or 
manganese in human serum. The progress of the 
reaction was followed photometrically, and the 
slope of tlie rate curve was compared with the 
slope lor a standard curve to calculatc the man- 
ganese con tent. 

Bognar and Sarosi ( 6 )  investigated the effect of 
osmium tetroxide on the kinetics of oxidation of 
liydroquinone, orcinol, and 1,3-dihydroxynaph- 
thalcne by hydrogen peroxide and found they 
could determine as little as 0.001 mcg. of osmium 
tetroxide in 5 nil. of solution. (Ethylenedi- 
nitrilo) tetraacetic acid (EDTA) does not inter- 
[ere with the catalytic reaction so that this com- 
pound could he used to increase the selectivity of 
the method. The same workers (5) also deter- 
mined osmium tetroxide based 011 its catalytic 
effect on the oxidation of 3,3'-dimethylnaph- 
thidine by potassium chlorate. The formation of 
the violet-red colored product was followed 
spectrophotornetrically . 

Michalski and Wtorkowska (50) established 
the optimum conditions for the determination of 
sulfide and thiosulfate (51) from the catalytic 
effects on the iodine-azide reaction. The rate 
was determined from the changes in iodine con- 
centration which was followed aniperoinetrically 
with a rotating platinum indicator electrode. 
The value of the potential which should be applied 
to provide the limiting current, proportional to 
concentration, was found lrom polarographic 
measurements. Sulfide was determined in the 
range 10-15 to 10-13 Gm./ml. with a deviation 
from the mean of less than 10%. 

The catalytic activities of acids and bases in 
selcctcd reactions can be used for the determina- 
tion of thc concentrations of these species. For 
example, Clibbens and Francis (15) and Francis 
and Geake (32) found the decomposition of nitro- 
sotriacetonamine into nitrogen and phorone to  be 
a function of the catalytic activity of hydroxyl 
ion. The original concentration of nitroso- 
triacetonamine was known and the rate of de- 
composition found by measuring the nitrogen 
produced as a function of time. A relationship 
between the first-order velocity- constant for the 
reaction arid the hydroxyl ion was determined and 
usetl. Duboux (17) used a proportionality be- 
tween the hydrogen ion concentration and thc 
velocity constant for thc acid-catalyzed inversion 
of siigar lo  determine acidity. 
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Thegeneral enzymatic reaction rate method can 
be used also to determine enzyme activity. 
Hadjiioannou and Santos (39) determined serum 
lactic dehydrogenase from the efIect of this 
enzyme on tlie rate of oxidation of lactic acid in 
the presence of diphosphopyridine nucleotide to 
form a spccies absorbing in the ultraviolet. An 
automatic potentiometric method for the deter- 
mination ol glucose oxidase activity similar 
to the procedure used to determine glucose has 
been demonstrated (63). The direct electro- 
chemical measurcnient of peroxide produced has 
been used also to determine glucose oxidase (27). 
The same electrochemical technique has been 
used to determine cholinesterase arid acetyl- 
cholinesterase based on the rate of enzymatic 
hydrolysis of thiocholiiie ester by the enzyme 
sample (38). The method has bcen extended to 
the analysis of some highly toxic organophospho- 
rous compounds which act as anticholinesterase 
compounds where the decrease in rate of the 
cholinesterase-bu tyrylthiocholine ester hydrolysis 
is linearly relatcd to  concentration of the organo- 
phosphorous compound (26). 

Magerum and Steinhaus (40) introduccd an 
interesting kinetic method for the determination 
of ultratrace concentrations of metals. They 
used a coordination chain reaction involving the 
exchange of triethylcnetetrainine-nickel I1 (trien 
-Ni 11) and (ethylenedinitri1o)tetraac:tocuprate 
IT (EDTA-Cu 11). The presence of free ligand, 
which can originate from the pure complexes or 
can be added separately, greatly accelerates the 
reaction. The bright blue color of trien-Cu I1 
produced is used to follow the progress of the 
reaction. A metal a t  5 X M concentration 
can react with free ligand (EDTA) reducing the 
exchange rate. The metal ion detected in this 
mannx need hive no connection with the reactant 
metals, but only be capable of reacting with 
EDTA. The reaction is first order with respect 
to the EDTA concentration and was followed for 
a t  least half-life, normally 10-15 min. A calibra- 
tion curve was prepared of the rate constant 
against concentration of EDTA use.d. Experi- 
mental results wcre given down to l0V8 116. 

DIFFERENTIAL REACTION RATES T O  
ANALYZE MIXTURES 

The differential reaction rate approach is 
cffective for the analysis of mixtures of two or 
more compounds, each of which reacts a t  a differ- 
ent rate with a common reagent, resulting in 
products which are either identical or are in 
distinguishable by the analytical method used. 



Vol. S F ,  iVo, 6 ,  June 1966 

The rate of disappearance of the reagent or the 
appearance of a product is monitored to oblain 
data for the total reaction of the components. 
Usually a graphical analysis or an equivalcnt 
matheinatical treatment of the data based on the 
approyriate rate law is then applied to quantita- 
tively resolve the mixture. The process nor- 
mally requires a prior knowledge of the reaction 
order. The applicable graphical plot for a mix- 
ture of two reactive components shows a linear 
portion arising from the reaction of the slower 
component after substantially complete consump- 
tion of the faster component has occurred. The 
extrapolation of this linear portion to zero time 
provides data which can be used to calculate the 
original composition of the mixture. 

Thus, for a first-order reaction log (a  - x) is 
plotted against t ,  based on Eq. 1. In this case, 
( L  represents the total concentration of the 
reactive cornponcnts of the mixture and is detcr- 
mined by an independent method or by permitting 
the rate reaction to go to completion. For a 
two-component mixture, a = al + a?, if al and a2 

are the concentrations of the faster and slowcr re- 
acting constituents, respectively. When the 
final linear portion of the plot is extrapolated to 
t : 0, Y = al and a - Y = a - n, = a2,  and suffi- 
cient data are then available to calculate the con- 
position of the mixture. This process is illus- 
trated in Fig. 1. If P is the value a t  the inter- 
cept f = 0, then from Ey .  1 

log an = P 

The concentration of the remaining component, 
a l ,  is obtained by difference from a.  

In some cases, i t  may be more convenient to 
transform a second-order reaction, one that is 
first order with respect to the reactant to be 
determined and first order with respect to the 
reagent, into one that is pseudo first order. To 
achieve this, the reagent is used in sufficient. excess 
that its concentration can be considered constant. 
In this event, the data are treated according to 
the normal first-order rate laws. However, in 
most situations, if a large excess of reagent is 

(Eq. 4) 
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Pig. 1. --Graph- 
i c a l  eutrapo- 
lation procedure 
for a first-order 
reaction. 

I 

Fig. 2.-Graph- 
i c n l  e x t r n p o -  
ht ion procedure 
for a secotid- 
order reaction. 

present, the reaction beconics so rapid that it is 
not manageable. 

The procedure is hased on Eq. 2 for a second- 
ordcr reaction if the total concentration of the 
reactants and the concentration of the reagent are 
unequal. The initial concentration of the re- 
agent, b,  and the total initial conccntration of 
reactants must be known and log [ ( b  - .)/(a - 
Y ) ]  is plotted against time. Extrapolation of the 
final linear portion is pcrformcd as described for 
the first-order reactions and is illustrated in Fig. 
2. For the second-order case. a t  the intercept, 
t = 0, 

IOg [ ( b  - ni ) / (n  -~ O r ) ]  = (Eq. 5) 

Ey. 5 is solved for the concentration of the raster 
reacting constituent, a,, and n2 is determined by 
differcncc from a. 

A plot of l / ( a  - x) against f is used for the 
special second-order rate situation whcre n = b 
(Eq. 3). A t  the intercept of the extrapolated 
final portion of the plot with the zero time axis 

7/un = P (Jk. 6) 

Eq. 6 call then be solved for a?. and (tl obtained 
by differcnce. This procedure based on the 
equivalency of the total concentration of the 
components of the mixture dctermiried and the 
reagent concentration is more convenient in some 
cases and simplifies the computations. If there 
is not a precise match of a and b, however, a small 
error in the slope of the lincar portion can result 
in a large error in the calculation of a?, partic- 
ularly if a1 is relatively large. Also, if the im- 
balance is quite significant, the latter portion of 
the curve will not be linear. Reilley and Papa 
(66) rearranged Eq. 3 and obtained the form in- 
dicated in Eq. i .  

(Erl. 7) 

Here R2 represents the rate. constant for the slower 
reacting component. When x is plotted against 
(a  - x)t, a straight line is obtained after sub- 
stantially all al has reacted. The slope of this 
straight line portion is then k2a2, and a, is the 
intercept a t  t = 0. 

N = kz(t? ( U  - X )  t + 
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A scheme has been presented for differential 
rate analysis for second-order reactions applicable 
to mixtures of organic compounds which react 
with differing stoichiometry (8). It involves 
the introduction into Eq. 2 of a term indicating 
the number of moles of a polyfunctional com- 
pound which reacts with the reagent. I t  i s  illus- 
trated by application to the hydrolysis of mix- 
tures of cyclotrinicthylenenitraniiiie and cyclo- 
tetramethylenenitrzamine by sodium hydroxide. 
However, such systems usually can be handlecl 
easily on the equivalency basis rather than on the 
mole basis without resorting to special equations. 
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condition of equivalency of the reagent concentra- 
tion and the total sample concentrations (54). 
In this case, Eq. 2 is used with the requirement 
that the value for x is obtained after complete 
reaction of al ,  and the rate constant for the reac- 
tion of the slower component of the mixture is 
known. Again this process can be expanded to a 
double point method obviating the need for the 
rate constant if the process of solving simulta- 
neous equations is used. 

Roberts and Regan (67) proposed a somewhat 
different approach for the analysis of mixtures. 
They changed a normally second-order reaction 
to pseudo first order by having the concentration 
of the samplc mixture in large excess relative to  
the reagent. Then they represented the first- 
order rate constant, k ,  by 

k = klal + ksae (Eq. 9)  

Because a1 = a - a2, Eq. 9 can be rewritten to 
obtain 

ANALYSES BASED O N  SINGLE A N D  
DOUBLE POINTS 

It is possible to calculate the concentration 
of each component in a binary mixture based on a 
single determination after a measured reaction 
timc if the rate constant for the reaction of each 
component and Ihc total original concentration of 
the components are known. If measurements 
arc made a t  two separate times, it  is also possible 
to calculate the original composition without the 
use of rate constants. 

Lee and Kolthoff (38) expressed thc first-order 
rate law as shown in Eq. 8. 

a - .r = ale-fiit + ase-fizt (Eq. 8 )  

The rate constants for the two components are 
k1 and R2. Therefore, if (a - .x) is measured and 
k l ,  k2,  and t are known, then the values of al and a2 
can be found from a calibration curve prepared 
from the analysis of known mixtures or from cal- 
culations based on Eq. 8. The calibration curve 
is the linear plot obtained from values of (a - 
%)/a  u e r s u  a , la .  Garinon and Reilley (24) pro- 
posed a double point method also based on Eq. 8. 
They determined the amount of reaction a t  two 
diflerent time intervals, substituted the known 
and measured values into Eq. 8, and solved the 
two equations simultaneously to obtain values for 
a, and (I.?. 

Reilley and Papa (66) based a single point 
method lor second-order reactions on Eq. 3 .  To 
make this equation applicable they arranged the 
concentration of the reagent equal to the total 
concentration of the components in the mixture 
being determined, i.e., they used the conditions 
that n = b. In addition to the value of x meas- 
ured a t  a single time, the rate constant must be 
known. The rate constants need not be known 
if x is measured a t  two different times and the re- 
sulting two equations are solved simultaneously. 

The single and double point methods have been 
extended so that it is not necessary to have the 

k - kza 
ki - kz 

a1 = ~ 

If kl and kt  are separately determined for pure 
compounds, a is determined and K is measured for 
experimental mixture, then Eq. 10 can be solved 
for al, and a2 can be obtained by difference from 
a. 

Greinke and Mark (25) used the Roberts arid 
Regan approach but followed the reaction in two 
different solvent mediums and obtained two dif- 
ferent over-all pseudo first-order rate constants. 
Then by proper substitution in Eq. 9 and si- 
multaneous solution of the two resulting equa- 
tions, they were ablc to resolve binary mixtures. 

APPLICATIONS OF DIFFERENTIAL 
KINETIC ANALYSIS 

The differential kinetic approach has proven 
quite general and has been applied to the analyses 
of  most of the organic functional groups. Siggia 
and Hanna (73) used the second-order graphical 
method involving extrapolation to the zero time 
intercept to analyze niixtures of hydroxyl-con- 
taining compounds. They monitored the rc- 
action with acetic anhydride and determined 
primary alcohols in the presence of secondary 
alcohols, primary hydroxyl groups in polyhydric 
alcohols also containing secondary hydroxyl 
groups, and an alcohol in the presence of its next 
higher homolog as well as in the presence of one 
further separated in the series Reillcy and Papa 
(66) applied the graphical approach bawd on Eq. 
7 and also the single and double point methods 
with the condition that a = b to analyze mixtures 
of n-butanol and sec-butanol. Hanria and Siggia 
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,(33) determined the primary hydroxyl group coii- 
tent of polyglycol ethers by graphical extrapola- 
lion of the kinetic data  obtained by reaction of 
the hydroxyls with both acctic anhydride and 
phenyl isocyanate. Budd (12) substituted 
phthalic anhydride as the reagent for the same 
system when aldehydes or phenols were present. 
Ilendrickson (33) uscd an infrared method to  
determine primary hydroxyl groups in polyglycol 
‘ethers. He used trityl chloride as the reagent, 
followed the disappearance of the hydroxyl band, 
-and performed a graphical analysis of the kinetic 
data. ITilleboordsc and Critclifield (83) fol- 
lowed the disappearanrc of the NCO band in the 
infrared spectrum as the hydroxyl groups of mix- 
tures of alcohols including polpglycol ethers re- 
.acted with phenyl isocyanate. They showed the 
applicability of thc graphical approach arid the 
.single and double point methods to  their process. 
They also analyzed ternary mixtures of alcohols 
based on the equations worked out by Schinalz 
and Geiseler (72). These equations require two 
data points and the rate constants, but  become 
vcry involved and impractical for more than three 
component mixtures. Mark (48) published data  
shoiiing that  enzyme catalyzcd reactions can be 
applied to the analyses of mixtures of ethanol and 
n-propano1 by a kinetic method involving double 
points. He used alcohol dehydrogenase to 
catalyze the oxidation of the alcohols at different 
rates and followed the reactions spectrophoto- 
mctrically . 

Gariiion and Reilley (N} analyzed mixtures of 
glycolic atid diglycolic acids by measuring the 
color I iroduced with ‘7,7-diliydroxynaphthalcne at 
two different reaction times and used the double 
point technique to calculate the concentrations. 
Roberts and Rcgan (67) analyzed mixtures of 
carboxylic acids based on the rates of reaction 
with diI’henyldiazoinethane. They applied their 
technicpie or having the concentration of the 
carboxylic acid rnixtut-e in large cxcess relative to 
the concentration of the reagent and based the 
calculations on Eq. 10. 

Lee and Kolthoff (38) analyzed mixtures of 
esters by coinparing the amount of sapoiiilication 
after :I selected time interval with a calibration 
ciirve prepared using known concentration mix- 
tures. 

Lee and Koltholf (38) also analyzed mixtures of 
carbonyl compounds in the same manner h s e d  
on the rates of decomposition of the I3isulfitc addi- 
tion products. Only aldehydes and a fccv rcac- 
tive ketones caii be determined with this rcaction. 
Fowler, Kline, and Mitchell (20, 21) deterinincd 
aromatic aldehydes in mixtures with aromatic 
‘ketones by their rates of reaction with hydroxyl- 
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amine hydrochloride. They used calibration 
curves to  relate the amount of reaction after a 
specified lime to  the original concentration. 
Siggia and Hanna (73) applied the second- 
order graphical approach to  the oximation re- 
action and analyzed mixtures of an aldehyde and 
a ketone, and mixtures of two aldehydes and 
mixtures of two ketones. They followed the 
reaction by maintaining the p H  constant by 
titratitig the hydrochloric acid as i t  was liberated 
from the reagent. Papa and co-workers (55) 
followed the course of the oximation reaction with 
a direct reading conductance mcter. They made 
the reaction pseudo first order by adding the 
reagent in large excess and then compared the 
time interval €or the reaction of a preselected 
fraction of the mixture and a predetermined 
calibration curve. Greinke and Mark (25) em- 
ployed this same indicating technique but  used 
two diff crcn t alcohol-water concentration rne- 
diums to obtain data  for their evaluation of mix- 
tures of ketones based on Rq.  9. Sihtola, Xeimo, 
and Sumiala (80) applied the second-ordcr 
graphical approach to analyze the carbonyl groups 
in cellulose and were able to classify six different 
carhonyl groups present according to reactivity. 
They determined the slowest component first 
from the intersection of its extrapolated line with 
the zero time axis as usual. Then they sub- 
tracted the contribution of the slowcst component 
from a atid h ,  made a new plot, and performed 
the extrapolation again to obtain the value for the 
concentration of the next slowest component. 
They repeated this procedure until all components 
were evaluated. Papa, Mark, and Reilley (53) 
applied both single and double point methods 
to  analyze fructose and glucosc in aqueous media 
and in blood. Thcy measured the rate of Iorrna- 
tion of molybdenum blue from hlo VT and also 
analyzed mixtures of sucrose and fructose and O F  
sncrose and glucose. Mark and co-workers (49) 
used 2,3,6-triphenyl-2H-tetrazolium chloride as a 
reagent for the determination of mixtures of re- 
ducing sugars. A red formazan was formed 
which was measured spectrophotometrically to 
follow the reaction. The double point method 
and the solution of siniult.aneous equations were 
used in the calculations. Krivis and Supp ( 3 7 )  
demonstrated the use of polarography combined 
with a graphical handling of the data  to  evaluate 
mixtures o f  A4-%ketosteroids and A1, 4-3-kcto- 
steroids. The mixtures were reacted with scmi- 
carbazide arid hydrocortisone-prednisolone and 
cortisone-lprednisone mixtures were diff erentiatcd. 

Hanna and Siggia (30j adapted the reaction of 
amines with phenyl isothiocyanate to the diff cr- 
cnt id  kinetic analysis ol mixtures of primary and  
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analysis of mixtures of ethyl oleate and eth$ 
elaidinate. 

Salzman and Gilbert (70) diffcrentiatcd natural 
smog oxidants in to components by following the 
rate of oxidation of potassiuiii iodide colori- 
metrically. The reaction showed a pseudo first- 
order rate process because the iodide was prescnt 
in a large excess. They applied the graphical 
method to resolve the mixtures. 

Hass and Weber (34) found a linear relationship 
between the second-order rate constants for the 
reaction of mixtures of the monochlorides of 12- 

pentane and isopentane and thc composition. 
Brown and Fletcher (I 1 ) uscd the slope and zero 
time intercept of the first-order rate plot of the 
hydrolysis of mixtures of isomers of diethyl- 
tert-butylcarbinyl chloride for analysis. 

Siggia, TIanna. and Serencha (77) measured the 
rate of liberation of nitrogen from diazonium com- 
pounds in the presence of cuprous chloride to ana- 
lyze mixtures of these compounds. They found 
thc decomposition followed a first-order pattern 
and applied the graphical extrapolation procedure. 

Block, Morgan, and Siggia (4) combincd the 
graphical differcntial reaction rate technique with 
the micro-Dumas method to analyze mixtures of 
nitrogen-containing compounds. The reactions 
studied were first order with respect to the nitro- 
gen-containing compound. 

Special approaches available to monitor rapid 
reactions should provide the mechanics for the 
performance of the differential rate analyses of 
mixtures of inorganic compounds. Hanna and 
Siggia (31) demonstrated that contiiiuous flow 
techniques can be applied to the analysis of mix- 
tures of iodate and bromate, periodatc and 
broinate, and dichroniate and bromate. Thcse 
analyses involved the observance of the point of 
appearance of the starch-iodide color in the flow 
tube as a resiilt of the reaction with potassium 
iodide. \:arious measurement techniques can 
probably be applied for other reactions; there- 
fore, the scope of the flow systems €or differential 
analysis is potentially wide. 

Siggia, IIanna, and Serrncha (76, i 9 j  deinon- 
strated that for analytical purposes, data ob- 
tained from the rates of distillation of mixtures, 
the rates of ethsioti of mixtures of gases through a 
small orifice, and the dialysis of mixtures under 
specific conditions could be treated in a manner 
similar to the treatment of data from chcmical 
reactions. The distillation procedure was applied 
to mixtures of organic acids, mixturcs of alcohols, 
mixtures of carbonyl compiunds. and mixtures 
of aromatic compounds. The effusion mcthod 
was applied to mixturcs of both inorganic and 
organic gases. The dialysis method was found 

secondary amines, mixtures of homologous pri- 
mary and of secondary amines, and mixtures of 
aliphatic and aromatic amines. The reaction to 
form thiourea is a sccond-order process and the 
graphical extrapolation technique was applied. 

Siggia, Hanna, and Serencha (78) measured the 
rate of evolution of ammonia as a result of alkaline 
hydrolysis to analyze mixtures containing both a 
nitrile and an amide as well as binary mixtures of 
each of these compounds. Standard first-order 
rate plots werc made from the data obtained and 
the linear portion extrapolated to zero time to 
calculate the composition of the mixture. 

Siggia, Iianna, and Serencha (75) used both 
bromination with rree bromine arid catalytic 
hydrogenation with hydrogen gas followed by 
graphical extrapolation of the rate curves to re- 
solve qualitatively mixtures ol unsaturated com- 
pounds. The decrease in bromine content of thc 
liromination reaction mixture was followed 
colorimetrically with time and showed a second- 
order rate process. In the hydrogenation process, 
the hydrogen was present in a large excess causing 
the reaction to proceed in a pseudo first-order 
pattern. Polghr and Jungnickel (65) described 
a iiiethod to measure the amount of substitution 
realized when bromine was added to unsaturated 
linkages. Several additional determinations were 
made a t  times in excess of that needed for com- 
plete saturation of the compound. They plottcd 
the results against time and extrapolated the 
final linear portion to zero time to obtain the 
correct value for the addition reaction. Kolthoff 
and Lee (35) and Saffer and Johnson (li9) applied 
the rates of reaction of perbenzoic acid with 
olefinic double bonds as a basis for differential 
analysis. They round the reaction valuable to 
distinguish between the amounts of internal and 
external double bonds in polymers. Refcrcncc 
o f  thc amount of reaction after a specified time 
was related to calibration curves to determine 
the compositions of mixtures. Schmalz and 
Geiseler ( i 2 )  also used the perbcnzoic acid reac- 
tion to analyze mixtures of unsaturated com- 
pounds. They determined the rate constants for 
the components based on a single reaction of a 
mixture. Thcir calculations were based either 
on the differential equations, using graphically 
determined values of the derivatives, or on the 
integrated rate laws, using the area under the 
experimentally determined reaction rate curves. 
The derivated rate constants were then used to 
calculate the composition of the sample mixtures. 
Connor and Wright (16) used the difference in 
rates of thc addition of nicrcuric acetate to double 
bonds to determine the cis-tmns concentration 
ratio in isomer mixtures, specifically for the 
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applicahlc to mixturcs of inorganic salts, of salts 
of organic acids, of inorganic acids, of organic 
acids, of amines, of sugars, and of amino acids. 

Siggia and Hanna (74j havc pointed out that  
in the case of some binary mixtures the effect of 
the presence of the faster reacting component. is to  
decrease the rate of reaction of the slower com- 
ponent. When the graphical approach is used, 
this effect works to an advantage because the 
experimental differences between the slopes are 
inore pronounced than are expected from theo- 
retical plots. Methods that  rely on rate constants 
obtained using pure materials for the final cal- 
culations, however, can give significant errors. 
The effect was noted particularly for mixtures of 
some ketones determined by  the oximation pro- 
cedure and mixtures of olcalcs dctcrmined both 
by brominstion and hydrogenation. 
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Resemcb Articles- 

Kinetics of Reactions Involved in Penicillin Allergy I 
Mechanism of Reaction of Penicillins and 6-Aminopenicillanic Acid 

with Glycine in Alkaline Solution 

By MICHAEL A. SCHWARTZ and GAY-MAY WU 

The principal antigenic determinant of penicillin allergy, penicilloyl-protein, may 
be formed either by direct reaction of penicillin with protein, or through penicillenic 
acid, a rearrangement product of penicillin. As part of a study of the mechanism of 
the direct reaction, the kinetics of reaction of glycine with a series of penicillins and 
6-aminopenicillanic acid has been investigated. The aminolysis of penicillins by 
glycine is general base catalyzed, while the reaction with 6-APA is uncatalyzed. 
The latter is probably due to intramolecular general-base catalysis. The rates of 
reaction with glycine of all the penicillins studied are of the same order of magnitude. 
This is in contrast to the rates of penicillenic acid formation which are highly de- 
pendent upon the nature of the penicillin side chain. The pertinence of these re- 

sults to the mechanism of formation of penicillin antigen is discussed. 

T IS GENERALLY agreed that the principal anti- ' genic determinant of penicillin allergy is the 
penicilloyl group covalently bound to body pro- 
tein, probably through €-amino groups of lysine 
residues ( I ,  2). A s  shown in Scheme I, there are 
two pathways by which the antigen may form. 
One involves the known rearrangemcnt of peni- 
cillin to penicillenic acid (11) which is known to 
react rapidly with amines. The other is a direct 
reaction of protein with penicillin. The latter 
will produce thc a-diastereoisonier of the penicillo- 
amide while the penicillenic acid route requires 
isomerization of thc asymmetric carbons (marked 
with asterisk in Scheme I) of the &lactam ring to 
producc a mixture of diastereoisomers. 

The evidence for the penicillenic acid routc was 
recently suinmarized hy Levitie (3). (a)  Peni- 
cillenic acid has been found in penicillin prepara- 
tions (4); ( b )  while penicillin does react rapidly 
with 6-aminocaproic acid a t  pH 11.5, this reaction 
would be slow a t  physiological pH; ( c )  penicillenic 
acid is a very reactive compound chemically ( 5 )  ; 
(d)  studies on the nature of antibody to penicillin 
G indicated specificity toward the mixture of 
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diastercoisomers of the benzylpenicilloyl haptenic 
group rather than for the a-diastereoisomer alone 

On the other hand, evidence has been accuinii- 
lated to show that the direct reaction of penicillin 
with protcin may pIay a more important role than 
previously thought. Thiel, Mitchell, and Parker 
(7)  found that the sera of most of 114 patients 
allergic to penicillin contained antibody specific 
for the a-diastercoisomer of penicilloaniide. This 
is in direct contrast to Levine's results cited 
above (6). More recently two groups (8, 9) have 
found that penicillins can indeed combinc with 
protein a t  neutral pI1 a t  37" in oitro. Thesc 
included penicillins which were known to protluce 
penicillenic acid at relatively low rates. Also 
included was G~aIriiiiopeiiicillanic acid (6-APA), 
the nucleus common to all penicillins, which can- 
not form a penicillcnic acid. It is known that 
B-APA is antigenic in rabbits, and it has been 
suggested as an agent rausing penicillin allergy 

The present work was undrrtdken to investigate 
the rates and mechanisms of reactions of penicillin 
which may be involved in peiiicillin allergy. 
Rather than a complex protein. g-lycine was 
selected as a model amine for study because o f  its 
ready availability in high purity, and its high 
solubility. The rate of penicillenic acid forma- 
tion as a function of pH has also been measured 
for scveral penicillins. 

(6) ' 

(10). 
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Penicillin 
I 

Protein I 
Penicillenic Acid 

I1 

NH 
j_ 
Protein 

Penicillo y 1-Pro tein 
e-Diastereoisomer 

I11 

Fortnation of Penicillin Antigen 

Scheme I 

EXPERIMENTAL 

Thc penicillins wcre all commercial products.l 
Glycinr arid mercuric chloride were Fisher certified 
rtsagent, as were the other reagents used. 

The rates of formation of penicillenic acid from 
pcnicillin merc measured by following the increase in 
:absorbance a t  322 nip as a function of time. This 
wavelength is characteristic of the penicillenic acid 
chromophore. 'The rates mere detcrmined in a 
serics of buffers extending over the pH range 1-4 
a t  34" on a Bcckman DB recording spcctrophotom- 
eter with thermostated cell compartment. Mer- 
curic chloridc was added to thc buffer in a concen- 
tration equal to the initial penicillin concentration. 
I t  was known that mercuric chloride stabilizes the 
penicillenic acid (11 ). The authors' preliminary 
studies showed that mercuric chloride had no cffcct, 
Iiowever, upon the rate of penicillenic acid formation. 

The rates of reaction of thc pcnicillius with glycine 
were determined by following the changes in optical 
rotation acconipanyitig opening of the p-lactam ring 
of the penicillin (12) with a Perkin-Elmer modcl 141 
photoelectric polarimetcr using a mercury vapor 
source with filter for 365 nip, The glycine itself 
acted as buffer and maintained pH withiti less than 
0.1 unit during a single determination. Ionic 
strength of the buffers was brought to 0.5 by addi- 
tion of potassium chloride. Initial penicillin cow 
centration was 0.001 or 0.002 M .  The temperature 
in these studies was maintained at  50" by water 
circulating through the polarimeter cell from a 
thermostated bath. 

The pH of the buffers was measured a t  50" with 
a Bcckman expanded scale pH meter. 'The pKa' of 

The authors are grateful to  Eli Lilly and Co., Indianapolis, 
Ind., for a supply of potassium penicillin V and to Bristol 
L.aboratories for the other penicillins and 6 APA used in this 
work. 

. ~ _ _ _ ~  

I X  Protein 

Penicillo yl-Pro tein 
---+ Mixture of Diastereoisomers 

glycirie a t  SO0, ionic strength 0.5, mas determined 
from the pH of the buffers to be 9.10 + 0.02. 

The rates of alkaline hydrolysis of the penicillins 
in the absence of glycine were determined at  50" 
by measurement of the ratc of acid production on a 
Radiometer TTT-1 titrator-pH stat equipped with 
SBR-2, SBU-1 recorder. Ionic strength in these 
runs was brought to 0.5 by addition of KCl. The 
rates for each penicillin were measurecl a t  several 
pH's. 

RESULTS 

Penicillenic Acid Formation.-The. first-ordcr rate 
constants for penicillenic acid fortiiation were cal- 
culated by dividing the initial slope of a plot of 
absorbance at 322 nip versus time by the initial coti- 
centration of penicillin. 

initial slope/26,600 
kobs.  = initial concn. of penicillin 

The factor 26,600 is the molar absorptivity of 
penicillcnic acid ( 5 )  Figure 1 shows these ratc 
constants as a function of pH. These curves follow 
the same pattern previously observed for penicillin 
G (13) where the rate of penicillenic acid forniation 
was found to be dependent upon the concentration 
of undissociated penicillin acid (HI'): 

d (penicillenic acid) 
dt = kobs. (HP) = ~ ~ ~ 

where kc represents the specific pH-independent 
rate constant. At high pH where (H+) << Ku, the 
observed first-order rate constant will be directly 
proportional to (H+) and, as shown in the dashed 
lines of Fig. 1, will decrease rapidly with increasing 
pH, and approach very low values a t  physiologic 
pH. There is a large difference in the magnitude 
of these rates for the various penicillins, the rate for 
methicillin being about 20 times that for oxacillin 
and about 50 times that of penicillin V. It is known 
that penicillin G fits in betwcen oxacillin and 
methicillin, and much closer to the latter (13) 
Ampicillin produces penicillenic acid even more 
slowly than penicillin 1' (11). 

Reaction of Penicillins with G1ycine.- The 
optical rotation was followed until no further change 
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A - t B - + C  (Eq. 1) 
k i  k3 

whcre A represents the original penicillin. B the N- 
diastereoisomer, and C the mixture of diastercoisu- 
mas .  'I'he apparent first-order rate constants arc 
k1 and k?. 

In this system: 

A = 140e-kit (Eq. 2) 

\ \  \ 
\ \  

\\ '\ \ 

I 1 

Fig. 1 .---Hatc of formation of penicillenic acid 
as a function of pH. Key: 0, mcthicilliii; 0, 
oxacilliri; 0, penicillin V. 

TIME (MINJ 

Fig. 2.--First-ordcr plot for reaction of methicillin 
with 0.3 A?' glycine buffer, pIl 9.47 at 50". Key: 
0 ,  (R  - R - )  us. t ,  left ordinate; A, residuals, right 
ordinate. Ordinates are log scale. 

occurred and this value was designated R,. Plots 
of log (R t  - Rm) against time were expected 
to show apparent first-order kinetics since the con- 
centration of glycine was in large excess over that of 
penicillin. As seen in Fig. 2, curve A, large devia- 
tions from linearity were observed. This particular 
curve depicts the reaction of methicillin with 0 3 
M ,  pH 9.48 glycine buffer, but is typical of all the 
studies. 

It is known that reaction of penidllin with amines 
yields the ~-penicilloaniide which can undergo 
mutarotation to a mixture of diastereoisomers. 
The mixture is known to have a lower specific rota- 
tion than the a-diastereoisomer and the specific 
rotation of the penicillin is higher than that of the 
a-diastcreoisomer (14). Essentially the following 
is the situation: 

1 1 
ki - k2 

C = An [I f -- - (kre-k i t  - k , p - k r t )  

(Eq. 4) 

Let r,i, Y X ,  rr rcprcsent the molar rotations uf thc 
respective spccics. The rotation a t  any tinw dur- 
ing the course of  the reaction, fit, will be the snin of 
the  rotations of the individual spccics: 

Rt = r.4(A) + m ( B j  + rc(C)  (Eq. 5) 

Combining terms with thc same exponential : 

At itifinitc time K = r(;.lo = R, 

Since k ,  is fastcr than k2, at some time where e--klt 

approaches zero there will remain a term in e-krt 
and the plot of In(& - R,) versus timc will be 
linear with slope - ka. This linear portion of the 
curve may be extrapolatcd to zero time and the 
values of (R ,  - R,) along this portion of the line 
represent the contribution of the term in e--k2t to the 
over-all value. Thus subtraction of this term from 
the observed (Rc - R,) will leave only the term in 
e--klt.  Then a plot of logarithm of these residuals 
against time should be linear with slope - k l ,  and 
this is shown as curve B in Fig. 2. 

The rate constant kl was determined for each 
penicillin and 6-APA, and was corrected for alkaline 
hydrolysis in the abscnce of buffcr : 

kc = kl - koa(OH-) (Eq. 9) 

It was found, for the penicillins, that k c  was not a 
linear function of glycine concentration a t  constant 
pH but was a linear function of the square of the 
glycine Concentration as shown in Fig. 3. 'l'hcsc 
particular lines represent reaction of ampicillin but 
are typical of those observed with all of the penicillins 
studied. In the case of 6-APA, on the other hand, 
there was a linear relationship between rate constant 
(kc) and concentration of glycine as shown in Fig. 4. 

The slopes of the lines in Fig. 3 represent the pro- 
portionality constant between k c  and the square of 



the total glyciiic conceutration and are designated 
ko. It can be Seen that  kc increasrs with increasing 
pH implicating the glycitie anion, KH2CH2COO-., 
as the reactive species. Figure 5 shows the direct 
dependence of kc: on the squarc of thc fraction of the 
total glycine which exists as anion: 

k G  = k G - ( f G - ) ’  (Eq. 10)  

Thus the entire ratc may bc attributed to  a third- 
order reaction with no second-order term in evidence. 

In  the case of A-APh the slopcs of thc linrs in 
Fig. 4 were found to be proportional to the fraction 
of thc total glycine existing as anion : 

kc = kc , - ( jc - )  (Eq.  11) 

Table I gives both k ~ :  and k,:-  for all the penicillins 
studied anti A-APA. Also included a r t  thc ratc 
constants for alkaline liydrolysis. Each uf the latter 
reprcscnts thc avcragc of 3 or 4 dctcrminations. 

DISCUSSION 

The requirement of 2 molecules of glycirie anion 
for reaction with the penicillins is indicative of a 
general base-catalyzed riucleophilic attack of glycine 
on the 0-laetam carbonyl. General basc-catalyzed 
aniiriolysis of esters (1 5, 16) and 6-tliiolvalerolactorie 

0.12 

-- I .  L 0.08 

r 

0 04 

0 0.04 0.OE .I2 
SQUARE OF GLYCINE CONC. (Me) 

Fig. 3.--Dcpendence of rate of reaction of ampi- 
cillin with glycine upon the square of the glycine 
conccutration. Key: 0, pH 9.70; A, pH 9.48; 0, 
pH 9.29; a, pH 9.10. 

0 0.1 0.2 0.3 0.4 0.5 
GLYCINE CONC. I W L )  

Fig. 4.-Dependence of rate of reaction of 6-APA 
upon glycine concentration. Key: 0, pH 9.70; 
A,pH 9.48; a,pH9.29. 

2 . 0 7  

0 0.2 0.4 0.6 

( fG-) 

Fig. 6.-Plot showing glycinc anion as reactive 
sprcies. 

(17) have been reported. In  the case of arninolysis 
of phenyl acetate by glycinc (16) both gcneral base- 
catdlyzcd and 217 uncatalyzed reaction were detected. 
I n  the present study an uncatalyzed aminolysis 
could not bc detected, although one w-ould suspect 
that  such a reaction should occur in an aqueous 
medium. Probably the rate of such a reaction is 
so small that  its contribution to the over-all rate 
could not be observed. 

Also absrnt from the rate law for reactioti of peni- 
cilliris with glycine was a term indicating general 
acid-catalyzed aminolysis as was noted with 6- 
thiolvalerolactone (17) im addition to the general 
base-catalyzed reaction. Again this might make 
too small n contribution to the over-all rate to he 
noticed or might be absent entirely. 

A mechanism for general base-catalyzed aminol- 
ysis of penicillin may be described schematically as 
follows: 

k3 

P + G- e P G -  
k 3  

ba 
PG- + G- - G I  + product (Eq 12) 

where P reprcscnts penicillin, G the glycine anion, 
and G* thc 7witter ion The intcrmediate produced 
in the first rtaction could be a tetrahedral addition 
product or a complex The driving force in the 
second step is the removal of a proton from the 
intermediate by thc sccond glycine anion Assum- 
ing a stcady 5tatc i t1  thc intermediate: 

when k - ?  >> kl (C-)  

At  sufficiently high (G-) i t  might be thought from 
Eq .  15 tkat  the rate would reduce to first order in 
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TABLE I.--kc A N D  k < , -  FOR PENICILLIAS A N D  6 - k P A  A N D  RATE CONSrANTS FOR ALKALINE HYDROLYSIS 
~ - - - ~  -~ ~-~ ~ 

___- -~ -~ 

Penicillin Side Chain, I< in I, Fig. 1 
G CsHjCH2- 
v GHsOCH2- 
Oxacillin C~H~-C-C-- 

/ I  II 
N, X-CH, 

0 

Methicillin 

'OCH, 
Ampicillin CaHa-CH 

I 
NHz 

6-APA 

43 1 . 4 8  1.10 0.82 0.56 2 . 3  
63 2.44 1.77 1.30 . . .  3 . 7  
62 3 .34  1.00 0.77 0.56 2 . 1  

32 1.18 0.76 0.58 0.37 1 . 6  

,56 1 .80 1 15 0.89 0 05 2.  7 

12 0 .  036'1 0 .  0.30" 0 036'6 . . . 0.44'' 
- 

glycine anion. This was not observed a t  concen- 
trations up to 0.3 M ,  as would he expected for the 
rapid equilibration between reactants and inter- 
mediate which would take place in this case. 

In thc case of 6-APA only over-all second-order 
kinetics was observed. This might be due to intra- 
molecular general base catalysis by the free amino 
group on the carbon adjacent to the 6-lactam car- 
bonyl, or a relatively large contribution by the 
uncatalyzed arninolysis, or both. 

From these results one might speculate that 
compounds containing both general hase and nucleo- 
philic groups on the same molecule, diainines for 
example, would react much more rapidly with 
penicillin than glycine. This is currently under 
investigation, and preliminary results indicate that 
this is indccd the case, The results uf these experi- 
ments will be the subject of a future commuiiicntion 
(18). Intramolecular general base catalysis could 
provide a rationale for rapid reaction of penicillin 
with proteins a t  physiological pH, which is pertinent 
to the question of pcnicillin antigen formation. On 
protein rnoleculcs there could be rn:~ny sites where 
intraniolecular general base catalysis of aminolysis 
could occur at rates rapid enough to compete with 
the elimination of penicillins from the body where 
the half-life is about 30-60 min. 

Also of pertinence to the mechanism of penicillin 
antigen formation is the fact that the ratrs of reac- 
tion of all these pcnicillius with glycine are of the 
same ordcr of magnitude, a factor of about 2.3 
separating the slowest (methicillin) from the most 
rapid (penicillin V). This shows a lack of influence 
of the side chain upon reactivity toward nucleophiles 
of the 0-lactam carbonyl. This is also apparent in 
the values for k o ~ .  On the other hand, the side 
chain has a great effect on the rates of penicillenic 
acid formation from penicillins. Although clinical 
experience with some of these penicillins is rather 
limited, allergic reactions to all the penicillins have 
been reported (19). Even though many of these are 
probably due to cross-reaction with antibody to 
penicillin G, the new penicillin must still combine 
covalently with protein to provide an antigen. 
From the relative rates reported here i t  would 
seem more likely that the direct reaction betw-een 

peiiicillin and protein is taking place rather than 
the penicillenic acid route. 

While the side chain (R in I )  appears to have little 
influence on reaction o f  penicillins with small molc- 
culcs, the situation with proteins might be quite 
different where steric eflects of the side chain might 
play a role. Such effects are observed in the relative 
affinities of the various penicillins for the enzyme 
penicillinase. Methicillin atid oxacillin have very 
little affinity for the enzyme while penicillin C ,  
penicillin V,  and ampicillin are relatively tightly 
bound. Only a hint of steric effect was seen in the 
present work where the rate constant for reaction of 
oxacillin with glycine is slightly higher than that of 
penicillin G, while the reverse is true of the  OH 
values. Oxacilliri has the bulky phenyl group on the 
carbon adjacent to the point of attachment which 
might interfere somewhat with the approach of the 
glycine more than with hydroxyl ion. The magni- 
tude of the differences is too small, however, to draw 
definite conclusions and further studies of steric 
effects are contemplated. 

In contrast to the potentially relatively rapid 
rates of reaction of penicillins with proteins are the 
very low rates of penicillenic acid formation cd-  
culated for neutral pH. For example, the half-life 
for penicillenic acid forrnatiun from methicillin a t  
pH 7.4 a t  34" would be about 1000 days. It would 
seem then that if the penicillenic acid route to 
antigen is of any consequence the penicillenic acid 
would have to be present in a preparation prior to 
parenteral administration. This is possible as a 
result of decomposition under normal storage condi- 
tions particularly in liquid dosage forms. Since acid 
is produced upon hydrolysis of penicillins the pH will 
be lowered, thus increasing the rate at which peni- 
cillenic acid is formed. I t  would seem important, 
therefore, that parenteral penicillin preparations be 
buffered to minimize this route of degradation. 
With oral preparations penicillenic acid is probably 
formed quite rapidly in the acid stomach. The 
limiting factor would then become the absorption of 
penicillenic acid. Since oral administration of 
penicillins has produced the least numbcr of clinical 
allergy prohlems of any route, this might he coti- 
sidered relatively unimportant. 
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Polarographic Study of Pteridines 
By MILTON LAPIDUS and MARVIN E. ROSENTHALE 

The electronegativity of the half-wave potentials of a series of pteridine congeners 
was found to be related to the substituent groups. The 2,4,7-triaminopteridines, 7- 
substituted 4-amino-2-aryl-6-pteridinecarboxarnides, and 4,7-diamino-2-aryl-6- 
pteridinecarboxamides were characterized, in that order, by decreasingly lower elec- 

tronegative half-wave potentials. 

NUMBER of attempts have been made to  A correlate pharmacological activity mith 
the oxidation-reduction potentials of a homolo- 
gous series of compounds (1) Relationships 
h a w  seldom been demonstrated; however, there 
is a report that  acridines with reduction po- 
tentials (Eoh) more ncgativc than -0 400 v. 
have greater antiseptic activity (2)  than those 
with less negative potentials That  study 
showed the active acridines to have reduction 
potentials so electronegative that no physio- 
logical system could reduce (inactivatcj them. 
Evidently, with the acrid&\, the maintenaiice 
of the  oxidized configuration is necessary for 
biological activity Another study showed that  
the degree to  which memhers of t f io  homologous 
series of acridine antimalarials inhibit the 
cliamint-oxidase enzyme system parallels the 
values of the reduction potential of the com- 
pounds (3) However, no evidence was found 
that  inhibition of diamine-oxidase is necessary 
to  antimalarial action (4j 

The possible importance of the oxidation- 
reduction potential prompted the authors to 
determine i t  lor a large number o f  pteridines 
which have been under pharmacological review. 
Some of these pteridines are uscful diuretic 
agents (5-8). 

Received January 14, 1966, rlotn Wyeth L a h ~ a t ~ i e s ,  lnc., 

Accepted f o r  publication March 31, 1966. 
The  authut-s acknow-ledge the technical assistance of Mr.  

I<adnur, Pa. 

1). I ) .  Austin. 

METHOD 

Material.-'rhe ptericlines studied were synthc- 
sized by Osdene et al. (9). 

Polarographic Analysis.--=l Leeds and Northrup 
recording polarograph equipped with a dropping 
mercury electrode was used for determining reduc- 
tion potentials. The H-type elcct.rolysis cell con- 
sisted of a saturatecl calomel half-cell connected to 
the test solution through an agar bridge and a 
fritted-glass diaphragm. Under a potential of 
- 0.50 v. the dropping mercury electrode delivered 
2.43 mg. of IIg/scc. with a drop time o f  4.31 scc. 
All iiieasureiiieiits were made a t  25". Unless other- 
wise noted, the solutions for polarographic analysis 
contained 5 X M pteridime, 0.1 A4 phosphate 
huffcr (pH 2.0), and 0.005y0 gelatin. l'he calibrat- 
ing solution, which contained zinc chloride (1 X 
1 0 - 8  Af) i n  ptacc of the pteridiuc, gave ail E Q , ~  

8.0 

7.0 1 
E rd 5.0 6.0 i 
5 4 . 0  1 

d 2.0 1 u 
I 

1.0 r' 
0 - 2  ' ' ' ' ' ' ' ' 8 

0.30 0.50 0.70 0.90 1.1 1.3 
APPLIED E.M.F., - v. 

Fig. 1. -1'olarographic reduction of Wy-4337 
(pH 2 .0 ) .  
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(CLASS I) 
TABLE I.---HAI,F-WAVE REDUCTION POTENTIALS O F  4,7-DIAnIINO-2-ARYL-6-PTERIDI?iECARBOXAMIDES 

Wy-No. 

1512 

1841 

1843 

3580 

3583 

3588 

3597 

3598 

3599 

3605 

3654 

3665 

3700 

3873 

4029 

41 19 

4153 

4156 

4196 

6 

-CONHMe 

-CONHCH2CH2CH2NEt2 

-CONHCH2CH2NEt2 

-CONHCH CH NMe2 
2 2  

-CONEtCH2CH2NMe2 

-CONMeCH2CH2NMe2 

-CONHCH2CH2CH2NBu2 
n 

-CON. ' N C H ~ C H ~ O H  
U 

-CONHCH2CH2NlCHMe2)2 

n 
2 2 u  

-CONHCH CH N 0 

-CONHCH2CH2CH2NEt2 

-CONHCH2CH2NEt2 

-CONHCH2CH2CH2NMe2 

-CONHCH2CH2NEt2 

n 
2 2 -  

-CONHCH CH N 0 

-CONHCH2CH20Et 

-CONHCH2CH20Me 

-CONHCH2CH2NEt2 

EL2 

0.430 

0.430 

0.420 

0.430 

0.405 

0.445 

0.440 

0.410 

0.440 

0.420 

0.420 

0.410 

0.415 

0.42u 

0.415 

0.395 

0.415 

0.425 

0.390 

E:/2 

0.980 

1.010 

0.980 

1.000 

0.965 

1.000 

1.020 

0.985 

1 ,015 

0.990 

0.990 

0.985 

0.960 

0,990 

0.985 

0.967 

0.990 

0.985 

0.987 
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- 
~ 

Wy-No. 
1276 

4277 

4278 

43 TG 

4377 

4436 

4437 

5121 

5250 

5330 

5331 

5365 

5588 

5589 

6119 

6520 

7037 

7038 

7184 

7307 

- CONH CHZCH I OEt )2 

-CONHCH2CH(OEt )2 

-CONHCH2(CH2)4CH2NMe2 

-CONH CH2( CH215CH2NEt2 

-CONHCH2(CH2$CH2NMe2 

-CONHCH2(CH2)3CH2NEt2 

-CONHCH2CH2NEt2 

n 
-CONHCH2CH2-Nu0 

-CONHCH2CH2CH20Et 

-CONHCH2CH2NEt2 

-CONHCH2CH2NEt2 

-CONH CHZ( CH212CH2NMe2 

-CONHEt 

-CONHCH2(CH2)2CH2NMe 

~~ ~~ ~ 

E:/2 
0.125 

0.430 

0.440 

0. 45.5 

0.430 

0.440 

0.430 

0.440 

0.400 

0.405 

0.440 

0.410 

0.410 

0.4225 

0.415 

0.410 

0.410 

0.427 

0.425 

0.430 

557 

E:/2 
0.987 

1.020 

1.000 

0.950 

0.995 

1.025 

1.015 

1.010 

0.967 

0.995 

1.005 

0.990 

0.980 

1.000 

0.990 

0.995 

0.980 

1.035 

1,000 

1.020 

__- (Contdared on nexl page.) - 



7322- 

7323 

-CONHCH2CH2NMe2 

CI 

-CONHCH2CH2NMe2 0- 
0.410 0.975 

0.405 0.980 

7324" -CONHCH2CH2CH2NMe2 0.400 0.975 

7329 -CONHCH2(CH2)4CH2NMe2 0.420 1 ,020 

7330 -C0NHCH2(CH2$CH2NMe2 

CI 

0.420 1.015 

Les- than 5 X 10-3 M .  

TAULE II.-HALF-WAVE REDUCTION POTENTIALS OF 7-%JBSTITUTED 
~-AMINO-~-ARYL-~-PTERIDISECARBOXAMII)ES (CLASS 11) 

NH, 

Wy-No. 

4739 

4760 

6120 

5256 

5587 

5614 

5829 

6218 

7209 

7635 

7714 

7715 

_ _ _ ~  

6 

- C O N H C H ~ C H ~ N ~ O  

-CONHCH2CH20Et 

-CONHCH2CH2NEt2 

-CONHCH2CH20Me 

- CONH CH2CH2S Et 

-CONHCH2CH20Me 

-CONHCH2CH20Et 

-CONHCH2CH2CH20Et 

-CONHEt 

-CONHMe 

-CONHPr 

-CONHBU 

7 

- N H C H ~ C H ~ N ~ O  

-NH CH2CH20Et 

-NHCH2CH2NEt2 

-NHCH2CH20Me 

-NHCH2CH2SEt 

-NHCH2CH20Me 

-NH CH2CH20Et 

-NHCH2CH2CH20E1 

-NHEt 

-NHMe 

-NHPr 

-NHBu 

E L L  

U 480 

0 480 

0 490 

0 500 

0 480 

0 515 

0 4x5 

0 510 

0 470 

0 365 

0 500 

0 500 

Is/* 
1.070 

1.050 

1.100 

1.070 

1 .050 

1.085 

1.055 

1,100 

1.050 

I. 080 

1.020 

. . .  
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0.850 

0.800 

0.750 

*.. 
W 

I 

0.700 

0.650 

7.00 

11 

Wv-7323 7324 7038 7330 7329 

2 3 4 5 6  
NO.(") OF METHYLENE GROUPS 

Fig. 2.-Half-wave potential profilc for a series o f  
4,7-diamino-2-(m-chloroplienyl)- 6 - pteridine-carbox- 
amides with varied length of methylene chain in 6- 
carboxamide substituent. 

of - 1.075, a value in agreement with the literature 
(10). Rcplicate samples varied f0.015 v. 

RESULTS 

The pteridines gave well-formed 2-step polaro- 
graphic waves (Fig. 1). The half-wave potentials, 
designated E:/* and E:,z, were determined by ex- 
polation froin the current (ma.) z'ersus applied 
voltage (v.) record (11  ). Characteristic half-wave 
potentials, E,f/,, were found for each of the 3 
general classes of pteridines at pH 2.0. 

1.50 

1.30 

1.10 

w 
I 0.90 

0.70 

0.50 

0.30 1 

2.0 4.0 6.0 8.0 
PH 

Fig. 3.--Variation in half-wavc potential of 
Wy-4437 with chatige in pH. Key: top curve, E:,2; 
bottom curve, E;l2. 

Class I.-4,7-Diantino-2-aryl-6-pteridinecarbox- 
amides.-In this group the cornpounds had half- 
wave potentials of -0.390 to -0.460 (Table I). 

Class II.-7-.~uhstztuted 4-Amino-2-aryl-6-pter- 
idiize Carbnxamides.-Substituiion in the 7 position 
resulted in ail increase in the electronegativity of the 
half-wave potential (Ef:, from -0.470 to -0.565, 

Included in class I1 pteridines was a polarograpliic 
study investigating thc influence of the N-N intra- 

Table 11 ) . 

____ 

Wy-No 

1643 

1839 

1840 

3519 

4151 

_. - __ ~ ~ _ _  ~ ~ ~ _ _ _  ~~ 

6 e12 Et/2 9 N ( C H ~ C H ~ O H , ~  0 690 

-CONHCH2CH2CH2NMe2 0 GOO 1 OF0 

-CONHCH2CH2NEt2 0 570 1 020 

0 625 1 075 

0 595 1 105 
-0 

-CONHCH2CH2CH20CHMe2 

4927 8 
\ /  

0. ti55 1.110 
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TABLE IV.-REDUCTION POTENTIAL OF REPRESESTA’TIVE COMPOUNDS OF THREE GENERAL CLASSES OF 
SUBSTITUTED PTERIDINES 

NH, 

5120 (Class 11) -NHCH2CH2NEt2 0 0.490 

1840 (Class 111) -NH2 -NH2 0.570 

nuclear distance in the carboxamide structures in 
the 6 position of a homologous series of pteridines 
(Fig. 2). The half-wave reduction potential of 
this series was found to be a function of the N-N 
intranuclear distance as well as the pH. A methyl- 
ene bridge of 5 carbons gave the maximal clectro- 
negative half-wave potential at pH 7.0 and 7.6. 

Class III.-2,4,7-Triamino-6-arylpteridines and 
2,4,7-Triamino-6-pteridinecarbazamides.-The elec- 
tronegative potentials found in this general group 
were from -0.570 to -0.690 (Table 111). The 
reduction potential of the 6-arylptcridines was more 
electronegative than the 6-pteridiriecarboxamides. 

Within each of the three general classes, the 
reduction potential of the pteridines increased in 
electronegativity with the increase in pH from 2.1) to 
7.4. A typical half-wavc potential versus pII curve 
is shown in Fig. 3. 

DISCUSSION 

Polarographic and spectrographic evidence has 
established that reduction of the pyrazinc ring in 
folk acid arid related pteridine structures occurs at 
the 5 5 6  and 7-8 double bonds. The reduction 
occurs in two steps and has been shown to be pH- 
dependent and to involve 2 electrons per step (12, 
13). The authors comparcd the reductiori record of 
4,7 - diamino -1V- (4-diinetliylaminobutyl)-2-phenyl-6- 
Pteridinecarboxamide (class I, Wy-4437) with that 
of folic acid at the Same molar concentration and 
pH and found the same 2-step reduction and t h c  
same limiting current. Thc authors consider this 
to be evidence for a 2-electrori-per-step reduction 
mechanism for both structures (14). 

Substitution on the pteridine nucleus had an 
ovcr-all effect on the rcductivc proccss occurring at 
the 5-6 and 7-8 double bonds. The gain of elec- 
trons by the pteridine ring a t  tlie dropping mercury 
electrode and the simultaneous introduction of 11+ 
occurred at voltages which were characteristic for 
each of the substituted pteridines. One can assume 
that the more difficult it  is for a ptcridinc to gain 
electrons and be reduced, the more electroncgative 
the applied voltage has to be. This effect, the ease 
or difficulty of reduction, involves not only the 
pteridine nucleus but the substituerits as well. 

Thc comparativc elcctronegativity of the half- 
wave potential of the 3 general classes of pteridiries 

studied was: class 111 > class 11 > class I. The 
substitution of a 2-phenyl group (Wy-1843) for the 
2-aniino group (Wy-1840) resulted in a decrease in 
electroncgativity of the half-wave potential (Table 
IV). This decrease may be due to a withdrawal 
of electrons from the site of reduction by the phcnyl 
group. The result of this resonance effect is to per- 
mit reductiou to occur at a lower potential. The 
replacement of a primary amino group (Wy-1843) by 
a secondary amino group (Wy-5120) at position 7 re- 
sulted in an incrcase in electronegativity of the half- 
wave potential, indicating that the 2-diethylamino- 
ethyl structure on the 7-amino group must act as 
an clcctroii donor. 

A polarographic study of the effect of pH on a 
homologous series of 4,’i-diarnino-2-m-chlorophenyl- 
6-ptcridinecarboxamides (Fig. 2) revealed that an 
increase in the AT-N intranuclear distance within 
the carboxamide tended to raise the electronegative 
half-wave potential. At acid pH’s the protonation 
of amino and heterocycle nitrogen limited the reso- 
nance and inductive effects, but this leveling effect 
was minimized as the pH was increascd. A t  neu- 
trality the maximal reduction potential was re- 
corded for a mcthylcnc chain length of 5 carbons. 
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Moisture Stress Tests in Stability Programs 
By J. THURO CARSTENSEN, E. SERENSON ARON, D. C. SPERA, 

and J. J. VANCE 

Although the effect of moisture in  solid dosage forms is qualitatively recognized, the 
severity of this parameter is often much greater than anticipated. Quantization of 
interaction of moisture with active components is often possible and an apparent 
order of reaction can be established rather easily. The  higher the order the more 
severe the effect of moisture content and the closer this variable must be controlled in 

stability programs. Vitamin A is used to  exemplify these points. 

ARDIF in a recent publication (1) touched 
"on the effect of moisture on vitamin A sta- 
bility in solid dosage forms. The moisture 
sensitivity of  vitamin B is greatly affected by 
the presence of antioxidants, and as will be 
deirionstratcd bclow, can be exaggerated con- 
siderably depending on (a) the presence of 
antioxidants in the vitamin A beadlet and (b )  the 
tablet base used. The sucrose base employed by 
Tardif is moderately severe. In our investiga- 
tions we have found lactose to be a severe inter- 
acting substance that lends itself well to artificial 
testing of (a)  the quantitative nature of the inter- 
action of vitamin A with moisture and (b'l as a 
screening agent for vitamin A beadlets of dif- 
ferent matrix composition. 

Higuchi and Reinstein (2) a t  an early date 
studied the order of reaction of vitamin A with 
water in hydroalcoholic systems and found the 
reaction order to be second order with respect to  
ethanol at high ethaiiol concentration, slowly 
approaching first order as the ethanol concen tra- 
tion was decreased. The order with respect to 
water was found to be complex, changing rrom 
inuch less than 1 in solvent containing ZY0 water, 
increasing to 1 a t  5y0 water content, and then to 
4 at 200/, water content. 

The authors have reported their findings in 
the lactose solid state system, which is a much 
cruder system than the systems employed by 
Higuchi and Reinstein 

Theory.-If vitamin A degrades by functicinal 
dependence of water content, then a (1 4- a) 
order reaction rate may be expressed as 

dC.k/dt = -Kk'-Cq.Can20 (Eq. 1) 

where C denotes concentration and lhr  sub- 
scripts denote vitamin A acetaLe and water 
If the water is in sufficient exceqs, Ey. 1 will 
degenerate to the pseudo first order: 

or log (% retained) = --K' * (time) + 2, where 

h7' = h 7 . C U H 2 0  or,, 
log h = log K + a.1o.g C H ~ ~  (Eq. 3 )  

"a" mill appear as the slope of K' versus log 
CH?O plots regardless of whether Naperian or 
non-Kaperian rate constants and logarithms 
are used Non-Naperian data will be employed 
in the following. 

EXPERIMENTAL 

Samples of tablets were made of the following 
composition: 427.5 mg. of lactose, 5.0 mg. of calcium 
stearate, and 17.5 mg. of vitamin A acetate beadlets 
(containing no antioxidant). 

The materials were predried a t  37" for 24 hr. and 
various amounts of moisture were added to sub- 
parts of the granulation which was then com- 
pressed on a Stokes E machine using I3/s2 in. stand- 
ard concave punches, the thickness being about 
10.3 mm. The tableting of the wetter samples was 
not particularly satisfactory from a mechanical 
point of vicw. 

The samples were storcrl in  well-sealed bottles a t  
5, 25, 55, 70, and 85' and assayed a t  the periods 
shown in Table I. 

Samples of vitamin A palmitate beadlets were 
incorporated in thc same base. The vitamin A 
palmitate bcadlets all contained antioxidants as 
opposcd to thc  experimental lots of vitamin il ace- 
tate beadlets used. The results from storage test- 
iug of these are showu iu  Table 111. 

RESULTS 

l'ablc 1 yields storage rcsults in terms of units of 
vitamin A/Gni. of tablet wcight. 

The table purposcly omits loiiger trrm data to 
illustrate the rapidity and utility of t h e  procedure. 
Thc usc of longer periods is also questionable in 
view of recent findings (5) regarding equilibrium 
aspects of vitnniin A bendlets, in particular in dryer 
furrnulations. 

Extracting the K' values (iri units of days-') 
from Table I yields the data in Table 11. The loglo 
of R' is shown rather than k" to allow treatment 

(Eq. 2 )  by Eq. 3. 
The data in Table I1 are shown graphically in 

~ ~- Fig. 1, and analysis by the method of least squares 
show the liues ( a )  not to  differ significantly with 
respect to slope and ( b )  to yield a best estirnatc of 
a == 2.0 - 3.0. 
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TABLE I.--\'ITAMIN A ACETATE CONTENTS O F  LACTOSE BASE TABLETS AT b-ARlOUS ' h M P E R A T U R E S  
.~ 

~ -~ 
Journal No. 55- 12 A 55-12B 55-1 2C 55-121) 55-1 2E 
yo Moisture 0 0.5 1 1.5 2 

Init .-Ref. 17,550 17,470 17,380 17,300 17,200 
85", 2 days 10,600 9,800 6,300 2,430 I ,  130 
85", 4 days 6 ,  100 8,900 2,750 980 0 
70", 4 days 12,800 14,950 9 ,700 5 ,4.50 I ,550 
70', 8 days 9,400 9,650 6,800 2,250 600 
5 5 O ,  1.5 days 16,300 16,250 8,800 2,700 0 
25', 15 days 17,550 16 ,950 13,950 8,050 5,800 

5",30 days 14,850 9,080 3,070 

TABLE 11 . - -hGi"  R'-\'ALUES AT \'ARIOUS TEMPERATURES 
~~ 

% H20 850 70" 55" 250 50 
Journal No. Added Log K t  Log K' Log K' Log I<' Log If' Log ( H J O ) ~  

55-12A 0 . . .  . . .  . . .  

C 1 3.323-4 2.754-4 2.290-4 1.811-4 1.376-1 0.0-1 
n 1.6 3.558-4 3.069-4 2.725-4 2.340-4 1.976-4 1.175-1 

B 0.5 2.482-4 2.  ,762-4 1.6G2-4 0.938-4 1.7-1 

E 2 3 . 7 6 2 4  3.348-4 2.497-4 2.394-4 1.3-1 
~~ 

a It is  assumed that the moisture present prior to water addition is bound; the water "concentration" i? taken as moisture 
added 

The assays from 3 different lots of vitamin A 
palmitate with different beadlet composition are 
shown in Table I11 a t  the 27, moisture level, as an 
exaniple of the screening aspects of the procedure. 
It should be noted that the beadlets referred to in 
Table 111 are all vitamin A palmitate beadlets con- 
taining antioxidants, whereas the beadlets referred 
to in Table I are vitamin A acetate beadlets con- 
taining no antioxidants. 

DISCUSSION 

I t  is apparent from the data that lactose plus 
moisture is a scvcrc test for vitamin A. It hence 
may serve as a good agent for evaluating vitamin A 
beadlets made by various processes and composi- 
tions. 

The data of Table I1 have been plotted graph- 
rally in Fig. 1 and yield the information that the 
over-all apparcnt interaction order is 4 (a = 3). 

This is a relatively high order. For stability 

TABLE 11 [.-\-ITAMIN A PALMITATE I N  LACTOSE 
BASE 1'ABLETS CONTAINING 2% MOISTURE 

Tablet A B C 

~~~ 

Storage 
Initial 9890'1 9300 7960 
2 days a t  85" 2480 2800 1420 
k (days-l) 0.300 0.261 0.372 
4 days a t  70" 8300 7230 5840 
k (days-') 0.0190 0.0270 0.0342 

k (days-') 0.00767 0.0107 0.0264 
45 days a t  45' 5660 6780 5000 
k (days-I) 0.00543 0.00305 0.00446 
180 days a t  3 i "  7750 5560 1850 
k (days-') 0.000600 0.00124 0.00355 

16 days a t  55" 7570 6420 3200 

360 days a t  25" 7755 7240 5715 
k (days-') 0.000300 0.000300 0,000396 

a Assays are listed in units ver Lablet. 

programs, therefore, there appears to be a need for 
prcliminary dctermination of interaction order since 
the stability must be viewed in light of the moisture 
content. Such informatiou should be secured early 
in the program. 

Dctermination of the interaction order is rapidly 
obtained. Examplewise, data in Tablc I (which 
suffice for this purpose) were secured in about 1 
month. The actual calculation of the a-value can 
be done graphically simply by determining the slope 
of the plot of log K' versus log (H20).  For instance, 
the 25" data of Table 11, taking points B and D 
would yield a slope (U-value) of (2.340 - 0.938)/ 

Most of the data may be treated by Arrhenius 
plotting although in the case of the samples in 
Tablc I with high moisture contents, elevated 
temperatures give unreasonably high degradation 
ratrs and would have to be extrapolated differently 
(3) if such cxtrapolatitig wcre nccdcd. The utility 
o f  the procedure outliried in  stability programs and 
evaluations is quite apparcnt. 

If the apparcnt ordcr of tlic rcaction is known i t  
can be establishrd whether losses are solely due to 
moisture or wiicther other factors are involved. 
If, for instance, one tablet formulation contained 
2% moisture, another lyi, and the K-valucs de- 
pendcd on, e .g . ,  K' = K .  C E ~ O ~  then it may be con- 

(1.175 - 0.700) = 2.96. 

3 

Y 

" 0 _I 

-f 

Fig. 1 .- vitamin 
A acetate-lactose 
tablets. Plot of the 
loxarithni of the 
apparent first-order 
rate constant, K ' ,  
a s  ti function of 
amount of water 
added. 
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cluded that if K‘ (20/,) = 4 K’ (1%;) thc diffcrcnce 
in K‘ values is solely due to moisture. Such a con- 
clusion could not have been reached without 
knowledge of the apparent (third j order of reaction. 
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selected by choosing thc worst offenders in pre- 
liminary compatibility programs (4 j. 
4. If a high-ordcr interaction is established, 

stringent moisture control data should be obtained 
in thc stability program. 

5. The study of “order of interaction” may be 
carried out in a relatively short span of lime (30 
days). 
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SUMMARY 

1. Vitamin A acetatc has been used as an cx- 
ample to demonstrate “order of interaction” in 
solid dosage forms. 

2. Since moisture is a variable seldomly con- 
trolled within extremely narrow limits in stability 
programs, it may prove useful, in many cases, to 
establish the “order of interaction” between mois- 
turc and activc componcnt(s). 

3 .  Screening bases for such studies can be 
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New Pharmacologic Aspects of 
P-Diethyl-aminoethyl 2,2-Diphenylpentanoate 

By RICHARD A. CARRANO* and MARVIN H. MALONE 

In a comparison with atropine and structurally related adiphenine using a gross in 
vim screen in rats, B-diethyl-aminoethyl 2,Z-diphenylpentanoate (SKF 52 5-A) ap- 
peared to  act peripherally as a parasympatholytic and/or sympathomimetic. SKF 
52 5-A apparently has some selective activity on the central nervous system (blepha- 
roptosis, hypothermia) indicating a capacity to cross the blood-brain barrier. Drug- 
receptor interactions were studied on the isolated rat jejunum using furtrethonium 
as the agonist. SKF 525-A was primarily a noncompetitive antagonist with a com- 
petitive component and qualitatively different from the activities of atropine, 
adiphenine, and papaverine. The respective pAz and pD’z values are reported. 
The SKF 52 5-A receptor appears composed of the cholinergic receptor plus another 
spasmogen receptor. SKF 52 5-A did not inhibit the action of acetylcholinesterase, 
but was a potent inhibitor of monoamine oxidase at physiological concentrations. 

UCH OF the work previously reported on 
p - diethyl - aminoethyl 2,2 - diphenyl 

pentanoate (SKF 525-A) has been concerned with 
its ability to act as a niultipotent inhibitor of 
various liver microsomal degradation reactions 
(1). The original observations made for SKF 
,526-A concerning potentiation of barbiturates and 
other central nervous system depressants (2-5) 
suggested possible potentiation by CNS media- 
tion; however, Brodie (I)  demonstrated that this 
agent was able also to prolong the activity of the 
central stimulant, amphetamine. This study 
was prompted by the chemical similarity between 
SKF 525-A and adiphenine, and also by the lack 
of comprehensive screening in the literature 
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EXPEKIMENTAL 

In Vivo Hippocratic Screening.-In accordance 
with the method of Malone and Robichaud (6), 
nonfastcd albino rats (Wistar strain) in the weight 
range of 150-250 Gm. were injected intraperitoneally 
with 5 logarithmctically spaced doscs of cach drug 
tested (1 lethal, 1 essentially ineffective dosc, and 3 
cffectivc log-dosages bctwccn those two). Observa- 
tions were made using the ytandard worksheet ( 6 )  
a t  5, 10, 15, 30, and 60 min. postinjection, 2, 4, and 
24 hr. postinjection, and 2, 4, and 7 days post- 
injection . 

Mechanism of Drug-Receptor Interaction.- 
Using the methods of Ariens (7),  van Kossum (8), 
and van Rossum and van den Brink (9), cumulative 
dose-response curves were made utilizing rat 
jcjunum and furtrethonium iodide as the reference 
agonist ’l‘he bath solution was standard Tyrode’s 
oxygenated with 95% oxygen and 57, COP and con- 
taining thc calcium disodium salt of cthylenedi- 
aminetetraacetic acid in a concentration of 1 x 
lop6 Gm./L. The jejunum was mounted in the 
bath (37.5’)  using a modified Magnus technique. 
All drug coiiceutratioiis were calculated in terms 
of drug base. When an antagonist was tested it was 



Val. 55, No. 6, June 1966 

cluded that if K‘ (20/,) = 4 K’ (1%;) thc diffcrcnce 
in K‘ values is solely due to moisture. Such a con- 
clusion could not have been reached without 
knowledge of the apparent (third j order of reaction. 

563 

selected by choosing thc worst offenders in pre- 
liminary compatibility programs (4 j. 
4. If a high-ordcr interaction is established, 

stringent moisture control data should be obtained 
in thc stability program. 

5. The study of “order of interaction” may be 
carried out in a relatively short span of lime (30 
days). 

REFERENCES 

SUMMARY 

1. Vitamin A acetatc has been used as an cx- 
ample to demonstrate “order of interaction” in 
solid dosage forms. 

2. Since moisture is a variable seldomly con- 
trolled within extremely narrow limits in stability 
programs, it may prove useful, in many cases, to 
establish the “order of interaction” between mois- 
turc and activc componcnt(s). 

3 .  Screening bases for such studies can be 

(1) Tar-dif, I<., J .  Pharm. S i . ,  54, 281(1965). 
(2) Higuchi, T., and Reinstein, T., J .  A m ,  Phnum. Assoc., 

(3) Cai-stensen, J. ,  J .  Phavm. Sci., 53, 839(1964). 
(4) Carstensen, J . ,  Johnson, J., Valentine, W.. and Vance, 

.Ei. Ed., 48, lA6(1959I. 

1 . .  ibid.. 53. 105011964). _ ,  I I , ~, 
( 6 )  Carstensen, J.. Spei-a. D. C . ,  and Aron, R. S . ,  pce- 

sented to the Philadelphia Chaptei-, A. PH. A, ,  Februaiy 10, 
1066, rinpiihlish~d data. 

New Pharmacologic Aspects of 
P-Diethyl-aminoethyl 2,2-Diphenylpentanoate 

By RICHARD A. CARRANO* and MARVIN H. MALONE 

In a comparison with atropine and structurally related adiphenine using a gross in 
vim screen in rats, B-diethyl-aminoethyl 2,Z-diphenylpentanoate (SKF 52 5-A) ap- 
peared to  act peripherally as a parasympatholytic and/or sympathomimetic. SKF 
52 5-A apparently has some selective activity on the central nervous system (blepha- 
roptosis, hypothermia) indicating a capacity to cross the blood-brain barrier. Drug- 
receptor interactions were studied on the isolated rat jejunum using furtrethonium 
as the agonist. SKF 525-A was primarily a noncompetitive antagonist with a com- 
petitive component and qualitatively different from the activities of atropine, 
adiphenine, and papaverine. The respective pAz and pD’z values are reported. 
The SKF 52 5-A receptor appears composed of the cholinergic receptor plus another 
spasmogen receptor. SKF 52 5-A did not inhibit the action of acetylcholinesterase, 
but was a potent inhibitor of monoamine oxidase at physiological concentrations. 

UCH OF the work previously reported on 
p - diethyl - aminoethyl 2,2 - diphenyl 

pentanoate (SKF 525-A) has been concerned with 
its ability to act as a niultipotent inhibitor of 
various liver microsomal degradation reactions 
(1). The original observations made for SKF 
,526-A concerning potentiation of barbiturates and 
other central nervous system depressants (2-5) 
suggested possible potentiation by CNS media- 
tion; however, Brodie (I)  demonstrated that this 
agent was able also to prolong the activity of the 
central stimulant, amphetamine. This study 
was prompted by the chemical similarity between 
SKF 525-A and adiphenine, and also by the lack 
of comprehensive screening in the literature 

Received February g, 1066, from the Ilivision of Phai-- 
macology, University of Connecticut, Storrs. 

Accepted for publication March 21, 1966. 
Preliminary report: Federulion Proc., 24, 388(196A). 
The S K F  52.5-A and fiirtrethoniiim were provided courtesy 

of the Smith Kline Rr French Lahoratoiies, Philadelphia. Pa. 
while adiphenine was generously supplied by the Cibi  
Pharmaceutical Co. ,  Summit, N. J. 

* Fellow of the American Foundation for Pharmaceutical 
Education. 

EXPEKIMENTAL 

In Vivo Hippocratic Screening.-In accordance 
with the method of Malone and Robichaud (6), 
nonfastcd albino rats (Wistar strain) in the weight 
range of 150-250 Gm. were injected intraperitoneally 
with 5 logarithmctically spaced doscs of cach drug 
tested (1 lethal, 1 essentially ineffective dosc, and 3 
cffectivc log-dosages bctwccn those two). Observa- 
tions were made using the ytandard worksheet ( 6 )  
a t  5, 10, 15, 30, and 60 min. postinjection, 2, 4, and 
24 hr. postinjection, and 2, 4, and 7 days post- 
injection . 

Mechanism of Drug-Receptor Interaction.- 
Using the methods of Ariens (7),  van Kossum (8), 
and van Rossum and van den Brink (9), cumulative 
dose-response curves were made utilizing rat 
jcjunum and furtrethonium iodide as the reference 
agonist ’l‘he bath solution was standard Tyrode’s 
oxygenated with 95% oxygen and 57, COP and con- 
taining thc calcium disodium salt of cthylenedi- 
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of drug base. When an antagonist was tested it was 
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allowed to incubate with the tissue for 10 min. 
prior to the production of the cumulative dose- 
response curve. 

In Vitro Acetylcholinesterase Inhibition Studies.- 
The manometric techniques of Urnbreit et al. ( l 0 j  
were uscd for this study with acctyl-P-mrthylcholinc 
(0.03 M )  as the substrate for acetylcliolinestcrasc. 
Physostigmine was uscd in concentrations ranging 
from 10-6 to il/I as a standard acetylcholin- 
esterase inhibitor. SKF 525-A was used in conceti- 
trations ranging from to M .  Thc inhibi- 
tor and acetylcholinesterase were incubated (37”) 
together for 20 min. prior to mixing with the sub- 
strate. The total flask volume was 3 ml. and pH 
was kcpt a t  7.4 with Krebs-Ringer bicarbonate 
buffer. Molar 150 arid I30 values were calculated. 
All drug concentrations werc cxpressed in terms 
of drug base. 

In Situ Monoamine Oxidase Inhibition Studies.- 
Rat liver MA0 activity w-as determined by the 
spcctrophotometric disappearance of thc substrate 
kynuramine (11). Iproniazid was used as the 
refercncc M A 0  inhibitor. 411 concentrations were 
calculated in terms of the drug base. 

Radiomctric determinations were carricd out 
using the method of Wurtman and Axelrod (12) with 
incubations a t  37” in 15-1111. glass-stoppered centri- 
fuge tubes for 20 min. 9 young male rat was 
sacrificcd by decapitation, and 200 mg. of liver 
rapidly excised and homogenized thoroughly with 
10 ml. of cold isotonic KCI. One milliliter of this 
honiogeiiate was diluted to 10 ml. with isotonic KC1 
and rehomogenized so that a final conccntration of 
2 ing./ml. was obtained. T h e  total volume of each 
incubation tube was 3 nil. made up of the appro- 
priate ingrcdicnts. A t  the termination of the incu- 
bation, 0.2 nil. of 2 iV HCI was added to each tube 
followed by 6 nil. of toluene. The 14C derivative 
mas extractcd into the toluene layer by shaking and 
the two layers separated by centrifugation. Four 
milliliters of the toluenc laycr was takcii from eacb 
tube and placed into a liquid scintillator vial con- 
taining 10 ml. of liquid scintillator solution (0.5 
Gm. POPOP, 4 Gm. PPO, add 1 L. of toluenc), 
and counted for 10 min. in a Packard tricarb counter. 
Counting efficiency of each vial was determined by 
the internal standard method. A widc rangc of 
log-concentrations was used for each agcnt with 
concentrations expressed in terms of drug base. 
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literature. A t  100-316 mg./Kg. dusagcs, thcre 
was an apparent blockade of trammission a t  the 
level of the motor cnd plate of skcktal musclc. 
The dosage of 316 nig./Kg. was lethal within 30 
niin. Recovery from 178 ing./Kg. of atropine was 
csscntially complete by +24 hr. 

Adipheiiine produced effects very similar to those 
observed with atropine. However, mydriasis was 
not as pronounced and stimulation of both salivation 
and lacrimation was noted at  doses of 100 and 178 
mg./Kg. Lack of xerostomia suggests a different 
mechanism of action at  these higher dosage lcvcls, 
possibly indicating a decreased affinity of the 
adipheninc molecule to the parasympathetic re- 
ceptor, and possibly the extension of its action to 
another closely related receptor or receptor system. 

SKF 525-A was found to be a strong rnydriatic 
but not as powerful as atropine. It had the ability 
to decrease motor activity, although paralysis of 
skelctal musclc and loss of scrcen grip (6) were not 
seen. Fine tremors of skeletal muscle were pro- 
nounced at  thc two lower dosages. Lacriniation 
was greatly increased. The most striking cffect of 
SKF 525-A and with an escelle~~t dose-response 
relationship was hypotheniiia (-6.9’ a t  +1 hr. 
with a dosagc of 178 mg./Kg.). A t  the lowest 
dosage level of 32 tng./Kg., SKP 525-A produced a 
hypothcrmia (-3.3” a t  +I hr.) equivalent to 
that noted with 178 mg./Kg. of atropine and 
adiphenine. ilssociatcd with hypothermia was an 
effect of palpebral ptosis and enophthalmos. The 
dosage of 316 mg./Kg. was lethal within 30 min. 
and mas accompanied by convulsions. Thc animals 
receiving 178 and 100 mg./Kg. died within 60 arid 
95 hr. of dosing and death was associdtcd with in- 
creased skin plasticity, pilornotor erection, and 
profound loss of body weight. Since only 1-2 
rats per dosage are required for the Hippocratic 
scrccning (6), it is a qualitative technique whereby 
the evaluation of the activity of the test material is 
based on the complete log-response profile of the 
entire animal population rccciving the 5 log-dosages 
rathcr than on one animal or on one selected log- 
dosage. The Hippocratic technique is uscd as 
an initial directive screen to suggest avenues for 
further more specific pharmaculogic evaluation. 
Iri considering the total profile of acute symptoms 
produced by SKF 525-A, one could postulate 
either parasyInpatholytic or syinpathomiinctic ac- 
tivity. Increascd lacrimation and inpdriasis ac- 
companied by skeletal musclc tremors suggest 
sympathoniimetic activity. Salivation was not 
stimulated concurrent with lacrimation. The liypo- 
thermia appcarcd due to a selective CNS activity- ~~ 

this was suggested considcring two factors. First, 
the “true” palpebral ptosis indicative of possible 
hypothalamic depression was correlated dircctly 
with the period of strong hypotherrriic activity; 
and second during thc ptotic effects the animals 
were obviously conscious. Since death with SKF 
525-A came on slowly accompanied by weight loss, 
this agent could produce general metabolic inhibi- 
tion. 

It was evident from this gross in aizio screen that 
SKF 525.4 may have important phartnacologic 
actions indcpendent of metabolic inhibition and 
actions quite different from those seen with atropine 
and adiphenine. In general, the data indicated a 
decrease in parasympatholytic activity stepwise 

RESULTS AND DISCUSSION 

In vivo Hippocratic Screening.-Dosages of 32, 
56, 100, 178, 316 mg./Kg. mere injected for each 
of the following: SKF 325-,4, structurally related 
adiphenine, and atropine. The qualitative nature 
of the obscrvable symptoms which cxhibit dose- 
response relationships permit an estimate of possible 
mechanism of action ( 6 ) .  

Atropine produced excellent dose-rcsponsc ac- 
tivity for the following acute effects: mydriasis, 
decreased skeletal muscle coordination and tone, 
lowering of rectal temperature, tremors and con- 
vulsions coupled with xcrostomia, and decreased 
lacrimation. An increase in blood pressure was 
suggested by the presence of exophthalrnos. The 
well-known parasympatholytic activity appeared to 
be detected by thc screcning technique and all 
activities were in agreement with reports in the 
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Fig. 1 .- Cunitilativc log-concentration curvcs of 
furtrethonitun (IIFUR) in the prcsencc of atropine. 
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Fig. 2 --Cumulative log-concentration curves 
of fnrtrethoniuiri (HFUR) in the presence of 
acliphcnirie. 

from atropinc to  adipheninc to  S K F  525-A. 4 
shifting of mcchanisnl of activity or site of action 
may be pertinent to this structural progression. 

Drug Receptor Interactions.-The results for 
S K F  Tj2.5-A were compared with those for atropine, 
adiphenine, and papaverine. Figure 1 illustrates 
thc cumulative dose-response curvcs for furtre- 
thoniuni in the presence of increasing log-increments 
of atropine, A constant levcl of atropine was 
maintained for each dose-response curve of furtre- 
thonium. The conclusion that must be drawn is 
that  atropine is a pure competitive antagonist of 
furtrcthonium for the cholinergic receptor of rat 
jejunutn. There is a concentration-related decrease 
in the affinity of the furtrcthonium moleculc for the 
cholinergic receptor. The influence of atropine 
can be overcome by an increase in the concentration 
of furtrethonium and cvcntually furtrcthonium oc- 
cupies all receptors, thus producing a maximal effect. 
The corripletrieritarity between the cholinergic re- 
ceptor site and the atropine molecule is similar to 
that  bctwecn furtrethonium and the cholinergic 
receptor site, hu t  not equivalent since atropine has 
no intrinsic activity. 

Figure 2 illustrates similar cumulative dose- 
response curvcs with adipheninc as the antagonist. 
Here the competitive nature of the drug-receptor 
interactions can also be seen. However, with a 
concentration of 10 X 10-6 M for adiphenine, the 
maximum response obtainable for the furtrcthonium 

cumulative dose-response curve is reduced. This 
implies not only a decrease in the affinity, but also 
a decrease in the intrinsic activity of the furtre- 
thonium molecule lor the cholinergic receptor. 
A noncompetitive component has been introduced 
into adipheriine's action. This noncompetitive 
component may be the cletcrtriinate factor respon- 
sible for the decrease in gross parasyinpatholytic 
activity (as compared to  atropine) noted in the 
in U,?:ZYJ screening data.  

Figure 3 dcmonstratcs the furtrcthonium dose- 
response curves in the presence of increasing log- 
increments 01 the musculotropic antagonist papav- 
erinc. A "pure" noncompetitive antagonism is 
illustratcd. The papaverine molecule and the 
cholinergic receptor do  not have any degree of com- 
plimentarity; however, the intcraction of papaverine 
with componcnts (7) of the contractile mechanism 
of the muscle has a blocking influence on the action 
produced by furtrcthoniurn on the cliolitieryic re- 
ceptor of the jejunum. 

Figure 4 illustratcs that  S K F  F25-A, in part, 
appears to be a noncompetitive antagonist of 
furtrethoriiurn on thc cholinergic receptor. It is 
not corrcct t o  assume that  SKF 526-A acts in the 
same way as papaverine on this biological prepara- 
tion. Examination of the curves in Fig. 4 reveals 
that  there is a shift in thc dose-response curves for 
furtrethonium occurring along the log-dosc axis 

EFFECT/MAX EFFECT; JEJUNUM (RAT) 

p j 16 X l d C M  PAPAVERINE oz J 

0 
10.- I o - ~  I 6' M 

HFUR 
LOG SCALE 

Fig 3.-Cumulativr log-concentration curve5 of 
lurtrethonium (HFUK) in the prcsencc of papav- 
erinc 

EFFECT/ MAX. EFFECT; JEJUNUM (RAT) 

0 . 8  

0.61 I 
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Fig. 4.-Cumulativc log-concentration curves 
of furtrethonium (HFUR)  in the presence of SKF 
525-A. 



566 Journal of Phnrmnreutical Sciences 

TABLE 1 -PARAMETERS OF PARASYMPATHETIC AGENTS TESTED ON ISOLAl ED RAT JEJUNUM 
(10 Illin INCUBAlION) WITH FURTRCTIIONIUM AS THE ACONIST __- __ 

~~ ~ - 
Intiinsic Log Affinities- - - 
Actirity PnJ PAZ PI)'" 

Furtrethonium" 

Atropine 

Adiphenine 

SKF 525-8 
Papaverine 

1 

0 

0(- -1)  

?J 
-1  

5.90 
(5 

. . .  

. . .  

. . .  

. . .  

8.42 
(8 80)" 

(8 37 8.77Y 
G 69 

(G . 80)" 

. . .  

. . .  

4 . 5 8 d  
(4 . i0 ) "  
6.06 
5.00 

(4.80)h 

a While all calculations are in terms of the base molecules, furtrethonium iodide and atropine sullate were Lhe respective ' Parenthetical value was reported by van Rossum and vaii den Bi-ink 
Parenthetical values were reported by Schild (17, 18) for a 2 and 14-min. incubation 

Parenthetical value was reported by Ariens and van Rossum ' See text for discussion. 

salts used with all other agents as hydrochloride salts. 
(9) ; the incubation time was noL listed. 
time, respectively. 
(13); the incubation time was not listed. 

Incubated at 1 X 1 0 - b  M concentration. 

prior to the dcprcssion of maximal effect. This is 
not denionstrated in Fig. 3 with papaverine. Ac- 
cording to Ariens and van Rossum (13), van Rossum 
(8),  and Ariens ( 7 ) ,  when a noncompetitive an- 
tagonist interfcres with the induction of thc stimulus 
its presence niay result in a shift of the dose- 
response curves of the agonist followcd by a dcclinc 
of the maxirrium attainable effect. In such a case 
the antagonist may be expected to exhibit a certain 
specificity with respect to the agonist. 4 reserve 
in receptors for the agonist may be the cause of 
this shift. Since SKF 525-A is a reversible an- 
tagonist, the small shift noted is significant. There- 
fore, SKF 525-A although noncompetitive in action 
like papavcrine acts by way of a different mech- 
anism. Papaverine's action is nonspecific whereas 
SKF 525-4 has a certain spccificity with respect to 
the furtrethonium molecule and the cholinergic 
receptor and, thcrefore, may be considcred to inter- 
fere with the actual induction of the stimulus 
itsclf. Table I gives the values for the log-affinities 
calculated according to the method of van Rossum 
and van den Brink (9). An examination of Table 
I shows that the values obtained in this laboratory 
arc in agrccmcnt with those rcportcd by others. 
Atropine has the greatest affinity (pa2)  for the 
cholinergic receptor, even grcatcr than furtre- 
thonium. However, since its intrinsic activity is 
equal to zero it cannot cause an effect. The pro- 
nounced affinity of atropine to the cholinergic 
receptor is understood in light of the fact that it is 
effective in concentrations around 1 X 10-8 M. 
Furtrethonium produces its effects a t  about 3 X 

M ;  but since it has an intrinsic activity, it 
is capable of eliciting a stimulus and a subsequent 
response of the biologic object. Adiphenine has 
an affinity (pAz) to  the cholinergic receptor less 
than atropine but greater than furtrethonium. 
The inability of adiphenine to produce a stimulus 
is due to a molccular configuration that destroys 
its intrinsic activity. The affinity of SKF 525-A 
to the cholinergic "neighboring" receptor sitc 
(pD'2) is higher than both papavcrinc and adiphen- 
ine. Thc value for the affinity is indirectly related 
to the effective concentrations. Table I lists a 
question mark for the intrinsic activity of SKF 
525-A. As a strong noncompetitive antagonist 
with some competitive characteristics, it  may have 

twn intrinsic activities of 0 and -1, as does adi- 
phenine. On several occasions when SKF 525-A 
was introduced into the bath, it initiated a stimulus 
and produccd an effect which rapidly subsided. 
Whether this stimulatory effect was induced by 
intcraction with receptors is questionable. How- 
ever, such a response was never noted for any of 

....................... / ..... i ........................................................................... "/6 ~ . .  . .... 
! ?  . .  
i :  

i :  
. .  
j j  

10- ' 1 6 '  1 6 8  16' i6'x 

INHIBITOR CONCENTRATION 

Fig. 5.--Acety~cho~incsterasc inhibition by physo- 
stigmine and SKF ,525-A. Key: A, physostigminc 
(M 150 = 9 50 X 
B, SKF 525-A ( M  1 8 0  = 8.25 X lo-* M ) .  

221; M 120 = 2.65 X IO-'M): 

,-- % INHfBlTlON (IF MAO.lSPECTROPHOTOMEI RICJ 

CONCENTRATION OF INHIBITOR LOG SCALE 

Fig. 6.--Spectrophotometric determination of 
112 Ib0 for iprnniazid (8.5 X 10P AT) and SKF 525-A 
(5.3 X 10-5 X) on monoamine oxidase. Key: 
A, SKF 525-8; B, iproniazid. 
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In Situ Monoamine Oxidase Inhibition.--The 
possibility of sympathomimetic effects due to M A 0  
inhibition was considered to  be possible in light of 
the Hippocratic screening. Figurc 6 illustrates thc 
data obtained from tlie spectrophotometric method 
and shows that SKF 525-A has a lower molar 150 
than the standard, iproniazid. Figurc 7 illustrates 
the results from the radionietric technique for SKF 
525-A and iproniazid. The molar IQO values for 
both procedures are in good general agreement. 
The concentrations used are in the physiological 
range. The radiometric mcthod is rcgarded gcn- 
erally to be the more sensitive arid more reliable 
of the two assays. Allmark (16) dcmonstratcd 
that large doses of isoniazid and related compounds 
(iproiiiazid) prolonged the sleeping time of bar- 
biturates. This provides a correlation between 
SKF 525-A activity and M A 0  inhibition since thc 
first major action of SKF 585-A that was studied 
was its capacity for barbiturate potentiation. 
In any case it is possible that inhibition of MA0 
may account for thc sympathomimetic effects seen 
when SKF 526.8 alone is administered to intact 
uiianestlietized rats. 
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Pyrimidine Derivatives VIII 

5 -Arylazopyrimidines and Their Inhibitory Effects Against 
Transplantable Mouse Tumors 

By MERVYN ISRAEL, HERBERT N. SCHLEIN*, CHARLOTTE L. MADDOCK, 
SIDNEY FARBER, and EDWARD J. MODEST 

Twenty-five substituted 5-arylazopyrimidine derivatives have been prepared as poten- 
tial “small molecule” antagonists of folic acid via reaction of 5-unsubstituted pyrim- 
idines with appropriate diazotized aniline derivatives. The antineoplastic activity 
of 19 of these compounds has been examined in vivo by means of a primary screening 
program utilizing five transplantable mouse tumors. At nontoxic dosages, several of 
these agents showed effective tumor growth inhibition, as evidenced by reduction in 
mean tumor size. Histopathological examination of mice treated with 2,4-diamino- 
6-hydroxy-5-phenylazopyrimidine revealed intestinal irritation and evidence of 

nephrotoxicity, as well as incomplete absorption of the drug. 

HE EFFECTIVENESS of aminopterin (4-amino- 
Tpteroylglutamic acid) against acute leukemia 
in children (1) has led to the synthesis of a 
variety of folic acid antagonists as potential 
tumor inhibitory substances. Included among 
these are the so-called “small molecule” antifolics 
(z.e., compounds less closely related to the struc- 
ture of folk acid but retaining antifolic activity),’ 
which are represented by the following examples : 
the 2,4-diamino-5-arylpyrimidines (I) (2), the 
2,4-diamino-5-aryloxypyrimidines (11) (3), the 
2,4-diamino-5-benzylpyrimidines (111) (4), and 
the 2,4-diamino-%aryl as-triazines (1V) ( 5 ) ,  all 
synthesized by Hitchings and his collaborators, 
and the 4,6-diamiiio- I-aryl- 1 &dihydro-s-triazines 
(V) (6), prepared in these laboratories. These 
antimetaboli tes all approximate the 2,4-diamino- 
5-arylpyrimidine structure. A more complete 
comparison of these “small molecule” antifolic 
structures has already appeared elsewhere (7). 
Various substituted 5-arylazopyrimidines (\‘I), 
which structurally resemble the aforementioned 
compounds, have been prepared by us for evalua- 
tion as potential antitumor agents. Preliminary 
communications on the synthesis (8) and micro- 
biological activity (9) of lhese compounds have 
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appeared; the latter report was published si- 
multaneously, by mutual arrangement, with that 
of Timmis and co-workers (lo), whose independ- 
ent studies paralleled our own. At about the 
same time, Tanaka and his colleagues also de- 
scribed the biological activity of some 5-arylazo- 
pyrimidines (ll), and various reports have since 
appeared concerning the antifolic and tumor in- 
hibitory activity of this type of compound (12- 
15). The authors now describe the synthesis of 
some hitherto unrcportcd derivatives of this series 
and summarize their experimental antitumor 
properties. 
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DISCUSSION 

The ~-arylazopyrirmidines prepared duriug this in- 
vestigation (Tables I and II)w-ereobtainedbyreactiori 
of a 5-urtsubstituted pyrimidine with a n  appropriate 
diazotized anilinc derivative. Compounds 1-14 
represent a series of derivatives of 2,4-diarnino-6- 
hydroxypyrimidinc with modification in the arylazo 
substituent (R4). In this series, the coupling reac- 
tion was accomplished a t  pII 5.0-5.5 in 10% sodium 
acctatc, following essentially the conditions of 
Benson, Hartzel, and Save11 (16); the yields varied 
from 50-100%. With other pyrimidines, no general 
pH optimum was found for diazo coupling. Some 
pyrimidines (e .g . ,  2,4-diaminn-6-chloropyritiii~lit1e) 
coupled best at a slightly acid p H ;  others (c.g., 2,4- 
diamino-6-mercaptopyrimidiii~) required an  alkaline 
pH for coupling. In some iristances ( e . s . ,  2,4- 
diaminopyrimidinc j, coupling did uot occur at any 
pH tried. In two iristarices (compounds 19 and ? I ) ,  
the coupling reaction was most eflicient when the pH 
was kept constant during the entire course of the 
:reaction by means of a buffered system. It appears, 
therefore, that  uptirnal conditions for diazo coupling 
ircprcscnt a compromise bctwecn thc solubility of the 

pyrimidinc and its relative reactivity toward elec- 
ttophilic substitution, on thc one hand, and thc 
concrntration of the diazoniuin salt and its rate of 
decomposition on the other. 

The crude products werc purified initially by 
thorough washing with alcohol, water, and ether, 
and then, if they contained hydroxy or mercapto 
substituents, by precipitation from alkaline solution 
by the addition of dilute acid; material purified to 
this stage was sufficiently pure for biological 
evaluation. Analytically pure samplcs were ob- 
taincd by m e  of three general methods: sublima- 
tion, recrystallization, or reprecipitation. The 
mcthod of choice, wherever applicable, was high 
vacuum sublimation; this technique afforded ana- 
lytically pure, anhydrous material dircctly. Sccond 
choice was recrystallization. r2rylazopyrimidities 
are, in general, insoluble in most common organic 
solvents. However, a limited few were crystallizable 
from hydrophilic solvents such as ethanol or 2- 
ethoxyethariol. The third choice was repeated 
precipitation either from basic solution by thc 
addition of acid or from acetone solution by the addi- 
tion of watcr. This procedure usually returned 
hydrates of variable composition which rctained 

TARLE I.--5-.4RYLAZOPYRIMIDINES (1'1) 
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>so0 
2335 drr. 
>:300 
288 2x9 

Colur 
Ycllow- 
\'ellow orange 
\'ellow 
Yellow 
Orange 
Red 
Yellow 
Y el I 01v 
\'ellow 
Yellow-orange 

Yellovc 
Yellow 
Red-orange 
Krd  orangc 
Ycllow 
Yellocc 
Yellow 
Yellow 
P& orangc 
Red 
Yellow 
Pale ycllow 
Yellow 
Ycllow 
Yellow 

__ ~ . ~~~ ~~ 

a See under Experimental. Percentage yield figures for compounds 1-14, 1 9 ,  20, 22. 24, and 25 are based upon material 
which had been Once puritied by precipitation a t  pH 4-5 from an alkaline solution; yields tor the remaining compounds are 
based on product purified according to the method indicated under Purification. Purification procedure used to ohtain the 
analytical sample. Crystallization solvents: A ,  95% ethanol; C, cellosolve (2-ethouyethanr,l); C-W, cellosolve-water; E, 
ether, W, water; S, sublimation in high vacunm (sublimation temperature in "C. in parentheses); P, precipitation at pH 445 
from alkaline soliition. Cited in Parker, K .  P., and Webb, J. S., U. S. pat. 2,543,333 
(I'eb. 27, 1951) ; however, no analytical values are given. f The sesquihydrate is obtained on drying at  S j 0  for 48 hr. in vacuo: 
diying at  140" foi 72 h i .  afforded the hemihydrate. Free acid previously reported by,Hartzel, L. W., and Benson, F. I<., J .  
A m .  Chem. Soc. .  76, 2263(1951). J Also prepared hy Timmis el ul .  (10). 

Previously reported as a hydrate (16). 

Containing 5% sodium chloi-idc. ' Reference 19.  
Reported (10) m.p. 262'. ' Refevence 21. 
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T A B L E  II.--ANALYTICAL DATA FOR NEW COMPOUNDS LISTED I N  TABLE 1 
- ~- _-__ 

Compd 
1 
2 
3 
4 
5 
6 
7" 
8 
9 

10 
11 
12 
13 
14 
18 
20 
22 
23 
24 
25 

54.09 4.95 
55.80 5.46 32:54 
50.76 4.65 32.30 
60.76 4.65 32.30 
59.99 4.32 . . .  
59.99 4.32 

42.78 3 .23  29.94 
52.17 4.38 . . .  
50.76 4.65 32.29 
51.94 3.92 

45.54 3.82 3 i : i 9  

51.73 3.47 24:i3 

%- 
C 

52 25 
45 70 
45 71 
39 97 
39 38 
43 50 
33 39 
53 89 
53 86 
55 83 
50 31 
50 46 
59 73 
59 55 
45 56 
42 62 
51 70 
50 86 
51 72 
51 88 

- Found- 7 

H N 
4 .6  . . .  
3.38 31.56 
3.59 31.80 
2.85 27.80 
2.62 
3 50 35 20 
3 43 0 276 
5 20 34 20 
5.10 

4.78 32.40 
4.90 31.90 
4.20 . . .  
4.50 . . .  
3.99 36.88 

5 . a  32.76 

3.17 29.80 
4.09 
4.82 3i:t)o 
4 .21 
3.62 24:42 

a Analysis for hemihydrate.-Calcd. for C ,  35.19, H, 2.95. Found: C ,  35.12, H, 3.15. Per cent sulfur. 

TABLE III.-INIIIBITORY ACTIVITY OF NONTOXIC DOSAGES OF ~-ARYLAZOPYRIMIDIXES AGAINST 
TRANSPLANTABLE MOUSE TUMORS~ 

~~ ~- 

-L1210- --P1534- -- C1498-- ---I)RRR- ,--SlSO- 7 

.?I S,  S ,  S ,  S ,  
Compd. Dose % Dose % I, % Dose % I, % Dose % 1, ?6 Dose !& I, % 

1 80 + 5  80 -8 + 6 0 ( I l ) %  20 +33b +72(12)' 80 +60(8)C 80 tll +21(10) 
2 500 +5 500d -29 +61 (If) 125 +4 +45(12) 125 k: +38(I3) 500 -15 +53 (12)' 
3 500 0 500, -11 +38(12) 
4 125 + 1 R  125 -27 +61( IZ) '  
7 125 -5 6125 " 0  f 5 2 ' ( j l ) c  100 + 3  + l O O ( I I ) c  25" - 7  + 9 . ( i l )  8125 $4 +14'(7) 
8 125 +a 5 -14+26(11) 20 -1 + 4 ( J 4 )  5 -3 - 9 ( 1 1 )  20 -4 +12(13) 
9 125 -2 31.25 -19 + 5 9 ( I I ) '  320 -9 +21(I4)  1000 f l 3  +72(8) '  500'' -26  +17(13) 

. . . . . . . . .  . . . . . .  ... . . . . . .  . . .  

I 0  500 -3 . . . . . .  . . .  . . . . . .  

12 500 -11 . . . . . . . . .  125 -16 +32 (12) . . . . . .  
11 125 - 5  3i:i5 i . 1 2  +i'(ii) 7 . 8  -8 -B(TO) i 8 +22" -4'(i1) . . .  12.5 i:s +ii -24 +li . ( io)  +47(17) 

13  
I4 
I 5  
16 
I 7  
I8 
20 
23 
24 

31.25 
500 
80 
12.5 
6.25 
31.25 
31.25 

E Q 2 5  

+6 

+29h 
+; 

+'; 

-3 
-3 
+ 3  

. . .  
8 
31.25 

31.25 
125 

7 . 8  

. . . . . .  

. . . . . .  

. . . . . .  

. . .  
-8 +32'(9) 
-2  +34(9) 
-4 +34(11) 
- 2  + 2 6 ( I f )  

-24 +11(13) 

3 i . 2 5  
100 
125 
8 
31 25 
31 2.5 
,500 
125 

. . .  
+ 3  
- 22 
- 16 
f 1 5  
- 10 
-7 
- 10 
-8 

. . .  

... 

. . .  
+s'(8)v 

i 7 6  (8) 
t 15 (11)  
+25 (11) + 19 (1.5, 

. . . . .  

. . . . . .  

. . . . . .  
125 -24 

31.25 -3 
7 . 8  -2  
125 +1i 

8 +34b 

. . . . . .  

. . .  

. . .  

+2i'(13) 
+30 (10) 
+8(f3) 
-5 (10)  

+33(13) 
. . .  

~ ~ ~~ 

* Transplantahle rnnuse tumors employed: L1210 ascitic lymphatic leukemia in the  BDF/I hyhtid : P1534 lymphatic 
leukemia in the i)BA;2 inhi-ed strain; C1498 myelorenous leukemia in Che C57BL/6 inbred slrain;  I I B R H  mammar adeno- 
carcinoma in the  I)RA/1 inbred strain; S180 spindle cell sdrcom? in the  CAF/F1 hybrid. Ihsages are in mg./Kg.&y. A 
suspension of the  agent in 10% polysorhate 80 was administered 1.1). once daily starting with the first post-tumor inuculaLion 
day  and continuing until t h e  death of t h e  last animal. .$. per cenl change in mean su rv iva l  ol 11 ealed mice compared with cu11- 
ttols; I ,  per ceut change in mean tumor size of tseated mice compared with controls. h-umbers in parentheses indicate day of 
tumor measurement. Significant survival inciease (5' > +20%). Significant tumol- inhihition (Z > +50il,). "Toxic 
dose (5' < -25%). 

water tcnaciously; extreme drying conditions were 
then necessary to obtain anhydrous material. 

Kineteen of the 25 compounds reported here were 
examined for antineoplastic activity against trans- 
plantable mouse tumors following the standard assay 
procedures employed at this foundation (17). 
(Tablc 111.) All 19 were evaluated against the 
L1210 ascitic lymphatic leukemia in the BDF/1 
mouse and against as many other primary screen 
tumors as availability of sample would permit. 
These include thc following mouse tumors: P1531 
lymphatic leukemia in the DBA/2 inbred strain, 
C1198 myelogcnous leukemia in the C57BL/G inbred 
strain, DBIZB mammary carcinoma in the DBA/1 
inbred strain, and SL80 spindle ccll sarcoma in thc 
CAF/t hybrid. The agcnt was acltniriistercd ititra- 

peritoneally as a suspension in 105; polysorbate SO2 
once daily starting with the first post-tumor inocula- 
tion day; injections were continued until thc death 
of thc last cxperimcntal animal 

A t  nontoxic dnsages,3 only one agent (compound 
16) showed signdcant activity against the L1210 
Ieukcmia as cvidcnced by an increase in mean 
survival time A number of agents effected mod 
erate to marked tumor inhibition in the other assay 
syqtems, but  fcw showed a concomitant increase i n  
mean survival titne These data are summarized 111 

Table 111. 
?Marketed  as  Tween 80 by Btlas Chemical Industries, 

lnc., Wilmington, Del. 
3 A dose level was regarded as toxic if t h e  mean sui-viva1 

time of mice adtninistcred this dose was 25% oi below the 
mean survival time of coutrol micc. 
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Tanaka and his associates have claimed that. 
positions 2, 4, and 6 of the pyrimidine ring of VI 
should all be substitutcd with amino groups for 
maximum activity against inouse tmnors (14). 
However, the aut.hors’ results (Table 111) indicatc 
that, although the 2,4,6-triarnirio derivatives are 
active (compounds 17 and 18), the 2,4-diamino-G- 
hydroxy derivatives (cornpounds 1, 7, and 9) and 
the 2,4-diamiiio-6-chloro derivatives (compounds 
15 and 16) arc more active. A more accurate 
but nevertheless tentative genernlizatioii might be 
that thc 2,4-diamino-5-arylazopyrimidine configurd- 
tion is required for experimental antitumor activity. 

When compound 1 was administcrcd a t  20, 40, 
arid 80 mg./Kg./day X 20 i.p. to mice bearing the 
P1534 leukemia, and compound 24 a t  31.25, 62.5, 
and 125 mg./Kg./day X 12 i.p. to mice bearing the 
C1498 leukemia, gross inspcction a t  autopsy per- 
formed 1 day later in these groups of mice revealed 
incomplete absorption of compound from abdominal 
cavities. In addition, compound 1 a t  the 2 higher 
doses, and compound 24 a t  all 3 doses produced 
intestinal irritation, as manifested by adhesions 
between surfaces of peritoneal visccra (liver, spleen, 
arid kidney), and capsular thickening. Compound 
24, a t  the 2 higher dose levcls, showed histological 
cvidence of nephrotoxirity, with hyaliue casts in 
dilated proximal and distal convoluted tubules, and 
degenerating renal epithelium. 

In an acute oral toxicity experiment, compound 1 
was adniinistered to normal RAF/l  micc by gavage 
a t  single doses of 500. 750, and 1000 mg./Kg. The 
mice wcre sacrificed 4 days later and, on autopsy, 
the agent was still evident in the stomachs of thc 
treated animals. The kidneys were pale and en- 
larged; histology indicatcd that pigment casts 
were present in both collectitig and convoluted 
tubules. Additional casts of an amorphous, pink- 
staining material with dilatation of convoluted 
tubulcs pointed to nephrotoxicity. 

As mentioned earlier, the compounds have also 
been examined for antimetabolic activity in micro- 
biological systems and have been found to exhibit 
antifolic and antipurine propertics (9). These re- 
sults and a detailed analysis of the structure- 
activity correlations will be thc subjcct of thc next 
paper in this series. 

EXPERIMENTAL4 

Starting Materials.--Thc aromatic amines were 
Eastman Kodak white labcl grade and were used 
without purification, except for aniline, whicli was 
redistilled from zinc prior to use. 

( a )  
2,4-dianiino-B-liydroxypyrimidine, 2,4-diamirio-6- 
chloropyrimidine,6 2,4-diamino-6-mercaptopyrimi- 
dine,E and 4-amino-2,G-dihydroxypyriinidine by 
procedures recently described (19); ( b )  2,4,G- 

The pyrimidines were obtained as follows: 

571 

triaminopyrimidinc by thc mcthod of Traube (20) 
from ~nalomonitrile and guanidine free base; (c) 
2,4-diamino-fi-methylthiopyrimidine by methods 
developed in thcsc laboratories (21); ( d )  4,6- 
diainiiio-2~hydroxypyrimidiiie by hydrolysis of 4,G- 
diamino-2-mercaptopyriniidine with chloroacetic 
acid following the proccdure of Bcndich, Tinker, 
and Brown (22); ( e )  4,6-diamino~2-1nethylthio- 
pyrimidine from Doughcrty Chemical Co., Rich- 
mond Hill, h-. Y. ,  arid barbituric acid from Mathesori 
Coleman and Bell, East Kutherford, N. J .  

Preparation of 5-Ary1azopyrimidines.-The com- 
pounds listed in Table I were prepared by the follow- 
ing mcthods. Although many of the arylazo- 
pyrimidines can be rndde by more than one of the 
procedures indicated in Table I, the mcthod speci- 
fied for each compound is the optimal method found 
duriug this study. In particular, compounds 7 
(Method E ) ,  15 and 16 (Method U ) ,  19 (Method F), 
and 21 (Method C) are best preparcd by the specific 
procedures indicatecl. Analytical data for the  new 
compounds prepared arc given in Table 11. 

Method A .-This is essentially the method of 
Bcnson, Hartzcl, and Savcll (143). The diazotized 
aromatic anline in hydrochloric acid solution was 
addcd to a cold, stirred solution of an equirnolar 
amount of the pyrimidine in 10% sodium acetate; 
the pH a t  thc cnd of the reaction was 5-6. For 
alkali~soluble products, the work-up was modified to 
include an initial purification step : the crude 
product was dissolved in warm 1 N sodium hydrox- 
ide, the solution filtered free of tarry or insoluble 
impurities, and the product precipitated a t  pH 5 
by the addition of acetic acid. 

Method B.-This procedure differs from Method A 
in that the diazonium intcrmediatc was added to a 
suspension of the pyriuiidirie (0.05 mole) in 450 ml. 
of 109; sodium acctatc. The mixture mas stirred 
for 1 hr. at room tempern.turc and the product 
collected by suction filtration, washed, arid dried. 

Method C.-In tlus modification, 0.1 molc of thc 
aromatic amine in 100 nil. of G N hydrochloric acid 
was diazotizcd and couplcd with 2,4-diamino-6- 
hydroxypyrimidine (0.1 mole) dissolved in 500 ml. 
of loco sodium carbonate. 

Method D.-A diazotized amine solution, pre- 
pared in the usual manner arid freed of excess uitrous 
acid by the addition of urea, was added to a cold, 
stirred solution of the pyrimidine in 3 N acetic acid. 
Immediatcly after admixture, solid sodium hy- 
droxide was added to adjust the pH to 4; the pH 
was then brought to 5.5 by the addition of a large 
quantity of solid sodium acetate. The reaction mix- 
ture was stirred for a t  least 3 hr,, the temperature 
gradually rising to room temperature. The product 
was collected, washed with water, and dried. 

Method E.--A suspension of 0.2 mole of diazotized 
sulfanilic acid ( 2 3 )  was added at room temperature 
to a solution of 0.2 mole oi 2,4-diamino-6-hydroxy- 
pyrimidinc in 160 ml. of 1 N sodium hydroxide. -4 
bright yellow precipitate formed instantaneously and 
the resulting suspension was stirred for 15 miti. 
The final pH was 5.0. The product was collected, 
washed sparingly with cold water, and  riricd for 17 
hr. a t  60” in wczm. Isolation of the sodium salt 
of coinpound 7 was accomplished by addition of an 
equal volume of absolute ethanol to a solution of 20 
Gm. of the crude material in 600 1111. of 1 yo aqueous 
sodium bicarbonate. 

4 Melting points were taken by the capillary method at a 
rate of heating of 2O/min. in a modified Wagner--Meyer 
melting point apparatus (18) and are uncori-ected. Dt-ying of 
analytical samples was carried out at 7@100° for 17 hr. zn 
e’acuo over phosphorus pentoxide. Analyses were performed 
by Ur. Stephen Nagy and his associates, MicrochPmical 
Laboratories, Massachusetts Institute of Technology, Cam- 
bridge, Mass., and by the Scandinavian hlicroanalytical 
Laboratory, IIerlev, Denmark. 

5 Larger quantities of this material were ohtained through 
the courtesy of the Cancer Chemotherapy National Service 
Center, NaLional Cancer Institute, National Institutes of 
Health, Bethesda, htd., and were prepared by Aldrich 
Chemical Co.,  Milwaukee, Wis., according to the procedures 
outlined in Refercnce 19, 
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Method F.-The coupling reaction was achieved 
a t  a constant pH of 9.6 in an ammonium hydroxidc- 
ammonium chloride bufler following the procedure 
reccntly described (19). 

Method G.-Coupling was accomplished a t  con- 
stant pH of 5.0 in a citric acid-disodium phosphate 
buffer; this procedure is described in Reference 21. 

( 8 )  Schlein, 11. N., Foley, G. E., and Modest, E. J., 
Abstracts of Papers, 131st Meeting, American Chemical 
Societv. Miami. Fla.. Amil 1957. n. 3-N. 

( 9 j  ‘Modest,’ R. J.’, SGhlein, H: h., and Foley, G. E., PYOC. 
Am. Assoc. Cancer Res., 2, 1Y4(1956); Modest. E. J.. Schlein, 
H. N., and Foley. G. E., J. Phurm. Pharmacol., 9, 68(1957). 

(10) Timmin. G. M., Felton, D. G. I. ,  Collier, H. 0. J., and 
Huskinsun, P. L.,  J .  Pharm. Phavmucol.. 9, 46(1957). 

(11) Tanaka, K., rt al., Gann., 47, 401(1b56). 
(12) Foye, W. O.,a_nd Jeffrey, J. G., J .  Am. Pharm. Assoc., 

. S L ~ ’ .  Ed.. 46. 224119,511. 

Effects of Pentobarbital, Acetylsalicylic Acid, and 
Reserpine on Blood Pressure and Survival of 

Rats Subjected to Experimental Stress 

By JOSEPH P. BUCKLEY, EUGENE E. VOGIN*, and WILLIAM J. KINNARD 

Sodium pentobarbital, 20 mg./Kg. per os daily, and acetylsalicylic acid (ASA), 100 
mg./Kg. per os daily, failed to prevent the development of hypertension in  rats sub- 
jected to experimental stress. ASA enhanced the lethal effects of the stressors and 
potentiated the effects of the stress conditions on  gastric mucosa. Reserpine phos- 
phate, 0.1 mg./Kg. (base) i.p. daily, administered after the animals had been sub- 
jected to the stress conditions for 6 weeks, did lower the blood pressure to control 

levels. 

HE DEVELOPMENT of hypertension in animals 
Texposed to experimental stress has been re- 
ported by numerous investigators (1-5). Ruck- 
Icy et al. (5) found that reserpine phosphate, 0.1 
mg./Kg. i.p., and chlorpromazine hydrochloride, 
4 ing./Kg. i.p., administered 1 hr. prior to  sub- 
jecting rats to a 4-hr. variable stress program not 
only failed to  decrease the pressor effects induced 
by the stressors over a 27-week period but  also 
appeared to  potentiate the lethal effects of the 
stressors. This present study was undertaken 
to  investigate the effects of pentobarbital and 
acetylsalicylic acid (A4SA) on animals subjected 
to chronic variable stress programs, and the 

Received Fehruai-y 5, 1966, from the Department of 
fharmacoloey, School of Pharmacy, IJniversity of Pittsburgh, 
Pittsburgh 1%. 

Accepted for publication March 24, 1966. 
This investigation was supported by grant MH-04511 

from the National Institute of Mental Health, U. S. Public 
Health Service, Bethesda, Md. 

& Vohme, West Point, Pa. 
* Present address: Division of Toxicology, Merck Shatp 

effects of reserpine phosphate’ administered to  
the expcrimental animals after physiological 
effects of stress exposure were evident. 

EXPERIMENTAL 

The stress chambers utilized were semisoundproof 
rooms designed by the Industrial Acoustics Co., 
New York, N. Y. (5). The stress program con- 
sisted of ( a )  flashing 150-w. spotlights (installed in 
each corncr of the cage) which were on for sec. 
and off for 3/4 sec. (in alternate pairs); ( b )  audiogenic 
stimulation a t  5-min. intervals for 0.5-min. periods 
produced by amplifying a tape recording of noxious 
sound so that the intensity was approximately 100 
decibels at the center of the cage; and (c)  oscilla- 
tion a t  the rate of 140/min. A simple conditioned 
avoidance response program utilizing automatic 
pole climbing units (4) was also utilized in thc stress 
program. The cycle was initiatcd evcry 2.75 min. 
and consisted of a low tone for 15 see., followed by 
the delivery of an electric shock (3 ma.) to the grid 

1 Kindly supplied by Ur. William E. Wagner, Ciba Pharma- 
ceutical Co., Summit, N. J. 
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floor for 30 sec. or until the ariirnal leaped onto the 
Plexiglas pole. Control blood pressures were 
obtaincd twice weekly in both studies, utilizing a 
photoelectric tensometer (Metro Industries, Long 
Island, N. Y.) and the. animals acclimated to this 
apparatus over a 4-week pre-experimental training 
pcriod. 

Study I.-Fifty-nine male Wistar rats, weighing 
approximately 175 Gm., were randomly divided into 
6 groups. The groups to be stressed contained 15 
rats each and rcccived thc following treatment: 
group A ,  distilled water, 1 ml./Kg.; group B ,  
sodium pentobarbital, 20 mg./Kg.; and group C, 
acetylsalicylic acid (ASA), 100 mg./Kg. Three 
unstressed control groups were divided as follows: 
group U ,  5 animals treated with distilled water, 1 
ml./Kg.; group E ,  5 rats recciving sodium pento- 
barbital, 20 mg./Kg.; and group F ,  4 rats receiving 
ASA, 100 mg./Kg. The animals receiving peiito- 
barbital and distilled water were treated by oral 
intubation 0.5 hr. prior to subjecting the animals 
to the 4-hr. stress program. Acetylsalicylic acid 
was suspended in 17" carboxyrrietl~ylcellulose and 
was administered by gastric intubation 1 hr. prior 
to subjecting the animals to the stress. 

The strcssors were applied singly or in combiria- 
tiou, and the stressor schedule altered daily to 
prevent acclimation to thc stimuli. The animals 
were stressed 1 hr./day, 6 days/werk, from weeks 
1-17 and 6 hr./day, 6 days/week, from wecks 1% 
30. The blood pressure of each anirrial was ob- 
tained once a week prior to administering drugs and 
subjecting the animals to the strcss chamber. The 
animals in the 3 stressed groups were subjectcd to 
ten 2.75-min. cyclcc in the avoidance response pole 
climbing apparatus once wcckly starting with the 
twelfth week. These animals were not exposed to  
the strcss chamber on that particular day and 
reccivcd water or drug treatment prior to being 
subjected to the avoidance-esrape situation. 
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Study 2.-A second study was conductcd utilizing 
68 male albino Wistar rats, which were divided as 
follows: group A ,  24 rats treated with 0.1 ml./Kg. 
of saline i.p.; group B ,  25 rats treated with 0.1 
ml./Kg. of saline i.p., weeks 1-6; and reserpine 
phosphate, 0.1 mg./Kg. (base) i.p., 0.5 hr. prior to 
the experiment, from week 7 on; group C, 9 rats 
trcatcd with salinc, 0.1 ml./Kg. i.p.; and group D ,  
10 rats treated with saline, week 1-6 and rrsrrpine 
phosphate, 0.1 mg./Kg. (base) i.p., from week 7 on. 
The animals in groups A and €3 were subjrcted to 
2 hr. of variablc stress daily, 6 days/meek; and 
starting with the tenth week were also subjected to 
thc pole-climbing strcss once weekly. Groups C and 
D were utilized as nonstrcssed controls. Blood 
pressures and body weights were obtained once 
weekly on all animals prior to treatment and sub- 
jection to stress. 

RESULTS 

Study 1.--The effects ol the stressors 011 blood 
pressures of the experimental animals are surn- 
rnarized in Fig. 1. The blood pressures of the 
stressed animals rose steadily reaching maximum 
values during the sixteenth and seventccnth week 
(group A ,  158 mm. Hg + 3.08; group B ,  154 r i m .  
Hg =!= 2.25; atid group C, 154 mm. Hg =t 2.0), 
whereas the mean blood pressures of the iionstressed 
animals ranged from 118-124 mm. Hg. When 
these data were subjected to the Student t test, 
the diilerenccs between the mean blood pressures 
of the strcssrd group and thc noristressed control 
group were highly significant (P < 0.01). 

Increasing the duration of stress from 4 to 6 h r .  
during the  eighteenth week did not apprar to induce 
a further increase in blood prcssure. A t  the cnd of 
the thirtieth wrck, mu~ie of the stressed rats of group 
-4 were dead, whereas the  mortality rate was 13:% 
for the pentobarbital treated stressed rats and 67% 
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Fig. 1.-Effects of experimetital stress on the systolic blood pressure of male Wistar rats in Study 1 .  
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Fig. 2.-Effccts of experimental stress on tlie systolic blood pressure of male Wistar rats in Study 2.  
Group A,  saline, 0.1 ml./Kg., stressed; group B ,  saline, 0.1 nil./Kg., weeks 1-6, and reserpine PO,, 0.1 
nig./Kg., weeks 7-27, stressed; group C, saline, 0.1 Inl./Kg., nonstressed controls; group D ,  saline, 0.1 
rnl./Kg., weeks 143, and reserpine PO4, 0.1 rng./Kg., weeks 7-27, nonstressed controls. Key: 0, group A; 
x ,  group B;  - - -, group C; - , group D.  

for the ASA-treated stressed rats. The majority 
of deaths occurred a t  night between stress sessions. 
i\ll of the animals in group C (ASA treated) which 
died during the stress session had marked ulceration 
of the stomach and small intcstincs with evident 
bleeding of the gastric mucosa. There was also a 
marked difference in the behavior of the various 
groups. The animals in each group were initially 
docile and vcry easy to handle; however, by the 
fifteenth week, tlie rats in group A (treated with 
distillcd watcr) werr extremely difficult to liaridle 
and demonstrated a high degree of activity. 'I'he 
animals in group B (pentobarbital trcatcd) appeared 
to be more docile than those in group A but did 
show signs of irritability and bccamc morc aggressive 
during the latter portion of the study. The animals 
in group C (,4SA treated) deIrionstrated the greatest 
change in that they were cxtrcmcly difficult to 
handle and fought the feeding tube continuously. 
All of the animals in this group had pronounced 
diarrhea, cxcessive salivation, and appeared to bc 
extremely sensitive to touch. The nonstrcsscd 
controls remained fairly docile throughout the 
experimental period; however, group F which 
received daily administration of AS-4 appeared to 
be more excitablc than the othcr two control groups, 
and most of the animals in this group had periods 
of diarrhea throughout the study. 

Study 2.-The blood pressures of the &uiiiials in 
the two stressed groups gradually increased and by 
the sixth week of stress averaged 20 mm. Hg highcr 
than initial blood pressures, whereas the blood 
pressures of the two control groups increased by less 
than 8 mm. Hg (Fig. 2). Rcserpinc phosphate, ad- 
ministered once daily starting with the seventh wcck 
produced mild diarrhea and ptosis in the animals of 
groups B and D. The mean blood pressure of the 
animals in group B droppcd from 122 mm. Hg in week 

6 to 105 mm. Hg in week 8, and ranged from 101-110 
mm. Hg throughout the remainder of the experi- 
ment. The blood pressure. of thc saline-treated 
stressed group reached a maximum of 125 =!= 2.9 
mm. Hg during the seventeenth wcck of the expen- 
merit, whereas the reserpine-treated stressed animals 
in group B had a mean blood pressure of 104 Z!Z 1.4 
rnm. Hg (P < 0.05). The number of deaths occur- 
ring in this study was rclatively low in comparison 
to previous studies (4% in soup A ,  12% in group 
23. llyh in group C, and 207; in group D), and the 
hypertensive effect occurring during the chronic 
exposure to the stressors was also much lcss than has 

-. 1 ABLE I.--CUNI)I?.IONEL)-AVOIDANCE RESPONSE I N  
MALE ALBINO HATS SUBJECTED TO EXPERIMEIGTAL 

STRESS 
-~ ... . 

~ ______ 
-Response Latencies, sec. f S . E . 7  

Group B 

Wk 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
"0 
21 

23 
21 
25 
26 
. .  

Group A 
Saline, 

0.1 ml./Kg. 
25.1 zk 1.57 
14.4 Sc 1.72 
11.2 * 1.11 
10.6 31 1.43 

lteserpine, 
0.1 mg./Kg. 

36.0 =t 2.35 
25.9 rt 3.41 
27.8 i 3.40 
29.1 i 3.56 ~~ 

11.3 f 1.2'i 28.4 Z!E 3.05 
8.9 i 1.34 29.1 =k 2.92 
9 .1  =I= 0.92 24.9 + 3.11 
8 .6  i 1.09 20.9 rt 2.57 
8.3 i 1.21 
8 . 7  =t 0.75 
8 .2  i 0.96 
7.1 +C 0.97 
7.6 zt 1.56 
9.0 f 1.36 
8.6 i 1.15 
8.3 f 1.06 
8 . 1  i 0.99 

19.6 rt 2 . 8 6  
19.7 rt 2 .73  
20.4 =t 2.65 
19.7 4~ 1.82 
15.6 1.63  
15.6 i 0.65 
14.4 Z!Z 1.07 
14.7 zk 1.23 
15.1 zt 1.06 
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prcviously bcen obtained. The rrspnnse latencies 
of the saline atid reserpine-treated stresscd animals 
in the avoidance-escape test are summarized in 
Table I. The response time of the reserpine-treated 
animals was always much greatrr than the saline- 
treated animals; however, there was a gradual 
decrcase in rcsponsc time over a 12-week period 
from 36 sec. t o  slightly over 15 sec. 

DISCUSSION 

The hypertensive effects induced by cxposurc to 
thc strcssors in the first study were similar to those 
previously obtained in this laboratory ( 3  -5). The 
responses obtained in the second study, however, 
were rclatively mild; and alter reaching a peak in the 
seveiiteenth week, the animals appeared to  be 
acclimated to  the experimental conditions as dernon- 
stmted by a plateauing of the blood prcssurc over 
the next 10 weeks. Several additional studies 
havc sincc bcen conducted, and this variation in the 
blood pressure response has also occurred. The 
physiological response of the animal t o  the experi- 
mental stressors appears t o  vary among samples 
obtained from the same strain and from an identical 
source a t  different tinics: but there is only a slight 
variation iii the response of animals within a p:tr- 
ticular samplc. 

111 the first study, pentobarbital and ilSA failed 
to protect the experiinental auimals from the effects 
of the stressors. The strcssors apparently potrri- 
tiated the toxicity of ASA, an effect which was most 
apparent on the gastrointcstinal tract. The oral 
administration of single closes of ASA ( 1OO-5OO 
mg./Kg.) has bccn rcportcd to  cause small gastric 
niucosal erosions to fasted guinca pigs within 30 
min. of dosing; however, they appeared to heal 
within 24 hr. (6). Many investigators havc also 
associated ingestion of ilSA with the development 
of gastric mucosal eroyions in niicc (7, 8) .  Sclye (9) 
has reported that exposure of rats to one or more 
strcssors will inducc gastric ulceration. The 
intensity of the stressnrs utilized in this current 
study havc bcen controlled so that  gastric ulcera- 
tion would not orcur in untreated strcssetl rats. 
The data indicate that the effects of ASA on gastric 
mucosa are greatly enhanccd by cnvironmcntal 
stress. Selye (10) has suggested that stressors in- 
duce the discharge of ACTH which stimulates the 
release of both mineral corticoids and glucocorticoids 
from the adrenal cortex, and Timmcr (11) has 
reported a marked increase in free plasma corticos- 
terone of rats subjected to  severe acute stress. Sali- 
cylatcs havc also becn rcportcd to increase the 
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plasma level of 17~liyclroxycorticostcroicl~ in rats 
(12), aiid i t  is, therefore, possiblr that  this assumed 
incrrasc in plasma corticosteroids may be responsible 
for the gastric ulceration. Howcver, it appears 
more likely that  the observed uleeratious were due 
t o  a combination of thc local cffcct of the ASA on 
the gastric mucosa arid an increase in free plasma 
corticosteroids. 

Rcscrpine phosphate did reverse the effects of the 
experiiiieiital strcssors on the blood prcssure of rats 
(Stzdy 2).  These da t a  are opposite to those ob- 
tained in a previous study (5) in which reserpine, 
0.1 mg./Kg. i.p., not only failed to protect the rats 
from the pressor response induccd by chronic stress 
but  potentiated the lethal effects of the strcssors. 
Kpstein et al. (1s) investigated the effects of reserpine 
on the stress of reduced barometric pressure in rats 
and also found that  rather than protect the rats 
against the stress of altitude rcscrpinc acted as an 
added stress factor. The experimental design in thc 
previous study was diflerent than the one presently 
being reported. In the present study, rcscrpine was 
not administered until the seventh week of stress t o  
allow for the devclopment of the stress reaction; 
whereas in the previous study, reserpine trcatment 
was initiated immediately. Thesc data suggest 
that  the effects of reserpine and, for that  matter, 
almost any compound may vary greatly, depending 
upon the time interval following the initiation of the 
stress program that treatment is started. However, 
it is also possible that  the rclatively mild physio- 
logical response to the stressors was responsiblc for 
the effect observcd with reserpine. 
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Micromeritics of Granular Pharmaceutical Solids 11 

Factors Involved in the Sieving of Pharmaceutical Granules 

By DALE E. FONNER, JR., GILBERT S. BANKER, and JAMES SWARBRICK 

This report deals with basic studies concerned with the use of sieving as an accurate 
means of classifying granular pharmaceutical solids. Attention was focused on the 
effects of sieve shaker speed, initial load and particle size distribution of the granula- 
tion on the rate of particle size reduction and the cumulative per cent of material 
passing a sieve. The size and concentration of the smaller-than-mesh particles were 
shown to exert a profound influence on the equilibrium time of a sieve. Using a nest 
of sieves, an equilibrium time technique was developed to obtain the particle size dis- 
tribution and permit calculation of various statistical parameters dependent on the 
observance of the log-normal law. An equilibrium time procedure such as developed 
here permits the quantitative classification of granular pharmaceutical solids by siev- 
ing, with a better assurance that separatio: has been achieved with the minimum of 

attrition. 

HERE ARE few reports in the literature con- 
Tcerning the sieving of granular pharmaceutical 
solids for the purposes of classification or size 
analysis. It would appear that, in the past, such 
important considerations as size of the initial 
load, the sieve shaker speed, time of sieving, and 
the hardness, particle size distribution, and shape 
of the material being sieved have either been left 
to chance or substantially neglected. Such funda- 
mental parameters as the type of particle size 
distribution and the magnitude of various sta- 
tistical diameters on a weight or count basis have 
also not been applied to pharmaceutical granula- 
tions. 

Since sieving is the easiest technique available 
for classifying particles in the size range of gran- 
ular pharmaceutical solids, it  finds wide industrial 
application. However, sieving errors can arise 
from a number of different variables. According 
to Herdan (l), the most predominant are varia- 
tions in sieve loading, duration of sieving, random 
orientation of particles, fluctuation through sam- 
pling, errors of observation and experiment, and 
the effect of different equipment and operations. 
Consequently, if sieving is to be applied as an 
accurate, quantitative technique for classification, 
i t  is necessary to obtain more information as to 
the effect of the parameters previously enumer- 
ated on both the sieving process and the particle 
size distributions obtained. 

Whitby (2) has carried out an extensive study 
of the physical laws which govern the sieving of 
fine particles. It was shown that the sieving 
curve under nonsteady-state conditions can be 
divided into two distinctly different regions, with 
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a transition region between. The sieving curve 
was obtained by plotting the cumulative per cent 
by weight passing the sieve against time on either 
log-log or log-probability paper. A typical ex- 
ample of the former case is shown in Fig. 1. 
Whitby found that the rate a t  which the material 
passes a sieve in region 1 is a constant closely 
following the relationship : 

yo matcrial passing = atb (Eq. 1) 

where t is the sieving time, b is a constant very 
nearly equal to 1, and a is a sieving rate constant. 
Region 2 was found to follow the log-normal law. 
In this region all the particles much smaller-than- 
mesh size have already passed the sieve; conse- 
quently, the particles now passing the sieve are of 
a constant mesh size. For all practical purposes 
the sieve is considered to be at equilibrium at 
that time when the second linear portion (region 
2) begins, since the slight positive slope of the 
line is due mostly to the attrition of Iarger-than- 
mesh size particles (Fig. 1). 

The purpose of this report is to (a) present use- 
ful techniques and theories developed in other 
fields of study for the computation of various 
statistical diameters, ( b )  investigate the magni- 
tude of particle size reduction which occurs on a 
vibrating sieve, (c) investigate the effects of load, 
shaker speed, and particle size distribution on the 
cumulative per cent of material passing a sieve, 
and (d) suggest a method for determining the 
sieving time for a nest of sieves. 

EXPERIMENTAL 

Preliminary Controls.-Brdss screens1 constructed 
to A.S.T.M. specifications were used in all cases. 
A Ccnco-Meinzer2 sieve shaker was employcd with 
the speed setting at position 5, except for those 
studies concerned with the effect of varying the  sieve ___ 

Fisher Scientific Co., New York, X. Y .  
2 Central Scientific Co., Chicago, Ill. 
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region 2 -- 

E T. 

LOG TIME 

Fig. 1.-Typical plot of the. cuniulative per cent 
by weight of material passing a sieve as a function of 
time. 

shaker specd. A nylon brush was used to clean the 
sieves. Each granulation batch was gently mixed 
prior to sampling by placing the granulation on a 
sheet of paper and lifting the corncrs in scquence 
toward the center of the sheet. The preparation 
and properties of all granules used have been de- 
scribed elsewhere ( 3 ) .  

Particle Size Reduction on a Single Sieve.- 
Granules prepared using a hand scrren and an oscil- 
lating granulator were exarriiued (3). No sieve cuts 
were used and the initial load for sieve analysis was 
100 Gm. The cumulative per cent by weight 
passing a No. 16 sieve was plottcd against timc on 
log-probability paper over an extended shaking 
period. 

Effect of Load and Shaker Speed on Granule 
Breakdown.-Granules produced from an oscillating 
granulator ( 3 )  were employed. A 16-mesh sieve 
was used and no sieve cuts were taken. Thc cffcct 
of varying the initial load was studied between the 
limits of 50 and 150 Gm. The effcct of altering the 
speed sctting was studied using a standard load of 
100 Gm. and varying the specd between the limits 
ol positions 2 arid 8 on the shaker speed control. 

Particle Size Reduction on a Nest of Sieves.-- 
The effect of shaking time on the estimationzf the 
gcometric mean diameter on a weight basis, M, was 
determined using 16,20,40, and 60 screens in a nest. 
An initial 100-Grri. load of granules prepared using 
the hand screen was uscd and no sicvc cuts were 
takcn. The particle size distributions obtained 
a t  various shaking time intervals werc-plotted on 
log-probability paper. The values for A4 were then 
plotted against time on log-log paper. 

Influence of Particle Size on the Equilibrium Time 
of a Sieve.-This investigation was carried out using 
a No. 20 mesh sieve and a commercially prepared 
calcium sulfate base gran~lat ion.~ Three systems of 
granulations were studied. System 1 consisted of 
12/16 mesh particles together with various con- 
centrations of 40/60 mesh particles over the range 
from 12.5100% by weight. System 2 contained 
12/16 mesh particles and 30/40 mesh particles in 
concentrations ranging from 25-10070 by weight. 
System 3 was composed of 12/20 mesh particles plus 
various concentrations of 20/40 mesh particles rang- 
ing from 12.5-10070 by weight. The equilibrium 
times wcrc obtained, from log-log plots of the cumu- 
lative per cent passing thc sieve as a function of 
time, as that time a t  which the second linear portion 
of the plot began. This is shown as E.T. in Fig. 1. 
(See also Fig. 6.) 

Characterization of Particle Size Distribution.-- 
Various statistics were computed from the distribu- 

a Miles Laboratories Elkhart, Ind. 

tion of particle sizes obtained using two techniques. 
Standud Procedure.-The standard procedure 

rousistcd of sieving a 200-Gin. sample of the lactosc 
granulation (X), prepared using the hand screen, for 
10 inin. on a nest composcd of a No. 10, 20, 30, 40, 
60, arid 80 mesh sieve. The cumulative per cent 
less-than-stated size was plotted against stated size 
on log-probability paper. 

Equilibrizlnr Time Procedure.- The equilibrium 
time procedure was based upon a sequential analysis 
developcd from thc equilibrium time values of the 
individual sieves in the nest. 'I'his approach was 
necessary because the upper sieves in a nest will 1111- 

load their smaller-than-mesh particles b e h e  those 
sieves near the bottom of the nest. Consequently, 
the equilibrium time for a sieve in  a nest can only be 
computed when thc smaller mesh screcns are a t  lion- 
steady-statc conditions. Therefore, the sieve ini- 
mediately below the sieve whose equilibrium time 
was being determined was covered with a sheet of 
paper. The material collected after the upper 
sicve had come to equilibrium was then used as the 
sample for the previously covered sieve; the next 
lower sieve in the nest was covered in this casc. 
The cquilibrium tiincs for the individual sieves, 
obtained horn log-log plots of the cumulative pcr 
cent passing the sieve as a function of time, are pre- 
sented in Table I. 

On the basis of these results, the following pro- 
cedure was used to obtain the particle size distrihu- 
tion of 200 Gm. of the lactosc granulation ( 3 ) .  The 
Same nest of sieves was employed but no sieves were 
covered. The No. 16 sieve was removed after YO 
see. of shaking arid its contents weighed. I t  was 
then emptied and returncd to thc ncst. After 150 
scc. of shaking, the 20- and 30-mesh sieves were rc- 
moved and their contents weighed. The screens 
were emptied and then returned to the nest. 
Finally, the last three screens were removed and 
weighrd after a total of 200 sec. of shaking (this 
time was obtained by adding the individual equi- 
librium times together). Srlcctionof the times for re- 
moval of the sieves is not highly critical, although 
the selected time must ?tot be less than the corrlputed 
equilibrium time for the sieve being removed. 

RESULTS AND DISCUSSION 
Particle Size Reduction on a Sieve.-Thc data 

from extended shaking time studies performed 011 

particles hum the oscillating granulator were found 
to follow the log-normal l aw as predicted by Whitby 
(2), for sieving times beyond the equilibrium time 
value previously defined. Figure 2 reprcscnts a 
plot of cumulative per cent passing uersus time on 
log-probability paper. I t  is evident that a consid- 
erable number of particles are still passing thc sieve 
after 140 min. of shaking. Since i t  is not likely that 
undersize particles would take this long to reach thc 
classificatioii area, i t  must he assumcd that particle 
size reduction is occurriug. 

TABLE ~.-EQUILIHRIUM TIMES FOR THE IXDIVIDUAL 
SIEVES I?; A NEST" 

Mesh size 16 20 30 40 60 80 
Equilibrium time, sec. 45 30 25 20 36 44 

200 Om. of the lactosr granulation pi-epared by the hand 
x i - e m  method (3) was uscd. 
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Effect of Sieving Time on the Geometrical Mean 
Diameter by Weight.-P&ts of the geometrical mean 
diameter by weight, M ,  for particles from the 
oscillating granulator, at various sieving times are 
shown in Fig. 5 .  These data were obtained from 
studies on the particle size reduction on a nest of 
sieves. 

It is apparent from Fig. 5 that much care must be 
exercised when selecting a sieving time, especially if 
the ultimate objective is to characterize the clistribu- 
tion of particle sizes. The mean particle size by 
weight obtaincd from sieve analysis will continually 
decrease as the sieving time increases. Similar data 
werc obtained for particles prepared from the hand 
screen; however, the slopes of the two lines were 
different. Thus, the slope of the sieving curve for 
particles from the oscillating granulator was 0.096 
p/sec. and the slope for partides from the hand 
screen was 0.174 p/sec. This implies that the par- 
ticles prepared froni the oscillating granulator are 
harder than those from the hand screen, a finding 
which is in agreement with the hardness index values 
determined for these granulations in earlier work (3). 

Influence of Particle Size on the Equilibrium Time 
of a Sieve.-The effects of different proportions by 
weight of three sieve fractions of smaller-than-mesh 
size calcium sulfate granules on the equilibrium time 
of a 20-mesh sieve are shown in Fig. 6. Each point 
on the curve represents the mean of two cquilibriurn 
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Fig. 2.-Logprohahility plot of the rate of attri- 
tion of particles from the oscillating granulator. 
1,oad: 100 Gin.; speed setting: 5 ;  sieve size: 16 
mesh. 

80 7 
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Fig. 3.-Effect of initial load upon the rate of 
attrition of particles from the oscillating granulator. 
Speed setting: 5 ;  sieve size: 16 mesh. Key: A, 
50 Grn.; 0 ,  100 Gm.; ., 150 Gm. 

Effect of Load on Granule Breakdown.-Figure 3 
illustrates the results obtained for the three different 
initial loads studied. Since the curves for each 
initial load are virtually parallel, the attrition rate 
constant is apparently undff cctcd by the initial 
load over the range of values studied. However, i t  
is evident from Fig. 3 that the cumulative per cent 
passed a t  any one time increases as the initial load 
decreases over the range of values studicd. This 
means that the smaller loads have passed a greater 
percentage of their particles a t  equilibrium time than 
have the higher loads, i . e . ,  the smaller the load, the 
more efficient is the sieving process. This phe- 
nomenon is probably due to less “blinding” on the 
sieve and greater maneuverability of the particles a t  
these smaller loads. 

Effect of Shaker Speed on Granule Breakdown.- 
The results obtained from this portion of the study 
are plotted in Fig. 4. Since the actual vibration 
rates of the shaker a t  the various speed settings 
could not be determined, it was not possible to plot 
attrition rate as a function of vibration rate. 
Nevertheless, i t  is apparent from Fig. 4 that higher 
speeds nf shakiug may markedly influence the reduc- 
tion in size of particles on a sieve. 

100 700 300 500 1000 
TIME. sec. 

Fig. 4.-The effect of the speed setting of the sieve 
shaker upon the rate of attrition of particles from the 
oscillating granulator. Load: 100 Gm.; sieve size: 
16 mesh. Key: H, speed setting 2;  0 ,  speed setting 
5; A, speed setting 8. 

9 1000 -1 

I---- ’ 700 

1 3 5 10 30 
T I M E ,  min. 

Fig. 5.-Plot of the geometric mean diameter by 
weight against sieving time for particles from the 
oscillating granulator. Load: 100 Gtn.; speed 
setting: 5 ;  sieve sizes: 16, 20, 40, and 60 mesh. 
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W+ 
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0 12.5 25 37.5 50 62.5 75 87.5 100 
% BY WT. OF PARTICLES SMALLER 

T H A N  20-MESH SIZE 

Fig. 6.--Effcct of various particle s i x  fractions 
upon the equilibrium timc of a 20-mesh sicve using 
a commercial calcium sulfate granulation. Load : 
200 Gm.; speed setting: 5.  Key: ., system 1 
(12/16 and 40/60-mesh fractions); 0,  system 2 
(12/16 and 30/40-niesh fractions); A, system 3 
(12/20 and 20/40-1nesh fractions). 

times. Thcsc were obtained graphically and, in 
most cases, were identical. System 3 was chosen 
because it contained many particles a t ,  or near, mesh 
size. 

From Fig. 6, it  can be seen that the equilibrium 
times go through a maximum which is displaced to a 
Iowcr pcrccntagr of smaller-than-mesh size particles 
as these smaller particles decrease in size. A t  the 
same time, the height of the peak decreases. In this 
particular study, all the variables were held constant 
with the exception of the per ccnt by wcigbt of 
particles smaller-thammesb size. The time taken 
for all the smallcr-than-mesh sizc particles to pass 
thc sicvc is obviously a function of the number of 
these particles as well as the number of particles too 
largc to pass which will hinder tlie passage of the 
smaller particles. Thus, 

E.T. = f(n,, no) (Eq. 2 )  

where E.T. is the equilibrium time in seconds, n, 
is the number or weight of particles which can pass 
the screen, and no is the number or weight of the 
greater-than-mesh size particles. 

Incrcasing n,, while keeping nu constant would be 
expected to increase E.T. because of the increased 
number of particles which must now pass through the 
larger-than-mesh size particles and the sieve. On 
the other hand, holding nu constant and decreasing 
no would pcrmit the smaller-than-mcsh sizc particles 
to pass more rapidly through the sieve because the 
hindrdncc cffcct of the largcr-than-mcsh sizc particlcs 
is being progrcssively reduced. 

In  the systcm under discussion, we are increasing 
the weight conccntration of thc smallcr-than-mesh 
sizc particles a t  the expeusc of thc larger-than-mesh 
size particles, i .e. ,  nu is increasing and no is decreasing 
simultaneously. ’This reasoning may now he 
applied to tlie results shou~n in Fig. 6. Thus, it  is 
postulated that over the region AB, the E.T. is in- 
creasing because the increase in n,& is of more 
significance than the decrease in  no. However, at 
B, the efTect of iricreasing n,, (tending to increase 
B.T.), and the cffcct of decreasing no (tending to 
decrease E.T.), are equal and n masimum point is 
r~btaiiicd. Over the rcginti BC. the value for E.T. 
falls because the decreasing no is now the controlling 
factor. We would expect, furthermore, the point 
a t  which the equilibrium time begins to decrease, 
aftcr reaching the maximum B, to occur a t  lower 
concentrations of thc smaller sized component, as 

the size of thc latter decreases. This is because the 
hindrance of the smaller-than-mesh size particles by 
the larger particles decreases as the size of the former 
decrease. This is shown to occur in Fig. 6. 

It is also evident from Fig. 6 that the maximum 
equilibrium time increases as the smdler-than-20- 
mesh particles increase in sizc. This is prcsumably 
due to the fact that the movement of the smaller 
sized particles through thc void spaccs in the 
granular bed becomes more dificult as the size of the 
smaller particlc fraction increases. The large in- 
crease in equilibrium timc for systcm 3 (12/20 mesh 
and 20/40 mesh particles), is most likely due to 
“blinding,” since this systcm contained many 
particles at, or near, mesh size. Particies in this 
size range will reduce thc cffective open area of the 
sieve. Therefore. when selecting a sieving time, 
much thought should be given not only to the size 
of the smaller-than-mesh particles, but also to the 
concentration of such particles. 

It is interesting to note thc 100yo point on the 
curves for the three systems shown in Fig. 6. A t  
this point, there are no particles larger than mesh 
size prcscnt on the sieve. Therefore, an equilibrium 
time near zero is to be ewpcctcd. This was not the 
case for system 3, containing 20/4O mesh particles, 
where 6.7y0 of the granules by weight were still on 
the sieve after 15 min. of shaking. This phe- 
nomenon was clieckcd by resieving the bulk sample 
of 20/40 mesh particles and running the determina- 
tion again. The moisture content of the granules 
was checked before resieving and immediately follow- 
ing thc 15 min. shaking period; it was constant a t  
1.67,. The same result was obtdincd, i.e., approxi- 
mately 7% by weight of the initial load of ZOO Gm. 
did not pass. It is postulated that reduction in the 

PARTICLE SIZE, p 

Fig. 7.-l-’lot of cumulativc pcr ccnt less-than- 
stdtcd sizc against statcd size using the equilibrium 
time proccdurc for hand-granulated material. Load : 
200 Gm.; speed setting: 5 .  

. 0.5 2I 
100 200 300 500 1000 

PARTICLE SIZE, p 

Fig. 8.-I’lot of cumulative per cent less-than- 
stated size against stated size using a 10-rnin. sieving 
time for hand granulated material. Load: 200 Gm. ; 
spcccl setting: 5 .  
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‘rAB1.R II.-STATISTICAL 1’ARAMETERS CALCULATED FROM S E I V I N G  S T U D I E S Y  
~ ~~~~ - ~ ~ 

-Sieving Procedure--- 
Parameter Eq. Used (4) -Std., 10 min.,; Equilibrium Time-- 

Geometric mcan diam. by wt., % 

Geometric S.D., uQ - from plot on log-probability paper 3.67 4.12 

Geometric mean diam. by count, do log d, = log - 6.908 logz ug 5.13 p 2.19 p 

Mean surface diam. by count, d, log d, = log @ - 4.605 log2 uV 28.73 p 16.29 p 

Mean vol. diarn. by count, d, log de = log - 3.454 log2 ug 66.81 p 44.40 p 
Arithmctic mean diam. by count, d,, log d,, = log M - 5.7.57 log2 ug 12.36 p 5.97 p 

No. of particles/Gm., N 

SO?( of stated size from plot on 840 p 900 p 
log-probability paper 

84.135% stated size 
50y0 stated size 

1.369 x 107 4.861 x 108 
1 

log N = log - - log d g 3  
Pffw 

- 10.362 log2 U V  
~ ~~~ ~~~. _ _ _ ~  ~- _ _ _ _ _ _ _ ~ ~  -~ 

(i 200 Gm. of the lactose granulation prepared by the hand screen method uIas usrd. 

cffectivc open sievc area, due to the large number of 
ncar-mesh-size particlcs present, was probably the 
major Cause of this unexpected result. 

Comparison of Various Statistical Diameters.- 
Using the standard and equilibrium time procedures 
for sicvc analysis, it was possible to make a com- 
parison of various statistical diameters. These were 
computed from the respective plots of size distribu- 
tiou by weight on log-probability paper shown in 
Figs. 7 and 8. In both cases, the distributions closely 
follow the log-normal law. Tablc I1 summarizes 
the results obtained from Figs. 7 and 8. 

Owiug to the iiicreascd duration of sieving, i t  was 
expected that those statistical diameters obtained 
by sicving for 10 min. would be smaller than those 
usiug tlic equilibrium time procedure. However, 
this was only tfue for the diaineter calculated 011 a 
weight basis, Af, Thc cxpccted ordcr of statistical 
diameters by count was reversed because of the high 
value for u0 in thc equilibrium timc analysis. (See 
Table 11.) From this portion of the study, it can be 
concluded that although diameters on a weight basis 
will always decrease with increasing sieving timcs, 
those calculated diameters by count cannot always 
be assumcd to decrcasc with increasing sieving 
times. I11 actuality, these parameters do decrease, 
but the computed values are arrived at from a con- 
sideration of the entire range of particle sizes. Since 
sampling of particle sizes was possible only over a 
finite range, the error in ug arising from lack of data 
a t  the very small sizes was probably responsible for 
the results shown in Table I I. 

Particle size rcductioti has been showt~ to occur 
when sieving is continued well beyond the equi- 
librium time, and this pIpbably accounts for the 
widely varying valucs of M and u, shown in Table 
11. Therefore, to lessen the error introduced by 
particle breakdown. the equilibrium time procedure 
is suggested for the Characterization of size distribu- 
tion of pharmacrutical graiiulnr solids. Such an 
approach automatically takes account of the variable 
equilibrium times observed for the separate sieves. 
(Sec Tablc I.) 

CONCLUSIONS 

Basic studies on the sieving mcchanism wcrc 
carried out. I t  was found that particle size recluc- 
tion occurred during sieving and was markedly 
influenced by the sicvc shaker speed setting. The 
rate of particle size reduction was apparently in- 
dependcut of the initial load; however, the efliciency 
of the sicvirig operation is influenccd by the initial 
load, as evidenced by Fig. 3. The equilibrium time 
of a sieve was found to be markedly dependent on the 
particle size of the sample used. This was partic- 
ularly so when the sizc of the particles approach the 
mesh size of the sieve. Also shortcr equilibrium 
times w-crc observed when the concentration of 
srnaller~tlian-me~h size particles was eithcr fairly 
high or low in comparison to the greater-than-mesh 
size particles. A t  intermediate concentrations of 
the smaller-than~mesh particles, the equilibrium 
times can be expected to increase. 

Comparative studies, using two different tech- 
niques to obtain particle size distribution curves, 
showed that the computcd statistical diameters were 
influenced by the time of sieving. It is recom- 
mended that the equilibrium time procedure be used 
for the characterization of granular pharmaceutical 
solids by sieving. This in turn must entail prior 
knowledge of the  equilibrium times of each im 
dividual sieve since, as is seen in Tablc I, these vary 
with screen mesh size. Only by the use of the 
equilibrium time rnrthod can thc operator bc 
confident tliat particle brcakdown has been kept 
to a minimurn ancl that equilibrium conditions on 
each sieve in the nest have becn attained. 
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Increasing Dissolution Rates and Gastrointestinal 
Absorption of Drugs Viu Solid Solutions 

and Eutectic Mixtures IV 
Chloramphenicol-Urea System 

By ARTHUR H. GOLDBERG*, MILO GIBALDIt, JOSEPH L. KANIG, 
and MICHAEL MAYERSOHN 

The dissolution rates of a number of chloramphenicol-urea samples were studied. 
Solubility studies indicated that urea increased significantly the solubility of chlo- 
ramphenicol; this resulted in a large increase in the initial dissolution rate of chlo- 
ramphenicol from physically mixed samples of the drug with urea. The (Y solid 
solution of chloramphenicol in urea was found to dissolve twice as rapidly as a 
physical mixture of the same composition, and almost 4 times as rapidly as the pure 

drug. 

HE IMPORTANCE of particle size reduction as a 
Tmeans of increasing dissolution rates is well 
established. The methods by which a drug may 
be presented to the gastrointestinal fluids in 
finely divided form has been reviewed by Levy 
(1). Among the various ways to obtain micro- 
crystalline dispersions in vivo is to administer a 
eutectic mixture composed of the drug and a 
substance which readily dissolves in water (2). 
This approach has been employed to enhance 
the dissolution rate of chloramphenicol (3). 
The results of this study were explained on the 
basis of particle size reduction of chloramphenicol 
in the drug-urea fused mixture (3). 

Goldberg et al. (4) have raised a number of 
theoretical questions concerning the proposed 
mechanism of this phenomenon. Alternatively, 
these authors suggested that the enhanced dis- 
solution rate was attributable to the presence of 
solid solutions in the system rather than simple 
cutectic formation. Indeed, the sample pre- 
pared by Sekiguchi et al. (3) at the eutectic com- 
position manifested no enhancement in the 
dissolution rate ol chloramphenicol as com- 
pared to the pure drug. An increase in dissolu- 
tion rate bccanic apparent only whcn a saniplc 
 containing urea in excess of tlic eutectic com- 
iwsition was investigated. 

The failurc of the cliloraiiipliciiico;-urcd 
eutectic mixture to display increascd dissolution 
of the antibiotic drug raises doubts concerning 
the gcneral utility of the simple eutectic mixture 
in modifying dissolution. These doubts are 
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heightened by a recent study by Goldberg and 
co-workers (5 )  on acctyl paminophenol-urea 
mixtures. This binary system showed prac- 
tically no solid solubility. Examination of the 
results of this investigation indicated that 
particle size reduction in the eutectic mixture 
played a negligible role in enhancing dissolution. 
Conversely, a subsequent study (6) convincingly 
demonstrated the importance of solid solutions 
in modifying dissolution charactcristics. Thc 
griseofulvin-succinic acid solid solution was 
found to dissolve 6-7 timcs faster than the pure 

The purpose of this present investigation was 
to examine the dissolution properties of various 
mixtures of chloramphenicol and urea in order to 
elucidate the mcchanism involved in the rc- 
ported cnhanccmcnt of the rate or solution of 
chloramphenicol from these mixtures. 

drug. 

EXPERIMENTAL 

Sample Preparation.-The fused mixtures of 
chloramphenicol1 and urea were prepared by adclirig 
the powdercd blend to  a stainless steel crucible 
immersed in a tcmyerature-controlled silicoric Auid 
bath prchcatcd to the melting point of the mixture. 
The mixture was constantly stirred until a hoiiio- 
gcucous liquid rcsultcd. 'l'hc t i i o l t c ~ ~ i  niatcrial was 
then cast irnniediately on chrorne-platcd stainlcss 
stccl platcs and allowcd to congcal. The solidified 
mass was crushed with a mortar and ppstle and then 
sieved through standard screens using a Syritron 
shaker.2 Thosc particlcs passing through a No. 50 
standard screen but retained on a No. 60 screen 
were used in the dissolution studies. The particle 
size of pure chloramphenicol was increased in the 
same manner. The samples investigated are listed 
in Table I. The chlorarnphenicol content of each 
sample was verified by spectrophotometric analysis. 

1 Cbloramphenicol used was generously supplied by Fa] ke, 

2 Syntron TSS-2.5 Test Shaker, Synti-on Co., Homer City, 
Davis & Co., Detroit, Mich. 

Pa. 
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TABLE ~.-CIILORAMPIIENICOL A N D  CHLORAXPAEN- 
ICOL-UREA S A M P L E S  P R E P A R E D  POK r ~ I S S O L ~ T I O N  

S T U D I E S  
,_______. 

yo a Solid 
Sample yo Cumpn. Description Soh. 

r l ,  Chlo- 100 . . .  . . .  

H, Chlo- 92 Fuscd, p solid 0 
ranipheiiicnl 

ra~nphcnicol soln. 

Jourtiul o j  P/~armucez~ticc~1 Sciences 

water bath. The stir paddle was rotated in the 
fluid a t  a constant rate of 53.5 r.p.m. After iniiiier- 
sion of the tape frame, 1-nil. samples were with- 
drawn a t  3 and 5 min. 

Assay Procedure.- Chloramphenicol coneentra- 
tion was determined spectrop~iotonietrically. Bach 
sample was dilutcd suitably with distilled water and 
the absorbance dcterniiried a t  274 inp using a 
BeckIrian DB recording spectrophotonleter. Con- 
ccntrations were calculated from a previously pre- 
pared Beer's law- plot. 

RESULTS AND DISCIJSSION 

Phase Diagram-As notrd by Goldbcrg P t  a(. (4) 
the ehloramphenicol-urea system exhibits a great 
dcal of solid solubility. This is manifested by the 
existence of regions a arid /3 in the phasc diagram 
depicted in Fig. 1. At the eutectic point the mixture 
contains 76yh chloramplienicol which is prcscnt as 
part of 2 distinct saturated solid solutions. The 
saturatcd 01 solid solution contains 3 0 ~ o  chlo- 
ramphcnicol, while the saturated p solution contains 

Crea 8 
C, Chlo- 76 Fused, euteetic 23 

ramphcnicol mixture 
Urea 21 

I ) .  Clllo- 55 F W C ~  58 
ramnlicriicol 

Urci 
E ,  Chlo- 

45 
43 Fused 78 

ramp henicol 

ramplicnicol soh1 . 

LJrea 6 7 

Urea '74 

F ,  Chlo- 26 Fuwd, CY solid 100 

G, Chlo- 26 Physical . .  
raniphenicol mixture 

Urea 74 

Solubility Studies.-The solubility of chlo- 
rarriphenicol as a function of urea concentration was 
studied in aqucous solution. An excess of chlo- 
ramphenicol was added to  30 ml. of distillrd water 
containing various concentrations of urea, in  60-nil. 
screw-top vials. The vials were then placed in an 
incubator shaker3 and maintained a t  37" until 
equilibrium was established. 

Solubility studies wcre also conducted with 
sample F ( a  solid solution) arid sample G (a  pliysical 
mixture corrcsponding in composition to  the LY- 

solid solution). An exccss of each sample was 
placcd in 30 ml. of water arid incubated until the 
system reached equilibrium. This experimcnt was 
conducted t o  insure that fusion did not result in 
decomposition of the active ingredicnt. 

Dissolution Rate Studies.-The dissolution rate 
of chloramphenicol from each of the samplcs listed 
in Table I was determined by means of the tape 
method (7). The quantity of material dusted on 
the adhesive surface varied with the individual 
sample but in each case corresponded to  10 mg. of 
chloramphenicol. The choicc of a constant amount 
of drug is based on the assumption that if no inter- 
action occurs, then the drug crystallizes from the 
melt t u  form particulates, within the mass, of ap- 
proximately thc same size regardless of urea concefi- 
tration. If this hypothetical situation did exist, 
thcn all fused samples should show the same dis- 
solution rate since thc urca rapidly dissolves a 1 ~ 1  
leaves behind about 10 rng. of drug in thc form of 
equal-sized particulates, having the samc surface 
area. Under such conditions i t  would not be 
reasonable to maintain sample size constant since 
the apparent dissolution rate would decrease as thr  
concentration of diluent increases and the corre- 
sponding effective surface area decreases. 

The dissolution fluid consisted of 400 ml. of dis- 
tilled water maintained at 3'7" in a 600-ml. beaker 
which was immersed in a coiistaiit-tciripcrature 

3 C.yl,,trrry Incubatc,r Shakel, niodel 0 2 5 ,  Ken. Uiunswick 
Scientific Co., Ncwv Biunswick, N. J. 

160 

150 1 
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a: 130 
.s 
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Fig. l.-Phase diagram for chloramplieiiicol-urea 
system 13). 

,/' *I_j_ 
_/' / L /' 

1 

$ 0 10 20 30 40 50 60 
0 UREA CONCN., '% w/v 

Fig. 2.-Solubility of cliloruniplic~iiieol iti aqueous 
solutions of urea at 37'. 
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TABLE II.--I)ISSOLTJ.I.ION S.I.UI)IRS OF CHILIRAM- 
PHESICOL FROM FUSED AND PHYSICAL MIXTURES 

WITH UREA 
~~ 

~~ 

Amt. Dissolved, Relative 
ing.j400 ml: Dissolution 

SampleR 3 min. 6 min. Rate at  3 min. 
A ,  Pure drug 1 . 3  1.8 1 . 0  
B ,  6 solid soln. 1 . 3  1.7 1.0 
C. Eutectic 1 . 7  3 .3  1 . 3  
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0; 58”/;, 01 solid soh.  2 . 4  3.0 1 8  
E ,  78% u solid soln. 2 . 8  3 ,  X 2 2  
F ,  N solid soh. 4 . 9  6 . 2  3 . 9 
G ,  Physical mixture 2 . 4  2.9 1.8 

a Refer t o  Table I for description of samples. 

00‘:; of the drug. The eutectic mixture actually 
consists of 23% 01 and 77y0 B solid solution. The 
01 and p solid solutions account for 7 and 69 parts, 
respectivcly, of the total 76 parts of chloraniphenicol 
present in tlie eutectic mixture. 

Solubility Studies.-The data presented in Fig. 2 
clearly dcmonstratc tlic significant effect of urea on 
thc solubility of cliloratiiplieiiicol. A grmter than 
sevenfold increase in the solubility of the drug was 
ohservcd over the urca coiiceiitratioii range studied. 

The solubility of the 01 solid solution was found 
to  he identical with that of a physical mixture of the 
same composition. This finding is indicative of the 
absence of chemical reaction between the drug and 
carrier wliich could occur during the fusion process. 
Therefore, the samples differ only w-ith respect to 
their physical state. 

Dissolution Rate Studies.~-The results of thc dis- 
solution studies arc shown in ’I’ahle 11. Inspection 
of each of these rates reveals a number of interesting 
relationships as well as an insight to  the complcxitics 
involved in the dissolution of cliloraruphenicol from 
the fused binary mixtures. 

The chloramphcnicol-urea eutectic w-as found to 
dissolve somewhat faster than the pure drug with a 
comparable particlc size. Sekiguchi et al. (3) were 
unable to detect differences in the dissolution ratc of 
the eutectic mixture and the pure drug. The 
experinietital discrepancies between the formcr 
study and the present work may be ascribed to dif- 
ferenccs in the method of detcrmining dissolution 
rate. The method employed by Sekiguchi and co- 
workers involved a higlicr dcgrcc of agitation than 
employed in this investigation. The use of high 
shcar in in uitro dissolution investigations tcnds to 
obviatc differences arising from ~iiicroetivironi~ieiit~~l 
factors which would he significant in vine. Three 
individual (or possibly conccrtcd) factors arc iii- 
volved in tlie dissolutioii of chloramphenicol from 
the eutcctic. These include local soluhilizatioti, 
particle size reduction, and the prescncc of a siqnif- 
icaiit amount of the rapidly soluble 01 solid solutioii. 

‘Thc iniportancc of the niirroenvirorirrierit~~l effect 
of urea on the dissolution of chloranipheriicol may 
be appreciatcd by coiisidcring the dissolution rate of 
the physically mixed cliloramplienicol-urea sample. 
As rioted in Table 11, the rclativc dissolution ratc of 
the drug frotn sample G is almost twice as rapid as 

from thc pure chloramphenicol. Tlie solubility of 
chlommphcnicol is siguificantly higher in the micro- 
environment (which approximates a saturated solu- 
tion of urea) than iri the bulk and the drug dissolvcs 
rapidly. 

The significance of solid solution formation in the 
enhanccmcnt of dissolution can he realized hy coiii- 
paring the results obtaiued lrom saniplcs F and G. 
Both samples are identical with respect to composi- 
tion hut differ in that sample F is a fused mixture 
and is actually coinposed of a homogeneous solid 
solution of chloramphenicol in urca. One would 
anticipate that the local effect of urea would be 
approximately the same in both samplrs or perhaps 
somewhat lower in the fused sample where urea 
exists in a rnorc hydrophobic solid cnvironmcnt and 
conceivably dissolves a t  a slower ratc. Despitc this 
seeming equality, the initial dissolution rate of 
cliloramphcnicol from the 01 solid solution is rnorc 
than twice that of the physical mixture aiid almost 4 
times greater than the rate of solution or the pure 
drug. These diffcrcnccs may only bc ascribed to 
the physical state of the chluraInplienico1 in the 
fused sample. 

In a previous paper (4), Goldberg et u Z .  thcorizcd 
that the ,b’ solid solution of urea in chloratnphenicol 
may demonstrate a strong crystal latticc. The rc- 
sults of dissnlutioii studies conducted with the p 
solid solution iudicate that despite the prcscuce of a 
significant quantity of urea in the sample the solu- 
tion rate is approximately equal to that of the pure 
drug. This is rather surprising in that the mcra 
presence of a material as soluble as urea in tlie 
crystal would tend to increase the wetting of the 
particle and in this iiiauner alone increase effective 
surface area and thereby iricrease dissolution rate. 
The inability to demonstrate this effect may pcr- 
haps he attributable to the formation of a crystal 
lattice in which the chloramphcnicol is bound a t  
lcast as tightly as in the pure crystal. 

Comparison of the results obtained with samples 
B,  C, D, E ,  and Freveals an interesting relationship. 
These samples range in 01 solid solution contcnt from 
0% (pure B solid solution) to 100% (pure 01 solid 
solution). Tlie rate of dissolution of chlorampheni- 
col from these mixtures was found to he a direct 
function of tlie (2 solid solution contcnt of the 
sample. With an increase in the per cent 01 solid 
solution in the sample thcrc was a corrcsponding 
increase in thc rate of solution of the drug. 

The findings of these investigations once again 
point out the potential importance and hioplmrma- 
ceuticd significance of solid state molecular disper- 
sioris in the enhancement of dissolution ratc. 

(4) Goldberg, A. H., Gibalcli, M., and Kanig, J. L., J. 
P’lzarnz. Sci., 54, 11-15(196.5). 

(5)  Jbid. ,  55, 482(1966). 
(6) Ibid. ,  55, 487(1Yti6). 
(7) Goldbeig, A. H., Gihaldi, I%, Kania, J. L., and 

Sivanlier, J.. ib id . ,  54, 1722(1!185). 



Dermatitic Effect of Nonionic Surfactants I 
Gross, Microscopic, and Metabolic Changes in Rabbit Skin 

Treated with Nonionic Surface-Active Agents 

By M. MEZEI, R. W. SAGER, W. D. STEWART*, and A. L. DERUYTER? 

Nonionic surface-active agents were applied to  rabbit skin daily in an attempt to 
determine the physiological properties and irritative potential of some se1e:ted sur- 
factants. Three methods of evaluation were used: gross examination, microscopical 
examination, and measurement of the respiratory metabolic activity of the treated 
skin. The  gross and microscopical evaluations of these tests both indicated that 
the greatest irritation was produced by the polyoxyethylene ethers. These sub- 
stances produced gross inflammation in  even short periods of time (3 days) in the 
weakest dilutions (1 per cent) in which they were tested. Polysorbates caused 
more irritation than sorbitans. The  metabolic measurements indicated a two, three, 
and fourfold increase in the oxygen consumption of the inflamed, treated skin sample, 

depending on the length of the treatment and the type of agent used. 

N THE P,~ST 20 years there has been a con- 
siderable increase in the utilization of syn- 

thetic surfactants as household and industrial 
cleansing products, and as solubilizers and 
emulsifiers in both pharinaceutical and cosmetic 
preparations. Consequently, because of this 
frequency of contact among the general popula- 
tion, the effects on the human skin of these 
surfactants become of extreme importance. 

-4t present a literature survey presents a wide 
variety of results. In 11163, Treon (1) conducted 
standard patch tests with a large number of 
nonionic surfactants, including thosc that were 
used in the present experiment. He reported no 
irritation with human skin and only mild irrita- 
tion on rabbit skin in the cases of sorbitan 
trioleate,l polysorbate and polyoxyethylene 
esters 52, 56, and 7 X 3  The other nonionic sur- 
factants caused no irritation in rabbit skin. The 
same year Chorriaii (2) published observations 
on the effects of aqueous nonionic surfactants on 
excised calf and human skin, in which he indi- 
cated that irritation or celliilar structural altcra- 
tion did not occur. 

Contrary to  these reports there are several 
studies clainiing carcinogenic effccts of some of 
the saine nonionic surfactants in in rioo iiioiiw 
skin experiments (3-9). 
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This presentation will consider the gross 
anatomic, histological, and metabolic changes 
of rabbit skin caused by the daily application 
of selected nonionic surface-active agents. 

EXPERIMENTAL 

Three main groups of nonionic surface-active 
agents wcrc selceted for this study: ( a )  partial 
estcrs of sorbitan fatty acids, sorbitan serics; ( b )  
partial esters of polyoxycthylcne sorbitan fatty 
acids, polysorbate series; and (c)  polyoxyethylenc 
ethers.3 

A dctailcd list of these surfactants is in Tablc I. 
These surfactants were used both in undiluted and in 
diluted forms, using distilled water, hydrophilic 

TABLE I.-NAME AND CHEMICAL COMPOSITION OF 
SURFACTANTS USED 

____ 
Partial Esters of SorhiLan Fatty Acids (Sorbitan Series) 

Sorbitan monolaurate 
Sorbitan monostearate 
Sorbitan monooleate 
Sorbitan trioleate 

Partial BsLers of Polyoxyethylene Sorbitan Fatty Acids 
(Polysorbate) 

l’ulyuxyctliylcnc (20) sorltitaii i~ioiiolauratc 

l’vlyosyctliyle~ic (20) sorbitail riioiiostc:tmk 

l’olyosyetliylctie (20) sorbitaii I I I O I K J ~ ~ ~ L C  

l’olyoxyethylene (20) sorbitail triolcatc 

(Polysorbatc 20) 

(Polysorbate 60) 

(Pvlysurbate 80) 

(Polysorbate 85) 

Polyoxyethylene Ethers 

Polyoxyethylerie (4) lauryl ether 
Polyoxyethylerie (2) cetyl ether 
Polyoxyethylene (10) cetyl ether 
Polyoxyethyleiie ( 2 )  stearyl ethcr 
Polyoxyethylene (2)  oleyl ether 
Polyoxyethylene ( I  0 )  oleyl ether” 

a Mat-keted as Brij 96 by Atlas Chemical Industrics, Iuc., 
Wilmington, Del. 
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T A B L E  II.-GROSS OBSERVATIONS AFTER 3 DAYS OF f h ' L I C A T I O N a  
~~ ~~~ ~~ .~ 

~ --- 60%----. --- --- 5y0------  1,y0 

Substance 100% Water H.o." H.P." Water H.O. H.P. pet.d Water H.O. H.P. Pet.  Pet.  
in in in in in in  iu in in in in 1n 

Sorbitan monolaurate 
Sorbitan monostearate 
Sorbitan monoolcatc 
Sorbitan tiioleate 
Polysorbate 20 
Polysorbate GO 
Polysorbate 80 
Polysorbate 85 
Polyoxyethylene ether 30 
Polyoxyethylene ether- 52 
l'olyoxyetbylene elher 56 
Polyoxyethylene ether 72 
Polyoxyethylene ether 92 
Pnlyoxyethylene ctbei- 96 
H.O. 
H.P. 
Pet .  

+ 
+ + + + + + +++ ++ ++ 
+++ 
0 
0 
0 

- + 0 + 0 
n 0 0  0 
0 0 0  + + 

o +  + + + + + +  + +  + +  -~ + + + ++ +++ + ++ ++ + ++ + t -t ++ + + +  ++ ++ + +  ++ + + + +  
~~ + + ++ ++ + i- -1- + ++ - t+ t  ++ + 

++ - + 2 ~+ 

+ o +  

" 0, no visible change; +, erythema, edema; ++, thickening; +++, hyperkeratinization; ++++, formation of fis- 
C H.P., wi-esand open lesions; + t o  ++ ++, undei~inesigiiifies mole intense ir-iitatioti. 

Iiydrophilic petrolaturn U.S.P. 
' H.o., tiydiophilic ointment U.S.P. - _ _  

Pet., petrolatum 1J.S.P. 

Fig. 1.-There is erythema and thickening of thc 
lower left quadrant of the shavrd arca (polgoxy- 
ethylene ether 56, 59; in hydrophilic ointment) and 
crusting with induration of the lowcr right quadrant 
(polyoxyethylcne cthcr 30, lo%, in hydrophilic oint- 
mcnt). The uppcr right quadrant is the control 
arca. One week of application. 

ointmcnt U.S.P., hydrophilic petrolatum U.S.P., and 
white petrolatum U.S.P. as dilucnts. The diluents 
were also applied alone as controls. 

Increasing concentrations from l-lOOyo of the 
above surfactants were prepared and applied to the 
tirunks of New Zealand whitc rabbits. Each trunk, 
clipped free of hair by an electric clipper (Oster 
model A2), provided 8 test areas. On eaclr rabbit, 
one area was untrrated and one area was treated 
with only an ointment base, to act as control sites. 
Fifty rabbits were used in this invcstigation, provid- 
ing 400 separate areas. About 0.3 Gin. of each 
different prcparation was evcnly applied and then 
gently rubbed in for 3 sec. with a hard rubber 
spatula to the appropriate area, once a day. For the 
ciraluation of histological changes biopsy specimens 
were taken from representative sites after applica- 
tion for 10 and 30 days and a t  thc completion of the 
cxperiment. After each biopsy, that area was tlis- 
continued for use as an experimental site. With 
forceps, the skin was elevated, and a full thickness 
biopsy was takcn by scissors. The specimens were 
kept in a 10% formol-saline solution until routine 
histological slides were prepared, stained with herna- 
toxylin ,and eosin, and examined microscopically. 

The oxygen consumptions of the trcated and con- 
trol skin samples were determined by the direct 

Wnrburg method (10). The animals wcre killccl by 
fracturing the neck. The test areas were washed 
with water quickly to remove the remainclcr of the 
substances previously applied, and the samples were 
takcn with the aid of the Castroviejo keratotome 
(11) set to cut 0.2 nun. thickness of skin. The skin 
slices were cut to small pieces with cold scissors and 
were immediately weighed on an analytical balance 
(referred to as wet weight), then transferred to War- 
burg flasks containing 3.0 i d .  of Kreb's Ringer plios- 
ghate-glucose solution (10) and 0.2 ml. of 205% 
KOH solution in the center well. The measurenicnt 
was carried out a t  37", after a 3O-min. equilibration 
period. Room air was used as the gas phase. A t  
the end of the measurement the samples were re- 
moved from the flasks, rinsed in distilled water, and 
placed in preweighed crucibles. Dry weights of the 
samplcs were obtained by drying overnight in an 
oven a t  105". The oxygen consumption was cal- 
culated in microliters per milligram of skin (dry) 
per hour: this value is the QOz. 

RESULTS AND DISCUSSION 

The samples were evaluated by three methods : 
( a )  direct inspection, ( b )  histological examination, 
arid (c) measurement of the respiratory metabolic 
activity of the treated skin. 

Gross observations were made and recorded 
daily, but rcprcsentative tables are made up for 
intervals of 3 days and 10 days after starting applica- 
tions. After 3 days of application, the first gross 
changes, namely crythcma and edema, resulting in a 
hard induration began to appear where certain of 
the polyoxyethylene ethers were being applied, 
cvcn in a dilution of loyo. Irritation was also ob- 
served, hut to a lesser degree ('Table II), where 1 0 0 ~ o  
concentrations of polysorbates were applied. A t  
the sites of application of 10% concentrations of 
polysorbatcs, only a slight erythema was noticeable. 
With the exception of sorbitan monolaurate' a i d  
sorbitan trioleate, no changes were seen at  the 
sorbitan areas. As the treatmcnt continued, a dr-  

4 Marketed as Span 20 by Atlas Chemical Industi-ies, Inc., 
Wilmington, Del. 
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Pig. 2.-Con- 
trol skin, plain 
11 y d r o p h i l i  c 
ointrrient appli- 
cation only ( - ). 

gree of irritation became apparent in most treated 
arcas. The skin trcated with polyoxycthylene 
ethers of all concentrations showed scaling and 
thickening, with marked induration and fissuring. 
A type of crust formation, shown niicroscopically to 
consist of necrotic and sloughing epidermis, often 
developed aftcr 1 week of trcatmcnt with various 
concentrations of polyoxyetliylene ether, (as illus- 
trated by Fig. 1). Arca 1 (polyoxycthylene ether 
56, 5%) and area 3 (polyoxyethylene ether 30: 
10Uj") showed considcrable irritation. Arca 4, the 
untreated skin, showed no sign of irritation. The 
inflamed necrotic and irreversibly damaged cpider- 
mis sloughed off after 2 or 3 weeks of polyoxyetliylene 
ethers application, but recpithelialization of thc sur- 
face followed rapidly. 

Tablc I1 illustratcs the gross evaluations after 3 
clays of treatment. It is evident from this table 
that the surfactants belonging to  the polyoxyethyl- 
ene ether series produced irritation even after 3 
days of application, and in a dilution of 1%. Table 
111 records observations made after 10 days of 
application, where even the areas treated with sur- 
factants belonging to the sorbitan scries begin to  
show some irritation. An interesting observation 
was the increased rapidity of hair growth, chiefly in 
areas of application of the polysorbates. New skin 
was formed satisfactorily from remaining epidermal 
appendages in almost all the areas which had 
sloughed off after treatment with the polyoxy- 
ethylene ether-type of surfactants. 

The microscopic appearances in the treated areas 
parallelcd the degrce of gross irritation observed. 
Figures 2, 3, 4, and 5 illustrate the degrees of 
inflammation and irritation after 10 days of applica- 
tion. The microscopic changcs which were ob- 
served are illustrated by Tables IV and V. 

The respiratory metabolic activity of selected 
samplcs of surfactant-trcated skin was studied using 
oxygen consumption measured by the Warburg 
method. It has been reported (12-14) that in in 
vitro tests the surfactants influence enzymatic reac- 
tions, damaging the function of the respiratory 
chain. 'The authors found that the surfactant- 
treated skin consumed 2, 3, or 4 times as much oxy- 

6 nIai-keted a- R i i j  30 Ihy Atlas  Chemical lndustries,  Inc., 
Wiliningtoii, n e l .  
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gen as the control skiti, depending oii the length of 
time of the treatment and mi the type of agent usrd. 
Thc results arc illustratcd by Figs. 6 and 7. 

Figure 6 represents the YO, values of the. control 
and trcatcd skin samples obtained from 13 rabbits 
a t  a period of 3- to 15 days (1 rabbit a clap) after 
starting application. Figure 7 illustrates thc QO, 
values of skin samples taken from the second group 
of rabbits, 15 in number, within the period of 30-81 
days after starting application. During this period 
the samples were takcn 30, 31, 40, 42, 43, 44, 45, 50, 
51, 52, 55, 58, 77, 78, and 81 days aftcr starting the 
application. 

A specific explanation for the increased respira- 
tion rate due to thc topical application of surfactants 
has not yet been found. The surfactants can di- 
rectly influcncc enzymatic rcactivns as reported (12- 
14). On the other hand, the permeability changes 
of crll membranes induced by the surfactants could 
also be the source of tlie altered respiratory activity. 
Thc effect of thesc surfactants on the cell mern- 
branes, and in a smaller scale, on the membrane of 
the mitochondrion is very probable, due to their 
hydrophilic and lipophilic properties. By these 
properties they might be able to disturb the balance 
of tlie cell system, e.g., they can weaken the hydro- 
phobic bond, which is a key to the structure and 
function of t.he membranc of thc mitochondrion, 
consequently causing alteration in the oxidative 
mctabolism. 

One of the difficulties in measuring skin respira- 
tion is to provide samples containing mainly the 
epidermis and relatively small amounts of dermis. 
The oxygen coiisumption of the epidermis, which is 
ordinarily activcly prolifcrating, is significantly 
higher than that of the dermis. Usually, skin 
respiratory results refer to  milligrams of dry skin or 
milligrams of tissue nitrogen. While the dry weight 
is a rather poor standard, due to the possible varia- 
tions in amounts of epidermis, dermis, or physio- 
logically inert constituents prcscnt, no othcr stand- 
ard has been shown to be superior. Tissue nitrogen 
varies directly with the dry weight and is, in addi- 
tion, more timc consuming. With the aid of tlie 
Castroviejo keratotoine samplcs were obtained con- 
taining relatively uniform structural components of 
the skin. The definite pattern in the authors’ re- 
sults, and the reproducibility of repeated measure- 
ments during these invcstigations, indicate that 
with this technique, the dry wcight (imperfect as i t  
may be) is the most practicable standard of refer- 
ence. 

A number of rahbits, of which the gross and his- 
tological skin-changc data were presented above, were 
being treated with surfactants for several months 
in a long-tcrm study t o  ascertain whether any car- 
cinogenic effect can be obscrved arising from 
application of the above surfactants, as has been 
reported in niouse skin experiments (3-8). The 
authors found no gross or microscopic signs of 
carcinogenic effect of these agents in 3 rabbits 
which were treated with sorbitam and polysorbates 
for a period or 5 rnoriths and of 22 rabbits which 
were trcatcd for more than 2 months. 

The authors’ results are in conflict with previous 
reports regarding the irritative potcntial of these 
substances. 

In thcsc rcports (1, 2), no irritation was reported 
caused by sorbitan monolaurate, sorbitan mono- 

Fig. 3-l’oly- 
sorbatc XO in 
loo$;, CoriCcIl- 
tratioii; there 
is irregular 
acanthosis of 
the epidermis 
and edema arid 
inflammation in 
thc dermis 
(2+).  

Fig. 4.--Poly- 

cther 52 in 5(:,b 
concentration, 
There is acanth- 
osis and hyper- 
plasia of the cpi- 
dermis, together 
with some 
ederna arid iIi- 
flammatiori of 
the dermis 
(a+ 1. 

0 x y e t 11 y l c  11 e 

Fig. 5.-Poly- 
o x y  e t h y 1  r:n e 
ether 30 in 609% 
c o II c e n tration ; 
the epidermis is 
destroyed. I t  is 
replaced by 
e o s i  n o p  h i  11 c 
staining mate- 
rial filled with 
many polymor- 
phonuclear leu- 
cocytes. Thesc 
cells extend to 
the dcrmis and 
in some in- 
stances dip 
down into the 
s e b a c e o u s  
glands and hair 
follicles. ‘I‘here 
are scattered 
polymorphoiiu- 
clear lcucocytes 
and iudicatiori 
of edema in the 
dermis (4-t). 
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TABLE IV.-MICROSCOPIC OBSERVATIONS AFTER 10 DAYS OF APPLICATION 
~ __-- __ ~ ~ ~~ ~~ ~~- - 

----I 0 yo----. 
60%- in 7- 5 70- 

in Ointment in Ointment in in Ointment 
100% in Water Base Water- Base Water Base 

Sorbitan monolaunte +a 0 0 
Sorbitan monostearate 
Sorbitan monooleate + 0 0 
Sorbitan trioleate + 
Polysorbate 20 + + + 0 
Polysorbate 60 + + + + + Polysorbate 80 ++ + + 
Polysorbate 85 ++ + + + 
Polyoxyethylene ether 30 ++++ N b  ++++ N ++++ N ++ ++ IIc 
Polyoxycthylcnc 

Polyoxyethylcne 

Polyoxyethylene 

I 

ether 52 +++ N ++ +++ H 

ether 56 +++ N +++ ++H ++ ++ 
ether 72 +++ ++ ++ ++ + + H  

Polyoxyethylene 

H.O. 0 
ether 92 ++++N + + + + N  + + + + N  

H.P. 0 
Untreated skin 0 

a + t o  + + + +, inflammation, from minimally increased numbers of inflammatory cells in the dermis, chiefly perivascular 
t o  marked degrees of polymorphonuclear and round cell infiltrate throughout the depth of the dermis. ' Necrosis, a complete 
destruction of the normal cellular structure of the epidermis, replaced by an eosinophilic amorphous mass thoroughly infiltrated 
by polymorphonuclear leucocytes. This process involved hair follicular epidermis and sebaceous glands in severe cdbes. It was 
followed in all instances, when the rabbit lived, by re-epithclialization from the remaining appendages. ' Aranthosis, an 
irregiilar acanthosis of the normally flat, thin, and regular epidermis. 

T A B L E  V.-MICROSCOPIC OBSERVATION AFTER 1 MONTH OF APPLICATION" 

60%- -lOyo'p--- ---5%-- 
in Ointment in Ointment in Ointment 

100% in Water Base in Water Base in Water Base 
Sorbitan monolaurate + + + 
Sorbitan mouostearate 
Sorbitan mouodeate +++ + 
Sorbitan trioleate ++ €1 
Polysorbate 20 ++ -t + 
Polysorhate 60 ++ H + + + + N  ++ 
Polysorbate 80 +-t+ N H +++ ++ ++ 
Polysorbate 85 +++ H ++ 
Polyoxyethylene ether 30 + + + + N H + + + + N + + + N ++ 
Polyoxyethylene ether 52 +++ ++ 
Polyoxyethylene ether 56 + + N ++ N +f+H . t + + H  +++ + + t H  
Polyoxyethylene ether 72 + + + ++f H t+H ++ ++ 
Polyoxyethylene ether 92 
H 0. + 
H.P. + 
Untreated skin 0 

+ + + + N H + + + €I + + + + N €1 

See footnotes nuder Table IV. 

stearatc,B sorbitan monooleate: polysorbate 20,* 
polysorbate 60,9 polysorbate 80; and polyoxyethyl- 
ene ethers 30 and 92;lO and only mild irritation 
caused by sorbitan triolcatc, polysorbate 85," and 
polyoxycthylenc ethers 52 and 72. The difference 
in the degree of irritation, which in our case was ex- 
treme, and in some instances, resulted in complete 
destruction of the epidermis, may be due to the di f -  
fercnt methods by which the surfactants were 

6 Marketed as Span 60 by Atlas Chemical Industries, Inc., 

7 Marketed as Span 80 by Atlas Chemical Industi-ies, Inc., 

* Marketed as  Twecu 20 bv AtIas Chemical Industries. Inc.. 

Wilmington, Del. 

Wilmington, Del. 

Wilmingtun, Del 

Wilmington, Del. 

Wilmington, Uel. 

Inc., Wilmington, Del. 

9 Marketed as Tween 60 hy AtIas Chemical Industries, Inc., 

10 Marketed as Biij 92 by Atlas Chemical Industries, Inc., 

'LMarketed as Tween 85 by Atlas Chemical Industries, 

applied. The above investigators (1, 2) used in 
nitro tests and/or patch tests. The authors' 
method was an attempt to reproduce the frequent 
application of dermatologic and of cosmetic prcp- 
arations by the general public. It is not always 
advisable to apply the results of animal experi- 
ments to humans and the fact that these evidences 
of imtation have been produced in rabbits must bc 
kept in mind in assessing their significance. 

The closed patch test applied for 48 hr. is less 
desirable as a measure of capacity of a primary 
irritant than a daily application of the test material 
for a pcriod of a t  least 10 days. 

Studies have not proved that synthetic deter- 
gents are entirely responsible for the reported in- 
crease in primary irritant dermatitis and "house- 
wife's dermatitis" cases (15-18). Evidence has 
been presented that surface-active agents cause 
denaturation of keratin (19) and produce harmful 
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QOZ VALUES (d. Oz/rng./hr.) 
1.0 2.0 3.0 4.0 

UNTREATED SKIN 

OINTMENT BASE 

SORBITAN MONOLAURATE 

SORBITAN MONOSTEARATE 

SORBITAN TRIOLEATE 

POLYSORBATE 20 

POLYSORBATE 60 

POLYSORBATE 85 

POLYOXYETHYLENE ETHER 30 

POLYOXYETHYLENE ETHER 52 

POLYOXYETHYLENE ETHER 56 

POLYOXYETHYLENE ETHER 72 

POLYOXYETHYLENE ETHER 92 

POLYOXYETHYLENE ETHER 96 

1.0 2.0 3.0 4.0 

Q02 VALUES Oz/mg./hr.) 
1.0 2.0 3.0 4.0 5.0 6.0 

UNTREATED SKfN 

OINTMENT BASE 

SORBITAN MONOLA U RATE 

SORBITAN MONOSTEARATE 

SORBITAN MONOOLEATE 

SORBITAN TRIOLEATE 

POLYSORBATE 20 

POLYSORBATE 60 

POLYSORBATE 80 

POLYSORBATE 85 

POLYOXYETHYLENE ETHER 30 

POLYOXYETHYLENE ETHER 52 

POLYOXYETHYLENE ETHER 56 

POLYOXYETHYLENE ETHER 72 
POLYOXYETHYLENE ETHER 92 

POLYOXYETHYLENE ETHER 96 

1.0 2.0 3.0 4.0 5.0 6.0 

Fig. 6.-The oxygen consump- 
tion of controi and treated skin 
samples taken from 3-13 days 
after startinx application. Key: 
0 ,  control, ointment base alone, 
or 100% surfactant; 0, 10% 
surfactant in ointrnerit base; A, 
ly(, surfactant in ointment base. 

Fig. 7.-The oxygen 
consumption of control 
and treated skin samples 
taken from 30-81 days 
after starting application. 
Key: e, control, oint- 
ment base alone, or 100yo 
surfactant; A, 60% sur- 
factant in ointment base; 
0, 10% surfactant in oint- 
ment base: O, 5% sur- 
factant in ointment base. 

effects on the horny layer as defatting agents by 
removal of the lipids and other substances (20-23). 
The surface-active agents are usually present in 
cosmetic and dermatological preparations in con- 
centrations varying from l-lOyo. Considcring the 
above studies (1523)  and these results, the possi- 
bility arises that, if the increased number of cases of 
hand dermatitis in females cannot be explained by 
the increased use of synthetic household detergents 
then the surfactants present in hand lotions and 
other cosnietic or dermatological preparations could 
possibly be one factor in some of the cases of hand 
dermatitis in the female population. There :ire, as 
yet, only animal tests to prove that a number of 

polyoxyethylene ether surfactants, a common coni- 
ponent of hand lotions, have a distinct potential to 
irritate the skin. Certain other surfactants, namely 
the polysorbates and sorbitans, also have undesir- 
able influences on the skin, if used in daily applica- 
tions for a longer period. 
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Occurrence of Amanita Toxins in American 
Collections of Deadly Amanitas 

By V. E. TYLER, JR.,  R. G. BENEDICT, L. R. BRADY, and J. E. ROBBERS* 

Chromatographic examination of Amanita phalloides carpophores collected in the 
Pacific Northwest revealed the presence of relatively large amounts (1.5-1.9 mg./ 
Gm. dry-wt.) of p-amanitin but lesser concentrations (trace to 0.93 mg./Gm.) of 
a-amanitin. It was concluded that these represent a distinct chemical race of A. 
phalloides, apparently restricted in its occurrence to the states of Washington, Ore- 
gon, and California. Other species investigated included Amnnita bisporigera, the 
most toxic yet found in the United States, containing 2.25-5.0 mg. of a- and 8- 
amanitins per Gm. Amanita verna specimens contained variable amounts of the two 
toxins (0 to 1.7 mg./Gm.), but very small quantities (0 to <0.1 mg./Gm.) of a- 

amanitin only were detected in samples of Amanita virosa. 

ONFUSION ABOUNDS in the literature per- c taining to the identity and toxicity of 
Amanita species. In the Unitcd States this is 
particularly true of Amnnitu phalloides (Fr.) 
Secr. and related species (so-called deadly 
amanitas) ; in fact, all literature prior to the last 
decade or two must be carefully cvaluated to de- 
termine, if possihlc, the identity of the mushroom 
which was actually studied under a particular 
designation. 

Until 1918, all species of deadly amanitas oc- 
curring in the U. S. were generally referred to A .  
phulloides, which wa,s considered to represent a 
single polymorphic species. For example, Mur- 
rill (l), rcferring to A .  phalloides in 1916, wrote of 
“The variety of colors assumed by this species- 
white, yellow, green, gray, brown, blackish . . .” 
In 1918, Atkinson (2) recognized that the most 
common Amanita species in thc eastern IJ. S., 
usually interpreted as a dark brown form of A .  
phalloides, was actually a different species. ITe 
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subsequcnt1~- described it arid assigned the name 
Amanita bvimnescens Atk. The various color 
forms were gradually sorted out with the passing 
years, the white forms being identified as Amanifn 
veriia (Fr.) Vitt. s. Boud., Amanita oirosa Secr., 
or Amanita bisporigera Atk., the yellow or 
green as Amani ta  citrina S. F. Gray, and the 
blackish or gray as Amanita porphyria (Fr.) Secr. 
Finally, none remained which could actually bc 
designated A. phalloides 

Changes in nomenclature are generally ac- 
cepted with reluctance; thus, A .  plzalloides is still 
frcquently referred to in the popular press and 
even in scientific writings. As late as 1955, the 
term “brown A. phaltoides” was used to designate 
A brz~nnescens ( 3 ) .  Disregarding this use of 
antiquated nomenclature, mycologists began to 
assume that authentic A. phalloides did not occur 
in the U. S. (4). 

In 1958, Smith ( 5 )  reported that the species 
did occur rarely in California, but details were not 
presented ,4 year later, specimens were found 
in Ashland, Ore., which greatly resembled A. 
plznlloides, and analysis of them revealed the 
prcsenre of C-amanitin (6) as well as a smaller 
amount of a-amanitin (7). -1 fatal case of mush- 
room poisoning with symptoms identical to those 
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erice, a- and p-amanitin2 were chromatograplied 
concurrently and in admixture with the extracts. 
Spraying the chroniatograms with 15; cinnamalde- 
hydt. in nicthanol followed by exposure to hydro- 
chloric acid vapor revealed tlic amanita toxins a.s 
violct-colorcd spots. 4 s  little as 0.3 mcg. of pure a- 
or p-amanitin could be detected with certainty by 
this procedurc. The results, including average R, 
values and approximate quantities determincd by 
visual comparison of the sizc and intensity of the 
spots with those of the reference standards, are 
summarized in Table 11. 

Quantities (< 20 p l . )  of both extracts A and H and 
of the I-efcrence conipounds were also chromato- 
graphed on Silica Gel G platcs with n-butanol-acetic 
acid-water ( 4 :  1 : 1) as described by Benedict et al. 
(10) and on  Whatman No. 1 and No. 3 filter papers 
with methyl ethyl ketone-acctone-water-n-butanol 
(20:6:5:1) as rccotnmendcd by Block et al. ( 3 ) .  In  
:dl of these systems extract A yielded relatively largc 
amounts of p-amanitin; cxtract A contained a very 
small ainouiit of p-amanitin arid a trace only of 
a-amanitin. 

Analysis of Other Deadly Amanitas.-Additional 
ilnzanita species which have been suspectcd of con- 
taining ariianita toxins include A .  bzsporigera, A .  
tenuifolia Murr., A .  zierna. and A .  zirosa (11). Of 
these, samples of A .  tenuifolia and A .  zwnu were 
examincd chromatographically by Block et n l .  ( 3 ) ;  
the former was found to contain only ,8-amariititi but 
the latter both LY- and 8-amanitin. However, 
scvrral specimens identified as A .  zwnu contained 
no amanita toxins. 

For their studies the authors were able to obtain 
several samples of A .  bispovigera,3 A .  phalloides 
(European origin), A.  phalloides (Oregon origin), A.  
~8ernu,~ and -4. oirosa. Details of thcsc collcctions 
are presented in Table I. One-hundred-milligram 
samples of A.  bisporigeru arid 500-mg. samples of A .  
phalloides, A .  uerna, and A .  uivosa were extracted 
with methanol in a Soxhlet apparatus and quantities 
of the concentrated extracts were spotted and 
chromatographed in the metha1iol-1netliy1 ethyl 
kctonc systcm as previously described. The amani- 
tins were detected with cinnairialdehyde spray and 
verified, in doubtful cases, with Pauly's reagcnt (12). 
Rf values and cstimated quantities of toxins de- 
tectcd are described in Table 11. 

RESULTS AND DISCUSSION 

Chromatographic cxamination of cxtracts of the 
specimen of Anzanita collcctcd in the fall of 1965 in 
Seattle, Wash., revealed the presence of ainanita 
toxins. The results were similar but not identical to 
those obtained by analysis of a similar specimen col- 
lcctcd in Oregon in 1959 (6). &Amanitin prc- 
dominated in both samplcs, but only traces of 
a-amanitin could be detectecl with difficulty in  the 
Seattle specimen following a second extraction of the 
carpophore with aqueous ethanol. A somewhat 
larger amount of e-amanitin was presrnt in the 
Oregon mushroo~n. Although the total concentra- 
tions of these two amanitins (1.9-2.43 ~ng./Grn.) 

Fig 1 .-A manita 
phalloirks carpo- 
phore collected in 
Seattle, Wash. 

produced by amanita toxins was reported from 
California in 1965 (8). The  species responsible 
was identified as A.  phalloides, hut botanical de- 
tails were not presented. I n  October 1965, Mrs. 
Betty Dorland collected speciniens on Mercer 
Island, Seattle, Wash., which were identical to the 
1959 collection from Oregon. The carpophorcs 
(Fig. l), found p-oiving in sandy grass-covered 
soil under old birch trees, were identified as A.  
p7zuZloides1 (Table I). 

This discovery of specimens of deadly amanitas 
in the Pacific hTorthwest prompted the present 
study with its dual objectives: (u) to determine 
if the specimens of A .  ph,uZZoides collected in the 
U. S. were similar in their toxin content to 
specimens of European origin and (b)  to cvaluate 
the quality and quantity of toxins in other 
Anierican collections of deadly amanitas. 

EXPERIMENTAL 

Analysis of Washington A. phal1oides.---Dried 
carpophore tissue (550 mg.) was exhaustively ex- 
tracted with mcthanol in a Soxhlet apparatus and 
the resulting extract ( A )  conccntratcd to a volume 
of 2.0 nil. To insure complete extraction, the dricd 
marc was subsequently re-extracted with 7OYo etha- 
nol, and this cxtract ( B )  was evaporated to dryness, 
and the rcsiduc redissolved in 1.0 ml. of 707',, ethanol. 

Quantities of these extracts ranging from 1-10 pl.  
werc spottcd un thin-layer plates prepared with Silica 
Gel G and were chromatographed in a solvent mix- 
ture composed of methanol-niethyl ethyl ketonc 
(1 : l), as described by Sullivan et al. (9). For refer- 

1 The authors are indebted to Pro[. D. E. Stuntz,  Depart- 
ment of Botany, University of Washington. Seattle, for 
authoritative identification of all Pacific Northwrst  and 
Texas specimens utilized in this investigation. 

2 Supplied through the  courtesy of Prof. Dr. Theodor 
Wieland, Institrit fiir Organische Chemir, dcr ITnivet-sitiit 
Frankfur t  a m  Main, Frankfur t  a m  Main, West Germany. 

3 Two collections of A .  bisporigeva (No. 27518 and  27653) 
and four- of t h e  collections of A .  s u i m  (No. 5882, 22085, 2'7055, 
25698) werc sripplicd through the  couitcsy of Dr. T,. I<. 
Hesler, University of Tennessee, Knoxville. 
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TABLE I.-TIME AND PLACE OF DEADLY Amanita COLLECTIONS 
~~ ~ 

~ ~ 

Collectioii No. Species Collection Site Date 
27518 A .  bisporigera Atk. Toxalvay Gorge, x. c .  7/29/1961 

2i653 A .  bisporigera Gatlinhurg, Tcnn. 8/6/1963 
E l  A .  phnlloides (Fr.) Secr. Harz Mountains, Gcrmany 9/1 l/l963 
01 A.  phalloides Ashland, Orr. Fall 1959 
W l  A .  phalloides Seattle, Wash. 10/24/1965 
5362 A .  verna (Fr.) Vitt. s. Roud. Knoxville, Tcnn. 8/19/1934 
22065 A .  zwna Highlands, N. C. 8/24/1955 
27055 A.  verna Hergen, N.  Y .  10/11/1962 
256398 11. a'erna Cadrs Cove, Tcnn. 7/27/1963 
B1 A .  r w n a  Fall City Falls, Tenn. 8/3 / 1963 
'Ta A .  v e r m  Huntsville State Park, Tex. 11 /X/1964 
l'b A .  verna Huntsville State Park, Tex. 11/8/1964 
7'2a A .  aerna Huntsville State Park, Tex .  11/14/1965 
TZb A .  vema Huntsville State Park, Tex. 11 /14/1965 

A .  nerna Huntsville State Park, Tex. 11/14/1965 TZc 
T l a  A .  zlirosn Sccr. Huntsville State Park, Tex. 11 /8/1964 
T l b  A .  nivosa Huntsvillc State Park, Tex. 11/8/1964 
T4 A.  virosa Huntsville State Park, Tex. 11/14/1965 

B2 A .  bispovigera Cadcs Cove, Tenn. 7/27/1963 

TABLE II.-R, VALUES AND ESTIMATED CUNCENTRATIOiiS OF h l A N I T A  TOXINS DETECTED I N  DEADLY 
Amanita SPECIES 

~~ 

~~~~ ~~~~ 

7 A v .  Rj Values (MEK:MeOH)- -. - -Estimated Quantity, mg./Cm.-- 
Species Investigated a-Amanitin 6-Amanilin a-Amanitin &Amanitin 

A .  hisporigera No. 27518 0.15 0.21 1 .75  0 . 5  
A .  hispovigrra No. B2 0 . 4 i  0.24 3 . 5  1 . 5  
A .  bisporzgera No. 27653 0.46 0.23 2.G3 0 .75  

A .  phalloides No. 01 0.44 0.21 0.93 1 . 5  
A .  phalloides No. H 1  0.47 0.24 1 . 2  0 . 8  

A .  phalloides No. W1 
Ext. 4 
Ext. 13 

A .  vevna No. 5362 
A .  verna No. 22065 
A .  a'erna No. 27055 
A .  verna No. 25698 
A .  verna No. B1 
A .  oerna No. T a  
A .  oerna No. T b  
A .  nerna No. T2a 
A .  oerna No. T2b 
A.  verna No. 1'2c 
A.  airosa KO. T l a  
A .  vivosa No. T l b  
A .  virosa No. T4 
Reference amanitiris 

. . .  
0.47 

0.24 
0.23 1 tr. 1 .9  

. . .  . . .  0 0 
0.45 0.22 0.28 tr. 
0.46 . . .  <0.1 0 
0.45 . . .  <0.1 0 
. . .  . . .  

0.46 0.22 
0.46 0.23 
0 . 4 i  0.24 

n n 
i .4 0 . 3  
0.7 0 . 3  
0.58 0.25 

0.46 0.22 0.72 tr. 
0.47 0.23 
. . .  . . .  

0.44 . . .  
0.45 . . .  
0.46 0.23 

1 . 4  0 . 3  
0 0 

<0.1 0 
<0.1 0 

approximated that detected in a typical European 
collection of A .  phalloides (2.0 mg./Gm.), the un- 
usually high proportions oi 8- to a-amanitin (1.9/ 
trace, 1.5/0.93) are quitc differcnt from that de- 
tected in European specimens (about 2/3) .  

However, since morphological differences between 
the Pacific Northwest collections and European 
specimens of A.  phalloides are essentially non- 
existent, i t  appears most useful to describe the 
former as members of a chemical race of A .  phal- 
loides in which p-amanitin is the predominant 
amanitin. Until large numbers of singlc carpophores 
of the European species can be investigated for their 
content of both LY- and p-amanitin, it  is not possible 
to determine if this chemical race was transfcrred 
relatively recently to the Pacific coast together with 
the various introduced trccs (Betulu,  Populus), under 
which i t  has been found and with which it probably 
forms mycorrhizal associations, or if i t  is a race 
originating in the Pacific Northwest and restricted 
there in its occurrence. In any event, the evidence 

indicates conclusively the existcnce of a chemical 
race of A.  phalloides distinguished by a high propor- 
tion of p-amanitin, specimens of which are rare in 
Washington, Oregon, and presumably California. 

It is apparent from the data in Table I1 that A .  
bisporigera is the most toxic American mushroom yet 
examined. Its total content of of- and 8-amanitins 
was found to range from 2.25-5.0 mg./Gm. in con- 
trast to 1.9-2.43 mg./Gm. for the native A .  phal- 
loides, 0-1.7 mg./Gm. for A .  uerna, and 0-<0.1 
mg./Grn. for A .  virosa. Singer (13) does not classify 
A .  bisporigera in section 6, Euamani ta ,  of subgenus 
11, Euamanita,  together with other amanita toxin- 
containing species, but instead lists it under section 
5 ,  Amidellae. On the basis of its high concentration 
of a- and p-amanitin, as well as its botanical afini- 
ties to A .  nrirosa (14), i t  would seem that the species 
should properly be classified in section 6, Euumanila. 

The finding of variable concentrations of toxins in 
A.  verna was not unexpected. Although the corn- 
plete absence of toxins from collection No. 5362 may 
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be attributed to its excessive age and prolonged 
storage (31 years) preceding analysis, failure to 
detect toxins in the more rcceut collection No. B1 
must  be due to natural variablility. Block et al. ( 3 )  
report similar results from their study of toxin-con- 
taining A manita species in w-hich several specimens 
identified as A .  vema produced no toxic symptoms in 
mice nor could toxins be detected in them chrornato- 
graphically. I t  is not clear whether the differences 
obscrved by Block el al. and by the authors are due 
to environmental conditions, ontogenetic considera- 
tions, or genetic factors, but it must be concluded 
that the amanita-toxin content of A .  i ~ n a  carpo- 
phores is extremely variahlc and, in general, appre- 
ciably less than that of A.  bisporigera or A .  phal- 
loides . 

No amanitins were detected in one samplc of A .  
ziivosa (Tla), but another carpophore (Tlb) collected 
a t  the same timc from the same site contnincd a very 
small amount of a-amanitin (<0.1 mg./C:m.), as did 
another, more rccent collectioii (T4). Although 
standard reference works (15, 16) all refer to A.  
U ~ F U S U  as a deadly poisonous species, apparently the 
only previous experimental work on thc subject was 
that of Ford (17). He found an extract to be toxic to 
guinea pigs and concluded that thc toxins of the 
species were idcntical to those of A.  phelloides. 
Identification of small amounts of a-amanitin in two 
carpophores from different collections confirms this 
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earlicr finding. However, as in the case of A.  verna, 
the effects of environmcnt, ontogenesis, and genetics 
must all be investigated beforr a definite explanation 
can be given for the irregular low-level occurrence 
of toxins in A .  airosa. 
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the  action of these antibiotics could be realized if 
the kinetics or bacterial generation was more 
completely elucidated in  antibiotic concentra- 
tions less than those tha t  result in  complete 
growth inhibition, i.e., subinhibitory concentra- 
tions. 
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cultures to achieve concentrations of 0.0, 1.04, 2.08, 
3.12, or 4.16 X M tetracycline or 1.17, 2.33, 
3.50, or 4.66 X 

The number of E. coli/mI., N ,  present in the cul- 
tures was determined by a viable (colony) count 
method and/or a total count method a t  appro- 
priately spaced time intervals (5-8).  For total 
counts, the Coulter counter (Coulter Electronics, 
Hialeah, Fla.) was used. Apparent specific growth 
rate constants, k,,,. in sec.-l, were obtained from 
the least squares slopes of a plot of log N versus 
time in accordance with the apparent first-order 
expression, 

M chloramphenicol. 

log N (kaPp./2.303)t + log N o  (Eq. 1) 

where No is the number of E. coZ.i/inl. a t  t = 0, 
and t is in sec. Regression analysis was performed 
by an IBM 720 digital computer. 

Reversibility Studies.-Three replicate culture 
flasks were inoculated with sufficient E.  coli to 
yield initial concentrations of 106 E. coh/ml. 

Suficient antibiotic to achieve concentrations of 
0.00 and 4.16 X M tetracycline and 4.66 X 

M chloramphenicol was added to the cultures 
after 90 min. of growth. After 200 min. of growth, 
a tenfold dilution of the cultures was achieved by 
adding 2 nil. of the culturcs to 18 ml. of fresh broth. 
The number of E. coli present in the cultures was 
determined by total counts a t  approximately equally 
spaced time intervals. 

Three replicate culture flasks mere inoculated with 
suficient E. coZi to yield an initial concentration of 
lo6 E. coli/ml. Sufficient antibiotic to achieve 
concentrations of 0.00 and 1.04 X M tetra- 
cycline and 1.17 X M chloramphenicol was 
added after 90 min. of growth. Final concentra- 
tions of 0.00 and 1.04 X lop7 Ail tetracycline and 
4.16 X M ehloramphenicol were achieved 
with the addition of more antibiotic after 150 min. 
of growth. The number of E.  coli present in the 
cultures was determined a t  appropriately spaced 
time intervals by total counts. 

Viable Count Method.-One milliliter of appro- 
priately diluted (with 0.85% saline) 0.5-ml. samplcs 
o f  the culture was pipeted onto each of 5 replicate 
agar plates within 15 min. of sampling. Previous 
experiments (7) have shown the necessity of com- 
pleting plating within this time interval. 

Total Count Method.-One-half milliliter samples 
of culture were diluted with 0.86c?, saline which had 
been previously filtered through a double thickness 
of type HA Millipore filter paper. A drop of form- 
aldehyde was added, and the total number of 
organisms was counted with a model A Coulter 
counter equippecl with a 30-p orifice. The condi- 
tions were: an aperture current of 5, a gain of 6, 
arid a threshold setting of 10. When necessary, 
formaldeliyde-inhibited culture aliquots were stored 
in the freezer for periods not longer than 4 hr. 
before counting. This procedure does not ma- 
terially affect total counts (7). 

RESULTS 

Temperature Studies.-Apparent first-order gen- 
eration rate constants as per Eq. 1 for the growth 
of E.  coli in the presence of tetracycline and chlo- 
ramplicnicoi a t  various temperatures arc given in 
Table I. Wlieii the tetracycliiic couccritratioii is 

Previous reports from this laboratory (5-8) 
have established methods for the determination 
of population growth rates of Escherichia coli by 
viable andlor total cell count methods in  the 
presence of these antibiotics either aloiie or in 
combination and have demonstrated the linear 
dependency of such growth rates upon antibiotic 
concentration. This was a general inhibition of 
growth rate at 37.5' rather than kill superimposed 
on a n  uninhibited growth a t  subinhibitory anti- 
biotic concentrations. A t  higher antibiotic con- 
centrations a definite organism kill occurred 
where kill was defined as a loss of the ability to  
produce colonies when a diluted sample was in- 
cubated on an agar plate. 

Fassiri et nl. ('3) have reported some work on the 
ternpcrature dependency of chloramphenicol ac- 
tion using inhibitory and subinhibitory anti- 
biotic concentrations. A more complete kinetic 
knowledge of the effect of temperature on the 
kinetics of antibiotic inhibited E. coli growth 
and the derived apparent heat  of activation, AH,  
of inhibition are needed to gain insight into the 
energy requirements of such inhibition. 

A lag period in E. coli growth after removal of 
the bacteria from a mediiim containing inhibitory 
conccn trations of chloramphenicol has been in- 
dicated (10). Since the subinhibitory concen- 
trations of cliloramphenicol are thought to  stim- 
ulate RNA synthesis more than higher concen- 
trations (11, 12), a more detailed knowledge of 
the reversibility of tlie inhibition of population 
growth rates a t  thesc concentrations is necessary 
for the formulation of a kinetic mechanism of 
action. 

EXPERIMENTAL 

Organism.-All experiments were carried out 
with E.  coli strain B/r, a strain that had been 
employed in previous exper inients in this laboratory 
(5-8). 

Medium.-Peptone broth (U.S.P. XVII) was 
used as the culture broth and combined with agar 
for colony counts. 

Materials.-Assayed samples of tetracycline 
hydrochloride were supplied by courtesy of The 
Upjohn Co., Kalamazoo, Mich., and chlo- 
rarnphenicol by courtesy of Parke, Davis and co., 
Detroit, Mich. 

Temperature Studies.--A broth culture was 
allowed to grow for 12 hr. at 37.5", diluted into 
fresh broth, and the growth rate determined by 
turbidirnetric mrasurements with a Klctt-Summer- 
son colorimctcr. When exponential growth had 
been established, sufficient irioculum to achieve a 
concentration of lo6 E.  coli/ml. was added to fresh 
broth to  make 20-ml. replicate cultures. The cul- 
tures were maintained at either 25, 30, 31, 34, 35, 
37, 37.5, 41, 43, or 45" on different days in constant- 
temperature water baths equipped with a shaker. 
Sulficient anlibiotic was added aftcr 90 min. to tlie 
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TABLE I.---~PPARENT FIRST-ORDER RATE CONSTANTS (lo* k I N  SeC.-l) FOR E. C O l i  GROWTH AT VARIOUS 
TEMPERATURES 
~ ~ 

107 rretracyclinel- 7-- 106 [Chlorcmphenicol]-- _-__ 
c. 0.00 1.17 2.33 8.50 4.66 1.04 2.08 3.12 4.16 

25.01; 1.18 1.13 0.91 0.70 0.52 1.13 0.80 0.56 0.42 
28.0" 1.74 1.69 1.31 0.90 0.63 1.78 1.18 0.88 0.63 
30.  0" 2 .37  2.18 1.32 0.96 2.08 1.44 1.14 0.68 
31 .Oh 2.39 2.18 1:k' 1.12 0.80 2.17 1.48 1.09 0.74 
34. Oh 3.11 2.69 1.93 1.24 0.53 2.79 1.95 1.38 0.68 
37.$ 4.88 3.62 2.60 1.46 0.64 3.95 3.01 2.24 1.58 
39. 0 a  5.36d 4.1Ud 2.53 1.94 1.84 ,5.14d %.9gd 2.50d . . . 
41.0b 4.60 3.97 2.60 1.35 0.72 3.85 3.06d 2.01 

43.06 4.08 3.54 2.TJd 1.40 0.62 3.87 3.04 2.49 1.96 
43.0" 4 . 8 9 d  4 . 2 3 d  2.7Od 1.55d 0 . 7 2  4 . 4 3 d  3.45d 3.04d 2 . w  
45. 0b 2.07 1.40 1.16 0.66 0.52 1.56 1.63 1.48 1.15 
45. 0a 2.19 1.56 1.16 0.89 0.47 1.80 1.95 1.57 0.88 

41. o a  5.03 . . .  2.87 1.53 , . .  4.19 3 . 1 ~  ; j : i b d  2 . 0 ~  

Dei-ived flom viable counts by colriny coiinl.ei-. I' Det-ived from total counts by Coulter countel. Avei-aged from several 
total and viable studies. T h e  95% confidence limits of these iZ values we!-e &0.06-0.10. All othei-s were k0.WL-0.03. 

below 4.16 X 12.I (0.2 nicg./inl.) or the chlo- 
ramphcnicol concentration is bclow 4.66 X 114 
(1.6 mcg./ml.), a net growth is observed: L e . ,  
k > 0. A coincidence of total and viablc: cell counts 
was observed during this reduced but exponential 
growth of the population in the prescncc of chlo- 
ramphenicol. A typical example of such plots is 
given in Fig. 1. The mode of action a t  37.5" has 
been shown to be au iuhibition of population growth 
rate rather than kill superimposed on growth in 

107 1 

- 
0 50 100 150 200 250 300 350 

TIME, min. 

Fig. 1.-Example of coincidence of viable (open 
symbols) and total (solid symbols) counts for the 
logarithmic growth of E. coli in the presetice of' vari- 
ous concentrations of chloramphenicol a t  41 '. Key: 
0,0.00 X hl chloraniphenicol; = a n d  u, 1.17 X 

1l.I chloramphenicol; A arid A, 2.33 X 
~~~chloramplic~iicol; X andm, 3.50 X M chlo- 
ramphenicol; * aiid f i ,  4.66 X 1 0 F  M chlorrtrn- 
phenicol. 

sitnilar experiments for tetracycline (7  j. Thus, the 
mode of actiou appears to be indcpcndcnt of the 
temperature range studied and similar for both 
chloramphenicol and tetracyclinc (Table I). 

It has been shown (5-8) that the specific growth 
rate constants obtained at  37.5" are linearly dc- 
pendent upon the concentrations of tetracycline 
or chloraniplienicol, A, 

k,,,, ko - kaA, k > 0 (Eq. 2 )  

wliere ko  is the population growth rate constant in the 
absence of antibiotic. Thc inhibitory coefficient, 
k, ,  rnay be obtained from plots of generation rate 
constants D C ~ S U S  antibiotic concentration (Fig. 2). 
This linear relationship was found to hold over 
the entire ternperature range studied, and the 
inhibitory coefficients arc summarized in Table 11. 

The Arrhenius equation for the dependence of 
reaction rate constants upon temperature is 

log k = log P - (AH/2.303R) ( l /T)  (Eq. 3) 

where K is 1.987 cal./molc and T is in degrees Kelvin. 
rl typical Arrhenius plot for E.  coli growth in the 
absence of antibiotics is shown in Fig. 3. The heat 
of activatiou is 20.8 =k 1.6 Kcal./mole for the linear 
portion. A similar temperature dependence is 
exhibited by the inhibitory coefficicnts, k, ,  of Eq. 2.  
The heats of activation for k ,  are 20.6 =t 1.5 Kcal./ 
mole for tetracycline HCI arid 23.7 =t 0.4 Kcal./ 

5 L  --I 
0 .  I > I  

104 2 0 8  312 416 

TETRACYCLINE CONCN..  moles/L. X 10' 

Fig. 2.-Typical example of the dependence of the 
apparcrit first-order gcricration rate constant for E. 
~ o l i  growth on antibiotic conccntrations. 
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TABLE II.-APPAREXT INHIBITORY CONSTANTS, k,, FOR E. coli AT VARIOUS TEMPERATURES, k IN set.-' 

C. 25.0a 28.0* 30.0a 31.0b 34.0b 37.5' 41.0b 41.0a 43.0* 4 3 . P  45.Uh 1~5.0~ 
Chloram- 

Tetra- 
phenicol 15 26 32 36 57 85 89 89 83 84 27 32 

cycline 180 280 330 390 550 790 660 660 600 640 200 310 

a Derived irom viablc counts hy colony counter. ' Derived from total caunts by Coulter countel-. Aveiaged fiom scveral 
total and viable studies. 

- \  

'. , , 

\ 

1 0 4  I I I I I \ 
3.15 3.20 3.25 3.30 3.35 3.40 

UT (0 K x 103) 
Fig. 3.-Arrhenius plots for the apparent first- 

order growth of E .  coli and the inhibitory ratc con- 
stants of such growth by tetracycline and chlo- 
ramphenicol as determined from both total (solid 
symbols) and viable (open symbols) counts. Key: 
A, antibiotic free, n = -8.0; B, tetracycline in- 
hibited, n = 0; C ,  chlorampheiiicol iuhibitcd, n = 0. 

mole for chloramphenicol. The coincidence of total 
and viable count methods are clearly demonstrated 
in the plots. 

Reversibility.-Evideiice that thc inliibitioii of 
growth rates caused by these antibiotics is rcvcrsiblc 
iti the subinhihitory rangc is shown in Fig. 4 for the 
c-tilorarnpl~~riicol case. Culturcs inhibited by the 
antibiotics, chloramphenicol and tetracycline, rc- 
vcrt to population growth rates coincident with 
those found in thc prescncc of very small concen- 
trations of these antibiotics when they arc dilutcd 
into fresh broth (Table 111). Alternatively (Fig. 5), 
cultures inhibited by low concentrations of these 
antibiotics may he further inhibited by the addition 
of more antibiotic to give Erowth rates with the 
predictable ratc constants (Table IV). Tlicrdore, 
the inhibition of the growth rates caused by these 
antibiotics in the subinhibitory concentrations 
under study is reversible, at least to the same extent 
as for cultures in antitiotic-free media on dilution. 

DISCUSSION 

An operational model for the interference of anti- 
biotic with protein synthcsis in the individual crll 
can be constructed 

ki 

kz 
A A' + R (A'R) (Eq. 4) 

Ki K2 

A basic postulate is that the concentration of the 
antibiotic A in the media is readily partitioned into 
the cell with an cquilibrium constant Kl ,  whcrc A' 
is the antibiotic concentration within the cell. 
There are R unreacted receptor sites within the cell 

10" L. . ~ ~ I~ ~ ~ _ l  ~ ~~ I . . ~ ~ ~ ~ -  ~~ .; 
0 50 100 150 200 250 300 350 

Time, min. 

Fig. 4.-Esaniple o f  reversibility of E. coli growth 
rate on dilution ol chloramphenicol concentration. 
Curve A represents the logarithrnic growth phase of 
an antibiotic-free culture. 
moles/L. chlordmphenicol are added to maintain the 
apparent first-order growth rate represented by line 
B. A t  time b, both the antibiotic-free culture, A,  
and the chloramphenicol culture, B, are diluted ten- 
fold to demonstrate rapid reversibility of culture 
growth rates on dilution of antibiotic coticcntratiou 
in the subinhibitory antibiotic concentration range. 
Key: o = 0, chloramphenicol; = 0, chlo- 
ramphenicol; * = 4.66 X moles/L. chlo- 
ramphenicol; -& = 4.66 X nioles/L. chlo- 
ramphenicol. 

At time u, 4.66 X 
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TABLE III.-THE EFFECT O F  DILUTION O N  T H E  APPARENT GENERATION 
CONSTANTS, lo4 k ,  OF E. coli CULTURES INHIBITED n y  ANTIBIOTICS AT 37.5" 

- BefoLe Dilution-- After Tenfnld Dillition- ~ - 
Calcd. Calcd. 

107 M Antibiotic 10' ka Actual 1 0 4  k" lo' A1 Autitivtic lo4 k" Actual 104 kh 
0 . 0  4.88 4.90 L!Z 0.06 0 .0  4.88 4.88 + 0.10 

46.6 ~cliloramplienicol) 0.92 0.73 f 0.09 4.66 (chloramphenicol) 4.48 4.18 f 0.03 
4.55 4.82 f 0.03 4.16 (tetracycline) 1.60 0.80 f 0.04 0.42 (tetracyclinc) 

a The calculations from k = ko - k. [antibiotic]. 95% confidence limits of sate constant included, 

that wheii interacted with the antibiotic in a re- 
versible equilibrium, K2, inhibit protein synthesis. 

The subsequent development will cousider that 
tlie rate of protein synthesis is proportional to 
unbound receptor sites. 111 order to account for the 
lack of direct proportionality betwccn the rates of 
protein synthesis aud the rates of reproduction of 
microorganisms, i t  will be necessary to  introduce 
the coucept that a ~riiniiriu~ri rate of protein synthesis 
is neccssary for microbial generation. The rate of 
population iticrease will thcri be considered as 
proportional to  this net ratc of protein synthesis and 

i 

lo@  lid-^ ~ L ~~ LI--- 

0 50 100 150 200 250 300 
TIME, min. 

Fig. 5.-Exatuple of rapid dependerice of apparent 
gcncratioti ratc constants of E. coli growth on in- 
creased amoutits of antibiotic concentration. A4t 
times a and b, amounts of tetracycline wcre added 
to adjust the antibiotic concentrations to sub- 
iiihibitory antibiotic concentrations specified. Key: * = 0, tetracycline; o = 1.04 X 10-7molcs/L.; 
0 = 4.16 X 10-7 Inoles/L. 

to the number of organisms in the balanced-growth 
growth culture. Although total protein synthesis 
will be considered in the model, i t  is plausible that 
the diminution in reproductive rates may iuvolve 
selective inhibition iu the syuthesis of spccific 
proteins. The development will then be evaluated 
against the experimental information of this paper 
and the data available in thc literature. 

The simplest postulate to make is that  if 8 is the 
fraction of receptor sites reacted with antibiotic, 
the ratc of protein synthesis, d P / d t ,  in a bacterium 
is proportional to the fraction, 1 - 8, of receptor 
sites that are frcc. 

dP/d t  = k y  (1 - 0) (Eq. 5) 
An implicit assumption in this postulate is that  

the numbers of receptor sites in a singlc bacterium 
are constant and independent of the mass of the 
cell or a time dependency of protein synthesis. 
Possible cases whcrc this is not assumed are con- 
sidered in the Appendix. 

The equilibrium constant, k-2, for the antibiotic- 
sitc interaction of Eq. 4 may be defined by 

Kz = k2/ki = (A'R)/[Rr - (S'K)](A') = 
(A'K)/(R)(A') (J%. 6) 

where (AIR) is the number of reactcd sites, K is the 
number of unreacted sites, and RT is the total 
number of sites whether reactcd or unreacted. 
Thus, one may define the fraction, 0, of sitesreacted 
with antibiotic on appropriate rearrangement of 
Eq. G as 

8 = (A'R)/RT = RzA'/(l + KzA') (Eq. 7) 

Thus, Eq. 5 becomes 

d P / d t  = k ,  - k p K A ' / ( I  + IC2.4') (Eq. 8)  
where k ,  is the steady-state rate of protein synthcsis 
in the absence of antibiotic. 

The  cooceritration or antibiotic, il', in tlie cell 
may be related to thc concentration, A, in the media 
by 

21' = KIA (Eq. 9) 

It iollows that the ratc of protein synthesis by a 

TABLE IV.-THE EFFECT OF AS.IIBIOTIC ADDITION ON APPARENT GESERATION KALE 
COSSTANTS OF B. coli  CULTLJRES INHIBITED BY ANTIBIOTICS AT 37.5" 

-Beto, e Addition-- v ,- After Addition 7 

-____ ~ -- ~ ~ ~~~~~ ~. - ~~ ~~~ 

.~ ~ 

Calcd. Calcd. 

0.00 4.88 4.90 i l3.06 0.00 4.88 
1 1 . 7  (chloratnphenicol) 3.87 3 .98  j= I ) .  11 46.6 (chlnrampl~e~iicol) 0.92 1 . 0 5 ' 1  0.03 
1.04 (tetracyclirie) 4.06 3.80 & 0.07 41.6 (tetracycline) 1.60 1.48 + 0.05 

lo7 M Antibiotic 10' k" Actual 1 0 4  kb 1 0 7  211 AuLibioLic lo' k" Actual 10' kh 

._ ~~ ~~~~ _ _ _ _ _ _ _ ~ ~ ~  ~ 

Calculated ftom k = ko - k u  [antibiotic]. SO%, confidence limits of ratc constant included, 
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The apparent first-order generation rate constants, 
k,,,,, are obtainable from the slopes of such linear 
plots and are given iu Table I for the several tern- 
peratures studied and can be obtained with a high 
order of precision. 

If inhibition of the population growth rate is the 
mechanism for suhiuhibitory concentrations of tlie 
antibiotic rather than kill superimposed on normal 
growth, viable and total courits of E. culi  with time 
should be coincident and the derived rate constants, 
k,,,., should be coincident for both total and viable 
count data. This has been shown to be true in the 
case of tetracycline (7) a t  one temperature and is 
now shown to he so for chloramphenicol arid tetra- 
cycline for the several temperatures (Fig. 3 and 
Tables I and 11). The coincidence of the plots 
of total and viable counts for E .  coli population 
growth in the presence of graded concentrations of 
chloramphenicol are apparent from Fig. 1. The 
coincidence of the calculated k,,,. vdues from both 
count methods a t  various temperatures is apparent 
from Table I. 

I€ the contingency of Eq. 15 is valid, i t  is pre- 
dicted that a plot of tlie apparent first-order popu- 
lation growth rate constant in the presence of the 
antibiotics tetracycline and chloramphenicol should 
be reasonably linear when plotted against the con- 
centration of the antibiotics. This has been shown 
to be the case for tetracycline and chloramplienicol 
(5) a t  one temperature and is demonstrated by the 
typical plots in Fig. 2 for several temperatures. 
Thc data of Table IT include the apparent k ,  values 
obtained from the slopes of such plots. 

The proposed model is subject to test by the con- 
sistency of experiment with the several hypothcses. 
The reversible equilibria K I  and Kz of Eq. 4 should 
be quickly established. Literature evidence is 
confirmatory hut has not been obtained a t  sub- 
inhibitory concentrations. The evidence in Fig. 4 
and Tables I11 and IV clearly shows that addition 
and dilution of chloramphenicol concentrations in 
media containing a reproducing E. coli culture causes 
rapid changes in apparent population growth rates 
that are consistent with their linear dependence on 
antibiotic concentration (Eqs. 2 and 19). The rate 
transitions are no slower than that which occurs in 
diluting a control without antibiotic. Similar 
studies (Fig. 5, Tables I11 and IV) demonstrate the 
same phenomena for tetracycline. 

Binding should have small energy requirements 
since it does not involve covalent bonding. The 
heat of activation, AH,,, of the population growth of 
E. coli can be estimated from the negative slope 
of logarithm of the generation rate coxistant, log ko, 
in the absence of antibiotic against the reciprocal of 
the absolute temperature, 1/T (Fig. 3 )  in accordance 
with the logarithmic Arrhenius expression of Eq. 3 .  
The temperature for maximum E. coli growth rates 
can be noted from the maxima of the curves in 
Fig. 3 .  

When the derived inhibitory coeKicients, k ,  
(Eq. 19) as given in Table 11, are similarly treated, 
the AH, values for the tetracycline and chlo- 
rarnphenicol inhibitory coefficients are the same as 
for the population growth rate constants of E. culi 
as can be observed from the parallelism of the slopes 
of Fig. 3. The consistency of total and viable 
courits with the Arrhcnius relation can be also 
observed in Fig. 3. The parallelism of the Arrhenius 

single bacterium is related to the antibiotic coneen- 
tration A in the media by 

dP/dt  = k ,  - kpKiK*A/(l + K ~ K B A )  (Eq. 10) 
This rate of protein synthesis is associated with the 
generation time for a singlc organism, but not 
necessarily directly since it is reasonable to assume 
that a large fraction of the protein synthesized is 
consumed in sustaining processes for the main- 
tenance of,vitality and that a certain excess is neces- 
sary for reproduction. 

If the minimum rate of protein synthesis neces- 
sary for reproduction division is k,’, the net rate 
of protein synthesis that results in reproductive 
division of a single cell is 

dP‘/dt = dP/& - k,‘ (Eq. 11) 

which in the absence of antibiotic is k ,  - kp’ .  
If it is postulated that the rate of population 

increasc of N organisms is proportional to this 
net rate of protein synthesis and to the number of 
organisms in the balanced growth culture, it  
follows that 

dN/dt  = y (dP/d t  - k,’)N (Eq. 12) 

where the proportionality constant q has dimen- 
sions of bacteria per unit of protein. Equation 10 
may be substituted into Eq. 12. 

= [ko - k a A / ( 1  + kbA)IN (Eq. 13b)  

= kap,.N (Eq. 1 3 ~ )  

where 

ka = h(ko  + qk‘p) (Eq. 14) 

where the apparent first-order generation constant, 
k,,,., is observed in the presence of a constant 
antibiotic concentration, A. The inconsistency of 
derived equations with experiment when the need 
for a net rate of protein synthesis is ignored is con- 
sidered in the Appendix. 
When 

kzA << 1 (Eq. 16) 

i .e.,  when complete inhibition of microbial genera- 
tion is cffected by reaction of only a small fraction 
of total receptor sites, Eq. 13b reduces to 

dN/dt  = [ko - k A ] N  = k,,p.N 

or 
N = NoVgekaPP.t 

or 

log N = log N o  + (kep,./2.8U3)t 

wherc 

k,pp. = ko - k ,S  

which is equivalent to Eq. 2. 
In accordance with Eq. 18, the plots of the log- 

arithm of numbers of organisms against time for 
any concentration of antibiotic that permits a net 
growth should give a straight line and is confirmed 
in the typical data for chloramphenicol plotted in 
Fig. 1. 
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plots for thc inhibitory coellicients and the growth 
rate constant in the absence of antibiotics is Strongly 
indicative that the k, is related to the ko as is in- 
dicated in Eqs. 13a-G and 134-C. For examplc, 
consider 

log k,, = log KIKPko = log ko + log KI f log K ,  

EYY 

since each of the logarithmic values can be described 
by an Arrhenius expression similar to Eq. 3. Since, 
the heat of activation for k, is within 1-2 Kcal./rnole 
of that for ka, the energies of partition and binding 
for K ,  and Rz must be extremely small as would be 
cxpcctcd if this model reflected reality. 

A linear equation can he derivcd for the general 
casc of Eq. 13 where thc simplifyiog premisc of 
Eq. 15 is not neccssary and 

1/(ko - kapp.) = (l/ka)(l/Aj + kb/ka (Eq. 21) 

When thc rcciprocal of the experimentally observed 
differences between the generation rate constants in 
the absence, ko, and presence, k,,,., of antibiotics is 
plotted against the reciprocal of thc antibiotic 
concentration, A, for the various data of Table I 
and previous data (7 ) ,  rcasonable linearity is ob- 
tained with intercepts passing close to or through 
the origin. This is to bc cxpccted if Eq. 10 is true. 
In several cases, a finite intercept could he ascer- 
tained whosc rcciprocal was of the order of niagni- 
tude kJka > 1Oko. 

If the assumption wcrc valid that the population 
growth was directly proportional to  the ratc of 
protein synthcsis (Eqs. 13A-15u, Appendix)  k,/kb 
should equal ka. (See Eq. 15a, Appendix ,  Eq. 18.) 
This is not so. Thc postulate that population 
growth rate is proportional to a net rate of protein 
synthesis(Eqs. 11-14) is consistcnt with the observed 
facts where 

k,/kb = ko + pk,‘ > ko (Eq. 22) 

The fact that k,/kb > 10ka implies that it is only 
necessary to affect less than about 10% of the 
available protein synthesizing sites to completely 
inhibit population incrcasc. 

The interesting observation that cell-free prep- 
arations demonstrate chloramphcnicol inhibition of 
protcin synthesis regardless of whether they are 
dcrived from chloramphenicol rcsistant micro- 
organism strains (13) is strongly indicative that the 
basic difference among strains is in the process by 
which the compound reaches the site of action or in 
tlic pcrmeability of the cclls. In this model, this is 
dircctly related to the magnitude of K1 i i i  Eq. 4. 

Most of the data available on substrate incorpora- 
tion un bacterial synthesis are for superinhibitory 
concentrations of chlorarnphcnicol and tetracycline 
(11-15) whcrc this refers to concentratioiis in excess 
of  those minima necessary for complete inhibition 
uf population increase. Thcrc are some data that 
can bc interpolated from the litcrature, howcvcr, 
that are confirmatory when one considers that in 
the authors’ E. coli, B/r system about 2-2.5 mcg./ 
nil. u l  chloramphenicol completely inhibits gcncra- 
tion at  37.5’. Chlornmphrnicol a t  100 nicg./ml. 
iiihibits 20-607; of various amino acid incorporation 

in Staphylococcus aureus (11). For E .  coli, strain 
B, thcre is 50y0 inhibition of 35S04 incorporation and 
no inhibition of [14C] uracil incorporation at 2 
mcg./ml. of chloramphcnicol (15). There is lcss 
than 20% inhibition of anirnonia assimilation and 
oxygen consumption in the presence of about 2.5 
mcg./ml. of chloramphenicol (12). 

In cell-free systems of scvcral E .  coli ,  2.5 mcg./ 
ml. of chloramphenicol inhibited amino acid it]- 
corporation 30-50y0 and a t  1.3 mcg./ml., the in- 
hibition was 18-35% (13). This is optimum efii- 
ciency since partition of chloramphenicol ( K ,  in 
Eq. 4) into the microorganism does not completely 
reflect the concentration of the antibiotic in the 
media and the actual inhibition of protein syntheses 
in the bacteriostatic region of chloramphenicol 
action, i.e., 1.5 mcg./ml., will bc much lcss than this 
3.594. The only data available in the appropriate 
conccntration rcgion for tetracycline are the dem- 
onstrations of 10-2594 inhibition of amino acid 
incorporation in ccll-free systems for various strains 
of E. coli a t  2.5 nicg./ml. (13). In this case the 
authors have complete baCterioStdSiS at  less than 0.2 
mcg./ml. of tetracycline which certainly would 
correspond to a very low value of inhibition of 
protein synthesis. 

These values are consistent with the necessary 
model that only a small fraction of protein synthesis 
inhibition is concomitant with bacteriostasis. 

The most rational hypothcsis to account for the 
action of chloramphenicol and tetracycline is that 
thcy inhibit the function of rncssengcr RNA by 
blocking its attachment to ribosomes through com- 
petition for ribosomal binding sites (3). It has 
also been noted that the variation in chloramphenicol 
binding by ribosomes is in agreement with the ability 
of the antibiotic to inhibit protein synthesis in cell- 
free systems (16). These observations and data 
are consistent with the proposed model, the binding 
of the receptor sitcs on thc ribosomcs by these anti- 
biotics to lower protein synthesis. 

Although significant increases in both total and 
viable numbcrs of bacteria in cultures of E. coli, 
B/r, have been reported in the presence of “bac- 
teriostatic concentrations” (these concentrations of 
50 mcg./ml. are really supcrinhibitory) of chlo- 
ramphenicol (17), no such significant increases were 
observed in the studies reported here in the sub- 
inhibitory concentration ranges of chloramphenicol 
up to thc 2.5y0 mcg./ml. whcrc total inhibition of 
population growth rate was observed. This was 
also true for tetracycline in comparable subinhibi- 
tory concentrations in thcse and prcvious studies 
(7). A change in the overt mechanism of action of 
thesc antibiotics in the sub- and supcrinhibitory 
ranges is indicated; from a truly bacteriostatic agent 
functionally depcndcnt on thc first powcr of chlo- 
ramphenicol and tetracycline conccntration where 
inhibition is additive on a kinetic basis (5, S), to a 
bactericidal agent with a more complex functional 
dcpcndcncy on these antibiotic concentrations (5 ,6) .  

The proposed model explains the bacteriostatic 
effects and the functional dependencies on the 
premise of diminution of protein synthesis bclow 
the critical level necessary for generation ; the 
bactericidal effects may be explained by the further 
inhibition of protcin synthesis below that minimum 
necessary for survival and for regaining of generation 
crtpitbilities. 
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APPENDIX 

Variation of Receptor Sites with Time.-An 
implicit assumption in the postulated Eq. 5 is that 
the numbers of receptor sitcs in a single bacterium 
are constant and independent of the mass of the cell 
or a time dependency of protein synthesis. This 
is not necessarily so. The rate constant k ,  of Eq. 5 
includes the intrinsic synthesizing activity ( k,)o 
associated with each site and the numbers, R, of such 
sites so that 

k ,  = (kp)oR (Eq. 5a) 

If R a t  a time, t ,  is KO, and the numbers of such 
sites exponentially increase with time with a rate 
constant, k,, then 

k ,  = (k,)oRaeKrl (Eq. 5b) 

A possible simplifying assumption, is that pro- 
liferation of such synthesizing sites is associated 
with protein synthcsis and proceeds a t  the same 
rate so that if k,-k,, the result is the trdnsCendeUtd1 
equation 

k ,  = (k,)oR&oc (Eq. 5c) 

An alternate modification which was considered 
later in the development of the model was that a 
COIIStdnt rate of protein synthesis is nceded to sus- 
tain metabolic processes. Thus, only tlie excess 
rate charactenzed by k ,  - k,’ can be utilizcd in 
manufacturing synthesizing sites so that Eq. 5, 
may be modified to 

k, = (k,)oRoe(kP - t ~ ‘ ) L  (Eq. 5d) 

where k, = ( k , ) ~  immediately after division at  t = 0 
of the generation time and k ,  is a maximum a t  t = 
tmax., the generation timc for a singlc cell under the 
stated conditions. Since balanced growth cultures 
are being considered, a wcighted rncan k ,  for the 
entire culture would be approximately constant 
avcraged over all thc organisms in tlie statistically 
distributed phases of growth between t = 0 and 
t = t,,,. If the increasc in the numbers of sites 
is reasonably linear with time, Eq. 5b may be 
given as 

k p  = (kp)o(Ro + h t )  (Eq. 5B)  

Nonpostulation of a Minimum Rate of Protein 
Synthesis for Reproduction Division.-If the hy- 
pothesis of a minimum rate of protein synthesis 
necessary for reproduction is not made, it is con- 
sidered only that the rate of population increase of 
N organisnis is directly proportional to thc rate 
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of protein synthesis in a single cell and the number 
of organisms. Then 

dh’/dt = [y‘k,  - y’kI ,h7iK&/(l  + KIKn~l ) ]  N 

(Eq. 13.4) 

(Eq. 13B) 

= k,,,.N (Eq. 13C) 
= [ko - kaA/(1  + k b f l ) ] l V  

where 

k c  = kbko (Eq. 14a) 

It folluws from Eqs. 13B, 13C, and 14n that 

l / ( k o  - kr,,,.} = (I/kbko)(l/A) + I l k 0  (Eq. 1 5 ~ )  

Thus, when thc rpciprocal of the experimentally 
observed difference between the generation rate 
constants in the abscncc, ka, and prcsence, k,,,., of  
antibiotics are plotted against the rcciprvcal of the 
antibiotic concentration, A, the intcrcrpt of the pre- 
sumed straight line should be l / k o .  I t  was shvwn 
that this is not the case, that the reciprocal of thc 
intercept significantly exceeds the experimental 
ko value. 

Thus, the hypothesis that the generation rate is 
proportional to a net rate of protein synthcsis 
above that minimum ncccssary for maiiitenance of 
viability is preferable. 
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Effects of Shear Processing and Thermal Exposure 
on the Viscosity-Stability of Polymer Solutions 
By DAVID R. POWELL, JAMES SWARBRICK, and GILBERT S. BANKER 

The effects of high-shear processing and thermal exposure on the molecular weight 
and solution viscosity stability of selected polymers were studied. Aqueous 
solutions of two molecular weight grades of hydroxyethyl cellulose (HEC) were 
subjected to  high-shear rates using a high-shear mixer and two colloid mills. 
Extremely rigorous shearing conditions were required to alter the viscosity. The 
viscosity stability of the two grades of HEC was studied under prolonged thermal 
treatment at 70'. Viscosity degradation was found to follow a first-order reaction 
rate, the viscosity half-life for the higher grade being considerably less than that for 
the lower molecular weight grade. Number-average molecular weights for the 
HEC's were determined by the osmotic pressure technique and related to viscosity- 
average molecular weights through intrinsic viscosity data. The correlation be- 
tween the two types of molecular weights was high, implying that bond-scissions 

and hydrolysis were the cause of viscosity degradation. 

HE PHYSICAL nature of most pharmaceutical 
'dispersed sy- ctems ncccssitates the use of 
viscosity imparting agents or dispersing aids to 
reduce phase separation tendencies, thereby en- 
hancing medicament distribution. Virtually all 
such agents arc polynieric in structure and fall 
under the general categories of natural gums, 
resins, and synthetic polymers. The latter 
group finds the most application in present-day 
suspension technology. The viscosity imparted 
to a system by the presence of these solvated poly- 
meric agents is dependent on their spacial con- 
figurations in colloidal solution which is primarily 
a function of molecular weight, and to some ex- 
tent, the degree of substitution or branching along 
the polymer chains. 

Various physicocheniical forces are capable of 
randomly rupturing the long chain structure of 
high molecular weight polymcrs (1). Two phys- 
ical forces which may initiate depolymcrization 
and subsequent viscosity loss in high polymer sys- 
tems are mechanical shear and thermal energy. 
Studies ( 2 4 )  have shown that mechanical de- 
polymerization of polymers in solution may occur 
and that this phenomenon is difficult to  quantify. 
In most instances, the degradation reactions ap- 
proximate the first-order rate law. Factors con- 
tributing to this mechanical phenomenon include 
( a )  shear rate, ( b )  the avcragc molecular weight of 
the polymer, (6)  polymer-solvcnt interactions, 
and (d) the stereochemistry of the polymer and sol- 
vent. With polymer systems containing sus- 
pended particles, the concentration and particle 
size characteristics of the suspended material 
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may affect the total shear within the system to 
provide an added factor influencing mechanical 
depolymerization ( 5 )  

Thc effect of temperature upon the viscosity 
stability of aqueous solutions of several hydro- 
philic polymers has been studied (ti-8). While 
some workers (9, LO) suggest that viscosity re- 
duction with prolonged heating is due to actual 
depolymerization or hydrolysis, Caldwell and 
Watters ( I  1) conteqt the occurrence of any struc- 
tural changes. A permanent viscosity decrease of 
a polymer solution should not be taken as abso- 
lute evidence of depolymerization, since this 
effect may be due to deaggrcgation and/or dc- 
solvation of the polymer. 

This study was initiated to investigate the 
viscosity stability of certain hydrophilic polymers 
under conditions allied with the manufacture and 
production of pharmaceutical dispersions. 

EXPERIMENTAL 

Polymer Selection and Solution Preparation.- 
Two molecular weight gradcs of hydroxyethyl 
ccllulosc,l HEC-250G and €IEC-250H, were used 
in this itivestigation. According to the manu- 
facturer, the approximate molecular weights are 
80,000 and 210,000, rcspectively; however, the 
method by which these valucs were obtained was 
not stated. These polymers were used as receivcd 
from the nianufacturcr. The moisture content was 
determined and used in calculating the necessary 
weight of material to be used for preparing the re- 
quired solutions. 

Aqueous solutions (w/v) were prepared by dis- 
persing the finely powdered polymers in distilled 
water a t  5" with the aid of a magnetic stirrer. 
Stirring was then continued until the dispersions 
reached room temperature and solution had oc- 
curred. Generally 4-8 hr. were required. The 
solutions were madc up to volume and allowed to  
hydrate for a minimum of 24 hr. before being used. 

1 Natrusul250G and 250H, Hercules Powder Co.,  Wilming- 
ton, Del. 
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TABLE 1.-MILLING OPERATIONS ON HEC SOLUTIONS 

Concn , Vol. Shear Sheat 
Viscosity Grade yo, w/v Milled, ml. Powei Equip. r.p.m. and Gap Rate," v c . - '  Time, min. 

250H 1 . 0  1000 EHMa 8500-9000 . . .  ,5 6 
250H 1 .0 1000 RHM 11,000- . . .  5 0  

11,500 

0.001 in. 

0.002 in. 

250H 1 .0 850 MGCMc 18,000 1.88 x 106 YO' 

250H 1.0 1500 THCMd 11,000 6.87 x 105 One pass 

250G 2.0 900 EHM 8650-8950 5.0 
350G 4 . 0  900 MGCM 18,000 9 . 4 4 x  lo" 12.0 

0.002 in. 

a The approximate shear rate for colloid mills was determined by the following equation given by Kostenbauder el id. (12): 
a Eppcnbach Homo mixer, model 1-L, Gifford Wood Co., Kew York, 

Ti-i-Homo colloid 
S = rotor peripheral velocity/rotor-stator clearance. 
N. Y. 
mill, Tri-IIomo Corp., Salem, Mass. 

Manton-Gaulin colloid mill, model ZB, Manton-Gaulin Manufactui-ing Co., Everett, Mass. 
The temperature of the solution was maintained at 20'. 

Viscosity Analysis.-Intrinsic viscositics werc de- 
termined for both grades of HEC using a Cannon- 
Fenske No. 200* capillary viscometer a t  a constant 
temperature of 25 + 0.01'. The viscometer was 
standardized with a 20-1111. sample of distilled 
watcr, and the mean solvent efflux time was de- 
termined. Efflux times for 20-ml. samples of five 
dilute solutions of HEC-250G (0.04-0.2 Gm./100 
ml.) and HEC-250H (0.01-0.1 Gm./100 ml.) wcrc 
determined and the respective relative viscosities 
( 7  rel.) calculated. By cotiverting (7 rel.) to reduced 
specific viscosities (7 sp/c), and plotting these 
values against concentration, the intrinsic viscosities 
werc obtained by extrapolation to infinite dilution. 

Pseudoplastic rheograms of the HEC solutions a t  
25" were obtained using a Ferranti-Shirley3 plate 
and cone viscomctcr. Thc instrument was cali- 
brated with K.B.S. oil M 4  using tlie 2.75411. diameter 
cone throughout. 

Molecular Weight Determination.-Number-av- 
erage molecular weights for both grades of HEC 
were detcrmined in water a t  25 =t 0.01" using a 
Stabin-Immergut6 bi-membrane osmomcter. Kc- 
generated cellulose films No. 3006 were used as the 
semipermeable membranes. Five different con- 
centrations of each polymer were used to determine 
osmotic pressures which were corrected for mem- 
brane asymmetry. Corrected pressures were con- 
verted to reduced osmotic pressures which were 
plotted against concentration. The graphs were 
extrapolated to infinite dilution atid the molecular 
weights were calculated by the following equation : 

where M5 = number-average molecular weight, 
R = gas constant (L. Atm. mole-' 

T = absolute temperature, 
degree-'), 

finite dilution. 
( T / C ) C  = o = reduced osmotic pressure a t  in- 

Shear Depo1ymerization.-Aqueous polymer stock 
solutions were subjected to  varying degrees of 

2 Cannon Instrument Co., State College, Pa. 
3 Ferranti-Shirley Co.. Manchester, England. 
4 National Bureau of Standards, Washington, D. C. 
6 J. V. Stabin, Brooklyn, N. Y. 
6 FMC Corp., Fredeiicksbiirg, Va. 

agitation and hydrodynamic shear imparted by 
the use of power equipment common to the phar- 
maceutical industry (Table I.) 

Thermal Depo1ymerization.-The effects of ther- 
mal exposure on the viscosity and molccular weight 
of 2.0% HEC-250G and 1.0% HEC-250H in solu- 
tion werc investigatcd. The viscosity stability of 
solutions of the polymer samples at room tempera- 
ture was also observed. 

Six 135-ml. samples of each polymer stock solu- 
tion were placcd individually in 8-oz. dark glass 
bottles which were then tightly sealed and placcd 
in a dry air oven at 70 =k lo. Samples were peri- 
odically removed from tlie oven over a 12-13-day 
interval and assayed viscomctrically. A 1000-mI. 
sample of HEC-250G (2.0%) was treated a t  70" 
for 48 hr. In addition to assaying this sample 
viscometrically, the number-average molecular 
weight was determined. 

RESULTS 

Mechanical Shear Eff ects.-Viscosity and molccu- 
lar weight loss were indicated in only the 90-min. 
milling operation where a 1.0% HEC-250H solution 
was allowed to recycle through the rotor-stator mech- 
anism of the Matitoti-Gaulin colloid mill (Table 1). 

18 1 

2 4 6 8 1 0  
SHEAR STRESS, dyne/cm.n X 10-2 

Fig. 1.-Pseudoplastic flow of HBC-25011 (1  yo 
w/v) milled for 90 min. in the Manton-Gaulin colloid 
mill. Key: A, initial; B, 30, 45, and 60-min. 
samples; C, 75 and 90-min. samples. 
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(Eq. 2) ~ s p / c  = h l c  = O + K'[v]c = o C 

wlicrc qsr,ia = rcduccd specific viscosity, 
[ ? I c  = o = intrinsic viscosit-y, 

C = concentration (graniarity), 
R' = constant for a homologous series of 

polymers in a given solvent. 

The mcan K' value for 35 reduced specific vis- 
cosities for HEC-250G was found to equal 1.236 i 
0.430. For the 35 reduced specific viscosities of 
HEC-25OH, the mcan K' value was found to equal 
1.241 dz 0.458. The fair agreement between mean 
K' values indicatcd thc validity of the viscosity 
data obtained. The over-all constant for HEC 
in water is 1.238 i 0.444. 

Pseudoplastic rheograms for thermally degraded 
HBC-250G and HEC-250H as a function of time 
are shown in Figs. 5 and 6, respectively. In each 
case, the pseudoplasticity of the material diminished 
with a trend toward Newtonian flow. There was 
no change in the rheograms of the samples stored 
at room tcmperature ovcr the 300-hr. storage. 

Molecular Weight-Intrinsic Viscosity Correla- 
tion.-The numbcr-average molccular weights de- 
termined by osniotic pressure analysis for HEC- 
250G and HEC-250H were 4.73 X lo4 and 1.325 X 
lo5, respectively. The intrinsic viscosities of HEC 
were related t o  the corresponding number-average 
molecular weights by the Kuhn-EIouwink (14) 
empirical equation. Thus, 

[q]c = o = KMa (Eq. 3)  
where [qIc = o = intrinsic viscosity, 

ni1 = molecular weight, 
K arid u = polymer-solvent interaction con- 

stants. 

The constants K and a, valid only for linear poly- 
mers, were found to equal 1.445 X lo-' and 0.9338, 
respectively. For HEC, therefore, the Kuhn- 
Houwiiik equation becomes: 

0 20 40 60 80 100 
CONCN., mg./100 mi. 

Fig 2.--Keducerl specific viscosity of HEC-250H 
before and aftcr 90 min. of milling. Key: 0 ,  initial 
[TI = 8.7; ., after 90 rnin. [ T ]  = 7.5. 

01 s 8 0 ' ' ' 3 1  

20 40 60 80 100 120 140 160 180 200 
CONCN.. mg./100 mi. 

Fig. 3.-Reduced specific viscosity of HEC-2BOG 
solutioiis (2yo w/v) thermally degraded a t  70". 
Key: 0 ,  initial; W, 24 hr.; closed hexagon, 48 hr.; 
0, 94.5 hr.; 0, 144 hr.; 0, 192 hr.; 0, 300 hr. 

Samples were removed after 30 min. and a t  15-nlill. 
intervals thereafter and evaluated on the Ferranti- 
Shirley viscometer (Fig. 1). The reduction in 
shear stress a t  a shear rate of 1.66 X lo3 see.-% was 
6'ji for the 30, 45, and 60-niin. samples and 9.1% 
for the 75 and YO-min. samples. The bulk solution 
remaining after 90 min. was used to determine 
intrinsic viscosity (Fig. 2). The reduction in 
intrinsic viscosity was 15%. 

Thermal Exposure Eff ects.-Preliminary studies 
indicated that the intrinsic viscosity of HEC-25AOG 
(2.074) did not vary over an IS-day period a t  room 
temperature. Therefore, any change in the in- 
trinsic viscosity of HEC solutions at elevated tem- 
peratures would bc solely a function of the heat 
conditions used as opposed to any spontaneous 
viscosity change a t  room tempcraturc. 

The effects of temperature with time on the 
viscosity of HEC are given in Figs. 3 and 4. The 
method of least squares was used to obtain the slopes 
and intrinsic viscosities which are given in Table 11. 
The slopes u-ere approximately proportional to the 
square of their respective intrinsic viscosities, con- 
Forming to the equation derived by Huggins (13) : 

log[tlc = 0 = 
0.9338 (log M E )  + log 1.445 X 

t 
20 40 60 80 100 

CONCN., mg./100 rnl. 

Fig. 4.-Reduced specific viscosity of HEC-250H 
solutions ( 7  yo w/v) thermally degraded at 70". 
Key: 0 ,  initial; ., 24 hr.; closed hexagon, 48 hr.; 
0, 96 hr.; 0 ,  147.5 hr.; 0, 233 hr.; 0, 306 hr. 
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TABLE 11.-VISCOSITY DATA O F  HEC SOLUTIOYS TREATED AT 70" 

----HEC-250G, 2.0% HEC-250H, l.Oyo ---- 
hr., TOo Isl, = 0 Slope hi-., 70° lsl, = 0 Slope 

0 3.35 11.2 
24 2.90 
48 2.55 
94.5 2.30 

10.0 
9.1 
4.3 

144 2.05 3.3 
192 1.75 3 . 4  
300 1.40 4 . 0  

0 
24 
48 
96 

147.5 
233 
306 

8.85 
8.56 
8.07 
6.36 
6.02 
3.65 
3.25 

112.7 
94.9 
74.7 
47.7 
44.0 
19.0 
12.7 

The validity of the interaction constants was 
tested by determining the intrinsic viscosity of an 
HEC-250G solution maintained at 70" for 48 hr. 
The molecular weight, calculated using Eq. 4, was 
4.15 x lo4; the observed molecular weight from 
osmotic pressure analysis was 4.199 X lo4. The 
interaction constants, K and a, for HEC in water 
were, therefore, assumed to be valid. 

18 

16 
2 
x l4 
7 12 
Li 

5 8  
E 
u 6  

I 4  
m 

2 

0 

8- 10 

L$ 

SHEAR STRESS, dyne/cm.Z X 10-% 

Fig. 5.-Pseudoplastic rheograms of 2% w/v 
HEC-2BOG solutions thermally degraded at  70". 
Key: A, initial; B, 24 hr.; C ,  48 hr.; D, 94.5 hr.: 
E, 144 hr.; F ,  192 hr.; G, 300 hr. 
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2 4 6 8 1 0  
SHEAR STRESS, dyne/crn.* X 10-2 

Fig. 6.-Pseudoplastic rheograms of 1% w/v 
HEC-250H solutions thermally degraded a t  70". 
Key: A, initial; B, 24 hr.; C ,  48 hr.; D, 96 hr.; 
E, 147.5 hr.; F, 233 hr.; G, 306 hr. 

Degradation Rate and Viscosity Half-Life.-The 
thermal viscosity degradation of HEC in water was 
found to  best approximate a first-order reaction 
rate (Fig. 7). Viscosity degradation parameters 
arc given in Table I11 along with the linear correla- 
tion coefficients. 

The reaction rate constant for the degradation 
of HEC-250H is approximately 1.5 times greater 
than that of HEC-250G. This would indicate 
that the higher molecular weight 250H is more 
prone to thermal degradation than 250G, even 
though the concentration of HEC-25OH was half 
that of HEC-250G and the initial pseudoplastic 
rheograms were ncarly identical (Figs. 5 and 6). 

DISCUSSION 

The mechanical degradation study indicates that 
the two molecular weight grades of HEC arc capa- 
ble of withstanding intensive hydrodynamic shear 
rates. Only under the most rigorous conditions 
where a shear rate of 1.88 X lo6 sec.-l was main- 
tained for 90 min. was HEC-250H (1.0%) found to 
degrade. Analysis showed that a 15% reductionlin 
molecular weight and intrinsic viscosity had been 
affected. These findings are in accordance with 
other investigations (2, 3), where it was noted that 
mechanical shear had little effect on polymers, in 
this case noncellulosics, of molecular weights less 
than 5 X 105. 

1.0 

7 0.9 

- 0.8 s- 5 0.7 
0 53 0.6 
' 0.5 

0.4 
LL: + 0.3 

0.2 

- r 

- 
0 
G 

f 

5 0.1 

0 100 200 300 
TIME AT 70", hr. 

Fig. 7.-Degradation rate curves of aqueous HEC 
solutions a t  70". Key: 0,  HEC-250H (1% w/v); 
W, HEC-250G (2%"w/v). 
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TABLE III.-VISCOSITY DEGRADAIION DATA FOR HEC sOLU7 102s TRE.4TED AT 70” 
- - 

L 

Reaction 
Rate Constant, hr.- 1 Mol. Wt. Grade Slope 

Linear 
Viscosity Correlation 

Half-Life, hr. Coenicient 

HEC-250G 2.58 x 10-3 -1.12 x 10-3 268.5 0.992 
HEC-250H 3 .64  x 10-3 -1.58 x 10-3 190.8 0.974 

The mechanism associated with the thermal deg- 
radation and subsequent reduction in viscosity 
aud molecular weight of HEC solutions is believed 
to be random hydrolysis of the glycosidal linkages. 
This proposed mechanism is in accordance with 
other degradation studies (6, 9, 10) involving 
cellulose derivatives. Hydrolytic cleavage of hy- 
droxyethyl side chains or pyranose rings may also 
occur but is not likely to cause the marked viscosity 
changes found in this study. The extensive re- 
lease of hydroxyethyl units would decrease the 
polymer solubility by conversion to ccllulose; 
however, no turbidity was noted in the degraded 
samples. Rupture of thc pyranose rings would not 
effectively alter chain length or molecular weight. 

The relative viscosity stability and dcgrddation 
rates of the two molecular vveight grades of HEC 
at 70” indicates that when viscosity control is 
necessary, i t  is advantageotls to employ a higher 
concentration of lower molecular wcight pcllyrrier. 
It was shown that the pseudoplasticity of a 2y0 
HEC-250G solution was nearly identical to that of 
a 1% HEC-250H solution, but that the viscosity 
half-life of the lower molecular weight 260G was 
1.5 times greater than the 250H. 

SUMMARY 

A study was undertaken to determine the vis- 
cosity stability of two molecular weight grades of 
HEC. Polymers in aqueous solutions wcrc sub- 
jected to processing conditions allied with the 
manufacture of pharmaceutical dispersed systems. 

The intrinsic viscosity, pseudoplasticity, aud 
molecular weight of two grades of HEC were not 
affected by the more moderate shearing operations 
used. In one case, under extremely rigorous shear- 
ing conditions, the higher molecular weight gradc 

(HEC-260H) showed a significant viscosity and 
molecular weight reduction. 

It was hypothesized that the decrcase in viscosity 
at 70“ was due to hydrolysis of glycosidal linkages; 
this was supported by number-average molecular 
weight analysis. 

Good correlation between intrinsic viscosity and 
number-average molecular weight cnabled calcula- 
tion of the interaction constants in the Kuhn- 
Houw-ink equation. Thc constant of the IIuggins 
equation relating dilute viscoinetry slope to the 
square of intrinsic viscosity was also calculated. 

Thermally induced degradatiou of HEC was 
found to apprnximatc a first-order rate law with 
high linear correlation. 

The viscosity degradation ratc for 1% HEC-26011 
was approximately 1.5 tirrics that of 274 HEC-25OG. 
This  iridicated that the higher inolccular wcight 
grade was more prone to thermal degradation than 
the lower mnlecular wcight grade. 
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Spectrophotometric and Chemical Studies of 
5 -Mercaptouracil, 5 -Mercaptodeox yuridine, 

and Their S-Substituted Derivatives 
By THOMAS J. BARDOS and THOMAS I. KALMAN 

5-Mercaptouracil (1) and 5-mercaptodeoxyuridine (11), structural analogs of 
thymine and thymidine, respectively, are effective growth inhibitors in various 
biological systems and under study as potential antineoplastic and antiviral agents. 
Both compounds were found to  be extremely unstable in aqueous solutions as they 
undergo rapid autoxidation to the corresponding disulfides. Determination of the 
ultraviolet spectra and pKa values of the thiols was possible only by special tech- 
niques, using dithiothreitol (DTT) as a “protecting” agent. Both I and I1 have 
very low pKa’s, and their anionic forms show characteristic absorption maxima 
in  the 330-mp region. These results are discussed in comparison with the spectra 
and ionization equilibria of related compounds including some new S-substituted 
derivatives of I and 11. DTT was found to  be also a uniquely suitable reagent for 
the preparation of pure I and I1 by stoichiornetric reduction of the corresponding 
disulhdes. A special technique was developed for the quantitative determination 

of the free thiols. 

STRUCTURAL analog of thymine ( I ) ,  5- A mercaptouracil (I), has bccn undcr bio- 
logical and preclinical investigation during the 
last few years as an experimental antineoplastic 
agent (2). I ts  2’-deoxyriboside (11) was recently 
synthesized enzymatically (3) and chemically 
(4), and i t  was shown to have high inhibitory 
activity in various biological test systems (3 ) .  
Both compounds, however, undergo rapid au- 
toxidatiori in aqueous solution, and this property 
has presented a major problern in their prepara- 
tion and biological testing. In fact, the autoxida- 
tion of I in dilute aqueous buffer solutions pro- 
ceeds so rapidly that the ultraviolet spectrum 
originally reported (1) for this compound was 
actually that  of the corresponding disulfide 
(111). In view of the continuing interest in thc 
biological activities and possible chemother- 
apeutic applications of these compounds, a care- 
ful study was undertaken t o  determine their 
correct spectra and dissociation constants, and to 
establish the conditions of their stability to  
aut0xidation.l This study was greatly aided by 
two recent developments, i.e., (a) the availability 
of Cleland’s reagent (5), dithiothreitol (DTT), 
and ( b )  the excellent method of Klotz and Carvcr 
(6) for the determination of sulfhydryl groups. 

EXPERIMENTAL 
Materials.-6-Mercaptouracil (I) and 5-uracilyl- 

disulfide (111) were prepared by previously described 

Received February 4, 1Y66, from t h e  Departmenls of 
Medicinal Chemistry and  Biochemical Pharmacology, 
School of Pharmacy, State Univetsity of Xew Ynik a t  
Buffalo. 
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Bethesda, Md. 
1 A study of the kinetics of autoxidation and its dependelice 

on several variables will he presented in a subsequent publi- 
cation. 

methods (1, 7). Both compounds werc purified 
by repeated crystallizations from water, arid the 
free thiol content of each preparation was deter- 
niined by the titrimetric rnethod described below. 
5-Mercaptodeoxyuridinc disulfide2 (ITT) was a 
sample of the enzymic preparation (3).  The sytithc- 
sis of 5-nietliylmercaptouracil ( V )  and 5-acctyl- 
mercap touracil (171)  will be reported.3 

Reagects.---I)TT (dithiothreitol, Clcland’s rca- 
gent)J and glutathione (re~luced)~ were used as indi- 
cated. Mcrsalyl acid (0-{ [3-(hydroxymercury)-2- 
methoxypropyl] carbatnyl ] plienoayacetic acid)6 was 
dissolved at  df conccntration in 0.2 J I  plios- 
phatc buffer, pH 6.3, containing 8 X nf NaCI. 
Indicator dye, pyricliiie-Z-azo-~-dimethylrtniline,? 
was dissolved in absolute EtOH and used at 
M concentration. Both the mercurial and the dye 
solutions were stored in the refrigerator and freshly 
prepared after 3 clays. 

be- 
tween pH 3 and 5, 0.025 111 acetate buffcrs; between 
pH 5 and 8, 0.015 LW phosphate buffers; between 
pII 8 and 12, Soreuscn’s glyciuc buffcrs. Below 3 
and above 12, dilute HCl and NaOH solutions were 
used, respectively. 

Ultraviolet Absorption and pKa Determinations.- 
Stock solutions of compounds having sulfliydryl 
groups (I, 11) were prepared in the lollowing manner 
to prevent their rapid air oxidation. I was dissolved 
in 5 X 1 0 P  iV HCI (0.250 mg./ml.) in the presence 
of 1.0 mg./nil. of DTT. The  disulfide (IV) was 
reduced to I1 a t  0.500 rng./rnl. coilcentration (pH 
7-91 by the addition of DTT (1 mg./tnl.), Chen the 
pII was adjusted to  3-4 with HCl. Stock solutions 
of the other compounds were freshly prepared in 
distilled water, except for the disulfide (111) which 
was dissolved in 0.01 N NaOH. 

A Leeds and Northrup pH indicator was used for 
the pH measurcmcnts. 

Buffers.-The following buffers were used: 

T h e  author-s are grateful to M i a .  K .  Baianski lor a saniple 

T h e  authors thank Mr. M. Kotick for the  preparation of 

4 Purchased fiom Calbiorhcm, Tnc., 1,os Angeles, Calif. 
5 Purchased fiom h-utritiunal Biochemicals Cory., Cleve- 

Purchased from Winthtop Laboiatotics, New York, N. Y. 
7 Purchased from Sigma Chemical Co., St. Louis, Mo. 

of this compound. 

these compounds. 

land, Ohio. 
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characteristic for the S-H bond, nncl quantitative 
sulfhydryl group determination by the method 
described helow proved that the reduction of the 
disulfide to the lrce thiol was complete. 

Sulfhydryl-Group Determinationi . Essc.ntially, 
the method of Klotz and Carver ( 6 )  was eriiployed 
with some modifications. An excess of tlie mer- 
curial was ininiediately addecl in order to effect 
rapid atid quantitative combination with the very 
unstable nicrcapto compounds. This was followed 
by tlie addition of a known excess of glutathione 
which was then titrated with additional portions of 
tlie mercurial iii the described manner. Weighed 
samples were dissolvcd in 1 0 F  M HCl under N,, 
from which aliqmts werc pipetecl into a 18 X 150 
mm. test tube. After 5 ml. of 10-3 M mcrsalyl acid 
was added and mixed, 0.1 i d .  of 5 x 10-2 Mgluta- 
thione and 0.6 ml. of indicator wrrc addcd. The 
mixture was titrated w-ith A1 mersalyl acid, 
the color change was followed with a Bausch & Loinb 
photometer a t  550 iny, and the end point ol the 
titration was detcrrnined as describcd (6). 

RESULTS AND DISCUSSION 

Figure I shows the rapid change of the ahsorption 
spectrum of I in a dilute aqueous solution (8.68 X 

M )  buffered a t  n neutral pH. Even wlien the 
spectrum was taken immediately after dissolving 
the compound in  the huffer, it already showed a 
vast shift in cornparisori to the spectrum of a 
“stahilizcd” solution of I ( i e . ,  a freshly prepared 
solution containirix DTT, see helow) and within 
16 min. becamc nearly identical with that of the 
clisulfidc (111). The same process was observed to 
occur at a comparable rate under alkaline condi- 
tions, while acid pH decreased the rate of oxidation, 
a r i d  the compound appcarrd to be relatively stable 
a t  pH < 3.7. Thus, solutions of I in 5 X 10-4 LY 
hydrochloric acid did riot show appreciable change 
within scvcral hours and could bc used as stock 
solutions in the spectrophotometric studies. (See  
Experimental.) 

I)Tr was found to be an effcctive protecting 

0.6 
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A 
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0 4  

n 
Q 

0.2 

0 
230 260 290 320 350 3BO 

A ,  my 
Fig. I.-Change of ultraviolet absorption spec- 

trum of 8.68 X M solutioii of 5-mercaptouracil 
( I )  a t  pH 7.4 (in 0.05 M phosphate b u l k ) .  Time 
lapse: from the dilution of the stock solutiun with 
the buffer uiitil the beginning of the recording. 
Key: - .  - .  - - ,2rnin.;  - - - - ,8miu. ;  - . . - ., 
16 Inin.; - - -, 60 rnin.; -; stahilizcd cou- 
trol (contains DTT). Thc scanning specd is in- 
dicated in the graph. 

The ultraviolet absorption curves werr oh- 
tnined on n Reckman DB recording; spectropliotorn- 
eter, but a Gilford rnodcl 2000 pliotometcr was used 
for the accurate determinatioii of the hmax.. A m i n . ,  
E ,  and pKa  values. Aliquots of stock solutions were 
pipeted atid diluted with hufers directly in the cells 
(10 mni. light path) to a final concentration of 12.5 
or 25 mcg./ml. 

Ahsorhancc values measured at  fivcd wave- 
lengths when plotted against p€I gave the pKa 
values as midpoints of the curves. These pICa values 
were compared to the calculated ones obtained by 
the following formula (after Gage) (8): 

wlierr A(u) is tlie absorbance valuc of the acidic 
(unionized) form, A(b)  is the value of the basic 
(ionized) specics, aid A ( % )  is the value measured 
a t  a pH close to the apparent pEa. Thc pKa values 
obtained from the curves and by calculation agreed 
within 0.1 pH unit. 

Reduction of the Disulfide with DTT.-The di- 
sulfide (111) (recrystallized froin H20), 65 nip;., and 
DTT, 130 mg., were dissolved in 00 ml. of 10-2 N 
NaOH and brought to pH 8. After a few niinutes 
of stirring under N2, the solution was acidified with 
HCl to pH 1.6, then 10 nil. of absolute ethanol was 
added, and the prodiict was allowed to crystallize 
a t  -5 to -10’. The crystals were washed with 
1 :3 ethanol-water mixture (adjusted to pH 2 with 
hydrochloric acid), followed by absolute ethanol 
and, finally, by a few drops of acetone, then they 
were dried in VUCZLU a t  110”. The infrared spectrum 
of tlie product showed a sharp peak a t  25.50 ctn.-l. 

Fig. 2.-IJltraviolet absorption spectra of 5- 
inercaptouracil ( I )  stabilized by the additiou of 
DTT (see tes t )  a t  various pH values. Key: - . - .-, 

, pH = 5.3;  -, pH = pII = 2.0; - - - - - -  

7.7; . . . . . , . . . . . . ., pH = 10.6; -----,pH = 
11.8. 
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TARLE I .--SPECI R O P H ~ T O M E ~  RICALLY DETER- 
MINED, APPARENT pKa VALUES~ 

Compd pKal pKa, PKd8 
I 5 3  10 6 > 13 

.rozdrd .f Pkarztrceuficnl S c i e ~ ~ c e s  

arc givcn in Tablc I. Tlic pKal valucs corrcspond- 
iiig to  the first acid dissociation equilibria of I 
(5.3) and I1 (5.0), respectivcly, arc considcrably 
lower than the pKa of thiophenol (7.76) (9). 5- 
Nitrouracil has a similarly low pKal as I, and in 
tlie case of the former this is due to the powerful 
electron-attracting inductivc and conjugative effects 
of the nitro group both of which promote t.he ioniza- 
tion of the N-l hydrogen [ lo) .  The relatively small, 
electroii-releasing conjugative effect oi the divaleiit 
sulfur (11) is esscntially inoperative from tlie 5- 
position of the uracil nuclcus (metn to both ring- 
nitrogens) (12) and the inductive ( - I) effect of the 
C + S bond prevails. This would cause only a 
moderate increase in the aridity of the N-1, or pi-3 
hydrogen, corresponding to lowering of the pKa1 
value only by about 1 unit, as seen by comparison 
of the pKal values (8.0-8.5) ol the S-substituted 
derivativcs, 111, I\!, V, and 1'1 (Tablc I), with that 
of uracil (9.45) (10). Therefore, the much lower 
pKa, values of I and I1 clcarly corrcspond to the 
dissociation of the sulfliydryl group, and the high 
acidity of this group must be attributrd to the 
electron-attracting effect of tlie uracil nucleus. This 
effect seems to be slightly larger in thc cnsc of 11. 
(Scheme I.) 

Table I1 summarizes thc spectrophotomctric data 
of compounds I-V. The free thiols ( I  and 11) art' 
readily distinguished from their disulfides and other 
S-substitutccl derivatives by their clinracteristically 
large bathochromic shifts in neutral or basic solu- 
tions (h., in their ionized forms). Compound I1 
shows slightly higlicr wavelength and greater 
intensity absorption than I in both thc "ncutral" 
( a )  (pH 2) and "innno-anionic" ( b )  (pH 7.7) form. 

I1 5 . 0  10.5 . .  
111 8 .0  >13 . .  
I v 8.1 >13 . .  
v 8 . 5  > 13 . .  
I? I >tc" . . .  . .  

a Limits of acru~:tcy: i O . 0 5  pH units. IIydrolysis 
occurs a1 pH > 8. 

agcnt by virtue of its low rcdox-potcntial (5). 
This compound riot only prevented the air oxidation 
of I ,  but it was also capable of reducing, rapidly 
and quantitatively, the disulfides (111 and 1V) to 
the corresponding thiols ( I  and 11), respectively. 
Thus, in the presence of excess DTT, i t  was possible 
to determinc thc ultraviolct absorption spectra of 
the free tliiols a t  various pH values and to estimate 
their dissociation constants by spectrophotometric 
methods. (See Expei.inzenta1.) The ultraviolet 
absorption of DTT itsclf intcrfcrcd with the spectra 
of I arid I1 only a t  pH > 9, and then only in tlie 
range below 960 mp. T h e  spectra of I a t  various 
pH values in the presence of DT'L' are shown iii 
Fig. 2;  in thc pH 2- 7 range, two isosbestic points 
appear, a t  273 and 302 mp. 

The apparent pKa V ~ L I ~ S  of I and its derivatives 

0 0 

R R 
a b 

11, R = deoxyribosyl 
I , R =  H 

Schcine I 

R 
I b  I I b  

Scheme TI 

TABLE 11.-1!LTRAVIOLET ABSORPTION DATA 
- 

Compd. PH hmar." x i o - z b  Xrnin." x 1 0 - 8 ~  

I 2 . 0  280 6 . 0  253.5 2.9 
7.7 253.5  9 . 4  239 8 . 3 

329.5 4 . 5 29 1 2 .1  

I1 

TI1 

I V  

V 

VI 

11.8 

2 . 0  
- 7  
1 . 1  

11.8 

2 .0  
10.6 
2 . 0 
7.0 

11.8 
2 .0  

10.6 

2.0 

(250-260)' 
336 
284 
253.5 
334 

319.5 
272 
292 
270 5 
270 
268 

(250-260 ) c  

227 (infl.) 
270 (infl.) 

233.5 
294 
269.5 

. . .  
4.9  
6.4 
9 . 4  
5.0 

4 . 5  
14.9 
18.5 
16.9 
16 .5  
13.4 
6 . 3  
4 .7  
7.3 
7.7 
7 .4  

. . .  

c . . .  
295 
254 
242.6 
292 

29 1 
234 
241 
226 
231 
254 

. . .  

263 

242 

e . . .  
2 . 6  
3 . 0  
8 . 4  
2 . 2  

3 . 5  
17.1 
9 .0  

10.0 
10 .7  
12.8 

c . . .  

3 . 6  

3 . 8  

Absorption maxima and minima, wavelength in ma. Molar absorptivities at given wavelength. Pi-esence of DTT 
prevents correct reading below 260 ma. 



Vol. 55, N o .  6, June 1966 

0 

609 

V, R' =methyl 
VI, R' = acetyl 

111,16-11 
I\', R = deoxynbosyl 

Iv -2H' 

Schenir 111 

Ionizatioti of thc second proton (pH 11.8 in Table 
11) increases both the wavelength and thc intlsnsity 
of  the absorption band in the 330 nip region in the 
case of I, and decreases both values in the case of 
11; however, the dianions of [ and TI have of 
necessity different structures. (Schcme 11.) 

Thc S-substitutcd derivatives, I! I ,  V, and VI, 
show much smaller acid-base shifts in their ultra- 
violet spectra than the free thiols and rather resemble 
thyminc in their spectral behavior (10 j, indicating 
that their first ionization involves the IT1 hydrogen. 
The disulfide (IV), in which both the sulfhydryl 
xroup and tlie N-I position are blocked, shows 
no acid-base shift, being in this rcspcct similar to 
I-methyl-uracil (10) or thymidine (13). (Scheme 
111.) 

Since the ionizations of the symmetrical disulfides 
(111 and IV) probably proceed in two steps, ie., 
giving rise to intermediate structures in which only 
one of the pyrimidines is ionized, thc spcctra of these 
compounds do not give real "isosbestic points" 
(Fig. 3), and their pKa1 values actually represent 
averages of two pKa's which are very close and can- 
not be clearly distinguishcd from each othcr. 

IN?" mas found to be a mcful rcclucitip; agent for 
the preparative conversion of the disulfide (111) to 
the frcc thiol (Ij. (See E'xpeviwzentul.) This con- 
version was accomplished previously by a much less 
convcnicnt procedure (using zinc and sulfuric acid) 
(1, 7), w-hich cannot be applied to the reduction of 
the deoxpribosidc (IV). 

For the determination of the free thiol content of 
various preparations, the method ol Klotz and 
Carvcr ( A )  was employrd in a somewhat simplified 
form, without tlie elaborate precautions recom- 
mended for the cxclusion of air. This, howcvcr, gave 
variable results in the case of 5-tnercaptouracil 
since a cunsiderablc portion of thc sample oxidized 
during the titration procedure. Glutathione, on the 
other hand, was found to  be quitc stablc undcr the 
same conditions. Taking advantage of this fact, 
an "indirect method" was developed. (See Experi- 
wzenful.) The results8 are given in Table 111. 

TABI.R III.-SULFHYDR'I'T, GROUP ANALYSIS 
- 

Free SH/S X 100" 
Comprl. Direct'] IndirectC 

I" 55-85 98 
I' . . .  08-100 
111 <B <2 
Glut a t  1 I j i  J I  I e 100 100 
1 )TT . . .  98-IOU 

x,m). 
Fig. 3.-Ultraviolet absorption spectra of 5- 

uracilyl-disulfide (111) a t  various pH values. 
Key : - ._ .- . , pH = 2.0; --- , pH = 7.7; 

pH = 14.0. 
-,pH = 10.G; ------ ,pH = 13.0; . . . .  .., 

The results indicate that I is quitc stahlr for :L 
period of a t  least 1 year when stored in solid dry 
state. I t  is also seen from Table IT1 that the rrduc- 
tion of the disulfide (111) to the free tliiol (I) by 
DTT has procccdcd in a quantitative manner. 

Mr. Pcler Forgarh in these determinations. 

~ - 
6 The anthois acknowledge the technical assistance of 
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Absorption, Distribution, and 
Long-Acting Vitamin B,, 

Elimination of a 
Preparation 

By KNUD KRISTENSEN* and TAGE HANSEN 

The prolonged effect of various long-acting 
vitamin Biz preparations has been examined 
on rabbits regarding absorption, distribution, 
and elimination after intramuscular injection. 

ECENT investigations (13) have shown that  R patients with pernicious aricmia have COII- 

siderably greater rcquiremcnls for vitamin 
than have previously been assumed. More re- 
cently, there has been considerable interest in 
prcparations that  can meet the requirements more 
adequately and in a more satisfactory way than 
the aqueous solutions of vitamin n,, used pre- 
viously. The authors have investigaled the 
characteristics of various preparations made on 
the basis of various principles. A preparation 
containing cyanocobalamin -tannin complex sus- 
pended in aluininuin iiionostearate oil gel' was 
studied in detail. 

The clinical value of this preparation is re- 
flected in papers by Bastrup-Madsen et al. (4, 5), 
Schwartz et al. (10, 20), Meulengracht (13, 15), 
an cditorial (81, Nielsen and Vedsyj (l(j), Sclirumpf 
(lS), and Gough et al. ( loj .  

EXPERIMENTAL 

Materials and Methods 
Preparations 2-G were iiivestigatecl (Table I ) .  

After intraniuscular injcction (i,ni.) in rabhits, 
the following were invcstigatccl: ( a )  liberation of 
vitamin BI2G0Co from the site of injection; ( b )  ab- 
sorption of vitamin BlzMCo by the livcr; and (c) 
excretion of vitainin Bla6"Co in urine atid feces. 

For preparations F and G the investigations were 
supplcmcnted by radioactivity counts and micro- 
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Accepted for publication March 31. 1966. * Present add*-ess: Uanish National Health Sctvicc, 
Copenhagen. J)rnn?ar k. 
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biological determinatiuns of vitairiiri BL2 in  liver, 
kidney, and frmoral muscle about 3 months after 
the start ol trial. 

Preparations 
A number of preparations were niade using vita- 

min Rlz  labeled with 6oCo. Thrir composition is 
sho\vn in Table I. The products were prepared ac- 
cording to methods dcscribed in a British patent (6) .  

'The distribution and excretion of vitamiti Bl2 after 
parentcral adrriinistration of preparation B and of 
aqucoiis solutions of cyanocobnlninin were investi- 
gated in rats and in healthy subjects by Davis et nl. 
(7),  'Thompson and Hccht (22),  Astudillo et  nl. ( 3 ) ,  
and Glass et a l .  (9), but no records have been found 
of investigations on patients with pcrriicious ancrnia. 
The authors have not investigated any preparations 
of vitamin B,? suspended in oil or vitamin Bi2 
suspended in 2yG monostearate oil gel; the latter 
was described by Arnold et al. (I, 2),  Sobcll et al. 
(21),  and Heinrich and Gabbe (11). I t  does not 
appear to possess any rctardcd action of interest for 
clinical use. 

Preparations F and G correspond t o  a Inarketed 
suspension of cj.atiocobalamin-taiiiiiii comiplcs in 
aluminum monostearate oil gel, except that labclcd 
vitamin B72 ( T o )  was used instead of ordinary 
cyanocobalamin Spectrophotometric and micro- 
biological checks were made on the preparations. 
Thc radiocheniical purity of the labeled compounds 
was confirmed by paper chromatography and sub- 
sequent counts and by microbiological dcterniina- 
tioris of the vitamin Bv. activity on a p r  plales with 
Ladohncillus leichmannii, as dcscribed by U'insten 
and Eigen ( 2 S ) ,  aniong others. 

Animal Material.-Twelvc white nlale rabbits 
were used. Thc initial weights were from 2.7 to 3.0 
Kg. 'The rabbits werc anesthrtizcd with sodium 
amobarbital (30 mg./Kg.) snpplcnientcd by ether 
(luring the radioactivity counts. 

Standards and Methods of Measurement.-'The 
radioactivities above the site of iiijcction a i d  above 
the l i v e r  werc cletcrmined on i~ scintillation detector 
shielded by 5 em. o f  lead with a 30-1niti. round opeii- 
iiig upoil which the object to be ineasurcd was 
placed. Feces and organs were Iioinogenized before 



610 J o  Li Y nel of Plux Ynince id ice1 Sciemes 

(7 )  IIerr, R. R., Bnkoji, T., and Bai-dos, T. J., J. .4m. 

(8) Gage, J .  C.. J. Chrm. Sor. ,  1949, 1148. 
(9) Boi-dwell. F. G.. and Andei-sen. 11. M.. .I. A m .  Chein. 

REFERENCES Cizem Soc ,78,401(1958) 
(1) pa idus ,  T. J., Herr,  I<. R.,  and Rnknj i ,  T., J .  A m .  

C h m .  .5or.. 77. MOil955). -~ 
(2) %;-do;, T. J.,Segaloff, A,, and Amhrus, J. L., S a i l w e ,  

(3) Rardos, T. J., Baranski, K.,  and Czebutar, V.  C . ,  
183,612(1959). 

unpublished data. 

hedron I.+-tfevs. 1966. 1750. 
(4) Baa-dos, T. J., Kotick, M., and Szantay, C., 2'~ l l .n-  

sor.; 75,6019(1953). 
(10) Shugar, D., and  Fox, J. J., Biorizinz. Biophys .  Acln,  

O.lQQ11QR2\ 
~ , . . - , - - . -, . 

(11) Price, C. C., and Oae, S., "Sullui- Bonding," 'l'hc 

(12) Albert. 11.. and Phillim. J.  N.,  J. C h ~ i i i  .Tor.. 1956, 
Ronald Pi-esc Co., N e w  York, N. Y., 1962, pp. 9. 1.5. 

Absorption, Distribution, and 
Long-Acting Vitamin B,, 

Elimination of a 
Preparation 

By KNUD KRISTENSEN* and TAGE HANSEN 

The prolonged effect of various long-acting 
vitamin Biz preparations has been examined 
on rabbits regarding absorption, distribution, 
and elimination after intramuscular injection. 

ECENT investigations (13) have shown that  R patients with pernicious aricmia have COII- 

siderably greater rcquiremcnls for vitamin 
than have previously been assumed. More re- 
cently, there has been considerable interest in 
prcparations that  can meet the requirements more 
adequately and in a more satisfactory way than 
the aqueous solutions of vitamin n,, used pre- 
viously. The authors have investigaled the 
characteristics of various preparations made on 
the basis of various principles. A preparation 
containing cyanocobalamin -tannin complex sus- 
pended in aluininuin iiionostearate oil gel' was 
studied in detail. 

The clinical value of this preparation is re- 
flected in papers by Bastrup-Madsen et al. (4, 5), 
Schwartz et al. (10, 20), Meulengracht (13, 15), 
an cditorial (81, Nielsen and Vedsyj (l(j), Sclirumpf 
(lS), and Gough et al. ( loj .  

EXPERIMENTAL 

Materials and Methods 
Preparations 2-G were iiivestigatecl (Table I ) .  

After intraniuscular injcction (i,ni.) in rabhits, 
the following were invcstigatccl: ( a )  liberation of 
vitamin BI2G0Co from the site of injection; ( b )  ab- 
sorption of vitamin BlzMCo by the livcr; and (c) 
excretion of vitainin Bla6"Co in urine atid feces. 

For preparations F and G the investigations were 
supplcmcnted by radioactivity counts and micro- 
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biological determinatiuns of vitairiiri BL2 in  liver, 
kidney, and frmoral muscle about 3 months after 
the start ol trial. 

Preparations 
A number of preparations were niade using vita- 

min Rlz  labeled with 6oCo. Thrir composition is 
sho\vn in Table I. The products were prepared ac- 
cording to methods dcscribed in a British patent (6) .  

'The distribution and excretion of vitamiti Bl2 after 
parentcral adrriinistration of preparation B and of 
aqucoiis solutions of cyanocobnlninin were investi- 
gated in rats and in healthy subjects by Davis et nl. 
(7),  'Thompson and Hccht (22),  Astudillo et  nl. ( 3 ) ,  
and Glass et a l .  (9), but no records have been found 
of investigations on patients with pcrriicious ancrnia. 
The authors have not investigated any preparations 
of vitamin B,? suspended in oil or vitamin Bi2 
suspended in 2yG monostearate oil gel; the latter 
was described by Arnold et al. (I, 2),  Sobcll et al. 
(21),  and Heinrich and Gabbe (11). I t  does not 
appear to possess any rctardcd action of interest for 
clinical use. 

Preparations F and G correspond t o  a Inarketed 
suspension of cj.atiocobalamin-taiiiiiii comiplcs in 
aluminum monostearate oil gel, except that labclcd 
vitamin B72 ( T o )  was used instead of ordinary 
cyanocobalamin Spectrophotometric and micro- 
biological checks were made on the preparations. 
Thc radiocheniical purity of the labeled compounds 
was confirmed by paper chromatography and sub- 
sequent counts and by microbiological dcterniina- 
tioris of the vitamin Bv. activity on a p r  plales with 
Ladohncillus leichmannii, as dcscribed by U'insten 
and Eigen ( 2 S ) ,  aniong others. 

Animal Material.-Twelvc white nlale rabbits 
were used. Thc initial weights were from 2.7 to 3.0 
Kg. 'The rabbits werc anesthrtizcd with sodium 
amobarbital (30 mg./Kg.) snpplcnientcd by ether 
(luring the radioactivity counts. 

Standards and Methods of Measurement.-'The 
radioactivities above the site of iiijcction a i d  above 
the l i v e r  werc cletcrmined on i~ scintillation detector 
shielded by 5 em. o f  lead with a 30-1niti. round opeii- 
iiig upoil which the object to be ineasurcd was 
placed. Feces and organs were Iioinogenized before 
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TAHLE T.--rhSAGE SCHEDULE OF I~ARIoUS ~ ~ I I ' A M I N  I'KWARATIUNS 
~~ ~ 

- . 
~ -~ ~. . ~~~~~~~ 

\ .itamin 1312 B d T o  Q u a n t i t y  
I'OJ 111 Of Concti., Concri., Injected, 

Prepn .  Vitamin Biz Vehicle mcfi./ml. gc./ml. ml . 
A Cyanocobalamin Aqueous 0.9$; XaC1 soln. 500 0.153 0.30 
B5 B1?-zinc-tannate A qucous xspension 500 0.18 0.30 
C B12-zinc-tarinatc Suspended iti 2!lG aluminum 500 0 . 6  0 .25 

T)* B12-tannate Suspetided iii 2(& zLIuniiiiuin 500 0 . 5 0 .  2.5 

E Bj2-tal111atc Suspended in sesame oil 500 0 . 5  0 . 2 5  
F" 13 I 2-tannate Suspended in 2% aluniiriurn I000 1.0 0 .5( 1 

Gh Rr~-tannntc Suspcnded in 27; alnminum 1000 1 .0 t1.50 

monostearate oil gel 

monostcarate oil gel 

monostcarate oil gel 

monostearate oil gel 

Trademarked preparation is Ucyinai-. h l'radcm;uked pi-cpatation is Bctolvex 

counting. A scintillntitrn detector with :a well-type 
crystal was used for counting radioactivity in urine 
arid liquid samples of feces aiid organs. 

The microbiological vitamin BI2 activity was de- 
termined by the I,. Zedch~nannii method (12) as 
modified by Nocr ( 17). 

Before and after cach nir:tsureinent tlic scintilla- 
tion detector was checked against a standard and  
corrected accordingly. 

In order to determine the absolute contrnt of 
radioactive vitamin B12 in samples of uritie, feces, 
arid organs, a known quantity of thc injection 
prcparation in question wits added after the samples 
liacl been counted. Thus, the counts of thc samples 
and of the standards were carried out under the 
same conditions. 

Trial Methods.-Blank values wcrc determined on 
urine and feces collected for 24 hr. froiii the r:thhits 
in specially constructed metabolisIn cages. After 
being anesthetized. the rabbits were strapped to  the 
counting table with thc right femoral rnnscle above 
the detector, 

After the background had been couiitcd, the 
preparation to be tested was injected intramuscu- 
larly into the right femoral muscle directly above the 
detector. The doses employecl are show-n in Tablc I .  
Iniiiiediatcly afterward, thc radioactivity at the 
site of injection was screened a t  various sites around 
the injection sitc, and the counts were carried out a t  
the site of highest activity. lnuticdiately afterward, 
the radioactivity in the hepatic region was deter- 
riiirwd in  tlir manner described above. 

Counts of tlic activity at tlic sitc of injcction and 
in tlic hepatic region were carried out a t  irregular 
intervals for 3 months, and their relative values, as 
percentages of the initial count, were calculated. 

During the first 3-4 days after the injection, urine 
and fcccs w-ere collrcted as 24-hr. samples. 

In the tests made with preparations t; and G, tlic 
rabbits were killed with ether after the test period of 
:tboiit 3 months; liver, kidney, and icnloral muscle 
were dissected free, anti their contents of radio- 
nctivc, matcrinl were determined. In addition to  the 
organs nientioried above, thc splccn, heart, bladder 
(containing urine), small intestine (duodenum, 
jejunum, ilcurn), large intestine (cecum, including 
verniiforni appendix, colon, rectum), and contents 
of both large arid small intestine were collected from 
rabbit 3.  (Scc Tablc 11.) Liver, kidneys, and 
muscle from tlic right femur were taken from the 
control rabbit, which had been kept on the same diet 
as the test animals for 3 months, in order to obtain a 
basis of comparison and a standard for the content 
of vitamin H12. A iiiicrobiological determination of 
vitaniin BI2 was carried out on all hoinogenatcs of 
liver, kidney, and femoral muscle. 

RESULTS 

Measurement Above the Site of Injection.- 
Figure 1 shows th(. increase of prolongcd effcct 
obtained by- combining the different principles, It 
will be seen that  a clearly prolongcd rffect is only 
o b t a i n ~ d  by suspeiiilirig ii vitamin B,. compouiid iu 
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The graphs for preparations F and G show con- 
siderably higher counts because of the larger amount 
of radioactivity injected (sec Tablc I). 

The counts shown in Fig. 2 were obtained by de- 
ducting the value expressing a scattered radiation 
from the depot of the femoral muscle from the 
counts corrected for background. The value of 
scattered radiation decreases in proportion to the 
activity a t  the site of injection; accordingly, the 
correction will be: 

(corr. counts per minute above liver immediately 
after injection) x ( 7 0  activity at site of injection 

on the day in question) divided by 100. 

Because of the somewhat inaccurate method of 
measurement, only the shapes of the graphs, not the 
absolute values should be compared. 

Excretion in Urine.-Table 111 shows the differ- 
cncc in excretion in urine after administering the 
various preparations. The diff crcnce in urinary 
cxcrction bctween preparation D and preparations 
F and G may be explained partly by the larger 
quantity of F and G injected, and partly by a 
minute amount of free vitamin Blz in the prepara- 
tions. 

Excretion in Feces.-The excretion in the fcres 
was <1%/24 hr. 

Content of Vitamin B1? in Liver, Kidneys, and 
Femoral Muscle.--llt the time when the rabbits 
were killed the vitamin Biz contents of livcr, kidneys, 
and femoral musclc were measured, both by radio- 
activity measurements and by microbiological 
dcterminations Table IV shows the results Thc 
counts immediately show that the content of vita- 
min BIZ in liver and kidneys of rabbits treatcd with 
preparations F and G has incrcased compared wlth 
that of the control rabbit. The content of vitamin 
BIZ in the right femur is due to vitamin BIZ not yet 
liberated from the site of injection, and a reasonable 
agreement with the results obtained by radioactivity 
measurements above the site of injection was found. 
The difference between vitamin BIZ measured micro- 
biologically and vitamin BIZ determined by radio- 
activity gives us the  level of vitamin BIZ in the rab- 
bits before the injection and is of the same order of 
magnitude as those obtained microbiologically from 
the control rabbit. 

Radioactive Vitamin BIZ Content in Other Organs 
and Tissues (Rabbit J).-Spleen.--No measurable 
vitamin Bl2mCo ( <lyu of dose administered). 

1Teurt.--No measurable vitamin BlPCo (< 1% of 
dose administered) 

Content> of Intestme.-Lcss t lun  l‘$, of closc 
arlministc-red. 

-Cl 

~ 

0 10 20 3 40 M 

DAYS AFTER INJECTION 

Fig. 1.-Absorption of radioactive vitamin Bla 
from the site of injection. Key: A, aqueous solu- 
tion of vitamin B12; B, aqueous suspension of BI2-  
zinc-tannatc; CI and Crr, BIZ-zinc-tannate sus- 
pended in a 27; aluminum monostcarate oil gel; 
DI and DII, B12-tannatc suspended in a 2y0 alumi- 
num monostcarate oil gel; E, B12-tannate suspended 
in oil. 
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Fig. 2.-Raclioactive vitamin BI1 above the liver. 
Key: (bottom) A ,  aqueous vitamin BIZ solution; 
B, aqueous suspension of BlZ-zinc-tannate; CI and 
Clr, B12-zinc-tannatc suspended in a 2c/, aluminum 
monostcarate oil gel; DI and DII, BIZ-taniiate 
suspended iti a 270 aluminum monostcarate oil gel. 
E, BI2-tannate suspended in oil. Kcy: (top) F, 
and F,, Brl-taunatc suspcrrdcd in  2% aluminum 
inono\tcaraic oil gel; Gs and G4, H,z-tannatc sus- 
pended in a Zyo duriiiliuiii monostcarate oil gel. 

:ilutiiiiiuiii rnoiioslfiiraic oil gcd. Txhlc 11 SIIUWS the 
prolonged cffcct of t w o  prcparatious of vitamin 
B12-taiinate in aluminum nionostearate oil gel (F 
arid G). Rabbit 3, which died during narcosis about 
1.5 months after the beginning of the investigation, 
differed from the other three. During the period of 
investigation the rabbit did not move about much. 
This could have been the reason for the small 
liberation of vitamin B12 from its intramuscular 

Measurement Above the Liver.-Figure 2 gives 
an impression of the storage of vitamin Blz in the 
liver, obtained by combining the differcnt principles. 

depot. 

Rabbit Prepn 
A 
B 
C 
D 
E 

1 F 
2 F 
3 G 
4 G 

1st. 
24 hr., 

% 
60 

10-15 
<1 
<I 
19 

13 
2 
6 

I 

I 

2tid. 
24 hr., 

% 
<5 
<5 
<1 
<1 
11 

G 
1 
4 
1 

3rd. 4th. 
24 hr., 24 hr., 

7 5 %  
<2 . . .  
<2 . . .  
<1 . . .  
<1 . . .  

2 . . .  
<1 < I  
<1 <1 
<1 <1 
<1 <I 
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TABLE ~V.-VITAMIN BIZ CONTENTS OF LIVER, KIDNEYS, AND RIGHT FEMORAL M U ~ C I . E  

Prepn. _ _ ~ -  F - 7 --G- 7 

Rabbit I 2 3 4 5 (Control) 
Days after inj. 78 87 44 95 . .  

Weight, Gm. 184 151 71 168 124 
Vitamin BIZ, microbiologically, 66.8 65.3 3 5 . 2  8 1 . 5  30.1 

~- _. 

Liver 

total, mcg. 

ity, mcg. 
Total vitamin B,z radioactiv- 28 .9  23 6 2 3 . 9  49.1 ... 

Wcight, Gm. 13.7 13.9 13 .5  14 8 19 3 
Vitamin BIZ, microbiologically, 6 .2  7.5 6.0 7 . 4  4 . 2  

Kidneys 

total, rncg. 
Total vitamin BIZ radioactiv- 3 . 2  3.0 2 . 5  4.4 ... 

ity, mcg. 
Right Femoral Muscle 

Weight, Gm. 101 126 98 131 112 
Vitamin BIZ, microbiologically, 67 26 . . .  30 8 

total, mcg. 

ity, mcg. 12% of dosc 4.6‘7’ of dosc 55yo of dosc 4.8‘9; of dosc 
. . .  Total vitamin BIZ radioactiv- 60 23 276 2 ‘1 

Radioactivitv above site of in- 9 . 7  7.6 64.6 4 . 1  ... 
jcction, % (see Table 11) 

Small Intestine (Jejunum, Duodenum, Ileum).- 
Less than 1% of dose administcrcd. 

Large Intestine (Cecum, Including Vermiform 
Appendix, Colon, Rectum).-Less than 1% of dose 
administered. 

Bladder (Containing Urine).-Less than 1% of 
dose administered. 

DISCUSSION 

These investigations on rabbits clcarly reveal that 
preparations of BIZ-tannate or Blpzinc-tannate in a 
2% aluminum monostcaratc oil suspension release 
vitamin BIZ from an intramuscular depot over a 
much longer period of time than does BIZ-zinc-tan- 
nate in an aqueous suspension or Bl&mnate in an 
oil suspension or vitamin BIZ in a watcr solution 
(Fig. 1). 

Vitamin Blz preparations in a 2‘% aluminum 
monostearate oil suspension can release vitamin BIZ 
for the body for more than 1 month compared with 
a fcw days for the other types of preparations in- 
vestigated. 

By this prolonged release one avoids the urinary 
excretion that always follows injections of vitamin 
Blz in excess of serum vitamin B12 binding capacities. 
This also means that vitamin B12 is available for 
storage in vitamin BIZ depots over a longcr period of 
time (Fig. 2). Due to the techniques used, only the 
shapcs of the curves are comparable. A more de- 
tailed study of 2 different vitamin Bpi prcparations 
in a 27, aluminum motlostearate oil suspension 
showed vitamin BIZ was released from the intra- 
muscular depots for more than 2 months, with some 
of the injected material still left a t  the injection site 
as vitamin BIZ as determiued by microbiological 
methods. Table IV shows there is good agreement 
between direct measuremcnts above the site of injec- 
tion and measurements of thc dissected femoral 
muscle. 

Furthermore, it  is shown (Table IV) that the re- 
leased vitamin BIZ was depositcd in the liver and 
kidneys, as could be expected, and that thc liver and 
kidneys from rabbits injected with Blrtannate in a 
2% aluminum monostearate oil suspension con- 

tained a considcrably greater amount of vitamin BIZ 
in comparison with the control. 

SUMMARY 

By investigations carried out on rabbits, the 
properties of various vitamin BIZ prcparations with 
prolonged effect are demonstrated, including the 
liberation from intramuscular depots and the storage 
in the natural depots of the body. After intra- 
muscular injection of BIZ-tannate in aluminum 
monostcarate oil gel the observations were: ( a )  a 
prolonged liberation of vitamin BIZ from thc depot 
injected into the muscle; ( b )  an incrcased vitamin 
BIZ activity in liver and kidneys, taken as a sign of 
storage in thc natural depots of the body; and ( 6 )  

minimum cxcrction in urine. 
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Mechanism of Action of Starch as a 
Tablet Disintegrant I 

Factors that Affect the Swelling of Starch Grains at 37" 

By JAMES T. INGRAM and WERNER LOWENTHAL 

A study was initiated to determine if starch grains swell at 37' and what environ- 
mental conditions may influence swelling. To determine the extent of swelling 
which starch undergoes in various media, individual grain dimensions were meas- 
ured microscopically. Full factorial experiments were conducted, and analyses 
of variance were calculated to determine whether significant differences in  the mean 
grain sizes could be demonstrated when environmental conditions were changed. 
Potato, corn, and arnioca starches and moisture content showed significant swelling 
in  distilled water and simulated gastric fluid U.S.P. This was postulated as due to 
initial size difference of the grains being maintained during the experiment. 
Variation in  pH had very little effect on  swelling; however, evidence was obtained 
to show that the less acid medium produced more swelling than the media of lower 
pH. Salts did affect swelling, and results indicated that salts of polyvalent cations 
produced more swelling than the salts of monovalent cations. Analysis of the effect 
of time on swelling indicated that. any swelling of the starch grains is apparently 

instantaneous. 

T IS DESIRABLE that a tablet, when used, 
Ideally, 

the process of tableting should not alter the 
therapeutic action of a drug or the time in which 
this action is produced. The  same effect should 
be produced in essentially the same time when a 
tablet is swallowed as when the drug is taken in  
powder form. 

The rate at which a physiological effect is 
produced from a drug taken orally is dependent 
upon the rate of absorption from the gastro- 
intestinal tract. Before a drug in tablet form 
map be absorbed, i t  must first be released from 
the tablet by  disintegration of the tablet. The 
usefulness of a tablet, therefore, arises almost 
wholly from its ability to  disintegrate upon con- 
tact with liquid. 

Compressed tablets are ordinarily manu- 
factured containing substances to  accelerate or 
aid their disintegration. Cornstarch has long 
been the standard disintegrant for compressed 
tablets. The mechanism by  which starch func- 
tions as  a tablet disintegrant has been assumed to 
be that the starch grains swell when in contact 
with moisture, causing the tablet to break open. 

Knowledge of the exact mechanism of action 
of starch as a tablet disintegrant would be use- 
ful in the development of more efficient disin- 
tegrating agents. 

disintegrate as rapidly as  possible. 

DISCUSSION 
Review of Pertinent Literature.-Little work has 

been reported on the exact mechanism of action of 
Received March 4 .  1966, from the School of Phai-macy, 

Wiledical College of Virginia, Kichmond. 
Accepted for publication April 26, 1966. 
Presented to  the Industrial Pharmacy Section, A.PH.A. 

Academy of Pharmaceutical Sciences. Ihllas meeting, A p i l  
1966. 

starch as a disintegrating agent. After an extensive 
literature search, all references which had been 
located state that starch acts as a disintegrant by 
swelling, but no data or proof arc presented or 
referred to indicate that starch swells sufficiently 
in vivo or in oitro to cause disintegration (1, 2). 

Curlin (3) tested the disintegration of aspirin 
tablets in cold water and found by microscopic 
examination that the starch grains were not swollen 
after disintegration. 

Billups and Cooper (4) reviewed the proposed 
theories explaining the mechanism of action of tablet 
disintegration. They indicate that the most 
widely held vicw is that disintegration is caused 
by absorption of water by the disintegrating agent 
and development of pressure within the tablct by 
swelling or expansion of the disintegrating agent. 
In their study on the corrclation of water absorp- 
tion with tablet disintegration time, they concluded 
that while water absorption is a common qualitative 
characteristic of many disintegrating agents, it  is 
not a quantitative nieasure of their effectivencss. 
Disintegrating agents with the highest ratcs of 
water absorption did not produce the fastest dis- 
integration times. Some evidence supported the 
vicw that disintegrating agents with the highest 
rates of water absorption produced the longest 
disintegration times. Their results also showed 
that the amount of water absorbed by cornstarch, 
dried to a constant weight, after exposure to  98% 
relative humidity, was only 0.5S6 w/w in 50 niin. 

Crossland and Favor (5) employing a viscous 
water-binding dispersion medium (sodium alginate 
arid high viscosity type carboxymethylcellulosc), 
showed by means of viscosity mcasurcrnents the 
stagcs of swelling. I n  the starch-alginate-water 
system, the first indications of swelling are observed 
at about 55". 

Lcach, McCoweri, arid Schoch (6) evaluated 
swelling of various starches over a range of pasting 
k~~~pi ' ra tures  (about 50-95") and fonnd that the 
swelling pattern was greatly influenced by the species 
of starch. Cornstarch showed a liniitcd two-stage 
swclling, whcrcas potato starch uiiderwcut very 
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rapid and unrestricted swelliiig a t  about 55'. The 
swelling of the grains was detcrrniried from the 
weighing of starch after submersion in water and 
correcting the value for solubles. 

Hellman, Boesch, and Melvin ( i )  compared 
swelling of starch grains to  watcr absorbed from 
atmospheres of different moisture content by 
following the clirnensiorial changes of inrliuidual 
,starch grains rnicroscopically at a temperature of 
'26.10' over a period of 8-24 hr. A t  lOO':, relative 
humidity cornstarch showed a 9.1Tu increase in 
idiarneter over the diameter of vacuuiii dried starch. 
'The corresponding increases for other starches ex- 
;imiued under similar conditions were 18.7L/;1 for 
potato starch, 28.4y0 for tapioca starch, aiid 22.75; 
for waxy cornstarch. 

Variation in the effcct of different salt solutions 
ion initial gelatinization of starchcs was sliowri by 
Sitidstedt, Ketiipf, and Abbott (8). They showed 
t.hat salt solutions change not orily the ternperature 
of initial gelatinization but also thc initial tcmpera- 
l m e  of each stage of gelatiuization, lerigtli of trausi- 
iion period betwccn stages, and ratc or amount of 
gelatinization in each stage of the entire course of 
gelatinization. These changcs were not eorrc1:ited 
with each other. Their data indicated that  each 
cliange in the course of gelatinization was due to  a 
different property of the salt. 

Abbott el u1. (9) determined an viivo disintcyg-atinn 
i.irne of several cornniercial tablets in simulated 
gastric juice arid human gastric juice and showed 
that  disintegration is prolonged in hurriaii gastric 
juice. There is some correlation brt wceii pi-o- 
longation of disintegration arid gastric iriucoid 
content. A high mucoid content in gastric juicc 
may incrcasc the ratc of disintegration more tliari 
I G times. in oitro disintegration is prolonged in 
simulated gastric juice if the tablets are first es- 
posed to  inucoidal m a t c h 1  from hum:tn Bastric 
juice. 

EXPERIMENTAL 

'I'his study was planned to determine if starch 
grains swell at 37" and what envirotimcnt:tl con- 
ditions may influence the swelling of starch grains 
a t  37". The following variables were studied: 
(a) tirnc, ( b )  pH, (c) effect of ions and ionic cori- 
centration, ( d )  starch specics, and (8) simulated 
gastric fluid U.S.P. (SGF). Evarison and LkKap 
(lo), in a study of tablet disintegration, repvrted 
inconsistent results when distilled watcr was coin- 
pared with artificial gastric juice w-ith rcyJect to 
time. For this reason distilled water was included 
a s  a submersion mcdiuni in this study to a l h w  coiii- 
parisoris with other submersion media. 

Procedure.-To determine thc extent o f  swelliiig, 
if any, which starch uridergocs in various media, 
microscopic elidmination was used and individual 
grain dimensions wcrc measured. For the measure- 
ments of corn atid arnioca starches, an  oil immersion 
97X objvctive and 5X ocular micrometer were 
uscd. For the measureinelits o r  piotato starch, a 
$3 X objective and a 5 X  ocular uiicronietcr were 
uscd, and ~ ~ i e a ~ u r e t ~ i c i i t ~  wci-e iii:ttlic'inatically 
couvcrtcd to 485 niagtiificatiort. Owing to the 
spherical :ind ellipsoidal sliapes of the gr:iins, t h v  
apparent grain length changed with position of 
f.ocus. To achieve uniformity, euch grain W:IS 

ii~ieasurctl at that depth ol focus producing ~iiaxiiiiuni 
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diameter. Thc starch sainpks were slurried in the 
appropriate ineclia at 37" and maintained at that  
temperature until a sample was removed at the ap- 
propriatc timc, placed on a slide, and covered with 
a cover slip. One hundred or 200-g-rain measure- 
ments were made from cach slide. A mechanical 
stage was used and as the field of view was moved 
horizontally, each starch grain crossing the micro- 
meter scale was measured. Each scale division on 
thc micrometer represents 1.80 p when using tlie 
485 iriagnification. 

Commercial grades ol corn, potato, arid arnioca 
(waxy corn) starches were chosen for the initial 
investigation. T o  detennirie the effect of moisture 
content ou swelling, both low and high moisture 
content forms of each starch were examined. For 
the high moisture content, t h e  commercially avail- 
able starches1 were used. For the low moisture 
contcnt, cach starch was dried at 93" until a con- 
stant moisture content was obtained as determined 
on a moisture balance.2 Moisture contents ob- 
tained were as follows: cornstarch, 2.25ojo w/w;  
potato starch, 2.25y0 w/w; and amioca starch, 
2.88y0 w/w. In  addition to  these dried starches, 
a commercial redried cornstarch3 (f-826) containing 
1 .5yo niaxirnuiri moisture was examined. 

RESULTS AND DISCUSSION 

I n  examining the factors influencing tlie swclling 
of starch grains, full factorial experiments wcre 
designed, and analyses of variance were calculated 
to  determine whether sigiiificaut differences in tlie 
grain sizes could be demonstrated when environ- 
mental conditions were changed. Preliminary ex- 
periments showcd that  the method 01 measurement 
was reproducible. 

Tlistillcd water and SGF were conipared as sub- 
mcrsion media by varying the type of starch, mois- 
ture content, and time in two 2 X 3 X 3 factorial 
designs. The mean grain sizes are shown in Table 
I for the distillcd water and in Table I1 for SGF. 
In each experiment the only single effect producing 
a significant difference in graiu size was the  type of 
starch. In each ease, the type of starch was sig- 
nificant at the 0.5% lcvel and was shown by Dun- 
can's multiple range tests (11) t o  be due to  tlic 
potato starch. Wo sigiiificant difference was shown 
between corn atid ainioca starchcs. 

The mcan graiu size n l  potato starch is approsi- 
inately 29 p while that  of cornstarch is approxi- 
mately 10.6 p aiid that  of ainioca is approximately 
9.5 p. The large difference in nican grain sizes 
between the potato atid the cornstarches would 
result in a larger error mean square term in the 
analyses of variance. This is due to  the fact that  
the variauces are proportional to the mciiri grairi 
sizes. Because of this, the analyses of variance 
werc recalculated omitting the potato Starch data. 
This was done to  obtain a inore sensitive comparison 
between corn atid amioca starches, whose incan 
grain sizes were more nearly the sdme. Moisture 
content and time became significant at the 2.5% 

1 Coinstaich arid potato starch ma,-kelrd hv S. B. Penick 
and Co. as Melujel (MJ)  and amioca starch marketed by 
Xational Starch and Clirrnical Corp. 

2 Ccnco Moisture Balance, Central Scimtific Co.,  catalog 
No. 2GG80-1 

8 Ma keted as Pui ity 8'25 h y  National Stat cI1 and Cllc111- 
ical Corp. 
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T A B L E  I . - b F B C T  OF h l 0 I S T U R E  CONTENT AS]) T I M t i  ON MEAN G R A I N  SIZES 
OF \'ARlOUS STARCHES SIJHMERSED I N  1)lSTILLED WATER 

___._____ _______ - ,- Mean Grain Sizes in Scale Divi+m3n- ~~ 

Time, mio. , _ _ ~ ~  
Type Moisturc 0 5 30 

Corn Higli (MJ)  6.133 6.129 5.823 
Low (1'-825) 5.676 5.919 5.652 

Potato High 
LOW 

Atnioca IIigli 
L O W  

16 354 14.863 11 948 
16.243 12 935 14 679 
*5.482 6.157 A 221 
5.063 5.672 6 245 

a One scale division = 1.8 p. 

TABLE II.---EFFEcT OF MOISTURE CONTEST AND TIME ON MEAN GRAIN SIZES 
OF VARIOUS STARCHES SCUMERSED IN SGF 

.__ _ _ _ ~  - ~ _ _ _ _ _  
Mean Grain Sizes in Scale IIivisionP 

Time, min. 
Type Moisture 0 5 30 

Corn High ( M J )  6 .  133 6.408 6.221 
Low (P-825) 5.67ti 5.805 5.955 

Potato High 16.354 13.482 12.935 
Low la .  243 20.042 17.065 

Amioca High 5.482 6.388 6.467 
Low 5.063 6.320 6.225 

a Onc scale division = 1.8 p. 

TABLE III.-EFFEcT OF TIME OF SCBMERSIOX O N  MEAN GRAIN SIZES OF VARIOUS 
LOW MOISTURE CONTENT STARCHES IN SGF 

._______- 
~ - 

Mean Grain Sizes in Scale Divisions' 
7 Time, min. ~- 

Corn (dricd) 5.020 5,475 5.050 5.185 5.620 5.620 
Corn (P-825) 5.676 5.805 5.955 6.600 5.645 5.510 
Potato (dried) 16.243 20.042 17. Otis 18.376 13.821 15.198 

- 
Type 0 A 30 60 120 180 

a One scale division = 1.8 p .  

level in thc distilled water experiment and a t  thc 10 
arid 5% levels, respectively, for the SGF cxpcrimcnt. 
h n c a n ' s  multiple range tests showed in each case 
that  tlie difference in grain size was bctw-ccn un- 
submerged starch (zcro time) and starch which had 
been submerged. No significant diffcrcnce in grain 
diameter was observed in tlie starches which had 
beeri submerged between 6 and 30 min. Prcliminary 
cspcrimcnts had shown that  submersion time was 
not significant but  no comparisons were madc to  
unsubmcrged starch. 

Starch moisturc contcnt cffect was probably 
significant because the initial size differcrices 
hctween the high and low moisture content of the 
starches were rnaintained throughout the expcrirncnt. 

T o  investigate further the effect oi moisture 
contcnt arid submersion time on swelliiir, a 3 X 6 
factorial experiment was dcsigned usitig three low 
moisture contcnt starclics and SGF a$ the sub- 
mersion medium. The starches wcre slurried and 
the diameters measured a t  various time intervals 
up to 3 hr. The 
analysis of variance showed that  the only signifi- 
cant difference observed was in the typc of starch. 
This was again shown by Duncan's multiple range 
tcst t o  be due to  the potato starch; thc two forms 
of cornstarch were not significantly diKerent. 

The malysis of variance was recalculated, 
omitting the potato starch, and a significant dif- 
fcrencc was showii between the two cornstarches 
at the lOy0 level. This dilTctcncc is again most 
likely due to tlie initial differences in the grain sizes 
which was rnaintained up to  120 min. 

The data are given in Table 1 I I .  

,.Z 4 X 6 factorial expcrirncnt was dcsigned to 
dctcrmine the effect of pH and time of submersion 
on swelling. Commercially dricd cornstarch3 was 
used for this expcritneut. The mean grain sizes 
arr  presented in Table I\'. The analysis of variance 
showed that  pH was significant at the 10% level, 
and a breakdown of this cffcct showed that  at a pH 
of .i.3 the swelling that  occurred was significantly 
grcater than that at pII 1.3 or 3.3. Thc significanre 
of thc swelling at pH 5.3 could be clue to onset of 
starch hydrolysis. Starch w-ill hydrolyze at an 
alkaline pH. Unsubmcrgcd starch (zero time) was 
included in this experiment t o  allow better com- 
parisons bctwccn pH and time, but  no significant 
difference was demonstrated between the measure- 
mcnts a t  tlie various time intervals. 

T o  investigate the effect of salts on swelling of 
untreated starch grains, a 2 X 2 X 3 X 4 factorial 
experiment was designed. Unsubmcrged starch 

TABLE IV.-EFFECT OF pII OF SUBNERSION MEDIUM 

CORNSTARCH 
O N  MEAN GRAIN SIZES O F  L O W  MOISTURE CONTENT 

____ ~ __ 
---Mean Grain Sizcs in Scale Divisionsa-- 

r---- ~ PH,  7 

Time, min. 1.3 3.3 5 . 3  
0 5.676 5.676 5.676 
5 5 675 5.285 6 .  070 

30 5,995 5,750 5.930 
60 5.455 5.610 6.020 

120 5.225 5.585 6.490 
180 5.925 6.215 6.195 

a One scale division = 1.8 p. 
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TABLE v.-EFPECT OF SALT AND ITS CONCENTRATION IN SUBMERSIOK &TEDIUM 
ON MEAN GRAIN SIZES OF CORS AND AVIOCA STARCHES 

~ ~ ~ _ _ _ _ _ _ _  - _ _ _ ~ ~ _ _ _ _ _ ~  ~ ~~~~ _ _ _ ~ ~  
Mean Grain Sizes in Scale L)ivisiotd------- 1 

Time, min. - 
0 5 30 T y w  

Corn 
Medium 
NarS04 

MgCL 

AlClj 

NaCl 

Na?SO, 

MgClr 

AIC13 

NaCl 

Cuncn., 74 
0 . 2  
0 . 9  
0 .2  
0 . 9  
0.3 
0 .9  
0 . 2  
0 . $1 
0 . 2  
0.9  
0 . 2  
0 . 9  
0 .2  
0 . 9  
0 . 2  
0 . 9  

One scale division = 1.8 p. 

was included as zero time in the experiment t o  
;illow coniparisoris between salt effect arid time. 
’Table V shows the variables investigated and the 
incan grain sizes. The analysis of variance showed 
that  the single cffects of type of starch, time sub- 
mersed, arid submersion rnediurn, each produced a 
significant differcncc a t  the 0 .5% level. Concen- 
i.ration of the salt in the submersion niediuni was 
not significant. Three-factor interactions were not 
significant. All statistical two-factor inleractions 
involving time produced a significant difference in 
grain diameters at the loo/; level or less. Duncan’s 
rnultiplc range tests shoivcd in each case that  the 
mean grain sizcs of the unsubnierged starch (zero 
time) wcrc significantly different from those of the 
submcrged starch. Duncan’s niultiple range tests 
performed on the time-submersion medium interac- 
tion arid 011 the single cffrct of submcrsion medium 
showed a significant diference at the 1 0 ~ ~  level 
bctween the salts with polyvalent cations (AIgC12 
and A1CI3) and the salts with nionovnlent cations 
( Na2S04 and NaCI), MgC1, and il1C13 producing 
greater dianieter changcs. 

SUMMARY AND CONCLUSIONS 

The literature pertaining to swelling o l  starch 
grains n.as rrvicwed, and a procedure for drtcrniiii- 
ing swelling o f  starch grains in various environ- 
niental conditions is described. 

Corn and amioca starches a r i d  the Inoislure cori- 
tent of thesc starchcs showed a significant difference 
iu grain sizes when submersed in distillcd water or 
saniulnted gastric fluid U.S.P. ‘I‘his was postulated 
as due to the initial size differences of the starches. 
I t  was observed that  initially high moisture content 
starches had larger mean grain sizes than low mois- 
ture coutcnt starches and that  this difference was 
~riairitairied throughout the time of the esperi- 
nicnts. ‘The initial differences in mcan grain sizes 
of the corn nud amioca starchrs was also inain- 
tnined throughout tlie esperinients. 

The two cornstarches subnicrsed \5 t o  80 niin. 
in simulated gastric fluid U.S. P. had grerttcr increase 
in grain sizes over those subrnerserl in distillcd 
wntcr. 

5.275 5.70x 
5.275 5.851 
5.275 6.439 
6.275 5,597 
5.275 5.891 
5.275 5.338 ~ ~~~ 

5.275 5.664 
5.275 5.442 
A, 4x2 5.911 
5 4x2 5 633 
5 483 6 ,511 
5 4x2 6 4% 
,5 4x2 6 940 
5 4x2 6 034 
5 482 6 078 
5.482 6 054 

5.398 
5.652 
5.835 
5. 710 
5.851 
5. ZHi 
5.323 
5.466 
5 .  72s 
6.177 
6.348 
6,750 
t i .  626 
6 ,773 
6.269 
5.63% 

Changes in pH had little cffect on swclling. 
However, evidencc was obtained to  show that  starch 
grains may swell more at a pH of 5.3 than in lower 
pH media. 

Salts affected the swelling of starch grains, with 
polyvalent cationic salts (R,IgC12 and L%lc13) produc- 
ing more swelling than inonovalent cationic salts 
(XnCl and Na.2SC)r). Ionic concentration did not 
show any effect on swelling. 

There was no significant difference in swelling 
of starch grains demonstrated between the various 
time intervals. Howevcr, when unsubmerged 
starches were included in the amlyses of variance, 
significant size differences wcre shown betwecn 
the unsubnierged starches and the starches slurried 
for 5 min. and longer. h-o significant additional 
iricrcase in mean grain size was found after 5-rniIi. 
submcrsion, indicating any swelling that  occurs is 
apparently instantaneous. 

The swelling of tlie starch grains obscrvcd was 
in the  order of 5 to 109; incrcase in mean grain 
size. At present, this does not seem to be a larxe 
cnough change to  cause tablets t o  rupture. Fur- 
ther work is in progress to  determine other factors 
that  may influence the swelling of starch grains, 
and to drterminr whether the observcd increases in 
niean grain diamcter are sul~icicut t o  rupture tablets. 
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Qualitative and Quantitative Tests for 
Pargyline Hydrochloride 

H 
~'JcH~-~- It CH~--CS CH 

CH3 

Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication in 
the Journal of Pharmaceatical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for confidence in  the quality of new drug products generally, and of those covered 
by the monographs particularly. Such monographs will appear o n  drugs represent- 
ing new chemical entities for which suitable identity tests and assay procedures are 
not available in the published literature. The purity and assay limits reported for 
the drugs and their dosage forms are based o n  observations made o n  samples repre- 
sentative of commercial production and are considered to be reasonable within ex- 

pected analytical and manufacturing variation. 

CI - 

-METaYL-21'-(2-propYnYl)-beriz~-lamine hy- N drochloride; CIINISN~HC1; i d .  wt. 195.69. 
The structural formula or pargyline hydrochloride 
may bc reprcsentcd as 

L .J 

Physical Properties-Pargyline hydrochloride 
occurs as a fine white crystallinc powder having a 
characteristic odor, m.p. 153-162' (U.S.P., class 
I). It is very soluble in watcr and freely soluble 
in alcohol. l'argyline hydrochloride sublimes slowly 
whcn maintained at temperatures approaching its 
melting range. 

Identity Tests.--A 1 in 2,500 solution of pargyliue 
hydrochloride in 0.1 iV hydrochloric acid exhibits 
ultraviolet absorbance maxima a t  about 251, 257, 
262 [absorptivity ( a )  about 1.551, and 268 mp, and 
absorbance iriinirria a t  about 229, 253, 2.59, and 266 
mp. 

Thc infrared spcctruiii of a 0.5(% dispersion of 
pargyline hydrochloride in potassium bromide, in n 
disk of about 0.82 mm. thickness is shown in Fig. 2. 

Dissolve about 50 mg. of pargyline liydrochloridc 
in 3 ml. of water, add ammonia T.S. until basic, 
and filtcr. Acidify the filtrntc with diluted 
nitric acid and add 1 nil. of silver nitrate T.S.: 
:L white precipitate forms, which is insoluble in di- 
luted nitric acid, hut solublc in ammonia T.S. 
(presence of chloride). 

Purity Tests.-Determine the water content of 
pargyline hydrochloride by thc titrimetric (Karl 
Fischer) method: 

Char about 1 Gm. of pargylinc hydrochloride, 
Received September 26, 1965, from the Drug Standards 

FOUNDATION, Washington, D. C. 
Accepted for publication March 21, 1966. 
Ahbott Lahoratorics, North Chicago, Ill. ,  has cooperated 

by furnishing samples and data to aid in the development 
and preparation of this monograph. 

Thc spectrum is shown in Fig. 1. 

uot more than 1% is found. 

Laboratory, AMERICAN PHARMACEULICAL !lSSOCIhTION 

accurately weighed, cool the residue, add 1 ml. of 
sulfuric acid, heat cautiously until evolution of sul- 
fur trioxidr ccascs, ignitr, cool, and weigh: the 
residue does not exceed 0.25;. 

Detcrminc t h e  hcavy mrtals content of pargyline 
liydrachlotide by the U.S.P. heavy metals test, 
method I1 : thc heavy metals litnit for pargyline 
hydrochloride is 20 p,p.m. 

+ 
'WAVELENGTH ~MlLLIM~CRONSl 

Fig. ].-Ultra- 
vi ol  e t  absorption 
spectrum of pargy- 
line hydrochloride 
in 0.1 N hydro- 
chloric acid (400 
mcg./ml.); Beck- 
man model DK-2A 
spectrophototneter. 

Fig. 2.-Infrared spectrum of pargylirie hydro- 
chloride in potassium bromidc disk (0.5y0); Perkin- 
Elmer model 21 spectrophotometcr, sodium chloride 
priqm. 
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A solution of pargyline hydrochloride in water 
(1 in 10) is colorless and clear, except for somr mr- 
chanical impurities which may remain in suspension. 

Assay.--Acetyleizic Group.-'Traiisfer about 201) 
mg. of pargyline hydrochloride, accurately weighed, 
to a tall-form 200-ml. beaker and dissolve in 20 ml. 
of alcohol. Add 25 ml. of 0.1 N alcoholic silver 
nitrate (prepared by dissolving 8.5 Gm. of silver 
nitrate in 20 nil. of water arid diluting to 500 tnl. 
with alcohol), 50 ml. of 0.2 M alcoholic trishydroxy- 
iiiethyla~ninometliane (THAM), and mix. Titrate 
thc mixture potcntiomctrically with 0.1 N alcoholic 
potassium hydroxide using glass arid calomel elec- 
trodcs. Each milliliter of 0.1 alcoholic potassium 
hydroxide is equivalent to 9.785 mg. of CIlHI:A-,HCl. 
The amount of pargyline hydrochloride found is not 
less than 98.0yo and not more than 102.00;;,. 

Amine Group.-Transfer about 400 mg. of par- 
gyline hydrochloride, accurately weighed, to a tall- 
form 200-ml. beaker, and dissolvc in 50 nil. of glacial 
acetic acid. Add 10 rril. of mcrcuric acetate T.S. 
and titrate potentiometrically with 0.1 N acrtous 
perchloric acid. Alternatively, add 2 drops of crys- 
tal violet T.S. and titrate to a green end point.' 
Each milliliter of 0.1 N perchloric acid is equivalent 
to 19.57 mg. ol C l ~ I I ~ ~ N . I I C l .  Thc amount of par- 
gyline hydrochloride found is not less than 98.0$& 
and not more than 102.0%. 

DOSAGE FORMS OF PARGYLINE 
HYDROCHLORIDE 

Pargyline Hydrochloride Tablets 

Identity Tests.-Transfer to a 100-rnl. volumetric 
flask an amount of powdered tablets cquivalcnt to 
about 40 mg. of pargyliiie liydrocliloride. Add 
about 50 ml. of 0.1 N hydrochloric acid arid shake 
mechanically for 1A min. Dilute to volumc with 
0.1 N hydrochloric acid, mix, and filter: tlie 
filtrate exhibits ultraviolet absorbance maxima and 
minima at the same wavclengths as  a solution of 
pargyline liydrochloride reference skandard in the 
same medium. 

Assay.-A mine group.-Weigh and finely powder 
not less than 20 tablets. Transfer to a 125-1111. 
separator an amount of powder, accurately weighed, 
equivalent to about 40 mg. ol pargyliiie hydrochlo- 
ride. ~'ldd 30 ml. of water and 1 ml. of sodium hy- 
droxide T.S. and extract with four 20-nil. portions 
of chloroform. Wash the combined chloroform 
extracts with 10 ml. of water and discard the water 
phasc. Filter the chloroform cxtract through a 
pledgct of purificd cotton into a tall-form 200-nil. 
beaker and wash the cotton with 10 t n l .  of chloro- 
form. Add 25 ml. of acctonitrilc and titrate po- 
tentiometrically with 0.01 N perchloric acid in  
dioxane. Each milliliter of 0.01 N perchloric acid 
is equivalent to l.95i mg. of CuHlaP;~HCI. 'l'he 
ainnunt of pargyline hydrochloride found is not less 
than 90.0%, and not more than 110.0:~, of ihe lo.belrd 
amount. 
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DISCUSSION 

U.S.P. and N.F. terminology for solubility, melt- 
ing range, reagents, ctc., havc bccn uscd whcrcvcr 
feasible. 

Pargyline hydrochloride2 is a nonhydrazirie rnono- 
amine oxidasc inhibitor which acts as an antihyper- 
tensive. 

Identity Tests.-The ultraviolet absorption spec- 
trum of the extract obtained from commercial 10- 
mg. tablcts compared qualitatively with that of 
Fig. 1 in the region of from 250-270 m M .  Ex- 
trancous absorbance, due to unidcntified tablet 
constituents, was present throughout the ultraviolet 
range but did not obscurc the distinctive fcatures 
of the pargyliiie hydrochloride spectrum. 

Quantitative Methods.-The assay based on the 
acetylenic group in pargyline hydrochloride is similar 
to the assays provided in thc N.F. XI1 monographs 
on ethchlorvynol and ethinamate. In  the present 
assay, however, the titration with 0.1 N alcoholic 
potassium hydroxide determines the bound hydro- 
chloric acid in addition to the acid released on forma- 
tion of the silver acctylide. The bound acid may be 
determined independently by titration of a sample 
to wliicli no silver nitrate has been added. Titra- 
tion of the samplc without the addition of THAM 
buffer results in extreme darkening of the solution 
as the titratinn progresses. This effect, which is 
believed to be due to a darkening of the precipitated 
silver chloride as well as the dcposition of somc silver 
oxide, is minimized in the buffered medium. The 
assay of pargyline hydrochloride gave an average 
value of 100.6 A 0.570.3 

Caution is to be observed in disposing of completed 
titration mixtures since silvcr acetylidcs are explosivc 
when dry. The titration vessel should be flushed 
with water thoroughly prior to disposal. Occluded 
precipitates should be dissolved with nitric acid. 

Attempts to employ this method for the direct 
drtermination of pargyline hydrochloride in the 
tablets proved unsuccessful. The voltage change 
in the vicinity of the end point was gradual, and tlie 
results obtained tended to  be high (about 110% 
of label claim). 

'The iionaqueous titration of pargyline hydrochlo- 
ride with perchloric acid gave an average value of 
99.4 + 0.1%).3 XX'ith crystal violet indicator, the 
color change from turquoise to a definite green cor- 
responded to thc midpoint of the inflection in the 
potcntiometric titration curve. Generally, the 
visual titration is not as advantageous as tlie po- 
tentiomctric dctcrmination due to the fading of the 
indicator in the prescncc of the prccipitate which 
forms during the titration. An additional drop of 
crystal violet T.S. as the end point is approached 
will aid in identifying tlie desired indicator change. 

Extraction of the powdcred tablets with chloro- 
form followed by titratioti of the free base with per- 
chloric acid geve an average value of 99.8 * 0.47$'03 
of the lahelcd amount of pargyline hydrochloride. 

1 If the indicator method is used, perform a blank titr-atiou 
and make any necessary correction. 

2 Marketed as Eutonyi by Abhott Laboralnries, North 

3 Maximiim deviation from the mean valut. 
Chicago, Ill. 



Qualitative and Quantitative Tests for Idoxuridine 
Provisional, unofficial monographs are developed by the Drug Standards Laboratory, 
in  cooperation with the manufacturers of the drug concerned, for publication in the 
Journal of Pbarmaceutical Sciences. The ready availability of this information affords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in  the quality of new drug products generally, and of those covered by  
the monographs particularly. Such monographs will appear on  drugs represent- 
ing new chemical entities for which suitable identity tests and assay procedures are 
not available in  the published literature. The purity and assay limits reported for 
the drugs and their dosage forms are based o n  observations made on samples repre- 
sentative of commercial production and are considered to be reasonable within 

expected analytical and manufacturing variation. 

~-I~DO-~'-DISOX~~~RIDINIS;  CSHllIN204; mol. 
Thc structural formula of idoxuridine wt. 354.10. 

may be represented as 

0 b N x . I  OH CHzoH "I"o H 

Physical Properties.-Idoxuridine occurs as a 
white, odorless, crystalline powder. In a melting 
point capillary it darkens and then dccomposcs with 
evolution of iodine fumes a t  180-185' (U.S.P., class 
In).  It is slightly soluble in water and in alcohol, 
and is practically insoluble in chloroform and in 
ether. A 1% solution in 1 N &OH is dextrorota- 
tory. 

Identity Tests.-Heat about 100 mg. of idoxuri- 
dine in a porcelain crucible over a free flame: violet 
vapors of iodine are evolved. 

Dissolvc 100 mg. of idoxuridine in 100 ml. of a 
1 in 4 solution of isopropylamine in methanol. 
To 5 ml. of this solution add 5 rnl. of chloroform 
and 0.2 ml. of a freshly prepared 1 in 100 solution 
of cobaltous acetate in methanol: a violet to blue- 
violet color is produced. 

A 1 : 50,000 solution of idnxuridine in 0.1 N sodium 
hydroxide exhibits an ultraviolet absorbance maxi- 
muin a t  about 280 mfi [absorptivity ( a )  about 16.01 
and a minimum a t  about 253 mG. The spectrum 
is shown in Fig. 1. 

The infrared spectrum of 0.5y0 dispersion of 
idoxuridine in potassium bromide, in a disk of about 
0.82-mm. thickncss, is shown in Fig. 2. 

Purity Tests.-Char about 1 Gm. of idoxuridine, 
accurately weighed, cool the residue, add 1 ml. of 
sulfuric acid, heat cautiously until evolution of sulfur 
trioxide ceases, ignitc, cool, and weigh: thc residue 
does not exceed 0.5%. Retain the residue for thc 
heavy metals test. 

Dissolve the sulfated ash obtained from 1 Gm. 
of idoxuridine in a small volume of hot nitric acid 
and evaporate to dryness on a steam bath. Dis- 
solve the residuc in 2 ml. of diluted acetic acid, 
dilute to 25 rul. with water, and dctermine thc 
heavy metals content of this solution by the U.S.P. 

Received May 19, 1904, €rum the Llrug- Standards Labora- 
tory, AM~ERICAN PHAHMACEUIICAL ASSOCIATION FOUIDA- 
TIOX, Washington, D. C .  

Accepted for publication Maroh 7, 1066. 
Alcon Laboratories, Fort Worth, Tex., Allergan Pharma- 

cciiticals Santa Ana Calif., and Smith Kline 6t French 
Laboratdries, Philadefpbia, Pa., have cooperated by furnish- 
ing samples and data t o  aid in the dcvelopment and prep- 
aration of this monoxraph. 

XVII heavy metals test, method I:  the heavy 
metals limit for idoxuridine is 20 p.p.m. 

Assay.-Iodine.-Transfer about 75 mg. of 
idnxuridine, accurately weighed, into a large 
nickel crucible. Add 1 Gm. of anhydrous potassium 
carbonate powder and mix thoroughly with the 
sample tising a dry glass rod. Gently tap the 
crucible to  compact the mixture. Overlay the 
mixture with 12 Gin. of anhydrous potassium 
carbonate powder and again tap the crucible to 
compact the material. Ignite the contents of the 
uncovcrcd cruciblc for 30 min. at 525" in a muffle 
furnace preheated to  that temperature. Cool the 
crucible and transfer the contents to a 400-1111. 
beaker, rinsing the crucible with several portions of 
water, and adding the rinsings to the beaker. 
Add about 50 ml. of water to  the beaker, hcat 
gently, and break up the melt with the aid of a 
stirring rod. Filter the suspension through paper, 

"1 

Fig. 1.-Ultraviolet absorption spectrum of 
idoxuridine in 0.1 N sodium hydroxide (2U mcg./ 
ml.); Beckman model DK-ZA spectrophotometer. 

1 3  4 5 e 7 B 9 lo If $2 I3 , 4 1 5  
*AYELENGTH IHtCiloNNS, 

Fig. 8.-Inirared spectrum of idoxuridine in 
potassium bromide disk (0.5yo); Perkin-Elmer 
model 21 spectrophotometer, sodium chloride 
prism. 

620 



Vol. 55, No. 6,  June 1966 

collecting the filtrate in a 250-1111. volumetric flask. 
Wash the beaker and filter paper with hot water 
until nrar the mark. Cool to  room temperature, 
dilute to  volume with water, and mix well. F’ipet a 
50-ml. aliquot of this solution into a 500-ml. conical 
flask and add 150 nil. of water. Add methyl 
orange T.S., then add phosphoric acid to  produce 
a dcfinite pink color. Add 10 nil. of bromiiie T.S. 
(suilicient amount to  imyart a definitc yellow color 
to the solution) and several glass beads and heat t o  
boiling. Boil the solution until it is colorless, rinse 
the insidc walls of the flask with water, and boil an  
additional 5 inin. Stopper the flask loosely, and 
cool to  room temperature in a cold water bath. 
Add 5 ml. of phenol solution (1 in 20), again rinse 
the walls of the flask, and allow to stand 5 min. 
Add 5 nil. of potassium iodide solution ( I  in 10) and 
titrate immediately with 0.05 N sodium thiosulfate, 
adding 3 ml. of starch T.S. as the end point is 
neared. Perform a blank determination atid make 
any necessary correction. Each milliliter of 0.05 N 
sodium thiosulfate is equivalent to 1.058 trig. of 
iodine (I) .  The amount of iodine found is not 
less than 34.776 and not more than 3G.6y0 of the 
weight of the sample taken. 

Idoruridine.-Dissolve about 500 mg. of idoxuri- 
cline, accurately weighed, in 40 ml. of dimethyl- 
formamidc which has been previously neutralized 
to thyniol blue T.S. Titratc with 0.1 N sodium 
mcthoxide to  a blue end point. Each milliliter of 
0.1 N sodium mcthoxide is equivalent to  35.41 rng. 
of C9H~1IN2O5. The amount of idoxuridinc found 
is not less than 98.07, and not more tlian lOl.0o,l ,  
of the weight of the sample taken. 
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uniform. Transfer the remaining portion of the 
tube, tamp as before, and cover with a small 
plcdget of glass wool. Elute with chloroform- 
n-butanol (5:l) at a flow rate of approximately 1 
ml./min., discarding the first 15-20 ml. of eluant. 
Collect the next 80 nil. of eluant in a 100-ml. volu- 
metric flask, dilute to  volume with the eluting 
solvent, and mix. Concomitantly determine the 
absorbance of this solution and of a standard solu- 
tion of idoxuridine,l in the same medium, a t  a con- 
centration of about 20 mcg./ml., in 1-cm. cclls, a t  
292 and a t  310 n i p ,  with a suitable spectrophotom- 
eter, using chloroforn-n-butanol (5: 1) as thc blank. 
Calculate the quantity, in rng., of C9H1lIN2OB 
in the volume of ophthalmic solution taken by the 
formula 0. lC X (Au?~2 - A,210)/(-4~292 - As310) in 
which C is the exact concentration of the standard 
soIution, in mcg./rnI., A, is the absorbance of the 
sample solution, and A ,  is thc absorbance of the 
standard solution. The amount of idoxuridine is not 
less than 90% and not more than llOyo of the 
labeled amount. 

DOSAGE FORMS OF IDOXURIDINIi 

Idoxuridine Ophthalmic Solution 
A sterile solution of idoxuridine in w-ater. The 

solution may be rendered isotonic by addition of 
appropriate agents. 

Identity Tests.-Evaporatc 5 nil. of idoxmidine 
ophthalmic solution to  dryness with the aid of a 
stream of air, add 2 ml. of alcohol, and again 
evaporate to  dryness. To the residuc add 5 rnl. of 
a 1 in 4 solution of isopropylarnine in methanol. 
If the residue is not completely soluble in this 
solution, the use of a stirring rod will aid in dissolv- 
ing the idoxuridinc present. Add 5 ml. of chloro- 
fortn 2nd 0.2 1711. of a freshly prepared 1 in 100 
solution of cobaltous acetate in methanol: a violet 
to  blue-violrt color is produced. 

Purity Tests.-To about 10 ml. of idoxuridine 
ophthalrnic solution add a few drops of Starch T.S. : 
no blue color is produced (absence of free iodine). 

Assay.-To 4 Gm. of purified siliceous earth in a 
4-oz. glass mortar add 4 ml. 01 water and incorporate 
by kneading thoroughly with a flexible spatula 
blade until the mixture is fluffy. Traiisfcr to  a 
cliromatographic tube (19 X 200 mm.) equipped 
with a Teflon stopcock, and tamp gently to  com- 
press the material to  a uniform mass. Transler 2 
Gm. of purifird siliceous earth to  the glass mortar, 
add 2.0 nil. of idoxuridine ophthalmic solution, 
mix as before, and transfer to  the tube without 
tamping. Transfer 2 Gin. of purified siliceous 
earth to thc same mortar, add 2 ml. of watcr, mix 
well, transfer about half of the mixture of the tube, 
and tamp clown gently until the column appears 

DISCUSSION 

U.S.P. and N.F. terminology for solubility, melt- 
ing range, reagents, etc., have been used wherever 
feasible. 

Idoxuridine,z synthesized by Prusoff ( l ) ,  is 3.n 
antiviral agent indicated in the treatment of corneal 
erosions caused by the herpes simplex virus. The 
effectiveness of idoxuridine in the treatment of 
herpes simplex keratitis has been attributed to  its 
similarity of structure t o  thymidine; idoxuridinc 
differs from thymidine only in the substitution of 
aii iodine atom for a methyl group in the carbon-5 
position of the uracil moiety. Administration of 
idoxuridinc in the form of an ophthalmic solution 
results in a competition with thymidinc for in- 
corporation in the synthesis of deoxyribonucleic 
acid (DNA), the genetic matcrial of herpes simplex 
virus which determines its ability to  infect and re- 
produce. Incorporation of idoxuridine in the DNA 
synthesis results in the production of a “faulty” 
DNA, inhibiting reproduction of the invading virus. 

Identity Tests.-Idoxuridine reacts with cobalt 
salts in nonaqucous alkaline medium to produce a 
colored complex. This color reaction is rather 
specific for compounds posscssing th r  -CONIICO- 
or - C O N I I C S  group (2). Barbiturates, hyclan- 
toins, and xanthincs are typical classes of corn- 
pounds which produce colored complexes under 
similar conditions. The method may be adapted 
for quantitative determination of idoxuridine in 
thc ophthalmic solution. The presence of isotonic 
agents such as sodium chloridc which arc relatively 
insoluble in the reaction solvents decrcases the 
rcproducibility of the method. The ultraviolet 
absorption spectrum may be run alternatively in 
acid solution with a maximum absorbance a t  about 
288 nip [absorptivity (0) about 21.51 and a 
minimum a t  about 248 uip. These tests together 

1 Prcpat-e a nirthanolic solution of idoxuridine in a con- 
centration ol 2 mg./ml. Dilute 1.0 ml. of this solution to 
100.0 ml. with chlurolorrn~$1-butauol ( 5 : l ) .  

2 Markr ted  as Dendl id by Alcon Laboratories, Fort  Wot t h .  
Tex., as IIerplex by Allergan Pharmaceuticals. Santa  Ana 
Calif., and as Stoxil by Smith Kline Sr French Laboratories: 
Philadelphia. Pa. 
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with the identity test based upon the evolution of 
iodine vapor and comparison of the infrared spcc- 
trurn provide a satisfactory identification of idoxuri- 
dine. 

Purity Tests.-Thin-layer or paper chromato- 
graphic procedures may be included for testing the 
purity of bulk idoxuridine. Comparison of idoxuri- 
dine to a reference standard is made by examina- 
tion of dcvelopcd chromatograms using an ultra- 
violet light and/or color producing reagents, i.e., 
cysteine-sulfuric acid. The idoxuridinc spot should 
be equivalent in position to the reference standard 
spot for idoxuridinc, and no other spots a t  othcr 
positions should be visible. The spotting of control 
solutions containing the degradation products of 
idoxuridine (5-iodouracil, uracil, and deoxyuridine) 
will aid in detecting the position of extraneous 
spots on the chromatograms. 

Quantitative Methods.-The quantitative de- 
termination of the iodine content of idoxuridine is 
similar to the official assay for sodium liothyronine 
( 3 )  and gave an average valuc equivalent to  36.1 f 
O . l Y A 3  iodine. A rapid, precise measure of the 
iodine content may also be determined by the 
oxygen flask method (4-6). Nonaqueous titration 
of idoxuridine with sodium methoxidc gavc an 
average value of 99.8 + 0.6’%.3 &o violet indi- 
cator may also be used for the end point detection 
of the titration. Analysis of the sterile ophthalmic 
solutions by column partition chromatography was 

. l o ~ m a 2  of Phnrmnceiitknl Sciencrs 

based on the procedure of Simpson and Zappala (7). 
Acid washed Cclite 545 mas used as the supporting 
phase without prior treatment. Celite 545 may be 
used as the adsorbant by prewashing an acidified 
column with organic solvents to remove extractable 
impuritics. The organic solvents are then rrinoved 
by oven drying. Incorporation of water or 0.1 N 
hydrochloric acid in the preparation of the Celite 
columns gavc comparablc results representing an 
average recovery of 97.4 =k 5.77h3 of the theoretical 
amount of idoxuridinc in the ophthalmic solutions. 

The volume of eluting solvent included for the 
assay of idoxuridinc ophthalmic solution gave 
quantitative recoveries with the Celite used. How- 
cvcr, i t  should be noted that the elution rate for 
idoxuridine may vary from lot to lot of Celite 
which then necessitatcs a minor change in the volume 
of eluate collected. This should be demonstrated 
for each batch of Cclite by a satisfactory rccovcry 
of a standard aqueous idoxuridine solution sub- 
jected to the column proccdurc. 
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Technical Articles 

Automated Nephelometric Determination of 
Rat Liver Glycogen in Adrenal Steroid Bioassays 

By WILLIAM F. BEYER 

An automated procedure for the nephelometric determination of rat liver glycogen is 
described. Alkaline liver digests are mixed with 57.5 per cent alcohol and heated 
at 45”. Samples are analyzed at a rate of 60/hr. using an automatic sampler and 
analyzer (Technicon AutoAnalyzer) in conjunction with a commercially available 
fluorometer. The  coefficient of variation for the automated procedure is approxi- 

mately 1 per cent. 

AT LIVER glycogen is used as the criterion of R response in the bioassay for endocrine 
principles of the adrenal cortex and also for 
synthetic steroids. The  assay is based on the 
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method of Pabst et al. (1) and is currently an 
official procedure for adrenal cortex injection as 
directed by  N.F. XI1 (2). For the assay, livers 
or adrenalectomized rats, previously injected with 
test samples, are digested in hot 30% potassium 
hydroxide. After standing overnight a t  room 
temperature, the alkaline liver digests arc diluted 
with water and glycogen is determined. 

An automated procedure for glycogen has bccn 
ticscribed by  Singer et al .  (3) requiring manual 
dcproteination with trichloroacetic acid. Glyco- 
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ticscribed by  Singer et al .  (3) requiring manual 
dcproteination with trichloroacetic acid. Glyco- 
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gen detcrminations arc then made automatically 
by measuring the intensity of the glycogen- 
iodine complex. This report gives details for an 
automated assay of ra t  liver glycogen using a 
fluorometcr adapted for nephclomcl ry. The 
method, based on a previously described pro- 
cedure (41, depends iipnn the cloud produced by 
glycogen from alkaline lii-er digests in 557, al- 
cohol. Technicon instruments and a commer- 
cially available fluorometer c q u i p l d  with a 
square quartz flow ccll are used in the analyses, 
permitting glycogen determinations at a rate of 00 
samples/hr . 

MATERIALS AND METHODS 

Instrument and Equipment.--(a) Automatic 
sampler,' proportioning pump, flow through door for 
fluorometer, recorder, chart rcadcr, double mixing 
coils, and assorted glaqs fittings and tubing. ( b )  
Fluorotneterz with Wratten 2A 12 primary and 

.. . AutoAnalyzer Sampler 11, Technicon Controls, Chauncey, 
~ ~~ 

N .  Y. 

delphia, Pa. 
9 Till-nrr Iiluorometer model 111, Arthui- H. Thomas, Phila- 

Fig. 1.-Manifold flow diagram for 
the automated deterniination of rat 
!ivcr glycogen using an automatic 
sampler, proportioning pump, and re- 
corder in conjunction with a cornmer- 
cially available fluorometcr adapted for 
nephclomctry. 

Fig. 2.-Recordings of various 
quantitics of rat livcr glycogen using 
automated ncphelomctry a t  a rate of 
60 samples/hr. 

secondary filtcrs and blue lamp, permitting measurc- 
nients a t  approximately 510 nip. (c) Square quartz 
flow cell, 3 mm. i.d. X 5-mm. u.d. with 12-mm. 
masked adapter i ~ i s e r t . ~  ( d )  Water bath operated 
at 4 5 O . 4  

Reagents.-(a) Potassium hydroxidc, 3.6%, and 
30%. ( h )  Alcohol, 57.6%, (v/v). (c)  Test rat 
liver digests. Adrenalectomized rats are injectrrl 
with adrrnal steroid prcparatioris as dircctcd by 
h7.F. XIT. Livers are removed, digested in 12 nil. 
ol hot 307, potassium hydroxide, atid diluted to  
100 ml. with water after standing overnight a t  
room temperature. ( d )  Pooled livers of adren- 
alectoniized uninjected rats (hlank pool). Pre- 
pared in the same manner as liver digests of test 
rats for each scrics of glycogen determinations. 
( e )  Standard rat liver glycogen. Prepared according 
to VdTl der Vies ( 5 ) .  (f) Standard solutions of rat 
livcr glycogen, Frcsh solutions or glycogen standard 
are preparecl in the blank pool. For a standard 
curve, solutions iri the range of 0.06 t o  1.2 mg./nil. 
arc adequate. To check instrumental and reagent 
changes, a 0.5-mg./ml. standard is used. 

Method.-The sample line is placed in the blank 

3 Catalog niimbei-s RlG-63019 and A3G8-62140, Amei-ican 

4 Tamson water bath, Witt Sales, Cincinnati, Ohio. 
Instrument Co., Liarrington, 111. 
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Fig. 3.--ilutomatcd ncphelometric recordings of rat liver glycogen standard and representative rccord- 
iiigs of unknown test samples. Key: numbered peaks, recordings of unknown test samples; Std, 0.5, 
mg./ml. standard glycogen dissolved in the blank liver pool. 

T A B 1 , E  I.---RECOVEK\i OF GLYCOGEN FROM R A T  LIVER I I I G E S T  USING T H E  AUTOMATED ~ E P H E L O M E T R I C  
PKOCEDURE 

Glvroeen Glvcoeen Theoretical 
&s&t 

in Digest, 
mg./tnl. 

0.055 
0.111 
0.221 
0.332 
0.443 
0 . ,553 

Stdy 
Added, 

mg./ml. 
0.430 
0,430 
0,430 
0.430 
0.430 
0.430 

Amt. Glycogen 
Present, 
mg./ml. 
0.485 
0.531 
0.661 
0.762 
0.873 
0.983 

Avci-age recovery = 99.7Y0 

pool arid all other lines in proper rragruts as shown 
in the rrianifolcl flow diagram of Fig. 1. Sensitivity 
of tlic fluorometer is posi~ioned at 10X and 2A-12 
filters are usrd for both primary and secondary 
filters. With all instruments operating, a zero base 
line is establislied. The 0.6-mg./nil. glycogen stand- 
ard is placed in duplicate cups initially and singly 
thereafter a t  regular intervals following a group of 
test saxriples. The analyses are made at  a rate of 
60/hr. using 3.6‘% potassium hydroxide in the 
rinsing system of the automatic sampler. 

Calculations.-The quantity of glycogen in each 
rat liver is calculated using the formula: 

where, GU = rriilligratns glycogen per liver; Gs = 

milligratns glycogcn standard per milliliter of blank 
pool; A3 = ncphelonictric reading of glycogen 
standard on transmission scale; N u  = ncphelometric 
reading of test sample on transmission scale; and 
I.’ = tnillilitrrs of liver digest. 

Glycogen 
Found, 
mg./rnl. 
0.480 
0.547 
0.648 
0.761 
0.873 
0.972 

ILecovery, %” 
99.0 

101.1 
99.6 
99.9 

100.0 
98.9 

To correct for changes in the automated system 
average readings of standards on either side of a 
group of test samples arc uscd with appropriatc. 
liver digests. 

TABTX II.-PKECISION O F  REPLICATE RAT LIVER 
GLYCOGEN DETERMINAI‘IONS 

Rat Liver No. 11 Rat T.iver KO.  25 
mg. Glycogen/Liver tng. Glycogeti/Iiuri 

52 52 65 66 
82 52.5 66.5 63 5 
52.5 51.5 65.5 64.5 
52 61.5 65 6.5. ,5 
51.5 51 65.5 66.5 
52 51.5 64 65.5 
52 51.5 65 65 

65.5 66.5 
h v .  = 51.8 Av. = 65.4 
Coefficient of Coefficient of 

variation = variation = 
0.81% 1.07% 
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TABLE III.-~ROTOCOL O F  A RAT LIVER GLYCOGEN L)EPClYITION 1lSSAY FOR /IDRENAL CORTEX EXTRACTa 
-~ 
mg. Glycogen/Individuul Rat  Liver 7 

1J.S.P. Hydrocoi-tisone Std.(F) Adi cnal Cor tcx Extiact 
0.288 mg./Rat 0.48 mg./l<at 0.388 mg./Rat 0.48 mg./I<at 
A M A M A M A M 

32 32 55 54 I 6  13 5:3 54 
27 29 60 61 46 46 53 54 
26 25 66 63 
29 30 61 60 
56 57 55 57 

31 31 52 55 
38 40 53 52 
33 32 53 52 

58 57 59 58 46 46 32 52 
50 51 44 4 3  36 38 54 54 

Potency, mg. F E nil . . . . . . . . . . . . . . . . . . . . . . . . .  0.141. .  . . . . . . . . . .  0.142 
Log-confidence interval.. . . . . . . . . . . . . . . . . . . . . . .  0.2253. . . . . . . . . . .  0.2338 
95yo Confidence limits, rng. F Z nil.. . . . . . . . . . . .  
Test for parallelism of slopes (F). . . . . . . . . . . . . . .  0.0015. . . . . . . . . . .  0.0710 

A M 

0.1054 .177 .  . . . . .  0.106-0.181 

Tdvei- glycogen of each rat was determined by both automated (A) and manual (M) procedui-es. Potency and validity 
tests weie calculated as directed by N.F. X I .  

TABLE IV.--STATISTICAL RESULTS OF RAT LIVER GLYCOGEN UEPOSITIOK ASSAYS OF ADRENAL CORTEX 
EXTRACTS 

_ _ _ . _ _ _ ~ . _ _ _ _ ~ _ _  _ _ ~ _ _ _  
Automited 7- Manna1 - 

Prcpn. ?& of Theoi-y Confidence Interval (L) yo of Theory Confidence Iutcibal (L) 
Potency, 1,og- Potency, Log- 

1 126 0.1757 122 0 .  174.4 
2 141 0.2253 142 0.2388 
3 97 0 .2758 94 0.3135 
4 147 0.3281 152 0.3830 
5 101 0 3005 106 0.2479 
6 73 0.2236 73 0.2 1OR 
7 125 0.2117 123 0.2127 

Alternatively, the chart reader and a standard 
curve for rat  liver glycogen may be used. Liver 
glycogen values of tcst samples are adjusted in 
accordance with nephelometric readings of the 
0.5-mg./ml. standard placed a t  regular intervals. 

RESULTS AND DISCUSSION 

Following prcliniinary experiments with various 
manifold systems and temprraturcs, optimum 
operating conditions and manifold design were 
dcterinined. The 0.025-in. sample line (Fig. l ) ,  
delivcring 0.23 ml./min., dilutes the 57.575 alcohol 
carried by two 0.110-in. lines at a rate of 6.78 ml./ 
niin., to 55%. This concentration of alcohol was 
found to effectively form the glycogen cloud. 

Xephclometric responses to  liver glycogen con- 
centrations when plotted were linear over the range 
of 0.06 to 1.2 mg./ml. (A to 120 mg./liver) and had 
a zero intercept. An upper limit W R . ~  not estab- 
lished; however, the concentration of liver glycogen 
encountered in the bioassay of adreiial steroids 
normally d o e  not cxcccd 120 rng./liver. Although 
glycogen values may vary by a factor of 10 in 
glycogen deposition assays, samplc carry over with 
the automated procedure is minimal. Figure 2 
shows that very similar readings are recorded for 
duplicate samples of glycogen standard even though 
preceded by a standard having either high or low 
nephelornetric readings. 

Figure 3 gives a typical recorder tracing of un- 
known test liver digests and glycogen staridarcl 
showing the variation in liver glycogen that is 
encountered normally. A portion of the recording, 
extreme right, shows continuous sampling of the 
0.5-mg./ml. glycogen standard and duplicate 
sampling of the same standard. 

Recovery studies were carried out using. the 
automated procedure 011 saniples of glycogen s tmd- 
ard added to varying quantities of test liver digest. 
Table I shows that satisfactory recovery was ob- 
tained, with results varying from 98.9-lUl.l~& for 
the six sarriplcs tested. 

The reproducibility of the procedure was dctcr- 
mined by sampling repeatedly two tcst liver digests. 
Table I1 givcs the results: a coellicicnt of varia- 

as oht:tincd for 14 annlyscs and 1.07% 
ent analyses carried out at it latcr 

date. 
No siqiiiicaiit diflcrences iri liver ,qlyccigcn dc- 

terminatinns occurrctl for thc niaiiual procedure (4) 
and the automated metliod. T d ~ k  I11 ,qivcs the 
results of a reprcscntative adrenal cortcx assay with 
glycogen dctcrniincd by both mcthotls on parallel 
sarnplcs o f  liver digcsts. It ran bc tiotcil that only 
small diffcrmccs occurred in individual glycogen 

sirnilar. A cornparison o f  sever1 adtlitioiial liver 
glycogen deposition assays is sliowti in Table IV. 
In all cases, comparable pcitcncies and log con- 
fidence intervals were obtained, intlicating that 
the antornntcd procedure is suitable for rut liver 
glycogen c1etertriinatir)ns in the g1ycogc.n ilcposition 
assay of adrenal steroids. 

vallres; cotlscqclently, stat icd results :uc very 
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Analog Computer in Drug Dosage and 
Formulation Design 

By EDWARD R. GARRETT and HOWARD J. LAMBERT 

Methods have been described which utilize the analog computer as a laboratory aid in 
the preparation of drug formulations with improved therapeutic efficacy. Five basic 
dosage models were used to show the versatility of the computer and the variety of 
programs that are possible. These included single dosage, repetitive dosage, and 
three different types of sustained and delayed-release mechanisms. The analog com- 
puter may be used to predict which combination of existing formulas should be com- 
bined to give the desired response or may be used to provide specific information o n  
the desirable physical characteristics of such formulas in advance of their manufac- 
ture. The  major information needed for such predictions are the pharmacokinetic 
parameters specific to the drug in question. The analog computer provides an inex- 
pensive means of predicting formulation requirements and may perform, in a matter 
of hours, work that might take weeks or months by normal laboratory screening 

methods. 

N AN ERA whcrc both public opinion and 
federal legislation demand increased proof 

of drug efficacy and  drug safety, the “art” of 
drug dosage and formulation design is being 
supplanted by thc sophistications of advanced 
science and technology. Qualitative evaluations 
of drug potency and action are no longer ade- 
quate. Instead, thc many transfer processes 
and reactions undergone by a drug during its 
release from the  dosage forms and its passage 
through the body should be quantitatively de- 
scribed by mathematical models when reliable 
analytical data  can be obtained. Models, 
originally formulated by Tcorcll ( I ) ,  Dominguez 
(2), and others allow the description of a drug’s 
action by listing certain numerical values ob- 
tained by mathematical trcatment of experi- 
mental data, These values include ratc con- 
stants for dissolution, absorption, tissue distribu- 
tion, metabolism, and excretion. Such niathe- 
matical constants then become the focus of at- 
tention, a n  abstraction one level above the ob- 
served data  (3). Also provided are quantifiable 
concepts that are extremely useful, such as 
metabolic half-lives and compartmental volumes 
of distribution which yield a pharmacokinetic 
profile or “fingerprint” for a drug. Thc  work of 
Swintosky (4) on the drug sulfaethylthiadiazole 
is a n  excellent illustrative example. At best, 
however, the direct application of  such analytical 
inathenlatical techniques is most approximate and 
difficult. The  complexity of the  mathematics in- 
volved leads to simplification of complex niodels 
and only sequential or parallel drug trans- 
lerences are the models considered. 
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DISCUSSION 

The basic premises behind all such models in- 
clude: (.) rapid equilibration of drug between 
blood and ( b )  other body tissues, fluids, or compart- 
ments. 

kii,u 
r- DU 

kw.n kn;r 
DT, 7 I!)B 7 DT 

kB.T, k T . D  

The amount of drug in the blood (Ue) supposedly 
reflects and is proportional to the amount of drug in 
tissues T and T’ (DT and DT,) provided that the 
equilibration is extremely rapid. Furthermore, the 
rates of transfer must be invariant functions of the 
amounts of drug in each of these compartments 
(ie., first-order kinetics are followed). This implies 
that the compartmental sizes are limitless and the 
distribution model is independent of the magnitude 
of the dose. The slow rate-determining step must 
be either the elimination of the drug from the body 
or its metabolism, where these rates are proportional 
to the amount in the blood. 

If both of thcsc conditiotis are satisficd, tlmi Eq. 1 
will hold, 

and a plot of the logarithm of tlic blood conceutra- 
tion (UB) V ~ Y J U J  time will result in a straight line 
with a slopc of - k , / 2  303. In addition, the bio- 
logical half-life, defincd as that period of time rieedcd 
for any blood concentration (after tissue equilibra- 
tion is established) to reach one half its value, will 
be constant for any blood level or close chosen, 

The k ,  referred to here is the rate constant derived 
from the plotting of Eq. 1. It shoulcl be realized 
that this is not k B , U  (the rate constarit for urinary 
and/or metabolic elimiimtion), but rather, is de- 

626 



Vol. 55, No, 6, June  1966 627 
pciideut upon the ratios of othcr clibtribution rate 
constants (I 2). 

If thc transfer of drug bctwccn one compartment, 
e.g. ,  T’, and the blood is an extremely slow process, 
for cxamplc, the slow rcleasc of thiopental from 
fatty tissucs (5), or tlic deeper conipartmeiit for 
psicofuranine (131, this rcaction then becomes rate 
dcteririiniug and deviations from apparent first- 
order kinctics occur. A similar situation develops 
when a nonlinear Langrnuir- type bindirla occurs, 
e.g., the binding of sulfouarnides to plasma proteins 
(6). When such phenomena occur, the “biological 
half-life” varies with thc dosc and loses its value as a 
descriptive entity since Eq. 2 no lougcr holds. 

Another instance whcre tlie biological half-lifc 
conccpt may fall down is when one of the distribu- 
tion compartiiieiits is of limited size. With iucreas- 
ing dosc, the amount of drug storedin this compart- 
ment will increase until a saturatiou point is reached. 
A t  this point, nonlinear discontinuities will occur in 
the first-order kinetic distribution pattern. 

These phenomena arc difficultly described by 
available analytical mathematics. The aclvctit of 
computers has provided a pharmaceutical research 
tool to handle such complex problems with efficiency 
and reliability. 

The Analog Computer.-The analog coniputcr is 
an extraordinary tool for the elucidation of the 
mechanisms and rates of transformations aiid distri- 
bution of drugs in in uiuo and in ~ i t r o  systcms. It 
permits the detcrmiriations of models for absorp- 
tion from the sitc of administration into the blood, 
diffusion into tissucs, and other volumes of distribu- 
tion (ix., lymph, cerebrospiiial fluid, red blood cells, 
ctc.), metabolic pathways, and excretion proccsses. 
Such determinations are carried out by programiug 
the computer for any sequential, or parallel, changes 
in drug amount in the various depots of ail or- 
ganism. The “rrad-out” can be obtained as 
plotted curves of drug amourit zwsus time for any 
selccted conipartiuent in thc model chosrn. 

Thc theory and dckails of analog computer pro- 
graming are preseuted in mauy excellent texts and 
brochurcs (7-12). I n  gcncral, tlic analog computer 
can simulate postulated physiological models by a 
dynamic clcctricaI network. Eniploying a set of 
liuked integrators, the output from each integrator 
can represent the time-variable amount (drug con- 
centration times the apparent volurue of distiibu- 
tion) of the drug distributed in a particular biolog- 
ical compartment. Thc intcgrators are connected 
by rate setting potcntiomcters arid sumrriing ampli- 
ficrs so as to siniulate the distribution of thc drug on 
the basis of the chosen model. Ilosage is iiitro- 
duced by applying an initial coliclition voltage to 
either the “stomach” integrator or the “blood” 
:iritegrator depending on w-hcthw oral or intravcnous 
modes of administration are to be simulnted. 

Typical cxa~~ip les  of such analog computer 
:zpplications are found in the litersturc for the 
(distribution of the nucleoside antibiotic psicofur 
:inine ( l a )  and for “7Ca dynamics in thc dog (14, 15). 
.In elementary handbook for the practical applica- 
lion of aiialog computer methods to p1iarin;tco- 
kinetics has also becri presented (16). 

Dosage Form Design.-A dosage form for oral 
administration has scveral prerequisites. ( e )  The 
dosage form (a tablet or a capsule) must disintegrate 
in the gastrointestinal tract and the powders or 
granules released must dissolve in the surrounding 
fluids. (0) The drug in solution must be absorbed 
by the gastroiiitestinal mucosa and be transferred 
into the blood. (c) If the blood level of thc drug is 
proportional to its therapeutic response, the blood 
level achieved should be within the therapeutic con- 
centration range for the desired duration of action. 
With many pharmacological agcnts, i t  is not 
iiecessarily true that blood lcvels directly reflect 
pharmacological activity. However, thcsc dis- 
cussions will be restricted to those cascs where this is 
so. Blood levels in thc subthrcshold therapeutic 
range will result in ineffective biological activity, 
whcreas concentrations above those eliciting thc 
optimum response may yield toxic manifestations. 
For these reasons, drugs with a high therapeutic 
ratio (LD,,/EDj”) are normally used. (d )  The 
duration of the therapeutic blood level should be 
optimum for the desircd thcrapy. ( e )  The phar- 
macokinetic parameters which describe tlie absorp- 
tion, distribution, metabolism, and cxcrction of the 
drug iti the huiuan should be known. They can be 
determined by definitely programed acute studies 
on intravenous and oral administration by methods 
which have been previously cited in the literature 
(13-15). This assumes that there is no change in 
the metabolic rate with continued administration as 
there is with barbiturates and many other drugs. 

Theorics of disintegration and dissolution have 
been covered in tlie recent pharmaceutical literature 
by Wagiier (17), Higuchi ( l X ) ,  and others (19-21). 
Since this literature is both extensive arid thorough, 
these theories will riot be discussed herein. 

The pH-partition theory of drug absorption 
through biological menibranes has been discussed by 
Schankcr in several review articlcs (22). The basic 
premises are that a drug will not be absorbed unless 
it is uuiotiized and can be partitioned iuto a lipid- 
like membrane. These rules hold for drugs which 
are “passively” rather than “actively” transported 
in biological systems aiid pcrmit cstimatcs of case of 
absorption. However, absorption rates can be 
quantified :tiid used whether they arc active or 
passive since, not withslanding the mechanism, they 
are largely concentration dependent. 

Methods of prolorigiiig blood levels, such as using 
enzymc poisons to slow drug metabolism or drugs to 
compete for excretory transport systems [e.g., the 
use of probeiiecid to block the tubular secretion of 
penicillin (23) ]  have been used. These are objec- 
tionable both because of their lack of spccificity of 
action and because of their tendency to alter the 
physiological status quo. 

The study of the relationship betwcen the phys- 
ical and cliemical properties of drugs and their 
administered dosage forms and the resultant biolog- 
ical effects has been called biopharmaccutics. The 
propcr use of pl~amiaeoki~ietic and biopharniaceu- 
tical techiiiques should achicvc optimal thcrapeutic 
response from a given dose of drug. 

Means by which such goals may be obtained are 
by systematic variation of the following factors: 
( a )  the form of thc drug (ie., free acid or base, ester, 
salt, complex, etc.); ( b )  thc physical state (crystal 
or powder), particle size, and surface urea; (c) the 
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the experiment and had the following values: 

~ G I . B  = 4.60 lir.-l 

k B , U  = 1.15 hr.-I 

These values closely approximate those which 
may be calculated for an oral dose of 400,000 units 
of potassium penicillin V from the data of Holland 
et al. (24). The high absorption ratc constant pcr- 
mits all (100%) of the dose to  be absorbed in 1.5 hr., 
while the elimination ratc constant allows the drug a 
biologic half-life of 0.6 hr. 

A computer plot of the gastrointestinal, body, and 
urinary amounts of drug (labeled DGI, DB, and Du, 
respectively) as fractions of an initial 10 units of 
drug given in solution or as a rapidly dissolving 
tablet, with time, is given in Fig. 1. 

Certain clinical parameters are needed for proper 
design of dosage forms. For a given dose the 
thrcshold lcvel for this drugs’ action is considered to 
be 2.5 units of the total dose in the blood conipnrt- 
mcnt with a maximum effect noted a t  3.5 units (thc 
upper and lower dashed lines of Fig. 1 demonstrate 
these values). It is interesting to notc that only 
14y0 of the dosage was used in the therapeutic 
range, 21% was expended in DB levels above 3 5, 
and 65% at  subthreshold lcvels. 

The differential equations and analog computer 
program which describe the basic model arc found 
in the Appendix under Model I (Eqs. la-lc and 

prescncc or absence of other materials with the drug 
in the dosage form; ( d )  the type of dosage form in 
which the drug is administered; (e) the processes 
encountered during the manufacture of the dosage 
form. These altcrations usually affect the absorp- 
tion rate of the compound by controlling its rate of 
dissolution from the dosage form and into the gastro- 
intestinal fluids. Since these methods alter only 
the timc availability of the drug and not the biolog- 
ical system, they are obviously the methods of 
choice. 

Application of Computer Techniques-The pur- 
pose of this paper is to show how the analog com- 
puter may be programed to give information on how 
to improve the therapeutic efficiency of a drug 
formulation. Such information may be obtained in 
two ways. First, having a knowledge of the 
pharmacokinetics of the drug the proper dose and 
dissolution rate constants which will give optimum 
therapy may be ascertained. Second, using knowl- 
edge of the physical characteristics of available 
formulations, which combinations will provide the 
desired effect can be predicted. 

With either or both of these methods, information 
can be provided faster, more accurately, and at  
lower cost than by the sole use of the in v im and in 
Vitvo testing available. It must be strcssed, how- 
ever, that the ultimate test of therapeutic efiicacy of 
drug formulations is in biological systcms. 

RESULTS AND DISCUSSION 

The basic modcl used in these present computer 
studies on optimization of drug dosagc forms was 

kO1.R kn,u 
G I  - B ___f U (Hq. 4) 

where GI  is the gastrointestinal compartmcnt ; B, 
the body compartment; U, the sum of excretory 
compartments (urine, metabolism, feces, ctc. ) ; 
k c 1 . R  is the first-order rate constant for absorption 
of drug from the gastrointestinal tract into the 
blood; and k B . U  is the sum of the first-order rate 
constants for loss ( i e . ,  glomcrular filtration, metah- 
olism, etc.) of the free, therapeutically active drug 
moiety from the body compartment. 

This niodel was chosen for its simplicity since 
drug formulation rather than complex pharmaco- 
kinetics was being investigated. I t  should be re- 
membered, however, that the computer can be used 
for any modcl wherc the kinetic patterns have been 
established. Indeed i t  may be only with the use of 
a computer that such complex models can be verified 
in the first place (13-15). 

The assumptions that arc inhcrcnt in thc choice of 
this simple model are that (a) the sequential trans- 
fers from GI  + B -.+ U are by first-order processes 
and are therefore dependent on the drug amount in 
each compartment; ( b )  the drug used is nonionic in 
character and shows no variation in absorption due 
to pH changes along the length of the gastrointes- 
tinal tract; (c) thc drug is completely absorbed; 
and (d )  instantaneous equilibration of the drug 
occurs between all tissues permeable to the drug and 
the blood. At any time, thcrefore, the blood con- 
centration of drug mirrors the concentrations in all 
drug-containing tissues. 

The rate constants for absorption and elitnina- 
tion were held constant throughout the course of 

Fig. 2 ) .  
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Fig. 1.-Analog computer plot of compartmental 
distribution of a single 10 unit dose of drug Dc,, = 
amount of drug in the gastrointestinal tract, Dg = 
amount of drug in the body, and L)I, = amount of 
drug eliminated from the body. The interval be- 
tween the dashed lines indicates the desired thera- 
peutic range. 
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Fig. 2.-Analog computer program for a single 
10-unit dose of drug administered in solution into the 
GI compartment (Mudel I ) .  

A logical approach to maintain thcrapcutic levels 
with greater drug efficiency is multiple dose therapy. 
When a drug is administered on a multiple dose 
rcgimcn with a constant dosage interval, the blood 
levels of the drug reach a steady state condition 
after several doses. This steady state is evidenced 
by the blood levels in a given dosage interval being 
essentially the same as those in the preceding and 
following intervals. For the authors’ drug, the 
computer was dosed with half the original dose of 
Fig. 1 ( 5  units) a t  zero time followed by equal doses 
a t  consecutive 1.2 hr. intervals (2 half-lives) until 
8.4 hr. The typical compartmental profile for such 
multiple dosing is scen in Fig. 3. The equations 
used for this approach are the same as those used 
for t h e  basic model (Mudel I, Eqs. la-16). The 
computer program involves only minor modifica- 
tions of the one used for single dosing and is seen in 
Model 11 ( A p p e n d i x )  and Fig. 4. It is readily 
apparent that adjustments of dosage amounts and 
times are easily accoinplished by slight modifica- 
tions of the computer program to graphically 

Fig. 4.-AnaIog computer program used for in- 
vestigation of a multiple dosage regimen (5 units of 
drug every 1.2 hr.) (Model 11). 

evaluate optimum choices. In Fig. 3 therapeutic 
blood levels are maintained for the better part of 9 
hr. The need for dosage form optimization is 
evident, however, to supplant the repctitive dosing 
regimen as well as to moderate the undesirable ris- 
ing and falling of the body compartment levels. 

Sustained and Delayed-Release Models.-The 
desirable qualities of oral sustained or delayed- 
release formulations have been listed by Row- 
land and Beckett (25) and include an initial 
and a maintenance dose to give and maintain blood 
concentrations of drug which elicit the desired 
therapeutic effects. 

The benefits would be to reduce the frequcncy of 
drug administration compared with conventional 
dosage f o r m  and to give a more uniform biological 
response with a rcduccd incidence and intensity of 
side effects. 

In general, the total dose used in a sustained- 
release dosage form is the sum of the amount in the 
initially fast dissolving portion (DI) and that present 
in the more sluwly dissolving maintenance form 

/ 
Fig. 3.-Compartmentnl lcvels of 

drug using a repetitive dosage regimen 
(5 units of drug every 1.2 hr.). The 
ordinates for blood level are giveu on 
the right in terms of units of drug. 

,Du; - , Dn. Key: _ _ _ _  
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have l00yo of DI in solution and ready for absorp- 
tion at time zero. 

The formulation and programing of the “mainte- 
nance” or slowly releasing form, DM, is a problem of 
greater complexity. Three basic models for sus- 
tained and dclaycd-rclcase formulations have been 
chosen. 

First-Order Release.-Both Wicgand and Taylor 
(2G) and Wagner (17) have shown that per cent re- 
leased in nitro versus time data reported in thc 
literature for the dissolution of many sustained- 
release preparations give linear pseudo (or ap- 
parent) first-order rates from about 0.5 hr. to thc 
time the test was completed. Literature data sub- 
sequent to these papers have confirmed these 
observations and include: ( a )  drug embcddcd in an 
insoluble tablet matrix (27), ( 6 )  drug coated with 
waxy or polymeric materials (28), and (c)  drug com- 
plexed with cation exchange resins (29). Since 
these preparations make up the predominant num- 
ber of available sustained-release products, i t  was 
decided to invcstigatc the programing of a first- 
order release rate for DM as a method for prolonging 
the blood level of the drug under investigation. 

The equations and program which describe this 
model are found in the Appendix under Model I I I ,  
Eqs. 3a-3d, and Fig. 5. 

An infinite number of first-order disappearances of 
DM can be obtained by systematic alteration of the 
potentiometer corresponding to  k~ (the rate con- 
stant for dissolution of DM). 

Using these ko’s and various combinations of DI 
and DM, the computer was then programed to  deter- 
mine the set of conditions which yield the maximum 
therapeutic benefit. 

Figure 6 shows the type of sustained relcase ob- 
tained in a typical case with such a first-order loss 
from Du. In this case, 10% of the total dose 
(which was twice the dose used in Fig. 3) is present 
as DI, while 90% is DM. The dissolution rate con- 
stant ( k o )  for DM was chosen as 0.375 hr.-l. 

( DM). As ideally postulated, the “loading” dose 
(DI) will bring the drug amount in the body to  its 
therapeutic level, while the DM will maintain this 
level for the prescribed period of time. 

The major prerequisite for the “loading” dose, DI, 
is that it  dissolve rapidly and completely. This end 
is normally achieved by either placing the drug in 
solution as an initial dose or formulating a convcn- 
tional, fast disintegrating and dissolving tablet 
which, in essence, achieves the same goals. For the 
authors’ purposes, DI was placed on the computer as 
an initial condition on the GI compartment integra- 
tor (see Appendix). What this accomplishes is to 

Q - IOV I.C 

Fig. 6.-.4nalog computer program used for 
evaluation of first-order sustained-release dosage 
formulations (Model 111). 

Fig. 6.--Effect of a 
first-order sustained-re- 
lease rnaintcnance dosc 
(UM) on compartmental 
drug levels. This formu- 
lation was programed to 
yield a drug-free system 
after 12 hr. DI = 2 
units; DM = 18 units. 
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Fig. 7.-Effect of in- 
creasing amount of drug 
in DM and decreasing kD. 
No time limit was set here 
on thc maintenance of 
drug in the body. The 
ordinates for blood level 
are given on the right. 
Key: DM = 50 units; 
DI = 0. 

It would seem, a t  least for this drug, that a first- 
order mechanism for thc releasc of the maintenance 
dose offers no significant improvement over multiple 
dosing. Thc optimum increase in blood level dura- 
tion for twice the amount of drug is twice that ob- 
tained for the original dose. Other combinations of 
kD, Dr, Dy lead to  the same conclusions. When 
thc dosc or k~ is increascd, drug lcvcls in the body 
:ire increased. The only apparent advantage, of 
such a sustained-release dosage design is the reduc- 
tion in times of oral administration; there is no 
apparent incrcasc in thc efficicnt usage of thc drug 
amounts. An illustration of this point is Fig. 7, 
where 5 times (50 units) the dosc used in Fig. 1 is 
given with a ku  of 0.125 hr.-l. The increased 
duration of blood level is only 5 times that observed 
for 10 units of drug. 

Release from Coated Pellet Forornaulations.-lany 
companies now supply products in the form of a 
hard gelatin capsule containing round candy pellets 
upon which has heen deposited a fixed amount of 
drug. Coated over the drug are one or more thick- 
nesses of a waxy or polymeric coating, whose dis- 
solution rate has been evaluated in both in nitro and 
in vivo systems. 

When either the thickness or the type of coating 
substance is varied, it  is possible to obtain several 
different populations of drug pellets. If the ap- 
pearance of drug in solution is measured with time, 
the drug will oiily appear after the protective 
coating has bccn ruptured, dissolvcd, or digcsted 
away. 

If the situation was ideal, and all members of a 
givcn population of pcllets had cxactly the same 
coating thickness, i.e., the vari:ince among pellcts 
was zero, the drug in solution versus time plot 
should show a lag pcriod (equal to  that amount of 
time necessary to rupture, dissolve, or digest the 
protective coating) followed by a steep, almost 
instantaneous, appearance of all the drug from this 
population of pellets into solution. This would be a 
direct simulatiou of thc repetitive dosage regimen 
wc have previously considered in Model  I1 arid Fig. 3 .  

What is far morc likely, however, is that a finite 
wide variance does indeed exist within a chosen 
population of pcllcts. This being the case, the dis- 
solutiou of the population of pellcts is not instan- 
tancous, but rathcr normally distributed with mean 
i and variance, (r2. Integration of the area under 
the normal curve, number of pellets ruptured, or 
releasing drug veysus time, will give the amount of 
drug in solution. A plot of this integral versus 
time will yield a symmetrical sigmoid curve whose 
midpoint is f. 

In accordance with the authors’ postulated model, 
the release of drug from the pellet types occurs a t  
separated intervals with a Gaussian distribution of 
release about the mean of this interval. The 
amount of drug which is to be released a t  each inter- 
val is a function of the numbers of pcllcts so formu- 
lated. The release of drug from each pellet is 
relatively instantaneous; the release of total drug 
for that pellet type is normally distributed about 
the mean time of release of that pellet population. 
If a dosage form is produced with 100 or more 
populations of effective thicknesses with each con- 
taining equivalent total amounts of drug an over-all 
zero-order release can be simulated. 

Figure 8 demonstrates a typical compartmental 
profile using a pellet-type formulation; the DI = 5 
dose units and the DM consisted of 4 populations of 
pellets (each containing 5 units of drug) with dif- 
ferent mean times of release. The standard devia- 
tion about these mean times of release was con- 
sidered to be the same for each population in this 
case. The 1 ) ~  and Dcr are plotted in terms of dose 
units in the respective compartment while DU is 
shown on scale as 0.4 times the actual dosage units 
excreted. 

Several studies in the literature (30-32) have 
demonstrated a simulation of t.i.d. dosing with 
coated pellet sustained release. Per cent release 
data for 5 bulk pellet groups, presented in one paper 
(W) ,  support thc normal distribution postulate. 

The rather unique equations and programs used 
to  simulate the normally distributed pellct popula- 
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Fig. 9.--Analog computer program for the geuera- 
tion and integration of a Gaussian type distribution 
(coated pellet type of sustained release). The re- 
mainder of the program is the same as in Fig. 2 
(Model ZV). 

tions (33 )  are found in the Appendix under Model 
I V ,  Eqs. 9-12, arid Fig. 9, respectively. 

Zero-Order Release.-The ideal mechanism to 
maintain a constant blood level is to release drug 
from DY by zero-order kinetics (ie.,  at a coilstant 
rate indepeiident of concentration). 

To  achieve optimum therapy, the rate of change 
of drug in the blood ( DR) with time should be zero. 
Since this rate is the difference between the rate of 
absorption and the rate of excretion 

dDB/dt = kcI.nr>cI - k B , c  DB = 0 (Eq. 5 )  

it  follows that the amount of drug it1 the gastro- 
intestinal tract, DGI, should be a constant for a 
dcsired blood Icvcl, DR, since from Eq. 5, 

It also follows that thc amount of drug in the 

Fig. 8.-A simulated 
repetitivc dosing com- 
partmetital profile ob- 
tained after a single dose 
of a coated pellet formula- 
tion. Four pellet popula- 
tions, cach containing 5 
units of drug, with the 
same standard deviation 
but different mean times 
of dissolution were used 
in addition to 5 units of 
immediately dissolving DI. 

9 10 I 1  12 

gastrointcstinal tract, DM, should rerriah irivariant 
with time 

dL)GI/dt = dDw/dt  - kcr,RDcr 0 (Eg. 7) 

From Eqs. G and 7 tlie rate of release from the 
maintenaiice dose should be 

Thus, the rate of release from the maintenance 
dose DM must be constant and equal to the rate of 
loss of drug from the blood a t  a blood level corre- 
sponding to DB. 

Zero-order release may be leasible in in  uiuo 
situations when the drug has a limited solubility in 
the gastrointestinal fluids. Gnder thc circum- 
stances, the drug will initially dissolve a t  a rate 
proportional to the amount of drug remaining in the 
tablet until a saturated solution is forlncd in the 
gastrointestinal fluids. Aftcrward, thc drug should 
dissolve at  the same rate as i t  is absorbed with a net 
result of a constant dissolution rate. 

Figure 10 demonstrates the compartmental pro- 
file for a formulation containing D1 = 4 units and 
DM = 6 units (solid line) aud DI = 4 units, DM = 
1 G  units (dashcd line). The solubility (Ds) was 
choseu a t  4.0 drug units. The improvement in 
therapeutic effect over those conditions used in Fig. 
1 can be observcd here where the desired blood level 
has a duration of 1.9 hr. compared to the 1.4 hr. 
noted with a conventional dosage form. 

The equations used to predict the ku required for 
the Dbl of Fig. 10 as well as thosc describing the 
model are found under Model V (Appendix). The 
computer program for zero-order release is Fig. 11. 

APPENDIX 
Model I.-Computer Simulation of a Single, 

Rapidly Uzssolving Dose.-A single dose, in solution 

This rate is given by Eq. 8. 
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Fig. IO.--Effect of a zero-order sustained-release 
dosage form on compartmental drug levels. The 
solid lincs arc for a forniulation containing DI = 4 
units and DM = 6 units, while the dashed lines are 
for DI = 4 units and DX = 16 units of drug. 

in the GI compartment a t  time zero is absorbed into, 
and lost from, the blood a t  a rate proportiold to the 
residual drug concentration. 

(Eq. l a )  

(Rq. I c )  

The computer program resulting from these equa- 
tions is seen in Fig. 2. 

Model 11.-Curtiputer Simulation uf Refiekitive 
Dosing Regimr.n.-One-lialf of the dose used in 

Model I is :rtlmiiiistcrrd a t  time zero followed by ttic 
same dose every 2 half-lives (1.2 hr.). The equa- 
tions describing rcpctitive dosing are ideutical to 
Eqs. In-lc. The computer program, Fig. 4. is 
essentially the same. differing only by the presence 
of initial coriditiori p(itrntiomcters on the blood :itid 
urine integrators. At the beginning- of each dosage 
interval the coniputer is stoppcd and these puten- 
tiometers are uscd to place the amount of drug re- 
maitiirig from the previous dosing in each conipart- 
nient. For example, rcfcrring to Fig. 3, thr amount 
o f  drug placed 011 the blood potentiometer a t  t = 1.2 
Iir. ( t  = 0 for dose 2)  was 1.7 dose units. 

Model III.-~-Compzitev Simulation of First-Order 
Sulstulned Redease. -Dosage forins: 

k G r  1% k1r.u 
DI ----+ GI I__f B c___f U 
Du-’ko 

A conibiiintion of  iinrnediately soluble 111 and 

slowly releasing DM is given at  time zero. The 
rate of relcase of DM is proportional to the amount 
of DY remaining in the dosage form. 

The computer program used to predict the opti- 
mum 1 ) ~  and k a  for suseaincd therapeutic blood 
levels is seen in Fig. 5. 

Model 1V.--Computer Simulation uf a Cualed 
Pellet Type  of Sustained Releasf.-Several popula- 
tions of pellets, whose dissolution pattern follows a 
normal distribution, are combined to yield, upon 
administration of a single dose, a compart- 
mental profile similar to that obtained with repeti- 
tive dosing. 

il unique method was found (33) for coniputer 
simulation of a normal distribution and is as fol- 
lows. 

The frequency distribution which describes the 
nommal distribution (Gaussion errror function) is 

- 
V 

I -IOV I YV‘--Y. 

Fig. 11 .--Analog computer program for evalua- 
tion of solubility limited, zcro-order sustained-re- 
lcase dosage formulations (Model V). 
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Substituting Eq. 11 into Eq. 10 one obtains 

Jownnl of Phnrmuceuticnl Sciemes 

and, since Ds, DGI, and k G I , B  are known, the neces- 
sary k~ can be calculated 

dx 
- + 2k2tx = 0 
dt 

The analog computer program for Eq. 12 is seen 
in Fig. 9. The plotted output of the x integrator 
gives the bell-shaped curve expected for the Gaus- 
sion error function. Integration of the area under 
this curve gives the amount of drug releascd into the 
gastrointestinal tract (DQI). The remainder of the 
program (for DGI, DB, and Du) is the same as in 
Fig. 2. 

Model V.-Computer Simulation of a Zero-Order 
Sustained- Release Mechunism.-Lct drug D havc a 

finite, limiting solubility (Ds) in the gastrointestinal 
tract. Let the initial dose, DI, present as an initial 
condition in the GI compartment be equal to or 
less than Ds. As saturation is approachcd, the 
release of DM will become constant. 

The equations used for this program are 

The program corresponding to these equations is 

The calculations used to predict the exact k D  rc- 
seen in Fig. 11. 

quired are as follows. Since Eq. 46 

dD For a sustained blood level, 2 = 0, and the Dcr 
necessary is dt 

(Eq. 15) DGI 
” = DS - DGI 
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Notes 

Species Differences in Lipid and Endocrine Gland Responses 
to a Stilbene Derivative 

By T. S. DANOWSKI, N. R. LIMAYE, R. E. COHN, B. J. GRIMES, J. V. NARDUZZI, 
and C. 

A stilbene derivative, 0-(0-anisy1)-@,@-di- 
phenylacrylic acid, administered to  healthy 
male adults did not affect, as it did in certain 
experimental animals, food intake, body 
weight, serum lipid levels, thyroid activity, 
adrenocortical function, or the other endo- 

crine indices tested. 

DRRlVATIVE of the stilbenes, a-(O-allisyl)-@, A p-diplienylacrylic acid,l a t  dosages of 10 mg./ 
Kg./day or higher. exerts a hypocholesterolemic 
effect in the mouse, rat, arid dog, but not in the 
monkey (1). Studies in experimental animals have 
also demonstrated that ingestion of the compound 
is accompanied by an absolute or relative decrease 
in seminal vesicle and prostate weights aiid increases 
in pituitary, thyroid, and adrenal size. The 
adreiioniegaly in such animals is associated with 
dccreascd adrenocortical function, judging from a 
delayed excretion of a water load, decreased 
tolerance to  cold stress, and diminished cortico- 
genesis in uitro in adrenals from rats pretreated with 
this derivative. Estrogenic effects have also been 
observed during such therapy and in thc rat the 
compound has been found to inhibit the ovarian 
hypertrophy which follows unilateral ovariectomy. 
This derivative exerted a profound anorexigenic 
effect in the mouse, adult rat, aiid rabbit resulting in 
a marked loss of weight, but this was not evidenced 
in the dog or monkey. I t  has been suggested that 
thc hypocholesterolemic cffect in animals may be 
related to decreased food intake and that the corn- 
pound probably cxerts antithyroid, antiadreno- 
cortical, and antigonadotropic actions (I) .  

The studies reported here indicate that in healthy 
adult males comparable dosages, up to  800 and 1600 
mg./day for 1 month or longer, neithcr affectcd body 
weight, serum cholesterol, triglyccridcs. or othcr 
solutcs, nor did it produce changes in indices of the 
thyroid, adrenocortical, adrenornedullary, or other 
endocrine gland function. 

MATERIALS A N D  METHODS 

Thc derivative of stilbene was administered ger  0s 
to 14 healthy adult inale prisoners in increasing 
dosages: 50 rrig. daily for 3 weeks, followed by 100 
mg. daily for 3 weeks, 200 mg. daily for 3 weeks, 
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400 mg. daily for 4 weeks, and 800 mg. daily for 4 
weeks. In another group of four men 1600 mg. was 
administered daily for 4 weeks. 

Blood and serum solutes (venous blood sugar and 
NPN) and serum COe, CI, Na, K, albumin, globulin, 
calcium, inorganic phosphorus, uric acid ( 2 ) ,  
creatinine ( a ) ,  total and a- and @-lipoprotein choles- 
terol and triglycerides (4-7), NEFA (8), and pro- 
tein bound iodine (9) were measured in samples 
obtained a t  6:30 to 7:00 a.m. during the fasting 
state on two occasions 7 week apart prior to therapy. 
The same studies werc repeated at thc end of each 
dosage period. 

Urinary 17-ketosteroids (lo), Porter-Silber chro- 
mogens (ll), 11-desoxycortisol metabolites (12), 
pressor materials as measured by aortic strip assay 
(13), and gonadotropins (14) were determined in 24- 
fir. refrigerated specimens of urine prior to  and 
during thc administration of 400, 800, and 1600 
mg. per day. 

Plasma 17(OH) corticosteroids (15) were meas- 
urcd at weekly intervals prior to and during the.rapy 
in samples of venous blood obtained between 6: 30 
and 7 : 00 a.m. 

The response of plasma 17(OH) corticosteroids to 
exogenous ACTH [SO units (Parke-Davis) in 500 
nil. of 5yO dextrose in water] administered by intra- 
venoiis infusion during a 6-hr. period was examined 
before and during therapy with the compound a t  
400 mg./day for 4 weeks and 1600 mg./day for 4 
wecks. The plasma corticosteroid levels were 
measured in samples of blood obtained just before 
the infusion and just a t  thc end of the infusion. 

The effects of intravenously administered rapidly 
acting insulin (0.1 unit/Kg. of body weight injected 
intravenously) upon venous blood sugar aud serum 
inorganic phosphorus levels, were assessed prior to 
and during the 12th week of therapy when the dosage 
had reached 400 mg./day. 

Certain hcpatic indices (serum bilirubin, ccphalin 
flocculation, thymol turbidity, alkaline phosphatase 
in addition to serum albumin, globulin, aiid lipids 
already cited) were obtained before and during 
therapy. Renal status was evaluated by means of 
routine urine analyses and creatinine clearance on 
two occasions prior to and two others during 
therapy. The heinoglobiii and relative blood cell 
volume (hematocrit) were also measured on the 
above schedule. 

RESULTS 

The drug was taken without evoking any symp- 
Body weights were of the same order 

Therapy 
toms or signs. 
of riiagnitude prior to aud during therapy. 

635 
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cerncd in thc trials in healthy male adults described 
here. Thus, anorexia, weight loss, and hypocho- 
lestcrolcmia (perhaps rclatcd to  decrcasrd food in- 
take) did not occur. Also iudices of pituitary, thy- 
roid, adrenocortical, adrcnomedullary, and gonado- 
tropic and other endocrine gland function were not 
affected. Blood sugar rcsponses to  intravcnous 
insulin were not chauged. The compound did not 
alter thc hcpatic indiccs tcstcd. In othcr words, 
effects of this stilbene derivative, observed in certain 
species of experimental animals, were not evident in 
healthy male adults receiving this compound in 
coniparable dosages. 
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was not associated with any change in the venous 
blood sugar or NPN or the serum CO2, CI, Na, K, 
Ca, inorganic phosphorus, albumin, globulin, and 
uric acid. The serum total cholesterol and tri- 
glycerides and their respective 01 and ,8 lipoprotein 
fractions remained unchangcd. Scrum PBl levels 
were not altered during therapy. The excretion of 
urinary 17-ketosteroids, Portcr-Silber chromogens, 
and 11-desoxycortisol metabolites expressed in 
mg./day/l.O Gm. of creatinine was essentially the 
same before and during ingestion of this compound. 
During therapy the fasting a.m. levels of plasma 
17( OH ) corticosteroids did not differ significantly 
from the values recorded during the control period. 

The plasma 17( OH) corticosteroid responses to 
intravenous ACTH prior to and during administra- 
tion of the compound were of the same order of 
magnitude. Therapy for 12 weeks was not ac- 
companied by significant altcration in the hypo- 
glycemic or hypopliosphaternic effects of intra- 
venously administercd rapidly acting insulin. 
The urinary excretion of gonadotropins, urinary 
pressor activity (aortic strip assay), serum 
creatinine, and creatine clearances and routine 
urine analysis were unchanged a t  the end of the 
treatment period. Hepatic indices and the hcmato- 
crit and hemoglobin remaiued within the pretherapy 
range during ingestion of this agent. 

DISCUSSION 

None of the effects of this derivativc of the stil- 
benes, variously observed in some but not all species 
of experimental animals tcsted ( l ) ,  could be dis- 
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Effects of Certain Preservatives on the Aging 
Characteristics of Acacia 

By OSCAR E. ARAUJO 

The rheological characteristics of acacia solutions of various concentrations were 
examined. Based on  the results, a series of 2 5 per cent acacia solutions using five 
different preservatives and two combinations of preservatives were studied for a 
period of 1 year. Rheological, pH, and organoleptic data were obtained in  order 
to  describe the aging characteristics of the solutions. In each case, the results 
showed a reduction in p H  and viscosity, which was most pronounced in the unpre- 
served control solution. Possible reasons for the decrease, as well as for the rate 

at which it occurred, are discussed. 

CACIA HAS been in use fnr at least 4000 years and A yct comparatively little quantitative research 
appears in the literature (1). Curiously, in spite 01 
the popularity enjoyed by this polysaccharide as a 
protective colloid and emulsifier in numerous 
pharmaceutical preparations, only a handful of 
findings pertaining to its aging characteristics are 
reported. 

Taft and Malm (2) found that bacterial growth 
appeared in dilute solutions of gum arabic 36-48 
hr. after preparation. Osborne and Lee ( 3 )  carried 
out experiments to establish the effect of aging upon 
preserved and unpreserved acacia mucilages. The 
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preservative used was 0.2% benzoic acid. These 
investigators reported an initial rise and an eventual 
decrease in the viscosity of the mucilages. They 
further obscrved a considerably greater decrease in 
the viscosity of the unpreserved mucilage than of the 
preserved one. J o s h  and Speraridio (4)  reported 
that acacia mucilages prepared with boiling water 
exhibited a reduction in viscosity over a period of 
8 weeks. However, the authors stated that this 
decrease in viscosity was less pronounced than the 
reduction occurring in those mucilages prepared with 
water a t  room temperature. They furthcr noted 
that the acacia mucilages became slightly more 
acidic during the aging period. 

Recently, Ory and Stcigcr-Trippi ( 5 )  reported 
the changes in viscosity observed after 1 month’s 
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further obscrved a considerably greater decrease in 
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exhibited a reduction in viscosity over a period of 
8 weeks. However, the authors stated that this 
decrease in viscosity was less pronounced than the 
reduction occurring in those mucilages prepared with 
water a t  room temperature. They furthcr noted 
that the acacia mucilages became slightly more 
acidic during the aging period. 

Recently, Ory and Stcigcr-Trippi ( 5 )  reported 
the changes in viscosity observed after 1 month’s 
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storagc in solutions containing 7.570 and 20% 
acacia. Four preservatives were used in concentra- 
tions of 2%: sorbic acid, phenyl mercuric borate, a 
mixture of the sodium salts of the ethyl and propyl 
esters of p-hydroxy benzoic acid, and an arylalkyl 
quaternary ammonium sulfate. The results in- 
dicated that a rcduction in viscosity occurred in all 
solutions except those preserved with pheuyl mer- 
curic borate. 

The above studies assumed that acacia solutions 
at  the concentrations used behaved as Newtonian 
systcms, and, therefore, the viscosity a t  only 1 rate 
of shear was necessary. It appeared reasonable to 
establish the experimental validity of such an 
assumption by measuring the viscosity of acacia 
solutions of various concentrations a t  several rates 
of shear. If the rheograms were to show Newtonian 
behavior, then acacia solutions of an arbitrary 
concentration would be studied further to determine 
the effect of a number of preservatives on their aging 
characteristics. 

EXPERIMENTAL 

Preparation of Solutions.--All acacia solutions 
were preparcd by placing the proper volume of dis- 
tilled water previously heated to 60" into a Waring 
blender, The accurately weighed gum arabic was 
then added to the surface of the water, perniitted 
to hydrate momentarily, and then blendcd for 1 min. 
All percentages rcported are on a weight to wight  
basis. The preservatives used in this study were 
dissolved in the warm water prior to  the bleiidiiig 
procedure. Six hours were permitted to elapse 
after the prcparation of the solutions before any 
measurements were made. This was donc to insure 
complete hydration of the gum and to allow any 
foam created by the mixing process to subside. 
All solutions were examined for a period of 1 year. 
U.S.P. grade acacia taken from the same lot. was 
employed in order to eliminatc source variations. 

pH Measurements.-A Photovolt electronic pH 
meter model 110 was uscd to measure the pH of the 
solutions at convenient intervals of timc. 

Rheological Measurements.--A Stor~ner visco- 
simetcr equipped with the modified cup and bob 
as suggested by Fischer (6) was used in this in- 
vestigation. A weight hanger with various slotted 
weights provided the shearing stress. Calibration 
curves using castor oil as a standard were con- 
structed periodically throughout the study. The 
viscosity of castor oil was obtained from standard 
tablcs. An average instrumental constant, K,, was 
calculated from the data collected according to the 
expression 
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propylparabcn, 0.5% chlorobutanol, and 0.01 5% 
berizalkoriium chloride. Combinations of benzoic 
acid--propylparabcn and benzoic acid-rhlorobutanol 
in the above percentages were also uscd. 

RESULTS AND DISCUSSION 

Verification of Newtonian Characteristics.-Solu- 
tions containing 10, 12.5, 15, 20, 25, 30, 35, 40, and 
45% acacia were prepared by the previously de- 
scribed method. The rheological data were ob- 
tained within 24 hr. from the time of preparation, 
thus obviating the addition of preservatives to the 
solutions. Figure 1 shows representative rhco- 
grams of the results. I t  was clearly secn that New- 
tonian behavior occurred a t  the lower concentra- 
tions as evidenced by the linearity of the plots. 
At concentrations of 40% acacia and ahove, pscudo- 
plastic characteristics were observed, as denoted by 
a decrease in viscosity with increasing shearing 
stress. 

Thc power law equation (7) 

F.V = ,,'G 0%. 2)  

where Gm. represents the shearing stress mid r.p.111. 
the rate of shear. Once the constant, Ku, vas ob- 
tained, the apparent viscosity, 7, of any system 
could be arrived a t  by t u e a ~ s  of this cquation. All 
viscosity mcasurements were carried out a t  20 
rt 0.l0. 

Organoleptic Observations,-A description of the 
appearance and the odor of the solutions was re- 
corded periodically throughout the investigation. 

Preservatives Used.-Five different preservatives 
were employed in the following concentrations: 
0.2% benzoic acid, 0.2% mrthylparahcn, 0.05% 

200 600 1000 
SHEARING STRESS, Gm. 

Fig. 1.-Rlieograms of uripreserved acacia soh- 
tions of various concentrations. Key: ., 10%; 
0, 25%; A, 35%; 0 ,  40%; 1,6%. 

I /' 
/- I , , , I , , , , 10 I 8 

100 500 1000 
SHEARING STRESS, Gm. 

Fig. 2 -Log-log rl-ieograrns of unpreserved acacia 
solutions for calculation of index of pseudoplasticity. 
Key: e, 40%; 0, 46%. 
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TABLE I. ~ pH O R  5% ACACIA SOLUTIONS 

Time Elapsed _ ~ _ _  
Piesei *al ive Ilseil 0 I h y s  I W k .  2 Wk. ti W k .  :i Mu 9 M u .  1 Y , .  

None 4.80 4.iX 4.60 4.30 4 .20 :i .85 3.50 
Benzoic acid 4.72 4 .  i0 4 .48  1.47 4.30 4.20 3 .  sr) 
Benzoic acid-chlorobutanol 4 .65  4 .  60 4 .55  4.22 4.20 4.20 3 .  90 
Benzoic acid-propylparabcn 4.6,5 4 .60 4.52 4.28 4.20 4.20 3 .  YO 
Propylparabcn 4.79 4.60 4 . 65 4-35 4 . 3 2  4 .25  4 . 0 0  
Methplparahcn 4.79 4.70 4 .  i 0  1.25 4.20 4 20 4.10 
Chlorobutanol 4 . 8 0  4.78 4 .  (32 4.3'1 4 30 4.00 
Benzalkoninm chloride 4.79 4 .75  4 .70  4.32 4 .23  4.00 

~~ _____-.. 

where F is the shearing stress in Cm.,  G is the rate 
of shcar in r,p.xn., 9' is an indicator of viscosity, 
and N is an index of non-Newtonian behavior, has 
been used to describe pseudoplastic systems. This 
exponential expression in its logarithmic form 

log G = N log P - log 9' (Eq. 3 )  

was applied to  the rheological data of the solutions 
exhibiting pseudoplasticity (40 and 45'5; acacia). 
The resulting linear rchtionships are shown in Fig. 
2. The value of N must be greater than nnity if 
the systcni is pseudoplastic, and its magnitude is 
proportional to the degree of pscudoplasticity. 
The calculated valuc of N for thc 40ui, acacia solu- 
tiou was 1.08 and that for tlie 45Cc solution %-as 
1.16. Thus, the degree of pseudoplasticity ap- 
peared to increase with increasing coilcentrations of 
acacia. This was in linc with thc concept whereby 
linear polymers tend to orient thernselvcs along 
the direction of flow when a shearing stress is 
applied. At low concentrations, this orientation 
probahly occurs at niininial shearing stresses and 
the solution behaves as a Newtonian systcm, where 
the viscosity is constant. A t  higher concentrations, 
i t  is conceivable that low strcsses are not sufficiciit 
to rearrange the greater iiuniber of polymers 
present. resulting- in pseudoplastic behavior until the 
force is largc enough to producc complctc alignment. 

Aging Studies-Gencvd-It was apparent that  
it would be considerably easier to characterize a 
Sewtoriian system, which has a constant viscosity, 
than a pseudoplastic one. It w a s  also felt that  a 
solution containing enough acacia to  support an 
apprcciablc amount of bacterial growth was tlesir- 
able. With thesc criteria in mind, solutions coii- 
tainitig 25% acacia. werc prepared, as before, for tlie 
aging studies conducted. 

The previously mentioned preservatives were 
added in the amounts earlier stipulated. 4 n  un- 
preserved 25GG acacia solution served as a control. 

pH Considerations.-'l'he change in pH of the so- 
lutions upon standing appeared to follow a definite 
pattern, as seen in Table I. 

A sharp dccrcasc in pII  occurred in the first 6 
weeks, ranging from 0.25 pH units for the bcnzoic 
acid preserved solutions to 0.54 utiits for the solution 
containing methylpdrdben. These values repre- 
sented 30 and i8c';,, respectively, of the t o t d  drop 
in pII occurring after 1 year's storage time for each 
of these solutions. The mean drop in pH aftcr 6 
weeks for all solutions studied, expressed as a per 
cent of thc decrease ohscrvcd after 1 year on the 
shelf, was 53%. 

These results seemed to  indicate soinc iiiaiin(:r of 
bacterial attack on the carbohydrate, with a 
consequent production of acid groups causing a pII 
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40 80 120 160 
SHEARING STRESS, Gm. 

Fig. 3.-Rheograms of unprcscrved 25% acacia 
solutions. Key: 0,  6 hr. after prepnration; 0 :  1 
ywr  aftrr  preparation. 

80 160 240 320 
TIME, DAYS 

Fig. 4.-Thr viscosity strtbility of preserved and 
unprcscrvcd acacia solutions. Key: A ,  0.2% 
bcnzoic acid; 0, 0.2yo methylparaberi; 0 ,  0.0570 
propylparaben; a, 0.5% chlorobutanol; A, 0.01 % 
benznlkonium chloride; ., unpreserved. 

lowering. The pH dccreascd rapidly a t  first. but 
after 6 weeks thc mrdium either had become too 
acid to support the same rate of bacterial decomposi- 
tion, or thcrc had becn a severe depletion ol available 
substrates for bacterial action. The reduction in 
pH may also have resulted from spontaneous hy- 
drolysis of certain cster linkagcs of the carbohydrate. 

The over-all mean decrease in pH after 1 year for 
all the preserved solutions was 0.75 units, while that  
for the unprescrvcd solution was 1.30. This was 
cxpectcd since the latter should have supported thc 
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greatest amount of bacterial decorngosition and, 
consequently, the largest reduction in pH. 

Organoleptic Qualities.--None ol the solutions 
showed any visible ,qrnwtli in tlic lirst nionth of 
storage. Each initially exhibited its characteristic 
cheniical odor, depending on the presrrvativc used. 
The unprescrvcd solution had a typical musty odor 
of gntn, which grew unpleasant after 10 days. Thc 
solution containing bcnzalkonium chloridc, d te r  
only 1 week, gave risc to a pungent, disagreeable 
odor, which became increasingly offcnsivc as time 
clapscd. Two months after preparation, mold 
growth appeared on both the unpreserved solution 
anti the one containing bemzalkonium chloride. 
There appeared to be gas released as the containers 
werc opened, a common occurrence in many types of 
bacterial actioti. 

After 1 year of shclf life, all the solutions ex- 
hibited a slight dcgree of turbidity and, as before, 
thc unpreservcd and benzalkoniurri chloride solu- 
tioris gave evidence of the greatest amount of 
growth and most offcnsivc odors. Thc reduction in 
!:II of the solutions, due to the aforenientioned 
bacterial attack, provided a good rriedinrn for mold 
growth most apparent in the unpreserved solution 
where the drop in pH was the greatest. 

Rheological Observations.-Tt mas assumed that 
25:& acacia solutions behavcd as Newtonian systems 
throughout the entire study. This premise was 
verified by rheograms of the solutions constructed 
at  various storage times. Figure 3 shows repre- 
sentative plots where the linear characteristics 
can be seen. 

The changes iii viscosity of the various solutions 
during the period studied are shown graphically in 
Fig 4. In  order to avoid confusion, the plots for 
the solutions containing the combinations of 
preservatives were not included. The data collected, 
however, would place these graphs immediately 
below the plot for thc solution coritainiug benzoic 
acid. 

A comparison of the rheological results with the 
pH observations previously discussed revealed 
certain sirriilarities. First, a definite reduction in 
viscosity was ohserved in all solutions. Second, 
as expected. the nnpreserved solution showed the 
greatest decrcasc in viscosity a t  the end of 1 year. 
Finally, a sharp decrease in viscosity occurred 
during the first 6 weeks on the shelf. 7’111: same 
rationale used iu explaining the rcduction in pH 
would apply here. 

It is interesting to note that, unlike the pH 
observations, the viscosity drop after 6 weeks, ex- 
pressed as a pcr cent of the total reduction nver a 
1-year period, ranged only from 30% for thc sdutiori 
containing methylparaben to 42y0 for the propyl- 
parabeii preserved solution. Therefore, at. least 
from a viscosity stability standpoint, it  makes little 
diffcrcncc whether the acacia solutions are preserved. 
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I t  is obvious, howevcr, as can he seen from the 
nrganoleptic qualities described, that other factors 
havc to bc considcred. 

Tlie rate i i f  rcductiim in osity becanic csseii- 
tially linear for all solutions following thc pronounced 
drop seen in the first 6 weeks. ’The degradation of 
most linear polymers has been reported to he pri- 
marily first order (8), while that of tragacatitli lias 
been described as zero order (9). 

I t  was apparctit from the results of this investiga- 
tion that the viscosity stability curves for the initial 
6-week period fit neither a first nor a zero-order 
process. I t  could be argued, however, that after 6 
weeks the essentially linear nature of the clata 
throughout the remaining shelf lifc suggests a 
zero-order degradation. 

The results of this investigation appeared to 
indicate that, when all aging characteristics werc 
considered, benzoic acid was the most effective 
prcscrvative used. Furthermore, when berizoic acid 
was cotnbinecl with two of the nther preservatives 
used, littlc tliffcrencc was seen in the behavior of the 
solutions. 

SUMMA K Y 
The rheograms of a series of acacia solutions 

ranging in concentration from 10-4595 were coii- 
structed. Ncwtonian bchavior was observed in all 
except the 40-45% solutions, which showed pseudo- 
plastic characteristics. 

4 series of 2570 acacia solutions using various 
preservatives were studied for a period of 1 year. 

The pH of all these solutiotis decreased rapidly 
in the first 6 weeks, then tapered off. The largcst 
reduction in pH occurred in the utipreserved control 
solution. 

The appearance and odor of the solutions 
during a 1-year period were noted arid various de- 
grees of growth and turbidity were obscrved, along 
with a variety of fermcrited arid unpleasant odors. 

The viscosity of the solutions was calculated 
at various intervals of time, and viscosity-stability 
curves were shown. A11 the solutions revealed a 
decrease in viscosity with age. The benzoic acid 
preservcd solution exhibited the striallest reduction, 
while the utipreserved solution revcalcd the greatest 
drop in viscosity. 

1. 

2. 

3. 

4. 

5. 
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Mechanism of Action of Anticonvulsant Drugs 111. 
Chlordiazepoxide 

By JOHN H. MENNEAR and ALLAN D. RUDZIK 

The anticonvulsant activity of chlordiazepoxide in  mice was found to  be antagonized 
by pretreatment with reserpine or Ro4-1284 but not by a-methyl dopa or a-methyl 
tyrosine. This antagonism of chlordiazepoxide by reserpine was reversed by the 
administration of a-methyl dopa, d-amphetamine, o r  5-hydroxytryptophan. The  
failure of a-methyl tyrosine to antagonize chlordiazepoxide suggests that the anti- 
conrulsant action of chlordiazepoxide is not mediated through the release of bio- 
genic amines. Similarly, the reserpine antagonism of chlordiazepoxide appears to 

be mediated through some mechanism other than catecholamine depletion. 

ARLIER commuuications from these Iaboratorics E have described the effects of various arnine- 
depleting agents on the anticonvulsant properties of 
diphenylhydantoin (1) and acetazolamide (2). 
Thesc reports have confirmed the findings of earlier 
workers (3, 4) that reserpine antagonizes the anti- 
convulsant activities of both diphenylhydantoin 
and acetazolarnide. In addition, however, the 
authors have demonstrated that this action is not 
specific for reserpine, but that the bcnzoquinolizine 
derivatives, tetrabenazine and Ro4-1284l also 
antagonize both anticonvulsants. Furthcrmore, 
acetazolamide was found to be antagonized by all 
agcnts which deplete brain biogenic amines, whercas 
diphenylhydantoin was not. These results suggest 
that the anticonvulsarit action of acetazolamide is 
mediated, in some manner, through brain amines. 
The action of diphenylhydantoin is probably not 
mediated through brain amine release. 

The experimeuts reported in this cornmunicatiori 
were conducted to compare the action of chlor- 
diazcpoxide, which has been reported by Randall 
et al. ( 5 )  to possess anticonvulsant activity in mice, 
to the anticonvulsant activities of acetazolaniide 
and diphenylhydantoin, 

EXPERIMENTAL 

Male albino mice (Harlan Industries) weighing 
18-22 Gm. were used in all experiments. Each 
animal was uscd only once. Prior to experimentatinn 
the mice were housed in groups of 50 with free access 
to food and water. All drugs were administered 
intraperitoneally and doses and pretreatment times 
are shown in Tables I and 11. 

Maximal seizures were produced by the method 
of Swinyard et al. ( 6 )  employing a current of 50 ma. 
and 0.2-scc. duration delivered via corneal electrodes. 
The criterion for protection against maximal electro- 
shock was abolition of thc hind leg extensor com- 
poncnt of the seizure. 

The anticonvulsant potency of chlordiazepoxide 
was compared in groups of mice treatcd with various 
amine-depleting agcnts by determining the dose ol 
chlordiazepoxide which protected 507, of the mice 
against the electroshock. The EDbU values were 
estimated and compared for significance of differ- 
ences by the method of Litchfield and Wilcoxon (7). 

Chlordiazepoxide was always the last drug to be 
administered and was followed in 30 inin. by electro- 
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shock. Unlcss othcrcvisc stated, mice were housed 
in individual plastic cages prior to electroshock. 
In  one experiment the animals werc aggregated, 
in groups of 10, in stainless steel cages. 

RESULTS 

The effects of thc various amine-depleting agents 
on the EDw value of chlordiazepoxide in the maximal 
electroshock test arc shown in Table 1. Rot11 

TABLE I.-EFFECTS O F  A 4 ~ I N E - L ) R P I , E T I N G  AGENTS 

CHI~ORDIAZEPOXIDE 
ON THK AN IICONVIJISANT POTEYCY OF 

._ 

Prelreat- EDno of Chloi-- 
i.p. Dose, ment diazepouidc," 

Treatment mg./Kg. Time, hr. mg./lCg. 

Saline ... 4 23(19-28) 
Reserpine 5 0 24 88(64-121)* 
Ro4-1284 100 4 BG(58-76Y 
a-Methyl tyro~inc 400 4 19(16-32) 
a-Methyl dopa 400 4 22(18-26) 

a 95% confidcnce limits shown in parenthesis. ' Signif- 
icantly different Crom saline controls (p < 0.OSj. 

reserpine, at 5.0 mg./Rg., and Ro4-1284, a t  700 
mg./Kg., antagonized the anticonvulsarlt effect of 
chlordiazepoxide as evidenced by a significant iii- 
crease in the EDso value ( p  < 0.05). Neither a- 
methyl tyrosine nor a-methyl dopa, a t  doses of 
400 mg./Kg., altered the EDSO valuc of chlorcliazep- 
oxide. 

In order to test the ability of various agcnis to 
rcvcrse the effccts of reserpine on the anticonvulsant 
potency of  chlordiazepoxide, a series of experiments 
werc performed in which reserpiuized mice (5.0 
mg./Kg.) receivrd a single dose of tlic test com- 
pound 1 hr. prior to electroshock. This was fol- 
lowed in 30 min. by varying doses of chlordiazep- 
oxide. l h e  EDSO values for chlordiazepoxide, in 
combination with thc various compounds, were de- 
termined 30 min. later. The results of this expcri- 
ment are shown in Table 11. u-Methyl dopa (400 
mg./Kg.), d-amphetdminc (5.0 nig./Kg.), arid 5- 
hydroxytryptoplian (600 rng./Rg. ), when ad- 
ministered 30 rriin. prior to chlordiazepouide, sig- 
nificantly reduced thc ED5" value of chlordinzcpoxide 
in reserpinized mice ( p  < 0.0.5). The 400 mg./Kg. 
dose of dopa, when administered to rcscrpinized 
mice in the isolated situation failed to alter the 
EDSo valuc of chlordiazepoxidc. When this dosc of 
dopa was administered to aggregated iiiicr, how- 
ever, a significant reduction in the EIIjo value was 
produced ( p  < 0.05). 

640 
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ainine depletion by  a-methyl tyrosine, which is riot 
metabolizcd to  a catecholarnine-like structure (9) 
is without effect on either diplieiiylliydantoi~~ (1) 
or chlordiazcpoxide but was found to  antagonize 
acetazolamide (2). 

Further similarities between chlordiazepoxide and 
diphenylhydantoin in these experiments are that 
the administration of 5-hydroxytryptophan, a- 
methyl dopa, or d-amphetamine to  rescrpinizcd 
mice antagonized the effect of reserpine on the 
anticonvulsant effects of both chlordiazepoxide and 
diphenylliydantoiii. Siiice dopa failed to  antagonize 
the reserpine effcct in isolated mice thc authors 
studicd this interaction in aggregated animals. 
Dopa has been shown to  antagonize the effect of 
reserpine on the anticonvulsant action of acetazol- 
amide in aggregated but not isolated mice (2). 
This effect of aggrcgatiom may be due to  an increased 
uptake of dopa irito the central nervous system. 
It has been shown by other workers that  amphet- 
amine is concentrated in the central nervous system 
t o  a greater ertcnt in aggregated than in isolatcd 
micc (10). 

It appears that  the mechanism of the antagonism 
of the anticonvulsant effect of chlordiazepoxide by 
reserpine and Ro4-1284 is probably not the result of 
aniine depletion, nor does the anticonvulsant effect 
of chlordiazepoxide appear t o  bc mediated through 
brain catcchokdrnines since (a) neither of the amine 
depletors, a-methyl dopa nor a-methyl tyrosine, 
was effective in antagonizing chlordiazepoxide and 
( b )  the reserpine antagonism of chlordiazepoxide 
was reversed by d-aniphetamirie. On the basis of 
the results of the present study as well as earlier 
work from these laboratories (1, 2) the anticon- 
vulsant effect of chlordiazepoxide appears t o  re- 
semble that  of diphenylhydaiitoin rather than 
acetazolamidc. 

REFERENCES 

TABLE ~I.--:~N.IAGONISM OF RESERPINE EFFECT ON 
THE ANTICONVULSANT POTENCY OF 

CHLORDIAZEPOXIDE 
-__ _____ - 

Prcti-eat- IiDso OF Chlor- 
i.p. Dose, ment diazepoxide,' 

Tieatment nig./Kg. Timc, hr. mg./Kg. 
Reserpine 
Saline 

5 . 0 
5 . 0 

24 
1 

88(64-121) 

K cscrpi n e 5.0 21  34(2940)b 
a-Methyl dopa 400 1 

d-Amphetamine 5.0 1 

Reserpine 5.0 24 53(45-63)b 
5-OH Tryptophan 500 1 

Dopa 100 1 

Reserpine 5 . 0  24 62(43-G4)b 

Reserpine 5.0 24 'il(56-90) 

Keserpinc 5.0 24 57(47-68)b 
Dopa 

(aggrcgated)c 400 1 

a 95% cnnfidence limits shown in parenttieris. Signif- 
icantly diBerent from reserpine-saline conti-nls ( p  SC 0.05). 

Housed l0/cage after administration of dupa, 

DISCUSSION 

The results of this study dcnionstrate that  the 
effects of amine-depleting axerits on the aiiticon- 
vulsant propcrties of chlordiazepoxide more closely 
resemble the effects of siniilar interactions for 
diplipnylhydantoin than for acetazolamide which 
havc beeu reported earlier (1 ,  2). With respect t o  
thc effects of reserpine and Ro4-1284, chlordiazep- 
oxide resembles both diplienylhydantoin and 
acctazolamide in that the anticonvulsant effects of 
all tliree of these agents are antagonized by these 
aminc dcpletors. In the case of interaction with 
a-methyl CkJpa, rhlordiazcpouide closcly resembles 
diplienylhydantoin in that  the ariticonvulsant effects 
or both were unchanged by this amine deyletor. 
Thc failure of aminc depletion by a-inethyl dopa t o  
aritagomize either dipheiiylhydantoin or chlor- 
diazepoxide might be explained oti the basis of thc 
metabolic fate of a-methyl dopa. a-Methyl dopa is 
metabolized to a-methyl norepinephrine (8). This 
~iietabolite may serve as a false neurotransmittor, an 
effect which could prevent the antagonism of the 
anticonvulsants by a i n i i i ~  depletion per se. This 
seems unlikely, however, since the authors have 
found that a-methyl dopa antagouizes the anti- 
coiivulsant actioti or acetazolarnide (2). Also, 
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Solubility 01 Some 
By PETER KABASAKALIAN, ELI 

The solubility of 2 1 steroids in  water at 2 5 
was determined and compared with previous 

data whenever available. 

CATTERED data have been reported in the lit- S erature for the solubility of a number of ster- 
oids (1-8) in water. Howcver, there seems to be 
no single collection of such information nor is there 
sufficient data, particularly for the C1-dehydro 
corticosteroids, which have gained widespread use 
in pharmaccutical and medical practice during 
the past 10 years. A greater need for this kind of 
inforination stems from the increased interest in the 
depcndcncc of drug activity upon solution concentra- 
tion, which in turn is often related to drug solubility 
in water. 11 furthcr application for such data is 
useful in the dcsign of dissolution rate studies. 

It is believed, thcrefore, that the water solubility 
of a nuinber of steroids in clinical use should be 
reported. 

EXPERIMENTAL 

Finely ground U.S.P. grade or material of equiva- 
lent quality was used for all solubility determinations. 
For each substance excess steroid a t  two initial 
solute concentrations, about 1 and 3 mg./ml., and 
20 ml. of clistilled w-atcr were added and sealed 
in 50-1111. glass ampuls. Each suspcnsion was stirred 
for 48 hr. a t  25 ZIC 0.1 using a Vibro-Miser (Chem- 
apec, Inc., Hoboken, N. J.) stirrcr, which is known 
to effect rapid equilibration. A portion of the solu- 
tion was withdrawn from the equilibrated suspension 
free of all solid matcrial with a pipet fitted with a 
washed glass wool filter plug. The filtered solution 
was diluted appropriately with distilled watcr dc- 
pending upon the quantity of substance in solution 
aiid was assayed spectrophotonietrically a t  about 
240 mp for thc conjugated A-ring ketosteroids and 
a t  about 280 nip for the estrogenic steroids. Ref- 
erence absorptivity constants werc dcterminrd in a 
solution containing 10% methanol-90x water 
(-J/V). 

DISCUSSION 

'I'he water solubility of 21 steroids has been de- 
tcrmincd, each a t  two initial suspension conccntra- 
tions. In all cases, the solubility for the suspcnsion 
a t  the lower concentration was equal to or less than 
that for the higher concentration. In those cases 
where a difference was observed, the solubility re- 
ported was cd~culatcd by extrapolation to zero 
suspensinn concentration. The coefficient of varia- 
tion for replicate measurerncnts made in this study 
was equal to or lcss than 10<,7;. The rcsults arc 
summarized iu  Table I. -4vailable literature data 
for thesc substariccs are also included. 

Some generalizations can be drawn from thc 
availablc data. Sternids possrssing thc CJ7,21- 
dihydroxy-C'po-keto side cliain, such as cortisone, 
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Steroids in Water 
BRITT, and MILTON D. YUDIS 

TABLE  SOLUBILITY OF STEROIDS IN WATER 
..~___ ___ 

SolubiliLy in Water, 
mrg.:ml., 25' 

'lhis 
Compd. Work Lit. 

Estradiol 5. 0 . 2  (1); 1.3 (2); 

Ethiuyl estradiol 10. 
Estradiol benzodte 0 . 4  
Testosterone 24. 27 ( 2 ) ;  36(37° ) (2) ;  

lestosteronepropioiinte 2 .  3.7(31 ) ( 6 )  
Ethisteroiie 0 .4  
Metliyltestosterone 32. 36(37") (1) 
Progesterone 9 .  6 . 6  (2)  
Lkoxycorticosterone 145. GO(37" j ( I )  
Deoxycorticosterone 

Cortisone 230. 280 (7) 
Cortisone aCetdte 19. 20(7)  
Hydrocortisone 285. 280 (7) 
Hydrocortisone acetate 10. I0  (7  j 
Prednisone 115. 
Prcdnisonc acetate 23. 
Prednisolone 215. 231 (8) 
Dexamethasone 84. 
Llexamethasone acetate 13. 
Betamethasone 58. 
Betamcthasone acetate 30. 

1.8 ( 3 )  

29 ( 4 ) ;  125(3TO) 
, Y  (5); 435)  

acetate 4 .  

hydrocortisone, prednisonc, and prednisoloue, show 
the greatest solubility in water while thc solubility of 
the corresponding CPI acetate esters is markedly 
reduced; the CZI primary hydroxyl moicty must 
function importantly in the solvation process. 
Ncvcrthclcss, thc alcoholic function of C17 alsn con- 
tributes to solvation as the solubility of the C ~ O C ~ I -  
kctoalcohol, dcoxycorticosteronc is less than that of 
the dihydroxyketo analogs. The solubility of the 
Cia-methyl-y-a-fluoroderivatives, dexamcthasonc 
and bctamcthasone, is considerably less than pred- 
nisolone and is attributed to reduction of solvation 
about the side cliain clue to  stcric effects o f  tlierriethyl 
substitucnt. The cnhancing cffcct of the CI1 and 
C J ~  hvdrosyl group is indicated by compariug the 
solubility of hydrocortisone zlersus cortisone, prcd- 
nisolone versus prednisone, and testosterone aeY.wx 
testosterone propionate. 
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Crystal Structure of 2,4-Diselenouracil 
By ELI SHEFTER*, MICHAEL N. G. JAMES, and HENRY G. MAUTNER 

The crystal structure of 2,4-diselenouracil has been determined to provide some 
quantitative molecular information about the nature of hydrogen bonding exhi- 
bited by this compound inosolution. The  crystal is ommonoclinic, with space 
group P 2Jc, with a = 4.41 A. ,b  = 14.90 A., c = 10.69 A., and 0 = 108.4”. The 
observed density is 2.42 Gm. ~ m . - ~  and that calculated for four molecules in the unit 
cell is 2.33 Gm. cm.?. The structure was determined by the heavy atom technique 
and refined by block diagonal least squares to an R value of 0.136. The compound 
was found to exist primarily in a zwitterionic amidic configuration rather than the 
keto form. The seleniums formed relatively strong hydrogen” bonds of the form 

N(H) ... Se with distances of 3.47 and 3.75 A. 

ARIOUS EXPBKIMENTAT, obscrvations (1, 2) V havc indicated that selenium analogs of py- 
rimiclitie and purine bases are ablc to form rclatively 
strong hydrogen borids in solution. Many of these 
seleno-bases have also been shown to bc pharma- 
cologically active antineoplastic agcnts (3, 4 j .  I t  
has been implied (5) that this activity may bc at- 
tributablc to  the “formation of unusually strong 
hydrogen bonds when incorporatcd into dcoxynu- 
clcic acids.” The present X ray investigation of 
one of thesc selcno-derivatives, 2,4-diselenouracil, 
was primarily undertaken to obtain structural 
information about the nature of the interrnolecular 
hydrogen bonding. 

EXPERIMENTAL 

1)iselenouracil crystallizcs from ethanol-water 
solutious as yellow dichroic prisms, which exhibited 
twinning along thc (100) plane. Many batches of 
recrystallized material were cxamincd for thc prrs- 
ence of a “single” crystal, but all crystals appeared 
to bc twinned. I t  was round neccssary to use a 
crystal from which the twin had bcen disscctcd for 
the collection of intensity data. The fragrrient used 
showed excellent extinction under the polarizing 
microscope, but photographs indicated that a small 
amount of the twin reniained; this m-as estimated to 
he less than 10% from oscillation photographs, 

Oscillation and Weissenberg phntographs titken 
about t,he a and b axcs using Cu radiation ( A  = 
1.6418 A.)  showed the crystal to bc innnoclinic, wit11 
unit cell dimensions of u = 4.41 A,,  b = 14.00 A., 
I; = 10.69 A,,  arid 6 = 108.4” (with estitnateclstaitd- 
ard deviations of 0.5Oj,). Thc space group, as deter- 
mined from Weissenberg photographs aticl confirmed 
by  the deterrnination arid refinement of thc struc- 
turc, is P Z1/c. The density measurcd by flotation 
in a mixture of tetrabromoethane and chloroform 
was found to be 2.42 Gm./cm.3, arid that calculated 
For a unit cell containing four molcculcs of disclcno- 
uracil was 2.33 Gin./crn.3. 

The intensity data were rcctrrrlcd on cqui-in- 
elination U’eissenbcrg photographs using multiple 
film packs. The dissected crystal (ditncnions 
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0.14 mm. along u, 0.04 mm. along b, and 0.02 mm. 
along c) w-as first niountecl about the a axis for col- 
Icction of layers h = 0, 1, and 2, and it was then cut 
in half perpendicular to  a and remounted about b 
to obtain thc laycrs k = 0 and 1. The intensities 
were estimated visually and corrected for Lorentz 
polarization effects. Thc structure factors for the 
data about the two axes were put on the same scale 
by comparing commoxi reflections. There were 
649 unique reflections that gave measurable values; 
this represents approximately 5570 of all unique 
reflections in the Cu sphere. 

Determination and Refinement of Structure.- 
The positions of thc two selenium atoms wcrc casily 
located from an unsharpened Patterson synthesis, 
and the atoms comprising the pyrimidinc ring wcrc 
then found in a Fourier synthesis phased on the 
seleniums. The atomic identity of thc six ring atoms 
was obtained by electron density calculations at  
the atomic sites. The rcfincment of the positional 
arid isotropic thermal parameters of the molecule 
was carried out by block diagonal least squares, 
using a program dcscribcd by Mills and Rollctt 
(6). The weighing scheme used in the refinemetit 
was similar to that of Hughes (7). During the final 
cyclcs of rcfinemerit it was riccessary to give zero 
weight to 36 weak reflections, as they appeared to bc 
significantly influeiiced by the presence of the twin. 
The refirletnetit was considered to be coniplrtc whcn 
the parameter shifts were less than one-third of their 
estimated standard deviations, which wcrc cal- 
culated from the diagonal clcmcrits of the normal 
matrix. The positional atid thermal pararrieters 
obtained are listed in ’k~blc  I. ‘rhe final R value 

T A B L E  I: -pOSITIOXAL AND ISUTROPIC THERMAL 
PARAMETERS FOR ~,~-DISELENOURACIL 

4to111 x/a Y / b  Z / C  Brso 
N(1)  -0.29ti 0.088 0.380 3 .5  
C ( 2 )  -0.248 0.020 0.302 3 .1  
S e ( 2 )  -0.397ti -0.0951 0.3275 4.1 
I i (3)  -0.118 0.038 0.199 3.5 
C ( 4 )  0.013 0.118 0.1’73 3 . 4  
Se(5)  0.2002 0.1359 0.0249 3.5 

-0.056 0.193 0.257 3 . 9  
c (6) -0.204 0.1’75 0.361 4.3 

~ . 

(equals Z ; ~ ( F ~  I - 1 F ~ I I / ’ Z ~  FQ I )  was 0.136 for all 
649 reflrctioiis. A list of the observed arid calcu- 
lated structure factors can be obtained from the au- 
thors. The atom form factors uscd in the above 
calculations fot- c;irIji)n and nitrogen were those of 

h43 



644 

Rerghuis et (11. (8),  and lor selenium those of Thomas 
and Umeda (9) were used after being corrected for 
anomalous scattering. A11 computations wcrc done 
on a Ferranti mercury electroliic computer, using 
many of the programs described by Mills and Rolletl 
(6).  

RESULTS AND DISCUSSION 

From X-ray studies on uracil (10) and various 
uracil containing compounds (11-14) i t  has been 
shown that in the solid state it exists primarily 
in the diketo form rather than the enol configura- 
tion. The C(2)-Se(2) and C(4)-SeJ4) bond lengths 
of 1.89 and 1.99 d. (E.S.D. 0.05 A,),  respectivcly, 
suggcsts that the electronic structure around the 
seleniums would be predominantly a zwittcrionic 
amidic configuration (11) rather than I. 

Joumal of Ylaarmuce~iticul Sciercces 

Fig. 1.-Packing diagram of 2,4-diselenouracil as 
Probable hydrogen bonds viewed down the a axis. 

are indicated by broken lines. 

I I1 111 

Thc cnol form (111) was eliminated as a possible 
configuration, as this structure was found to bc iso- 
morphous with the crystal structure of dithiouracil 
(17), for which hydrogen atoms wcrc found attached 
to the nitrogens. The presence of the amidic con- 
figuration rather than thc cnolic one is also con- 
sistent with the dipole moment, ultraviolet spectra, 
and ionization measurements (2, 18) made on 
2-pyridselenone and its N-methyl derivative. The 
y m  of the covalent bond radii foro Se and C is 1.91 
A. for the single bond and 1.74 A. for the double 
bond (15). Thcsc results are not surprising in the 
light of the studies of Mautner (l), which showed 
that Se has a greater ability than S and 0 to with- 
draw electrons from N in pyridine and pyrimidine 
derivatives. 

The E.S.D.’s given above for the Se bonds is 
twice that calculated from the diagonal elements 
ol the normal matrix, as i t  is felt that this is a more 
reasonable approximation to the errors. Relatively 
large standard deviations for the pyrimidine ring 
bonds (0.1 A.) makes it impossible to assess their 
bond urders and, therefore, precludes any discussion 
of this part of the molecule. 

Though seleniuni compounds arc not usually 
thought of as hydrogen bond participants, in di- 
sclcnouracil thc seleniuxns appear to form such inter- 
actions. The short Se . . . N distances of 3.47 
and 3.75 .k. and the angles around the nitrogen atoms 
indicate that the seleniums are forming relatively 
strong hydrogen bonds (Fig. 1). These hydrogen 
ititeractions are attributable to the electronic con- 
figuration and seem to be a function of thc amount 
of polarizatiori in the C-Sc bonds. In the structure 
of N-phexiyl-N’-berizoyl~elenourea (16) a Se . . . N 
hydrogm bond of 3.83 A. was found, and it could 

also be attributed to  the electron-withdrawing 
property of the selenium. The importance of such 
bonding is best realized in connection with the post- 
ulate ( 5 )  that the antirieoplastic activity of selenium 
derivatives of purine and pyrimidine bases may be 
related to their ability to form strong hydrogen 
bonds with their complemcnt basc within the helical 
deoxyribonucleic acid (DNA). 

The least squares plane through the eight atoms, 
indicated they are coplanar; i.e., thc deviation of 
any atom from this plane is less than an E.S.D. 
of its positional parameter along the normal to the 
plane. This observation is consistent with the 
results on uracil and thymine. 
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HIS REVIEW is a continuation of an annual 
Tserics originated by McKeehaii (1). It rep- 
resents a comprehensive cross-section of the re- 
search and development efforts in various disci- 
plines of the pharmaceutical sciences. h-umerous 
periodicals and Chemicul Abstracts’ Pharmaceu- 
ticals and Pharmacodynamics sections published 
during 1065 were searched and selectively ab- 
stracted. 

Some of the literature related t o  the pharma- 
ceutical sciences has been reviewed on an annual 
basis in other publications and is omitted here. 
For such associated papers in analytical chcm- 
istry, antibiotics, bacteriology, biochemistry, 
biology, cancer, medicine, medicinal chemistry, 
microbiology, organic chemistry, pharmacology, 
physical chemistry, physiology, and plant physi- 
ology, the reader is referred to reviews in these 
areas of study. The “Advances in . . . . .  series, 
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the “Annual Review of , , . .” series, and the 
“Progress in . . . ” series are particularly perti- 
nent. In order to maintain continuity with 
previous pharmaceutical science reviews of J .  
Pharm. Sci . ,  their general format was retained. 

GENERAL PHARMACY 

The literature continues to abound with ar- 
ticles of interest to investigators involved in all 
areas of the pharmaceutical sciences. One paper 
by O’Reilly listed and discussed many of the 
pharmaceutical reviews published from June 
1963 to June 1964 (2). Vice President Hubert 
Humphrey described the problems in keeping up 
with drug literature in a survey performed by thc 
National Library of Medicine (3). Two other 
surveys attempted to outline the problems asso- 
ciated with the collection, distribution, and 
effective utilization of the vast amount of drug 
literature (4, 5 ) .  The proper procedure for the 
approval of a new drug or drug cosmetic has been 
discussed in an outline of current regulation pro- 
cedures (6). Kass reviewed the type and scope 
of information an inspector is entitled to receive 
upon FDA inspection (7). An article written by 
a group of four physicians explained the practical 
aspects of drug therapy from the standpoint of 
the pharmacist, clinician, researcher, and teacher 

One review was concerned with how and why 
generic and trade names are assigned to new drugs 
(9) ; Ansel commented on the qualities of a de- 
sirable trade name and the intricacies of deter- 
mining its legal availability, subsequent registra- 
tion, and protection (10). The utilization of 
drugs in aerospace medicine was summarized (1 1). 
The chemistry and uses of antifungal (12), anthel- 
inintic (13), and antimalarial (14) drugs were 
presented in three different articles which coil- 
tained many useful references. The outlook 
for dimethylsulfoxide, a new drug from 
lignin, as a therapeutic agent has been described 
(15). A paper on historical studics of camphor 
was also published (16). Kuttel recommended a 
simple and practical design for aseptic compound- 
ing in dispensaries (17). Additional surveys con- 
sidered the preparation and properties of ophthal- 
niic solutions (18, 19) and some aspects of toiletry 
technology (20). 

Preservatives.-The preservation of oph- 
thalmic products was reviewed in a paper with 
68 references (21). In another study, many 
types of preservatives were evaluated for their 
antibacterial and antifungal properties (22). 
Evans applied the Ferguson principle to systems 
of mixed preservatives to ascertain that biological 
activity is proportional to the degree of saturation 

(8). 
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of the aqueous phase (23); the same principle 
was used to determine and correlate the activity 
of three quaternary ammonium salts against 
M .  aureus, E. coli, and C. albicans with the sur- 
face properties of these compounds (21). Pro- 
pylene glycol exhibited antimicrobial activity 
when used topically (25). Thoma carried out 
galenic and analytical studies on the effect of 
several cellulose derivatives and alginates on the 
activity of several antiseptics (26). Alkaline 
glutaraldehyde has been suggested as a general 
disinfectant for instruments and apparatus that 
cannot be sterilized by autoclaving (27). Two 
studies were concerned with the mechanism of 
action of phenolic disinfectants. One investi- 
gated the effects on induction of and accessibility 
of the substrate to @-galactosidasc in E. coli (as), 
and the other explored the effect of 2,4-dichloro- 
phenol on the incorporation of labeled substrates 
by E.  coli (29). Another paper assessed the 
importance of metal ions and the toxic properties 
of the formyl group in determining the bacterici- 
dal activity of various phenols and salicylalde- 
hydes (30). One other report presented data 
on the hemolysis of erythrocytcs by a series of 
quaternary ammonium salts (31). 

Foster published two different articles on the 
preservation of ophthalmic solutions (32, 33). 
Test procedures and test organisms suitable for 
shortening the time required for the selection of 
an adequate preservative have been disclosed 
(34). The use of antimicrobial agents in paren- 
teral products was reviewed in a paper containing 
22 references (35 ) .  Another summary with 38 
references on the activity of antibacterials in a 
two-phase system was presented (36). Krow- 
czynski and co-workers suggested a preservative 
for aqueous heparin solutions (37). Also, 8-hy- 
droxyquinoline sulfate was satisfactory as a 
preservative for tuberculin PPD (38). This 
agent was effective against two yeasts, three 
molds, P. aeruginosa, and S. nureus. 

Flavor, Aroma, and Color.-A review has 
been compiled on the use of flavors in the United 
States, the various methods used for flavor test- 
ing, and the difficulties encountered for the taste 
correlation of drugs (39). Tilgner proposed a 
flavor dilution profilogram for characterizing the 
detailed aroma or flavor sensations of a product 
in dilution steps between the threshold and some 
standard extract of the undiluted product (40). 
A combined electrophysiological and sensory test 
revealed that the gustatory effect of substances 
which show taste as sour or salty was reinforced 
by inhibition of cholinesterase on the tongue (41). 
No changes were observed for bitter or sweet 
tastes. Taste sensitivities to quinine and 6-n- 
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propylthiouric acid were determined (42). Five 
new principles for flavoring antitussives have 
been developed (43). Sorbitol, saccharin, and 
A-cyclohexylsulfamic acid were found to bc 
effective synthetic sweetening agents in pharma- 
ceutical preparations (44). In addition, Ed- 
wards commented on the flavor constituents of 
citrus oils (45). 

The philosophy of and methods for the identi- 
fication of odor and flavor constituents were re- 
viewed by IVick (46). The theory of odor and 
the relationship between the odor and the chemi- 
cal properties of flavors have been surveyed in 
another paper (47). A review of pioneers in 
aldehydes and ketones was presented (48), and 
the synthesis, physiochemical properties, and 
economic factors of lavender were summarized 
(49). One status report listed all currently ap- 
proved U. S. certified colors (50); another out- 
lined the current FDA status of all color additives 
for cosmetic use (51). The effccts of grain size 
and moisture content have been studied with the 
Pulfrich photometer against I20 color standards 
(52). 4 method was dcscribed for classifying 
and describing colors formed when the concen- 
trations of several dyes and carbon black in coin- 
presscd tablets wcre evaluated (53). One other 
paper discussed the physiology and psychology of 
color sensation (54). 

Adjuvants.-Thc properties and compati- 
bilities of two dextrans with molecular weights 
of 40,000 and 70,000 were tabulated by Smith 
(55). Another investigator assessed the effect of 
heat on aqueous solutions of dextran by measure- 
ments of viscosity and reducing power (56). 
'The use of cation exchangers as carriers of drug 
componcnts for the improvement of their palat- 
ability has been described (57). Thc application 
of polyethylene glycols in pharmaceuticals was 
outlined (58 ) .  Anomalies in some of the physical 
properties of spray-dried lactose and granulated 
magnesium oxide were traced to  the presence of 
fines which could be removed by washing with 
selected organic solvents (59). A silicone fluid 
proved useful as a lubricant for artificial eyes 
(60) ; i t  did not adhere to tissue, was insoluble 
in water, was stable over a wide temperature 
range, and did not support haclerial growth. 
The  properties of neutrality, inertness, low sur- 
face tension, easy viscosity control, miscibility 
with eye secretions, and a low tendency to  support 
bacterial growth, all contributed to making 
methylcellulose a valuable agent for preparing an 
aqueous vehicle for pilocarpine nitrate ophthal- 
mic solutions (61). Polyvinylpyrrolidone has 
been recommended for use as a binder in tablet 
making (62). The characteristics of Keen gum, 
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a polyelectrolyte which behaves as a lyophilic 
colloid, were disclosed (63). Experimental data  
were also presented on a new gum prcpared by 
fermentation from glucose that could be used for 
thickening highly concentrated electrolyte solu- 
tions (64). Some of the practical aspects of 
colloids were commented on by Smith (65). The 
viscosity control of liquids and the forced flow of 
solids were accomplished by the use of silicas (66). 
One workcr collected data on the common prop- 
erties of some clays including dispersion, aggre- 
gation, and the difference between clays and other 
mineral colloids with particular reference to  ex- 
change capacity ((i7). Other researchers con- 
ducted an infrared study on structuration in 
bentonite clays (68). 

The importance of propylene glycol as a solvent 
in dermatology was reported by Barr (69). The 
attributes of hexadecyl alcohol as a new material 
for cosmetic and topical formulations have been 
discussed in detail (70, 71). Another paper de- 
scribed the suitability of higher-boiling fractions 
of ethoxypolysiloxane oil in ointments and sup- 
positories (T2) .  The formulation of creams, 
lotions, and ointments with silicones was studied 
in two dill'erent publications (73 ,  74), and the 
utility of isopropyl rriyristate (75) and coconut oil 
derivatives ( T t i )  in cosmetics was also demon- 
strated, Both cholestanol (77) and germ lecithin 
(78) were enective emulsifiers in making water-in- 
oil emulsions. King and Sheffield used the tri- 
ethanolammonium salts of several alkylsulfuric 
acids in the forniulation of dermatologic vehicles 
(79). The seed husk of Plantago ovata has been 
evaluated for its emulsifying properties (80) ; 
the powder produced poor emulsions, whereas the 
mucilage gave emulsions that  compared favorably 
with those made with acacia. One investigator 
proposed microcrystdline cellulose as a new ingre- 
dient for the formulation of creams, lotions, and 
ointmctits (8 L ) .  Another researcher outlined 
the phartnaceutical and cosmetic usage of a new 
colloidal alumina as a topical formulating agent 
(82). The synthesis, analysis, and physical 
properties of several allantoin complexes were 
determined, and their potential dermatological 
uses were suggested (83). Other investigators 
evaluated current problems associated with the 
effects of synthetic detergents on the skin (84). 

Stability.-Current formulation stability 
!)roblems were discussed in two different review 
articles (S.5, 86). Papers by Saivatari (87) and 
Sabalitschka (88) advocated the use of anti- 
oxidants as skabilizers. Another report examined 
the measurement and prevention of oxidative 
deterioration in cosmetics and pharmaceuticals 
(89). Thc thiobarbituric acid-nialonaldehyde 



645 Journal of Pharmareutical Sciences 

The addition of EDTA was observed to prevent 
solutions of procaine from turning yellow, but it 
failed to inhibit decomposition of the drug (111). 
Another local anesthetic, procaine, was stabil- 
ized with a mixture of sodium thiosulfate and so- 
dium sulfite (112). The stability of retinol ace- 
tate (1 13) and sodium sulfacetaniide has also 
been investigated (114). i\ compatibility study 
with certain sulfonamides indicated that insolu- 
ble precipitates were formed with salts of several 
alkaloids, boric acid, and zinc sulfate (1  15). 
Other workers conducted a study on the stability 
of a 10%solution of sodium sulfadiazine in the pres- 
ence of copper, iron, and hydrogen peroxide (116). 
In addition, the stability of triiodothyronine (117) 
and triiodotI~yronine-'~~I (1 18) was carefully 
determined under different conditions of storage. 

Koshy rt al. described some of the factors in- 
volved in the browning of spray-dried lactose 
(119). In a similar study, the lactose-amine 
reaction was discovcred to be predominately a 
primary amine-carbonyl reaction and was similar 
in nature but distinct from the dextrose-, galac- 
tose-, and HMF-amine reactions (120). -,-Rays 
from T o  were claimed to accelerate the 
oxidative decomposition of methyl linoleate 
mixed with lactose (12 I). Two compatibility 
studies have been conducted on powder mixtures. 
The incompatibility of carbinoxamine nialeate 
(1 22)  and calcium phosphorylcholine hydrochlo- 
ride (123) with 20 and 84 different powder prepa- 
rations, respectively, was carefully evaluated. 
Experiments on powders of dehydroacetic acid re- 
vealed that the a-form, which is stable a t  room 
temperature, is rapidly converted to the 0-form a t  
80° (1 24). Diffuse reflectance studies were used to 
observe solid-solid interactions of oxytetracycline, 
phenothiazine, anthracene, and salicylic acid with 
various adjuvants (126). Some of the factors 
influencing the stability of calcium acetyl- 
salicylate and acetylsalicylic acid tablets have 
been investigated by Kiss, Rozsondai, and Scholz 
( I  26). I n  a study where acetylsalicylic acid was 
combined with ascorbic acid in tablets, the effect 
of water vapor pressure on the moisture sorption 
and the stability of both components was re- 
ported (127). No breakdown of digitoxin was 
found in tablets, injections, or solutions stored in 
the dark for 5 years (128). Similarly, no de- 
crease in the alkaloid content of ipecac concen- 
trate was observed aftcr 18 months of storage 
(1 2!3). The sedimentation of thyme tincture was 
prevented by clarification with talc and cooling to 
(I to - - 5 3  (130). The stability of helveticoside, a 
glycoside from strophanthidin, was also studied in 
a long-term investigation (131). 

reaction was used to measure antioxidant effec- 
tiveness in pharmaceutical oils (90). The oxida- 
tion of benzaldehyde and methylbenzaldehyde in 
hydrous solutions of polyoxethylene glycol ethers 
was measured by a manometric technique (91). 
Phenolic antioxidants were found to be quite 
satisfactory for improving the stability of creams 
containing vegetable oils (92). The rates of 
autoxidation of linoleic acid in tnicellar solution 
were a h  studied (93). The influence of heat 
sterilization and the stability o f  pharmaceutical 
solutions were surveyed by Spciscr (94). The 
effect of ultrasonic energy was explored in two 
different studies; it was used to study the hydrol- 
ysis of acetylsalicylic acid solutions a t  various 
temperatures and pH values (95), and to evaluate 
its influence on physical and chemical transforma 
tions of purine derivatives (Y6). In another in- 
vestigation, the effect of X-rays on dihydro- 
uracil in aqueous solution, with and without the 
presence of oxygen, was revealed (97) 

Acetylcholine bromide solutions were shown 
to he stable a t  room temperature for 2 5 months 
and a t  5 O  for 5 months (98). Optimum stabilitv 
conditions for adrenaline were achieved by dis- 
solving its bitartrate salt in water containing so- 
dium thiosuffate and boric acid (99). In another 
stability study, solutions of chlorpromazine were 
found to develop a precipitate if combined with 
sodium phenobarbital, sodium bromide, or 
neospastnin (1 00). Denoel discovered that 
ephedrine decomposed rapidly in peanut oil. but 
was extremely stable in mineral oil (101). Three 
other investigators tested the effect of self-radia- 
tion, pFI, temperature, and sunlight on the stabil- 
ity of sodium i~dohippura te - '~~I  (102). Experi- 
ments were also conducted on the stability of 
isoniazid and its related cornpounds (103). Seal- 
ing morphine hydrochloride solutions under car- 
bon dioxide or nitrogen gave more protection 
against decomposition than equivalent solutions 
sealed under air (104). The effect of aging of 
aqueous pralidoxime solutions on the assay, 
toxicity, and antidotal activity has been investi- 
gated by Lehman and Bloch (105). Two studies 
were performed on tetraeaine hydrochloride solu- 
tions. One study evaluated the effect of an 
ultraviolet lamp on pH and potency (106), the 
other examined the effect of sterilization and 
hydrolysis in the pH range of 4-7 (107). The 
mechanism of thermal rearrangcment and de- 
carboxylation of procaine wa5 disclosed (1 08). 
Various methods were suggested for the atabiliza- 
tion of procaine hydrochloride solution. Two 
papers proposed the addition of carbon dioxide 
atid p-aminobenzoic acid as stabilizers (109, 11 I)). 



Vol.  55, XO. 7,  July 1966 

Stability Kinetics.-Garrett published a rc- 
view with 198 references discussing the pre- 
diction of drug stability in pharmaceutical 
preparations (132). Two other reviews appeared 
in the literature. Both of these survcys eval- 
uated the use of chemical kinetics for the predic- 
tion of drug stability (1 33, 134). A nomograph 
chart was devised in onc study to facilitate the 
analysis of stability data obtained in accelerated 
testing at clevated temperatures (185). A recip- 
rocal heating machine has been found very use- 
ful for investigating single-step stability studies 
under nonisothermrtl conditions ( I  36). Other 
workers used model calculations, based on the sta- 
tistical-mechanical Formulation of isotope effects, 
to predict how analysis of experimentally meas- 
ured isotope effects may be used to gain informa- 
tion concerning the differences between the 
reactants and the transition state in a rate process 
or bctween the reactants and the product in an 
eyuilibrium process (13i). 

One paper examined the kinetics of solvolysis 
of various ,rV-alkyl-n'-nitrosoureas in neutral and 
alkaline solutions ( I  38). The decomposition of 
p-aminosalicylate was found to be first order 
while sodium p-aminosalicylate was zero order in 
aqueous solution (139). Pseudo first-order rates 
of spontaneous degradation were ascribed to 
apomorphine under varying conditions of tem- 
perature and pH (140). The hydrolysis of 
methyl and ethyl esters of benzoic acid, some 
sterically hindered acids, and benzonitrile by 
suspensions of sodium hydroxide in DMSO was 
104 to lo5 greater than in hydrnxylic solvents 
(141). Activation energies, frequency factors of 
the Arrhenius equation, and equilibrium con- 
stants between chlorothiaxide and its interme- 
diate were calculated from the rate constants on 
the hydrolysis reaction (142). The rate of autol- 
ysis of a-chymotrypsin in the pH region of 7 to 
11, in the absence of added salt, has been studied 
through the rate of acid formation in a pII-stat 
and through the rate of decrease in enzyme 
activity (143). Garrett and Notari quantified 
the kinetics of dehydration of cycloheximide to 
anhydrocyclohexirnide in the pharmaceutically 
useful acetate buffer region (144). Another ar- 
ticle compared the rate of hydrolysis of  thalido- 
mide, N-butylphtbalidomide, and phthalimide in 
sodium hydroxide (14.5). The degradation of 
hexamine in aqueous solution was considered to 
he pseudo first order (146). The solvolysis of 
5-iodo-2'-deoxyuridine was revealed as first order 
nver the pI1 range of 3.9 to 12.0 (147). First- 
order rate constants were disclosed for the de- 
composition of molten malonic acid from the 
volume of carbon dioxide evolved (148). In a 
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stability study on mydcton injection solutions, 
the ratc of dccompositicin was inlluenced by pH 
and temperature (149). Two different papers 
discussed the rate of hydrolysis of procaine 
under various conditions of temperature and pH 
(150, 151). The efiects of substitution have been 
correlated with the acid-catalyzed hydrolysis 
rates of some oxazolidines (152). Other kinetic 
studies were carried out on tetracaine, pareth- 
oxycaine, leucinocaine, procaine, farmocaine, and 
larocaine (153). Methyl substitution was 
demonstrated as providing increased ring stability 
in a study on the hydrolysis of succinamic acid 
and succininiides (154). Pseudo first-order rate 
constants were recorded for the h~Se-Cakdl~Zed 
hydrolysis of urea ( 155). 

Antibiotic Stability.--A buffer solution con- 
taining boric acid, sodium borate, and poly- 
ethylene glycol did not prevent hydrolysis of 
chloramphenicol (156). The stability of two 
antibiotics, cranomycin (157) and erythromycin 
lactobionate (1 58) ,  has been studied. Tukamoto, 
hliyake, and Sato reported on the decomposition 
of dihydrostreptoiiiycin, chloramphenicol, and 
tetracycline by drug-fast E. coli (159). Other 
investigators have compared the effect of glycerin. 
paraffin, propylenc glycol, white petroleum jelly, 
polyethylene glycol, lactose, alcohol, sunlight, 
and darkness on the stability of hamycin prcp- 
arations (160). Acid degradation studies were 
performed on kasugamycin (1 61). A decrease in 
the optical rotation of lincornycin showed a direct 
correlation with microbiological assays (162). 
One study followed the rates of decomposition of 
methicillin in aqueous solution (163) ; another 
determined the effect of sugars on the lirowning 
of neomycin (164). 

,%Several papers were presented on the Stability 
of various penicillins. Losses in potency of 2,6- 
dimethoxyphcnyl penicillin were evaluated iodi- 
metrically, by U.V. absorption, and by microbio- 
logical assays on B. subtilis (165). The stability 
of aqueous solutions of certain novel penicillins 
was observed to be reduced by surfactants. pre- 
servatives, and thickening agrnts (106). The 
decomposition rates of ol-phcnoxypropylpenicil- 
lin, 2,6-dimethoxyphenyIpenicillin, and a-amino- 
benzylpenicillin have been demonstrated to he 
first order and obeyed Arrhenius' equations (167). 
In another study, it was concluded that acacia 
accelerated the inactivation of penicillin, whereas 
methylcellulose had no effect (168). Other 
workers, Olszewski and Grabowska, tested the 
influence of sodium benzoate on the stability of 
aqueous penicillin solutions (169). In a physical- 
chemical study on the relationship between 
potency and hygroscopicity, the effect of humid- 
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sulfate, enhanced the rate of aerobic photobleach- 
ing of riboflavin by visible light (, 189). 

The mechanism of color formation, the role of 
furfural, and the decomposition products of 
ascorbic acid were delineated (190). In a similar 
study, the rate of formation of furfural by the 
hydrogen ion-catalyzed anaerobic degradation of 
undissociated ascorbic acid was depicted as being 
equal to the rate of disappearance of the ascorbic 
acid (181). Another anaerobic study considered 
the formation of carbon dioxide and furfural by 
decomposition of ascorbic acid a t  various pH and 
temperature conditions (192). Finholt et al. also 
studied the anaerobic degradation of ascorbic acid 
by following the rate of formation of carbon 
dioxide (193). Otani detected a linear relation- 
ship between the color change and the degrada- 
tion of ascorbic acid in the pH range 1-7 (194). 
He presented another paper on the relationship 
between the color change and the oxidation of 
ascorbic acid in aqueous solution (195). Addi- 
tional experimental data compared the stability of 
ascorbic acid and 2-keto-1-gulonic acid in an 
aqueous medium (190). Two different manu- 
scripts were concerned with the effect of 
stabilizers on ascorbic acid. -4mino acids ini- 
proved the stability in liquid formulations (1 97) ; 
rutin retarded the oxidation of ascorbic acid in 
apple juice (198). Another study analyzed the 
shelf-life of several liquid formulations with 
ascorbic acid in different vehicles with and with- 
out other vitamins (199). The most stablr in- 
jectible solutions of ascorbic acid were prepared 
by using a 5% excess of ascorbic acid, purging 
with carbon dioxide, and sealing under carbon 
dioxide (200). In tablets, ascorbic acid remained 
stable longer if made by dry compression or by 
using a nonaqueous binder and storing in amber 
containers without moisture (201). Studies in 
model systems have indicated that ascorbic acid 
is more stable in aqueous systems and is a more 
efficient antioxidant than erythorbic acid (202). 

The thiazole moiety of thiamine hydrochloride 
and selected model compounds had no adverse 
effect on the cyanocobalamin stability (203). A 
dose of 9.1 X lo4 rads of y radiation from 6'JC!o 
destroyed 45% of the vitamin BI2 under test 
(204). Steric factors were found to have an im- 
portant influence on hydrolysis of vitamin BIZ in 
aqueous hydrochloric acid-dioxane solution at 
50' (205). Hydroxocobalamin in liver extract has 
been stabilized by the addition of ferric and 
ferrous sulfate ions (206). Janicki and co- 
workers conducted a study on the stability of 
vitamin D2 in irradiated feed yeasts during stor- 
age (207). Thiamine, riboflavin. chlorine, ascor- 
bic acid, manganese sulfate, and calcium hypo- 

ity on the potency of four sernisynthetic penicil- 
lins was investigated (170). Schwartz described 
the effect of ionic interaction on the catalysis of 
penicillin hydrolysis by certain catecholamines 
(1 71). This investigator also concluded that the 
degradation of penicillin G involved both the cata- 
lyzed hydrolysis of the undi5sociated molecule 
and a rearrangement of the penicillin ion follow- 
ing proton attack (172). A different study on 
some penicillin salts correlated the initial product 
characteristics and the properties after 3 years by 
statistical means to predict their shelf-life (173). 
The catalytic effect of buffers on the degradation 
of penicillin G in aqueous solution has also been 
examined (17.2). Other workers considered the 
cause of the reddening coloration and pigments in 
colored solutions of streptomycin (175). 

Vitamin Stability.-Elevated temperature 
storage tests and a graphic method of calculation 
were uscd by Tardif to determine thermal deg- 
radation rates in three polyvitamin tablet for- 
mulations ( 176). In another vitamin stability 
study, the same worker found no differences in a 
polyvitamin suspension that had been stored 
either in the plant or in the pharmacy (177). In  
other multiple vitamin stability studies, vitamins 
A, B12, and ascorbic acid were classified as being 
the Ica5t stable (178) The stability or vitamin 
A, tocopherol, and unsaturated fatty acids in 
vitaininized vegetable oil exposed to sunlight was 
also investigated (179). The stability of vitamin 
A in concentrates and foodstuffs was determined 
under various conditions of temperature, atmos- 
phere, and time (180). The effect of material 
quality and the method of preparation upon the 
stability of aqueous thiamine injections was the 
subject of one paper (181); another study 
examined the effect of salts, vehicles, pII, tem- 
perature, and vitamins Bz, Be, and niacinamide 
upon the stability of thiamine (152). The effect 
of cocarboxylase on the hydrolysis of thiamine 
pyrophosphate was reported ( I  83). Kato 
claimed that powdered mixtures of thiamine 
tetrahydrofurfuryl disulfide with sodium bicar- 
bonate and acetylsalicylic acid were completely 
stable (184) Two separate papers were also 
presented on the stability of isomers of dihydro- 
thiamine (185, 186). In addition, y-rays from 
T o  were found to accelerate the decomposi- 
tion of thiamine hydrochloride when mixed with 
calcium carbonate and dibasic calcium phosphate 
(187) The stability of riboflavin and its phos- 
phate salt in syrup, propylene glycol, glycerol, 
i O %  sorbitol solution, and water has been 
assessed ( 188). Macromolecules, e.g., polyvinyl- 
pyrrolidone, polysorbate 80, and sodium decyl 
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phosphite were all shown to cause decomposition 
of folic acid in pharmaceutical preparations (208). 
The discoloration of isonicotinic hydrazide tablets 
in tropical climates was attributed to the lactose 
contained therein (209). Other studies compiled 
data on the incompatibility of some commercial 
vitamin K1 injections (210). 

PHARMACEUTICAL TECHNOLOGY 

Past, present, and future trends in pharmaceu- 
tical product development were summarized by 
Cooper (21 I). Two progress reports on solid and 
solid-fluid systems in pharmaceutical engineering 
have also been published (212, 213). Some ex- 
perimental work was conducted on the chemical 
engineering of foam separation (214). Smith 
advocated that vibration grinding was a faster 
process than ball milling (215); he also prc- 
scntrd several comments on wet z'eysus dry grind- 
ing (216). il report was made OTI some powder 
properties, their mixing performance, and the 
development oE some new theories of mixing 
(217). Thc drying characteristics of t h e e  com- 
monly employed tablet excipients have bcen in- 
vestigated under vacuum in an instrumented 
rotary double-cone dryer (218). One review 
discussed the theory of drying (219); another 
summary compared the methods used for 110th 
batchwise and continuous drying (220). Addi- 
tional comments on some ol the principles and 
applications of spray drying were also published 

Two diRerent papers suggested methods and 
apparatus €or the preparation of gold colloids for 
medicinal use (222, 223). Anothcr investigator 
summarized nine different methods for measuring 
particle size (224). A novel method for evaluat- 
ing dissolution characteristics of capsules w-as 
developed by Paikoff and Drumin (225). 'The 
simultaneous mixing and segregation occurring in 
randomly mixed particulate solid systems sub- 
jected to agitation have been investigatc!d (226). 
Similarly, idealized systems of solid particles as 
represented by steel and glass spheres were studied 
with reference to their rates of segregation (227). 
Four separate papers appeared on the lyophiliza- 
tion of pharmaceuticals. These articles included 
a study on the effect of certain physical-chemical 
properties on lyophilization (228),  a description 
oF a high-sensitivity resistance bridge for low- 
conductivity measurements a t  eutectic tetnpera- 
tures (229), a method for programing a mathe- 
matical expression for estimating eutectic tem- 
peratures from melting point and solubility 
parameters (230), and determination of the 
eutectic temperatures of some inorganic salts 
(231). 

(221). 
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Parenterah-A review on the formulation 
of parenterals was published by Parrott ( 2 3 2 ) ,  
while Bedaux outlined various aspects for the 
preparation of infusion solutions (233). Other 
researchers recommended the use of demineral- 
ized water for the prcparation of parentrral solu- 
tions (234). A thermoelectric vapor phase os- 
moineter was described for measuring osmotic 
coefficients, isotonicity values, and sodium 
chloride equivalents of somc univalent electro- 
lytes of pharmaceutical interest (235). Isotonic 
solution values were tabulated for numerous 
medicinal agents and adjuvants in three separate 
publications (236-238). The use of polymers in 
injectables was surveyed in a discussion with 56 
references (239). Also, new formulas were sug- 
gested for infusion solutions based on acetates 
and sorbitol (240). The preparation and de- 
velopment of a chloramphenicol intramuscular 
injection have been described (241). Pinter 
reported on a method for the preparation and 
storage of a citric acid solution for the dissolution 
of lyophilized plasma ('542). Nine commercial 
parenteral preparations containing calcium salts 
wcre mixed with $0 commercial preparations 
containing salts of organic acids and observed for 
pH changes and precipitates (243). The same 
investigators compared the compatibility of 
thiamine tetrahydrofurfuryl disulfide injection 
with 136 other commercial parenteral prepara- 
tions (24-1). In another compatibility study, 270 
unique pairs of medication were tested in 57" 
dcxtrose solutions. This test resulted in 23 pairs 
that werc physically incompatible (215). An 
additional 34 drugs intended for intravenous use 
were cross-matched to test for physical signs of 
incompatibility (24(i). A strain of Pseudonzonas 
has been isolated from an injection solution con- 
taining 10% bivalent mercury diuretic that was 
resistant to phenyl mercuric borate and sodium 
ethyl mercuric thiosalicylate (247). A new dis- 
posable hypodermic device, called a hypule, has 
been evaluated by a hiological procedure and 
tested for compatibility with 117 different par- 
enterals (248). 

Sterility.-Advances in sterilization tech- 
niques were outlined by Ehrlen (249). Four 
additional reviews discussed the utilization of 
gaseous ethylene oxide in sterilization (250-253). 
A method has been developed for the determina- 
tion of residual ethylene oxide and ethylene glycol 
in ethylene oxide sterilized pharmaceuticals 
(254). The utility of cold sterilization in 
pharmaceutical products was also disclosed (255). 
Also, emphasis was placed on the cleaning opera- 
tion and choice of chemicals and detergents used 
on metal and rubber parts (256). Sterilization 



652 Jowvtal of Plzarmaceuticat Sciences 

aqueous and alcoholic solutions of celluloses, 
vinyls, acrylamides, pyrrolidoncs, oxazolidinones, 
and ethylene oxide condensation products (275). 
A technique for determining i n  t h o  tablet disinte- 
gration has also been proposed (276). Some 
physicochemical properties, including swelling 
volume, moisture absorption, particle size distri- 
bution, surface area, and ion-exchange propertiec, 
of the montmorillonites were examined in relation 
to their application in tablet making (277). 

Kirsop reviewed the furidamcntals of tablet 
compression (278). A comprehensive study on 
compressed tablets evaluated the effect of the 
method of granulating, excipicnt, lubricant, 
disintegrant, particle size, and pressure on the 
density, disintegration time, and cohesive force 
(279) It was discovered that the density of 
compressible systems may be determined without 
disturbing the system under study by using a 
densitometer consisting of a sealed source con- 
taining l7OTm and a scintillation detector 
connected to a preamplificr and pulse-height 
analyzer (280). ,4 “moving-die” apparatus mas 
described for the investigation of die wall friction 
during compaction (281). This apparatus was 
used to determine the die reaction during com- 
pression of crystalline acetylsalicylic acid, hex- 
amine, sucrose, sodium chloride, and simple 
granulations of hexanline and sucrose (282). It 
was also employed to determine the die reaction 
following compaction of 100 mesh powders of 11 
different lubricants (283). Three different papers 
reported on the physics of tablet compression. 
One of these articles, by Seitz and Flessland, was 
concerned with changes in tablet hardness and 
friability when the operation of a rotary tableting 
machinc was varied (284). Data collected during 
the measurement of pressure exerted by various 
substances on the die wall during and after com- 
pression of tablets can be related directly to the 
ease of formation and ejection of these tablets 
(285). Another comparative study explored the 
performance of a food grade dextrose and a spray- 
dried lactose as excipients in the direct comprec- 
sion of tablets (286). 

The form or shape of tablets to he coated was 
studied and an empirical formula was derived 
from status a d y s i s  for tabkt  form that would 
express the ease or difficulty of the coating proce- 
dure (287). Coatings prepared from 30% gelatin 
and 2’% mcthylccllulose mixed in a 1 : 1 ratio with 
1 : 1 potato starch-talc prevcntcd volatilization of 
peppermint oil from tablets (288). Some spray- 
dried formulations of sulfaethylthiadiazole were 
tested for their prolonged-release action (289). 
Kichman, Fox, and Shangraw prepared nonfriable 
tablets of glyceryl trinitrate by direct cornpression 

by radiation was also considered (257); while 
irradiation of tetrac) clines and other antibiotics 
with ‘To did not diminish their antibiotic 
power (258). An ultraviolet mercury vapor 
lamp in a quartz tube was employed for sterilizing 
water received from an ion-exchange method 
(259). The addition of small amounts of poly- 
myxin B, benzalkonium chloride, cldorobutanol, 
or various mercury-containing antiseptics to 
collyriums prevented bacterial contamination 
(260). The incorporation of 0 3% phenol and 
autoclaving for 30 min. a t  120’ provided a new 
method for the sterilization of oil solutions (261). 

Tablets and Capsules.-Some geometrical 
considerations concerning tablet design to provide 
a uniform release rate from solution tablets have 
been investigated (262). It has been ascertained 
that half-tablets are poor dosage forms, especially 
when the dosage must be carefully controlled 
(263). The influence of many different excipients 
and lubricants on the chemical and physical 
stability of several medicinals in tablets was 
demonstrated by Lachman (264). Other 
researchers described instrumentation for measur- 
ing the sign and magnitude of static charges 
generated by particles flowing through a tablet 
hopper (265). They also found that tablet 
lubricants, such as magnesium stearate, poly- 
ethylene glycol 4000, sodium lauryl sulfate, and 
talc, have the ability to lower the accumulation 
of static charges resulting from the flow of material 
through a tablet hopper (266). Tableting difficul- 
ties due to the nonwetting of lipophilic and aero- 
philic substances have been overcome by the ad- 
dition of detergents to tablets (267). A compara- 
tive study was made of the absolute water content 
with relative dampness and dielectric constants 
on various granules (268). The equilibrium 
moisture content of several starches, gums, 
sugars, and hexanline was determined a t  diiferent 
relative humidities and temperatures (219). 

Two reports were published on the evaluation 
of several tablet disintegrating agents (270, 271). 
The latter article indicated that Moriyo starch 
was as good as or better than cornstarch and Vee- 
gum HV as a tablet disintegrant. An in nitro 
disintegration study was performed on 85 different 
commercial and 14 different hospital preparations 
according to the“Danish Pharmacopeia” 48 (272). 
A comparative evaluation was made on the effect 
of aging for 24 weeks on seven tablet disintegrants 
(273). Cornstarch was best. The effect of the 
viscosity of sodium carboxymethylc.elluloses used 
as binding and disintegrating agents on the rate 
of disintegration of clay tablets was studied (274). 
In addition, a study was reported on the properties 
of experimental granulations produced by using 
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cniploying inicrocrystalline ccllulosc as a tablct 
matrix (290). Gelatinized starch has been used 
in the preparation of acetylsalicylic acid tablets 
(291). In an extemporaneous method of prepar- 
ing enteric-coated capsules, 29 combinations of 
polyvinyl acetate resins with plasticizers in vari- 
ous solvents were evaluated along with cellulose 
acetate phthalate (292). The advantages of 
direct weighing of filled capsules were compared 
with the indirect weighing of the capsule content 
to determine weight variations (293). 

Suspensions.-Kash discussed the prepara- 
tion and properties of suspensions intended for 
oral, parenteral, or topical use (294). Mean diain- 
cters and size distribution curves of aqueous 
hariuin sulfate suspensions measured by the sedi- 
mentation method werc nearly identical to results 
obtained with the Conker counter (295). A new 
method of determining the settling rates of sus- 
pensions was studied using a specially constructed 
absorptiometer and a sealed source of &excited 
characteristic X-radiation (296). Guar and 
colloidal substances rrom linseeds, in low concen- 
trations, induced flocculation of barium sulfate 
suspensions but in higher concentration hindered 
interparticle separation (297). The addition of 
protalbinic acid, lysalbinic acid, or infusion 
provided various degrees of dispersion for several 
bismuth compounds (298). The effect of sodium 
salts of fatty acids on the thermal stability of 
aqueous dispersions of kaolinile has been investi- 
gated (29!4). Other studies were conducted on 
the formulation and stabilization of suspensions 
containing tetracycline base (300), and sus- 
pensions containing alkaloids such as noscapinc, 
papaverine, and methyl ephedrine (301). Par- 
ticles of clay less than 0.5 mrn. in size were found 
to disperse in water more slowly than particles of 
a larger diameter, 2-10 mm. (302). The influence 
of the hydrophile-lipophile balance on oily sus- 
pensions was also considered (303). 

Emulsions.-A review on the stability of 
oil-in-water emulsions has been published by 
Garrett (303).  IT^ a unique study, the change in 
i.he stability of emulsions according to the number 
of double bonds in the oil molecule was followed 
by means of the Lederer equation (305). The 
kinetic theory of droplet coalescence and its ap- 
plications to emulsion stability has been discussed 
by Hill and Knight (306). A y-globulin fraction 
was discovered to be responsible for the creaming 
or complete breakage of intravenous fat emulsions 
in vitro ( 3 O i ) .  Two studies were carried out on 
deaggregation in oil-in-water emulsions. In  one, 
the rate of deaggregation o f  an emulsion system 
containing ?"/c liexadecane-in-water stabilized 
with 0.09CY, dioctyl sodium sulfosuccinate was 

studicd (308). In the other, the influence of 
n-butanol, whexanol, n-octanol, and dioctyl 
sodium sulfosuccinate on the dcaggregation of 2% 
liexadecane-in-~vater emulsions was evaluated 
(309). Two series of mineral oil-in-water eniul- 
sions with varying amounts of sodium dodecyl 
sulfate or polysorbate 80 were also observed for 
changes in particle size distribution over a 2-year 
period (310). Another investigator followed the 
effect of ethoxylated fatty alcohol combinations 
on the stability of 4y0 mineral oil emulsions (311). 

The preparation, application, and examination 
of lotions in dermopharmacy was the subject of a 
review (312). Lin presented an outline for plan- 
ning laboratory experiments and interpreting 
results during the process engineering of cosmetic 
emulsions (313). He also commented on the 
advantagcs of cold emulsification over conven- 
tional elevated tcmpcrature emulsification proce- 
dures (314). Several suggestions were made for 
determining the role of solubility in the forma- 
tion of emulsions by using the best solvent for the 
nil to  be emulsified (315). Two methods were 
described outlining the best technique for using 
the HLB of emulsifiers (316). The interfacial 
properties of a glycerin and olive oil emulsion 
were studied (317). The interfacial tension of 
various natural and synthetic glycerides did not 
differ greatly, and none of thc glycerides had an 
interfacial tension sufficiently low to emulsify 
spontaneously but required additional emulsifiers 
(318). Paraffin oil-in-water emulsions made with 
a soap and fatty alcohol complex as an emulsifier 
were examined microscopically for their physical 
characteristics (319). A fat emulsion concen- 
trate, transparent and stable to autoclaving and 
containing very low concentrations of nonphos- 
phatide emulsifiers, has been developed (320). 
Another publication discussed the emulsification 
and evaluation of a parenteral contrast medium 
for lyinphography (321). In addition, a report 
was written on the effect of the dispersed phase 
(water) content on the structural and thixotropic 
properties of complex emulsions (322). Muys 
compiled data on the microbiological quality of 
edible emulsions during manufacture and storage 

Ointments and Creams.-A Hoeppler con- 
sistometer was used to measure the effect 
of tcmperature variations on the heat stability of 
ointments and creams (324). Another device 
was developed for determining the oxidation 
resistance of both oil-in-water and water-in-oil 
emulsion vehicles (325). The influence of anti- 
oxidant mixtures and physiocheniical conditions 
on the stability of 12 different anhydrous and 
emiilsion-type bases has heen investigated (326). 

(323). 
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maintenance problems associated with processing 
aerosols with slow-filling valves with a large 
propellant charge were disclosed (353). Another 
paper recommended the application of a statisti- 
cal qtiality control procedure to a quality assur- 
ance program to improve the efficiency of an 
aerosol filling operation (354). 

.4 review with 144 references considered the 
topic of monodispcrsed aerosols (355). Methods 
were revealed for selecting the best solvent and 
propellant for achieving a specific desired effect 
(356). Johnsen and Haase examined the scope of 
noncondensable gases as aerosol propellants and 
the data required for the efficient introduction of 
such gases by the gasser-shaker method into 
specific products (35'7, 358). Another discussion 
was conccrned with the effect of transport and 
storage on aerosol dispensers, propellants, con- 
tainer construction, dispension methods, and 
protective covers (359). Additional experi- 
mental data have indicated a correlation betwecn 
aerosol product weight loss from leakage through 
the valve gasket and the choice of propellant, 
solvent, valve type, and gasket material (360). 
At 130' F. the reaction of propellant 11 with 
water was catalyzed by mctal (361). The solu- 
bility of some lanolin derivatives decreased but a t  
least one increased with storage in pressurized 
lormulations (362). No direct relation was ob- 
served to exist between the dispersion of the 
aerosol and the surface tension, but the dispersion 
did depend on the salt concentration and thc rela- 
tive humidity of the compressed air used for 
atomization (363). Also, i t  was noted that care- 
ful control of the formula, the type of actuator, 
and valve can be used to adjust the chilling effect 
of aerosol sprays on the skin (364). 

Packaging.-- Autian reviewed potential 
problems of packaging cosmciic products with 
plastic materials (3635). A commentary was also 
presented on mechanical packaging machines 
available for use in the hospital pharmacy (306). 
The merits of polyethylene, the plastic most 
frequently used in cosmetic and pharmaceutical 
bottles, were examined in detail (367).  Other 
papcrs were concerned with the application of 
aluminum containers for packaging pharmaceuti- 
cals (368) and suggested methods for the sampling 
of acceptable metal containers (369). Various 
manufacturing, packaging, analysis, and control 
operations for the continuous production of glass 
vials by a mechanized process have been delin- 
catcd (370). Coring, permeability, sorption, and 
leaching werc considered the most pressing proh- 
lems in present closure applications ; comments 
were offcred regarding specific areas of improve - 
ment in each of these functions (371). Natural 

Gretskii examined the stability of water-petrola- 
tum emulsions a t  - 10" and - 20'' by using .5y0 
pentol, sorbitan oleate, or lanolin and 1-24 hr. 
freezing time (327). This latter investigator and 
his co-aTorker also found that emulsion bases 
composed of mixtures of petrolatum and pcntol or 
sorbitan oleate gave heat stable emulsions (328). 
Several formulations for barrier creams (329) and 
clear gels (330) were suggested In addition, 
film-forming bases containing aqueous topical 
adhesives were discussed ( 3 3 1 )  One author 
published two different papers on the use of 
polyorganosiloxane liquids for ointments and 
liniments (332, 333). Comparative studies were 
conducted on the solubility and compatibility of 
polyethylene glycol, polypropylene glycol, and 
glycerol-polypropylene glycol ether in various 
topical preparations (33%). Dicarboxylic acid 
esters were claimed to be suitable additives lor 
increasing water-vapor permeability of ointment 
bases (335). The hardness of topical c ream has 
been increased by increasing the number of 
hydroxyl groups of partially acetylated mono- 
and di-glycerides (336). The addition of quater- 
nary compounds increased the water-holding 
capacity of petrolatum (335). The ointment 
pendulum of Fueller and Muenzel was employed 
to evaluate the smearing properties of water-in- 
oil and oil-in-water emulsion bases (338). 

Suppositories.-Anschel and Lieberman 
published a two part review on suppository 
bases (339, 310). An easy method has been pro- 
posed for the small-scale production of supposi- 
tories by pouring the suppository inass into plastic 
bottles which terminated in points (341). Ex- 
periments on changes in the complete deformation 
time of suppositories during storage showed that 
with certain fat vehicles the changes were over 
100% ; there were no changes with polyethylene 
glycol suppositories (342). Mixture5 of poly- 
ethylene oxides were characterized for use in sup- 
positories by their melting point, turbidity point, 
hardness, viscosity, thermal expansion, and rate 
of dissolution (343). In another study on sup- 
positories the displacement value was found to  
decrease by reducing the particle siLe of the in- 
soluble ingredients (344). 

Aerosols.-Five different reviews surveyed 
the pharmaceutical aspects of aerosols (345-349). 
Another review summarized the function and 
application of aerosol packaging in pharmacy and 
medicine (350). Scriba and IIearn presented an 
outline on current government requirements for 
packaging and labeling aerosols (351); the 
hazards of transporting and storing aerosols and 
their hazards and toxicity during use have also 
been discussed (352). Some of the operation and 
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and synthetic rubber stoppers were tested for 
turbidity, pyrogens, color, metal content, and 
reducible materials (372). The sorption and 
diffusion of formic, acetic, propionic, and butyric 
acids into nylon 66 has been investigated a t  a 
number of temperatures and concentrations 
(373). A similar binding study of sorbic acid 
with nylon 66 indicated the interaction is primar- 
ily one of hydrogen bonding a t  the ainide linkage 
(371). Sedova et al. compared the effect of some 
rubber stoppers on the quality of injectable solu- 
tions during a 12-month period of storagc (375). 
Two brands of disposable syringes selected at 
random were examined and found to yield two 
different types of water-soluble extractives (376). 
Another study indicated that rubber closures were 
the source of a precipitate found in physiological 
saline solutions (377). Other investigators rec- 
ommended a procedure for screening toxicity of 
plastic materials based on a tissue culture method 
using monolayers of strain L 929 mouse cells in 
modified Eagle's mcdium (378). 

A review, citing 49 references, on investigations 
and standards pertaining to plastic equipment for 
the collection, storage, transportation, and ad- 
ministration of blood was published with special 
reference to toxicity problems (379). Two 
different invcstigations designed methods for 
studying the permeability of films and plastic- 
coated papers (380), and cellulosic or plastic bar- 
rier materials, packages, and closures (381). The 
permeability to water and the stabilities of ascor- 
bic acid and potassium permanganate in several 
plastic containers were explored by Kimura and 
co-workers (382). The stability of an enzyme 
preparation, amylase, was greatly influenced by 
its packaging material; the activity a t  20' and 
9Oy0 relative humidity decreased in the order ol : 
glass > glassine paper laminated with polyethyl- 
ene > paper > waxpaper (383) .  Fluoride solu- 
tions in glass containers of aluminum have been 
stahilized Iq; the addition of EDTA and alum- 
num chloride (384). Some unique surface tests 
were utilized for studying the neutrality of glass 
ampuls for injectable fluids (385). Aluminum 
tubes provided better protection for anhydrous 
and hydrated ointment bases containing vegeta- 
ble oil than orange glass jars (386). Brown tabu- 
lated a list o f  17 ultraviolet light absorbers used to 
stabilize plastic packaging materials (387). 

EQUIPMENT 

Three separate papers discussed autoination in 
the pharniaceutical industry (388-390). Hill 
published an article 011 evolutionary operation 
(EVOP) as a technique for in-plant optimization 
(391), while Maatman reviewcd some of the 
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factors imporpant in the industrial handling and 
moving of materials (392). Three other inves- 
tigators evaluated the Sterilab for dispensing 
sterile products (393). The operation of a simple 
liquid flow recorder designed to handle a few 
drops per minute or 50 ml./min. has been revealed 
(394). The Littleford-Lodige mixer was studied 
as a method for achieving high-efficiency solid- 
solid blending; its application as a wet-formula- 
tion device was also briefly investigated (395). 
One other mixer, a stirred flow reactor type, was 
also tested for its mixing efficiency (396). 

-4 simple constructed device fabricated from 
materials common to most laboratories was 
designed for the control of water baths used for 
nonisothermal sttidies (397). Another apparatus 
was developed which permitted rapid determina- 
tion of thermal diffusivity in foods. A tfescrip- 
tion or its limitations and sources of error was also 
included (398). Larkins el nl. described a new 
automatic recording multigradient capillary vis- 
cometer (399). Other workers invented a simplc 
device for measuring the thickness of agar in a 
Petri dish (400) and illustrated the construction 
and use of a versatile hot stage microscope. for 
determining phase diagrams of inorganic mixtures 
(401). During a study on the surface properties 
of soybean lecithin, a modification of the Wil- 
helmy or vertical-type film balance was disclosed 
which is believed to offer certain advantages over 
other standard film balances (402). One other 
apparatus has been described for compressing and 
expanding insoluble monolayers or films present 
a t  an oil-water interface (403). iz new design 
was presented €or an improved mass-transport 
cell for the mcasurcment of electrophoretic ino- 
bility of concentrated suspensions or particles 
(404). In addition, a new counter for emulsion 
photomicrographs was depicted (405). Two 
papers discussed automatccl tcchniques for deter- 
mining dissolution and reaction rates of antacids. 
They provided a rapid and accurate profile of the 
dissolution and reaction rate in addition to the 
total acid-consuming capacity of the antacid sys- 
tem (406,407). A new device, called the Heidel- 
berg capsule, has been proposed to telemeter 
gastric pH (40s). The specifications, operation, 
and production rate of a new encapsulating 
machine for soft shell products has also been 
assessed (409). 

PHYSICAL PHARMACY 

Many pharmaceutical problems were solved 
through physicochemical means. The theoreti- 
cal aspects o f  solid solutions and eutectic mixtures 
and their application to pharmaceutical systems 
were discussed by Goldberg, Gibaldi, and Kanig 
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other in vitro continuous dissolution rate measur- 
ing method has been designed and evaluated for 
dctcrmining the dissolution rates of labeled 
materials from solid dosage forms (428). Results 
obtained with this method were compared with 
dissolution rates of similar dosage forms using the 
U.S.P. disintegration apparatus and the rotating 
bottle method. An improved holder for rota- 
tional disk dissolution studies has been used to 
determine the relative intrinsic dissolution rates 
of caffeine monohydrate, aspirin, salicylamide, 
and acetaminophen (&?!I). The crystal behavior, 
solubility, and dissolution rates of two anhydrous 
and one hydrated form of prednisolone in aqueous 
solution have been investigated (430). Thc 
theory for the dissolution rate of polyphase mix- 
tures was probed and applied to several situations 
involving simultaneous diffusion and rapid 
equilibria (431). The rate of dissolution of boric 
acid in aqueous solutions of polysorbates was 
examined (432) ; another study explored the 
effect of complex formation on the dissolution 
kinetics of nz-aminobenzoic acid (433). Danck- 
werts' penetration model was employed to derive 
equations to explain the theory for the dissolution 
of solids in a multiparticulate system (434). The 
dissolution behavior of a weak acid, 1,1 -hexa- 
methylene p-tolylsulfonylsemicarbazide, and its 
sodium salt in phosphate buffers has been evalu- 
ated by Higuchi et al. (435). 

One other new method was described for deter- 
mining the dissolution rate of fine particles of 
crystalline hydrocortisone acetate (436). A 
study relating the in uitro dissolution rates and 
soluhilities of 45 different compounds representa- 
tive of various chemical species supported the 
theory that the initial rate of dissolution of a com- 
pound is directly proportional to its solubility 
(437). In addition, dissolution studies were 
conducted on both the one-to-one molccular com- 
pound and mcchanical mixtures of sulfanilamide 
and sulfathiazolc a t  1.5, 25, and 3 5 O  (438). As 
part uf a program on the transport, deposition, 
and dissolution of cholesterol in aqueous medium, 
the growth, dissolution rates, and nucleation 
behavior of this compound in saline have been 
studied by following changes in particle size with 
the Coulter counter (439). In a similar study, 
the Coulter counter was used to ttsL the influence 
of cholate on the precipitation behavior of choles- 
terol in aqueous mcdia as a function uf pIT (440). 

A new techniquc has bccn proposed for clc- 
termining the solubility product constant (441). 
Dielectric constants of water-ethanol-sucrose and 
water-ethanol-sorbitol systems have been experi- 
mentally determined and iound to he a complex 
€unction of composition expressed as weight per 

(410). Other researchers found that the choice of 
plastic, weight of drug incorporated in the matrix. 
solubility of the drug used, matrix additives. and 
the solvent could markedly affect the release rate 
of drugs from plastic matrices (411). The diffu- 
sion Coefficients of several physiologically active 
compounds have been determined in cross-linked 
thiolated gelatin films (412). It has been shown 
that stress relaxation eflects of gelatin films cross- 
linked with oxystarch or difluorodinitrobcnzene 
may be represented by the sum of three exponen- 
tial rates of stress decay (413). Some viscoelastic 
properties of keratin arid collagen fibers immersed 
in aqueous media have bcen measrircd a t  fre- 
quencies between 1 kc./sec. and 20 kc./sec. and at 
temperatures between 0 and 100' (414). The 
penetration of chlorpromazine and chlorproma- 
zine sulfoxidr into insoluble monomolecular lipid 
films depended on the surface characteristics of 
the lipid, pH, and the ionic strength of the under- 
lying solution (41 5 ) .  Additional studies were 
concerned with the relation between the diffusion 
coefficients and the electrolytic properties of 
membranes (416). Measurements of the tensile 
strength of dry powders of irregular particle shape 
have been made using a split tilting-plate appa- 
ratus based on that described by Thouzeau and 
Taylor (417). Johnson and co-workers studied 
the distribution of phenol between water and 
carbon tetrachloride and the solubility of water in 
solutions of phenol in carbon tetrachloride (415). 
Another paper presented a novel means for 
achieving a superior degree of carbonation with 
sodium bicarbonate in various latentiated acidi- 
fiers (419). The rate of neutralization of hydro- 
chloric acid by dispersed calcium carbonatc 
powder has becn examined as a function of pH, 
temperature, and particle size (420). A tartaric 
acid buffer has becn shown to form a reactive 
intermediate in aqueous solution capable of rap- 
idly acylating any nucleophilic compound present 

Ionization.-The absence of a primary 
kinetic isotope effect in DMSO was the subject of 
a paper on ionization rates of weak acids (422). 
Another article clescribcd the mechanisms for the 
acid dissoriation of vitamin Ri2 (123). Thc acid- 
base behavior of cphcdrine isomers and their 
oxazolidine derivatives in aqueous arid non- 
aqueous media has been described in detail (424). 
Also, a new technique was described for measuring 
the rates of ionization of carbon acids (425). 

Solubility.-Wurstcr and Taylor reviewed 
the theory of dissolution and methods of study in 
a paper with 7,4 references (426). A novel 
method was developed for deterniining dissolution 
rates of multiparticulate systems (427). One 

(421). 
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cent (442). The solubilities of acetanilide, 
p-methylacetanilirle, p-ethoxyacetanilide, amino- 
pyrine, and antipyrine have been measured in 
dioxane-water mixtures of known dielectric 
constants (443, 444). Some solubility anondies 
were compiled for actinoinycin D (445). The 
water solubilities of live different barbiturates 
were ascertained by liquid scintillation counting 
of ’Ctagged compounds using the technique of 
phase solubility analysis (44fi). Four different 
procedures wcre employed to determine the 
solubility of choleslrrol in water (447). 4 
critical concentration for the solubility of choles- 
terol chlorohetainate in aqueous solution was 
detected by specific conductivity, refractive in- 
dex, and activity coefficient determinations (448). 
The solubility of iodine has been studied in a 
serics of solvents (449). Nakatani reported on 
the solubility of compounds related to orotic acid 
in  amine solutions (430). Tagged l4C-pentaery- 
thritol tctranitratc was utilized in determining the 
solubility of this compound in water and saline 
(451). Another presentation compared the solu- 
bility of polysorbates in simple syrup, glycerol, 
and propylene glycol (452). The solubilities of 
several xanthines, including caffeine, theophyl- 
line, and theobrominc, were examined in dioxane- 
water mixtures ; the solubility curves that were 
obtained showed a multiplicity of peak solubility 
values (453). A different type of study provided 
data on the solubilities of thin films of polyethyl- 
ene, polypropylene, and polystyrene in many 
liquid drugs (454). Other investigators studied 
the solubility of compressed gases in Iluorocarlmns 

Swarhrick published a review article outlining 
the physicochemical properties of surlace-active 
agents in solution with particular reference to 
solubilization of materials of pharmaceutical 
interest (456). One investigation determined the 
usefulness of test systems consisting of aqueous 
solutions ol anionic surfactants and an excess of 
“C-cyclohexane in studying effects related to  
solubilization (357).  The solubilization of sev- 
eral aliphatic and aromatic acids in aqueous solu- 
rions of cyclopentamine hydrochloride, ephedrine 
sulfate, and propoxyphene hydrochloride has been 
denionstrated (458). A potentiometric method 
was applied to a study of the solubilization of 
benzoic acid in systems containing anionic (459) 
and nonionic (360) surfacidnts. Another study 
was concerned with the interaction of urea in 
varying concentrations with three isomeric mono- 
hydroxybenzoic acids (461). The solubilizing 
capacities for camphor of one anionic, one m- 
t ionic, and three nonionic surfactants have been 

(455). 

investigated and dclcrmincd by measuring the 
areas under ultraviolet absorption peaks (462). 
The use of  Z values was proposed as a method for 
measuring the polarity of the environment in a 
study on the solubilization of camphor in poly- 
sorbatc 20 (463). Sorbitan trioleate increased 
the solubility of hydrous ephedrine alkaloid in 
liquid petrolatuni (464). The effect of various 
polysorbates on the solubility of sulfanilamide in 
several different solvcn t systems was ascertained 
by Khawam, Tawashi, and Czetsch-Lindenwald 
(465, 466). Aqueous solutions of urea, l-acetyl- 
3-methyl urea, and 1,3-dirnethyl urea were dis- 
covered to increase the water solubility of testos- 
terone and some other related steroids if the 17- 
hydroxyl group of the steroid was free (467). 
The effect of urea on the aqueous solubility of six 
different dye compounds in water has also been 
compared (308). In addition, the solubility of 
theobromine has been increased and stabilized by 
the addition of various polysorbates in tragacanth 
mucilage (469). 

Complexation.--The formation of copper 
complexes of sulfur drugs was discussed by Lee 
(470). Acid dissociation and copper(I1) chelate 
forination constants were compared for glutamic 
acid and several of its derivatives (471). Data 
were presented which suggested that coordination 
coinplexes may be of major importance in the 
biological phenomenon of binding with catechol- 
amines (472). Stability constants for complexes 
of tetracycline with cupric ion have been pub- 
lished (473). An in  vitro enzyme kinetic study 
was used to determine the nature of the inhibition 
of acetylcholincsterase by cupric chelates of 
glycine and ethylenediamine (474) ; also, the 
inhibition of acetylcholinesterase by 1-1 cupric 
chelates of ethylenedianiine and glycine was 
analyzed and shown to be essentially a nonconi- 
petitive type (475). Complexes formed by 
adrenaline and related compounds with transition 
metal ions were studicd by Jameson and Xeillie 
(476). The inactivation of tetracycline with a 
cupric-morpholine complex was invcstigated in 
another binding study (477). Gel-Liltration. 
ultra-filtration, and ultra-centrirugation were 
used to study the nature of an irorl-dextran con- 
plex (478). 

Oxytetracycline was shown to form fluorescent 
complexes with proteins i n  oitvo (479) ; the bind- 
ing of sulfonamide to serum albumin was also 
investigated in a similar study (480). Protein 
binding of radioactive vitamin I)3 added to serum 
in oifro or present in dog serum after intravenous 
injection has been studied by a variety of methods 
(481). The interaction of cortisol with bovine 
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and human serum albumin was observed by an 
equilibrium dialysis procedure (482). Protein 
binding of salicylates by rat  liver, kidney homog- 
enates, plasma protcins, globulins, and albumin 
was tested by Stafford (483). Also, the serum 
albumin binding of several structurally similar 
xanthine derivatives was evaliiated by a spectro- 
photometric technique (484). 

One investigation wms conducted to ascertain 
the interaction of a group of compounds, used in 
medical and pharmaceutical practice, with 
several types of insoluble polyamides used in con- 
tainers or devices for storing or administering 
drug products (485). The interaction of para- 
chlorometaxylenol with macromolecules was 
determined by solubility and dialysis procedures 
(486). An electrophoretic technique was used to 
illustrate the interaction occurring between 
sodium carboxyinethylcellulose and both methyl- 
cellulose and polyacrylamide (487). The interac- 
tion bctween poly-i~--vinyl-5-methyl-2-ox- 
azolidinone and certain pharmaceuticals in 
aqueous solution was reported (488). A complex 
interaction of potato and arrowroot starches with 
certain drug pharmaceuticals has been noted by 
Goudah and Guth (489). The binding of certain 
benzoic acid derivatives by polysorbate 80 and 
cetomacrogol 1000 was determined by means of 
an equilibrium dialysis technique (490). ,4n in- 
vestigation of the binding of polyethylene glycol 
to carboxymethylhydroxyethylcellulose was also 
disclosed (491). The hemolytic activity of 
phenolic preservatives was prevented by their 
interaction with polyethylene glycols (4%). 

The reaction of some salts of rare earth metals 
with group n vitamins has heen revealed (493). 
Another study assessed the interaction of a series 
of phenyl-substituted carboxylic acids with 
Schardinger dextrins (494). The equilibrium 
reactions of caffeine and nicotinarnide with 
lidocaine and saccharin were studied (495) ; also, 
Aavins and phenols were found to form 1: l  
molecular complexes in neutral solution (496). A 
spectropolarimetric method of determining sta- 
bility constants of complexes formed through 
hydrogen bonding has been developed and ap- 
plied to a camphor--phcnol system (497). Gas 
chromatography was employed during a complex- 
ing study of quinine and quinidinc with urea, 
thiourea, and diethylthiourea (498). The bind- 
ing of chlorpromazine and thioproperazine to rat 
liver and human leucocytes was reported by 
Teller (499). The reaction between pyridoxal 
phosphate and cycloserine has been evaluated 
(500). Wadke and Guttman presented evidence 
to indicate that the complexed form of isoallox- 
azine was resistent to hydrolytic decomposition 
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(501). Complex formation between chlorprom- 
azine and adenosine triphosphate was believed to 
occur because the surface tension was lowered in 
the presence of adenosine triphosphate which is 
not surface active (508). Complex formation 
involving cis hydroxyls in an axial-equatorial 
position between carbohydrates and dimethyl- 
sulfoxide was revealed by proton magnetic reso- 
nance data (503). 

A study of adsorption complexes formed by the 
intcraction of sodium dodccyl sulfate with gelatin 
at pH values below the isoelectric point was 
described (504) Complexation between 1,3,5- 
trinitrobenzene and several local anesthetic com- 
pounds was demonstrated; it was suggested that 
the amine group was the primary site of reaction, 
with the tertiary amine taking precedence when 
present (505). A dark reaction between citrate 
and iodine was detected by two investigators 
(506). In addition, Rudgers followed the inter- 
action of hexylresorcinol and amaranth with 
quaternary ammonium compounds by a conducti- 
metric titration procedure (507). Other studies 
were concerned with structural determination of 
complexes by ultrasonic waves (508). 

Surface Phenomena.-A review of the basic 
concepts involved in wetting and adhesion proc- 
esses was reported by Gray (509). Another 
review discussed the theory on coagulation of non- 
interacting particles in Brownian motion (5 10). 
Other surveys covered colloidal dispersions, 
electrokinetic effects, the concept of potential 
(511), and the coagulation of colloidal powders 
(512). Higuchi, Rhee, and Flanagan studied the 
ratcs of aggregation of polystyrene and polyvinyl- 
toluene particles in aqueous ionic surfactant solu- 
tions (513). Solutions to equations for the ki- 
netics of coagulation were analyzcd by other 
workers (514) ; a mathematical analysis has also 
been made of two chemically interacting macro- 
molecules settling in a liquid solvent under one- 
dimensional electrical and cylindrical centrifugal 
lorces that were sufficiently large to  overcome 
diffuse forces (515). Centrifugation current was 
used to determine the electrokinetic mobility of 
several electrolytes in the aqueous phase of water- 
in-heptane emulsions (516). The streaming 
potential of sulfisoxazole, sulfadimethoxine, and 
N’-acetylsulfisoxazole was measured with Hazel- 
type cells in sucrose, sodium chloride solution, and 
sodium chloride in 107, sucrose solution (517). 

Two different reviews on the physical chemistry 
of nonionic detergents have been published (518, 
519). Also, a survey on the evaluation of anionic 
and nonionic emulsifiers according to HLB values 
was reported (520). The adsorption of three 
quaternary ammonium salts, having the same 
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chain length and counterion but differing in the 
polar group, was measured a t  the air-water inter- 
face (521). Thc effect of solvent on micellar 
properties of nonionic surface-active compounds 
was investigated (522). A conductimetric 
method was used for determining the critical 
inicelle concentration of sodium decyl and dodecyl 
sulfates in the presence of sodium chloride (523). 
Phares predicted reductions in water-air, oil-air, 
and watrr-oil interfacial tension produced by 
nonionic surfactants by using a form of the Lang- 
muir adsorption equation (524). The influence 
of the sodium chloride concentration on the ad- 
sorption of sodium dodccyl, sodium decyl, and 
sodium octyl sulfate solutions a t  an air- 
water interface has been evaluated (525). The 
Griffin HLB method was utilized to deter- 
mine the possibility of emulsifying 10 different 
emulsifiers having HLB values in the range 8-1 3 
(526). The effect of additives on the foaming 
properties of very dilute surfactant solutions has 
been reported (527). Some of the physical prop- 
erties or a series of nonionic detergents with 
branched hydrocarbon chains of the general 
formula, R2-CH-CH20(CH2C€120)sIJ, were 
described (528). 

The adsorption of water on clays was reviewed 
in a paper with 151 references (529). The rela- 
tionship between some electrical and thermo- 
dynamic propertics of adsorbed water on two 
montmorillonites, a silica gel, and a window glass 
powder was studied a t  room temperature (530). 
The specific surface area of suspensions of niont- 
morillonite and the average thickness of their 
diffuse double ionic layer wcre reported (531). 
The sorption ol methylene blue and rnethylene 
violet on Fintia hentonite processed by various 
methods was investigated (532). Bentonite 
clays have been activated by treatment with lOy0 
hydrochloric acid while heating to improve their 
adsorptive and catalytic properties (533). Pack- 
ham examined the coagulation of dispersed clays 
with hydrolyzing salts while carefully observing 
the effect of the nature and concentration of clay, 
pH, and the prescnce of  various ions (534). The 
adsorption of water on ion-exchange montmoril- 
lonite has been discussed (535). It was noted 
that thc heat of wetting of sodium and potassium 
bentonite was not greatly affected by the addition 
of small amounts of polyacrylaniides (536). 
Other results were presented which showed dear 
evidence of discrete charges on clay surfaces 
(537). The adsorption properties of bentonite 
clay with regard to vitamin E were considcred 
(538) ; the adsorption of phenol, p-cresol, p-nitro- 
phenol, 2,4-dinitrophenol, and puric acid on 
Fuller’s earth was determined (539). The in- 

fluence of hydrogen ions on the adsorption poten- 
tial and surface tension of barbital, aminopyrine, 
and veramon was disclosed in other studies (540) 
A summary of the effects of the method of prepa- 
ration on the surface properties of silicas has bcen 
presented (541), and the adsorption properties of 
silica gel precipitated in the presence of some 
alkaloids has been investigated (-542). The 
reactivities of the surfaces of muscovite, mont- 
morillonite, and chrysotile-asbestos were also 
explored (543). In addition, Rohdewald eval- 
uated the effect of glycerol, sorbitol, hydrochloric 
acid, sodium chloride, anionic, cationic, and non- 
ionic surfactants on thc properties of talc suspen- 
sions (544). 

Rlaug and Gross reported on the in vitro ad- 
sorption of nine different anticliolinergic drugs by 
six antacids (545). Steroid adsorption by poly- 
ethylene tubing was noted by other workers (546). 
The critical micel’e concentrations of oxyethyl- 
me- oxypropylene polymers were assrssed by 
surface tcnsion and two different spectral absorp- 
tion methods (547). Additional studies were 
conducted on the thermodynamic function oC thc 
sorption of vitamin Blz by the salt forms of sulfo 
resins (548). The dispersion of inorganic pig- 
ments was improved by surface treatment (.549). 
Polypropylene glycols with molecular weights of 
about 2000 had the highest surface activity and 
strongest dye dispersing effect (550). It was 
concluded that with most hygroscopic materials 
used in pharmacy, the process of water vapor 
sorption starts to be active in an atmosphere with 
50y0 relative humidity (551). The measurement 
of interfacial areas of foams and froths has been 
carried out by a radiographic technique (552). A 
technique involving reiterated approximations 
and a high digital computer was employed to  
solve the problem of surface tension measurement 
by the Pendant drop technique (553). The 
hydrophile-lipophile balance of surface-active 
substances has been determined by a calorimetric 
technique (554). 

Crystallization.-A review of ultrapurifica- 
tion methods based on zone melting appcarcd 
in thc literature (555). Nickolics, Ridlo, and 
Nilrolics explored the influence of solvents on 
crystal structure of resorcinol, sulfathiazole, 
acetylsalicylic acid, phenacetin, barbital, and 
phenobarbitol (556). The precise crystal and 
molecular structure of a-D-glUcOSe by neutron- 
diffraction analysis was ascertained (557) ; and 
the crystal and molecular structure of 1,3-dihy- 
dro-l-hydroxy-3-oxo-1,2-benziodoxole was deter- 
mined by X-ray crystallographic methods (558). 
Polymorphism in potassium sulfate and thallium 
sulfate has been reported (559). The physical 
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properties of various anhydrous and hydrous 
forms of ampicillin were noted (560). A number 
of compounds were tested for their inhibitory 
effect on the needle axis growth rate of sodium 
acid urate crystal (561). Other data revealed the 
effect of temperature on the linear crystallization 
rate of salol, betol, salipyrine, antipyrine, and 
codeine (562). 

Rheology.--il new flow equation for pseudo- 
plastic systems was described by Cross (563). 
An electrical method has been suggested for 
dctcrmining the areas of hysteresis loops (564). 
A new viscometer was designed for measurements 
on dilute polymer solutions but could be equally 
well used for other liquids (565); also, another 
new glass rotatory viscometer was recommended 
for certain rheology studies (566). Hiller re- 
ported on the effects of temperature and pressure 
on the rheological behavior of montmorillonite 
sols (567). The rheology of silica suspcnsions 
was investigated as a function of concentration? 
particle size, polarity of organic solvents, and the 
pH and ionic strength of the aqueous phase (568). 
The factors affecting the rheological propcrties of 
clay suspensions were observed in another study 
(569). The thixotropic behavior of “alki” hen- 
tonite suspensions (570) and the physicochemical 
and technological properties of two kaolin varie- 
ties were presented (571). The rheology and 
suspension characteristics of carboxymcthyl- 
hydroxyethylcellulose-polyethylene glycol sys- 
tems, evaluated by means of the power law equa- 
tion, were outlined (572). The concentration 
dependence of the steady flow viscosity was dis- 
cussed for aqueous solutions of high viscosity 
hydroxyethylcellulose (573). The elastic prop- 
erties of the particle network in gelled solutions of 
carbox~methylccllulose h a w  beeti rerorded (.574). 
A treatise was published discussing critical gum 
solution properties that may be determined 
through analysis (573). Sugar, when used a t  
high levels, offered a means of providing a delay in 
the development of the viscosity of guar gum 
formulations (576). 

Procedures and instrumentation have been 
deviscd for measuring the stress-relaxation mod- 
ulus of melts employed as soft gelatin encapsulat- 
ing formulations (577). Other workers exp1c)red 
the viscosity and stability characteristics of the 
system ascorbic acid-water-polysorbate 20 (578). 
The flow properties at 25’ of concentrated (3& 
42%) dicalcium phosphate dihydrate paste sus- 
pensions and model systems were determined 
using a concentric cylinder, cone plate, and capil- 
lary extrusion viscosinieter (579) ; in other stud- 
ies, the thixotropy and dilatancy in complex 
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emulsions and suspensions were investigated 
(580). Higuchi and Stehle tested the rheometric 
properties of silica suspensions in dibutyl phtha- 
late, hexadecane, mineral oil, ethylene glycol, and 
mixtures with and without different surfactants 
(58 1). 4 n  apparatus, consisting of a sedimenta- 
tion tube and capillary viscometer, was dcsigned 
for particle size determination of suspensions and 
emulsions (582). In one study, the basis and 
conclusions for rheological characterizations of 
some pharmaceutical adjuvants were reported 
(583). The swelling, hygroscopicity, and vis- 
cosity properties of bentonite suspensions caused 
by water absorption were also evaluated (584). 

PHARMACOCHEMlCAL ASPECTS 

This section of the review considers many of the 
papers on polymers, antibiotics, and radioisotopcs 
which might be of interest to the pharmaceutical 
scientist. It is not intended to encompass the 
vast area of pharmaceutical chemistry conrerned 
with synthesis, structure-activity studies, rcac- 
tion mechanisms, analysis, etc. These related 
disciplines are reviewed annually in other publica- 
tions and are, therefore, omitted froni this report. 

Polymers.-Rodrigues and Barrosa reviewed 
the current status of polymers of pharmaceuti- 
cal interest (585). Good agreement was found 
between theory and experimental data for the 
stress cracking of high-density polyethylene in 
octylphenoxy polyethoxyethanol examined from 
the viewpoint of critical strain (586). An at- 
tempt was made to develop a mcans of assessing 
the order in an amorphous polymer from density 
measurements (587). A discussion has been re- 
ported on some of the factors responsible for high 
thermal stability in polymers along with some 
rcsults of thermal drgradation studies on an 
aromatic polyimide (588). In another investiga- 
tion, the melting points of polyethylene crystals 
and the relation between molecular length and 
chain folding were presented (389). Also anal- 
yzed was the effect of changes in structure on 
chemical reactivity, the effect of structure on 
physical properties, and the basic principles of a 
chain reaction mechanism in polymerization 
(590). Cooper discussed thc toxic dangers and 
disadvantages of plastic materials used in phar- 
maceutical systems (591). 

The effect of the structure of sulfonated poly- 
styrene ion-exchange resins on the sorption t Jf 
oxytetracycline and chlortetracycline ions has 
been investigated (592). Measurements of the 
swelling ratio and exchange capacity 01 indiviclual 
ion-exchange resin beads were used to compare 
resin samples, to study interparticle diffcrences, 
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and to  help characterize resin degradation (503).  
Lappas and McKeehan employed several esters of 
poly(et1iylene-inaleic anhydride) and poly (vinyl 
methyl ethcr-rnaleic anhydride) as coatings to 
control the release of drugs u13on reaching a spe- 
cific intestinal 1111 (rr)04). The use of polyvinyl 
alcohol as a solvent for pilocarpine ophthalmic 
solutions was reported in publications by different 
authors (59.5, 596). A method for prcparing an 
aqueous colloidal dis1)ersion of organic materials 
such as &carotene b y  using water-soluble poly- 
mers like ~~olyvinylp~rrolirlone has Iiecn revealcd 
(5!)i). 

Antibiotics.-Reviews on the chemistry and 
pharmacology of penimepicilina, a new broad- 
spectrum antibiotic (598), and on the problems 
and investigative methods of antihiotic binding 
by blood serum proteins appeared in the literatiire 
(599). ‘The properties of some new antibiotics, 
cephaloridine (CiOO), kasugamycin (60 I), and 
copiairiycin (GO?), were disclosed. Also, thc 
preparation and isolation of arihydroerythroiny- 
cin ((jO3), antibiotic K-12 (tiO4), neohuniidin 
(605). and lemononiycin (tiO(j) have been re- 
ported. In addition, a new antifungal antiliiotic, 
trichotlermin from Trichaderma r i d e  was de- 
scribed ( l i O i ) .  

’lhe activity in experimental infections, absorp- 
tion, arid elimination of rifamycin B diethylamide 
in man have been examined (60%); also, the ;N 
zritro activity, absorption, and excrction of cepha- 
lothin in normal subjects have been reported 
(609). Garrett and Miller showed the generation 
rate constants for viable counts of B. coli were 
linearly dependent on the concentration of tetra- 
cycline and chloramphenicol (010). Definitions, 
standards of identity, strength, quality, purity, 
tests, and methods of assay werc given for 
dactinoniycin (($1 1 ).  A scheine of classification 
l‘or the antifungal antibiotics of the pentaene 
group has been presented (lj17). Gentamicin was 
tested in aitro against 889 strains of pathogenic 
bacteria (til3). 

Radioisotopes.- Radioisotopes in pharma- 
ccutical technology were surveyed (01 1) along 
with the production of radioactive isotopes for 
medical use (615). With the exception of the 
field of chemical kinetics, a brief survey has been 
presented of thc principles of isotope chemistry 
and their utility in the ever unfolding panorama 
of scientific rcscarch (( j l ( i ) .  Anothrr brief re- 
view was conducted on the preparation and 
analytical control of radioactive chemicals of the 
10th revision oi the 1i.S.P. and the “British Phar- 
macopoeia” 1958 (6li). The preparation ofcolloi- 
dal solutions of zirconyl phosphate with 32P for 
radiotherapeutic purposes was described (618). 

The influence of the samplc volume on weak 
~-ccmnling efficiency at Oo in liquid scintillation 
counting has been rcportcd (619). The factors 
infuencing the loss of I4C from labeled carbonates 
were published (ci20) ; corrections lor grain count 
in autoradiography were also determined (621). 

B IOPHARMACEUTICS 

The area of biopharmaccutics considers re- 
search efforts directed toward studying the influ- 
ence of pharinaccutical formulations on the liio- 
logical activity of drugs. Xurnerous review arti- 
cles appeared in the literature. Maim cited 144 
references while discussing biological aging and its 
cffect on modification of drug activity ((XU). 
The evolution of new concepts on the mechanism 
of drug action was prcsentcd (623). Oiher topics 
of review included the absorption of pharmaceuti- 
cals by diffusion (625) and transport phenomena 
in artificial membranes (625). A two-part review 
covering factors influencing drug distribution in 
the body and pharmacokinetics also appeared in 
the literature (ti26, 627). The mechanism of 
erizy~rie and hormone actions was the subject of 
another review ((i28). I n  addition, the theoreti- 
cal aspects of diurcsis and the various therapeutic 
classes of diuretics were surveyed (629). 

The kinetics of drug transfer from a buffered 
aqueous phase through a lipid phase to  another 
aqueous buffered phase were studied (630). The 
development of a unified statistical mechanical 
theory of transport across a membrane model in 
liquid mixtures and electrolytcs was discussed 
(K31). 4 molecular basis for drug activity was 
considered (6:32), while the use of quantum cheni- 
istry in drug design was explored by Schnaare and 
Martin (633). On the assumption that  the po- 
tassium content of the body cell mass remains 
constant, i t  has been possible to estimate body cell 
mass b y  me.asuring 4oP activity with a whole-body 
scintillation counter ((i34). 

Milne discussed the potentiation of excret.ion of 
drugs (635). ilnalog computer studies resulted 
in an equation that can lie used to predict the 
average asymptotic blood lcvcls during a multi- 
ple-dose regimen from basic parameters estimated 
from single-dose studies (636). B theoretical 
relationship between dose, elimination rate, and 
duration of pharmacologic effect of drugs has been 
suggested (637). The importance of the route of 
administration was demonstrated in the phanna- 
codynamics of the antitussive action of codeine 
and ethylcodeine (638). Three unique, new, 
highly reactive polymeric compounds of mag- 
nesium aluminum oxy hydroxide showed 50-60y0 
more antacid activity than presently known alumi- 
num-magnesium antacids (639). 
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Effects of Physicochemical Properties.-A 
review, with 21 references, on physicochemical 
studies of membrane permeation concerned with 
absorption and excretion of drugs appeared in the 
literature (640). It was shown that calcium and 
pII influcnce the alxorption rate of tetracycline 
and three of its derivatives (641). The water- 
insoluble salt, lincomycin hexadecylsulfamate, 
provided greater absorption and activity than the 
water-soluble salt, lincomycin hydrochloride 
(li32). Poole, Zeigler, and Ilugan demonstrated 
no significant increase in aluminum blood levels 
after oral ingestion of a water-soluble aluminum 
complex, potassium glucaldrate, in normal sub- 
jects or in those requiring antacid therapy (613). 
Certain members of some metal-acid complexes of 
tetracycline and deniethylchlortetracycline re- 
sulted in highcr blood lcvels (644). Particle size 
effects were discussed in relation to formula 
modifications (645) ; and the effect of griseofulvin 
particle size reduction was also determined in rela- 
tion to drug excretion and absorption (646, 647). 
The in vivo distribution of colloidal chromic radio- 
phosphate having different particle sizes has been 
studied following intravenous, intramuscular, and 
intracavitary injection into mice (648). The 
proportion of a sulfisoxazole dose absorbed did not 
vary with particle size, but the rate at which this 
proportion was absorbed did change (ti49). A 
correlation between the relative percutaneous 
absorption of topical corticosteroids and the 
physical properties of solubility and partition 
coac ien t  has been revealed (650). The release 
of steroids from a topical vehicle was stated to be 
independent of, and uninfluenced by, the presence 
of a second noninteracting component (6.51). 
Wide individual fluctuations were observed in 
studies on the influence of the rectal route for the 
administration of sulfonainides for therapeutic 
purposes (052) .  A unique relationship has been 
discovered between the molecular weight and 
biological eifect ol dextran (653). When admin- 
istered to cats, in quantities representing Hatcher 
doses, there was a proportionality between the 
absorption rate and the lipid solubility ol various 
lanata glycosides (654). 

Effects of Formulation.-Wurster reviewed 
some of the factors related to the formulation of 
medicinals for percutaneous absorption (655). 
Tablet disintegration and physiological availabil- 
ity of drugs were also surveyed in an article con- 
taining 58 references (656). The oral absorption 
of salicylates was found to be a function of the 
intrinsic rate of dissolution which was affected by 
formulation parameters such as particle size, 
disintegrants, and lubricants (657). Incomplete 
absorption of aspirin was attributed to an exces- 
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sively low dissolution rate of the dosage form 
(658). The importance of dissolution rates in 
producing effective diazoxide blood levels in man 
was outlined following administration of solu- 
tions, capsules, and tablets (659). A method for 
the evaluation of antimicrobial activity of a bac- 
teriostatic agent in the presence of a surfactant 
was described (660). Another study disclosed 
the relationship between the concentration of a 
surfactant, polysorbate 80, and the rate of absorp- 
tion of a drug, salicylamide, from the small 
intestine (661). Modification of in vivo promaz- 
ine absorption by activated attapulgite and acti- 
vated charcoal in humans using urinary excretion 
measurements has been demonstrated (tj62). 
Three different dosage forms, namely a liquid 
concentrate, regular sugar-coated tablets, and 
substained-release preparations, did not iiifluence 
thioridazine blood levels (663). Only one-fourth 
to one-third of orally administcrcd tetracycline 
was absorbed compared to the amount absorbed 
after intravenous administration (664). A com- 
plex model was presented to illustrate the phar- 
macokinetic parameters relatcd to the absorption, 
metabolism, and elimination of nalidixic acid in 
man (665). The absorption and elimination of 
salicylic acid was investigated after i.m. injection 
of aluminum aspirin in a neutral oil (666). 
Serum salicylate levels were also used to evaluate 
the relative release rate oi aspirin from a commer- 
cial aspirin tablet and from a hard gelatin capsule 
(667). Significant differences in blood levels 
were found for three different theophylline elixirs 
(Iifi8). Additional studies analyzed the effect of 
viscosit>- on the gastric absorption of ethanol and 
salicylic acid (669). 

Indomethacin was absorbed satisfactorily from 
rectal polyethylene glycol suppositories according 
to blood level studies (670). A preliminary 
report on drug absorption from the rectum ap- 
peared in the literature (671). Suppository ad- 
ministration of theophylline p aminobenzoate of 
piperazine provided a rate of absorption equal to, 
or less than, the rate from an equivalent tablet 
dosage form (672). The pharmacokinetics of 
rectal application of 4-sulfanilamido-5,r-di- 
methoxy-pyrimidine has been published (673). 
The rectal absorption rates of sulfonamides were 
reduced by water-soluble bases (6T4). Nonionic 
surface-active agents were found to decrease the 
rectal absorption of sulfonaiiiides; this eflect was 
the result of the micelles being too large to pass 
through the rectal membrane (675). Compara- 
tive studies were carried out on the in vitro and in 
Z ~ Z K J  release of salicylates from fatty suppository 
bases (676). Anhydrous lanolin increased drug 
release when cocoa butter was employed as the 
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fatty suppository base ((i77). Cod liver oil ant1 
polyethylene glycol bases aided in the penetration 
of chlortetracycline through intact rabbit skin 
(6%). The percutaneous absorption of an 35S- 
sulfonated polygalact~ironic acid from an oil-in- 
water emulsion base has been determined in z & ~  
by following its disappearance after topical appli- 
cation ((i79). The cutaneous absorption of S-di- 
carbethoxythiarnine was studied from various 
ointment bascs (680). A diffusion study of 
sulfacetamide and sulfathiazole from three 
different ointnicrit bases through a membrane 
into water has been reported (68 I ) .  1)empski 
and co-workers discussed an in  7,itro study for 
testing the relative moisture occlusive properties 
of several topical vehicles and Saran wrap (682).  
The percutaneous absorption of heparin from 
commercial ointments was evaluated (683). A 
new microbiological “agar tube” method has been 
developed for measuring the rclcasc of antibac- 
terial agents from various ointment. bases (684). 
Several unique factors influencing the topical 
absorption of idoxuridine were demotistrated by 
Shell (683). One publicatirin presented the 
pharmacological evaluation of certain ointment 
bases (686). Thc dilTusion of neoiiiycin from 
several ointment bascs was examined (687) ; and 
the ahsorption of radioactive salicylic acid from 
10 ointment bascs mas also considered (ti88). 
The diffusion of iodine and salicylic acid was 
studied froni 20 different ointment bascs by im- 
pasting the ointment on aii agar-gel disk which 
contained starch solution or ferric chloride (G8!1). 
In studies concerning the importancc of the ve- 
hicle for percutaneous absorption, a small uptake 
of resorcinol and boric acid was noted, but phenol 
and salicylic acid were readily absorbed, espcci- 
ally froin aqueous solutions (690). 

Blaug and Canada observed the relationship of 
viscosity and contact time on thc prolongation oi 
.action of mcthylcellulose-containing ophthalmic 
,joltitions ((%l). The intestinal absorption of 
,certain water~soluhle acidic clycs and some of 
their lipoid-soluble complcxcs has been ixivesti- 
gated (fi92). An investigation of the effect of 
solubilization of phenobarbital arid several other 
barbituric acid derivatives on itz zlztvo and ia oivo 
release rates was discussed (R!)X). Succinic acid 
was found to promote the absorption of iron from 
1 he alimentary tract (094) ; other authors were 
conccrncd with the biological availaldity of 
riboflavin solubilized with sodium salicylatc 
(~695). The onset of action of tubocurarinc has 
been studied in a program evaluating the skin 
penetrating properties of drugs tlissolvctl in 
IDNISO and other vehicles (696). 

Absorption Control.-In citro dissolut.ion 
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tests were developed which correlated quantita- 
tively with dissolution rate-limited drug absorp- 
ticxi in man (iiS7). One irivestigation was noted 
on the effect of certain tablet formulation factors 
on in zritvo drug release and in ~ i v o  drug absorptioii 
((598). Several authors studied the atmrption r ~ f  
aspirin from enteric-coatcd 1xel)araticins (699 - 
702). Slowrelease tablets of ferrous sulphate 
showed extremely variable absorption when 
compared to standard ferrous sulphate therapy 
( i 0 3 ) .  A radioisotopic technique for determining 
the efficiency of an cnteric-coatcd tablet in aitro 
was found to be superior to  the U.S.P. method 

A review of the effectiveness, safety require- 
ments, rational, and clinical pharmacology of 
prolonged-release drugs was published (TG). 
Frederik arid Cass discussed some principles of the 
clinical evaluation of sustained-release drugs and 
suggested clinical methods to determine their 
duration of action (70G). Other researchers oh- 
served that  the action of procaine, isoniazid, sul- 
famidochrysoidine, and benzocaine was prolonged 
by combining them with polymers of dextran (707). 
Sustained-release aspirin formulations have been 
evaluated hy several researchers (708-710). The 
sustained-release action of polyvinylpyrrolidinone 
in tablets conpaining tetracycline hydrochloride or 
phexioxyrnethylpenicillin was examined (7 11 j . 
I n  zitro and in vivo evaluations were reported for 
sustained-release amobarbital tablets (712) ; 
and controlled-release nitroglycerin tablets used 
in the trcatrnerit of angina pectoris were also 
tested (713). A novel system was described in 
which the dissolution rate of theophylline amino- 
isobutariol in a prolonged-action system was 
utilized as a parameter of the blood level concen- 
trations (714). The reIease rates of sustained-. 
release tablets were followed autoiliatically by 
employing a photometer (715) ; another simple 
apparatus was described that  was based on con- 
tinuous elution for the in vitro control of sus- 
tained-release prcparations (711)). By using the 
half-change method of artificial intestinal and 
stomach juices, the elution ratio of medically 
active substances from Bellergot tablets with 
prolonged action has been investigated (717). 

Absorption Mechanism.-Reviews appeared 
covering the mechanism of absorption of weak 
acids and alkalies through the lipid barrier (718), 
arid the importance of specific binding, nonspecilic 
binding, and the role of chemical conliguration of 
the effective substance and its receptor (719). 
l?i’ive different models for the transport of methi- 
onine and sodium butyrate by intracellular 
plasma have h e n  described and discussed (720).  
A discussion of the influence of a drug on its own 

(704). 
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rabbits (746). In studying the percutaneous 
absorption of dinitroisopropylphenol in rats, 
absorption increascd with time to reach a maxi- 
mum after 7 hr. (747). An analog computer 
program suitable for using blood-level z'ersus time 
data as an input and producing in o k o  dosage 
for availability versus time pattern as its output 
was developed and tested by Stelmach, Robinson, 
and Eriksen (748). 

The determination and significance of the 
biological half-life of pharmaceuticals were stir- 
veyed in a review with 63 references (749). In 
addition, the biological half-life of several drugs 
appcared in the literature, namely, 140 min. for 
psicofuranine (750), 9 min. for noscapine (751), 
and 11.3 hr. for meprobamate (752). Several 
investigators studied the pharmacokinetics ol 
aspirin metabolism and distribution (753-755). 
The utility of goldfish as test animals for evaluat- 
ing biological membrane permeation led to a 
detailed analysis of the drug transfer kinetics for 
4-aminoantipyrine (756). Data were compiled 
on the excretion, distribution, and nietabolisin 
of doxapram after intravenous injection into 
dogs (757). h new method was presented for 
calculating per cent absorbed versus time plots 
from metabolite blood lcvel data (758). Also, a 
relation between the rate of elimination of 
tubocurarine and the rate of decline of its 
pharmacological activity was demonstrated by 
Levy (759). 

Drug Absorption.-The influence of certain 
factors on the absorption and excretion of drugs 
was reviewed by two different authors (760, 761). 
Schlagel discussed the comparative efficacy of 
topical anti-inflammatory corticostcroids in a 
review article containing 219 references (T62). 
In other studies, the excretion of Wlabeled 
dihydrotnorphitie was presented (763) and whole- 
body liquid scintillation counting was found 
suitable for testing the kaliuretic properties of 
diuretic agents (764). 

Blood levels from chlorarnphenicol palmi- 
tate compared well with those from chlorain- 
phenicol per se a t  equivalent dosage levels (765). 
Alter a single dose of chloramphenicol, both the 
biologically active form and inactive metabolites 
have been found in human milk ( i ( i 6 ) .  The 
absorption and excretion of erythromycin and 
monomycin were measured by Lagert (T(i7), 
while Fischer and Iiiegelman evaluated the 
absorption and distribution characteristics of 
griseofulvin from other blood level data (768: 
The absorption, diffusion, and excretion of 
lincomycin has been studied following oral, i.m , 
and i.v. administration (769). l'lasma a p  
pearance times and values oC 47Ca did not cor- 

absorption was outlined (721). Of particular 
interest was an article which presented a theoreti- 
cal study of the potential effect of drug binding 
by plasma proteins on drug distribution (722). 
The mechanism of absorption of sulfonaniides 
has been studied by measuring the rectal absorp- 
tion rate in anesthetized rats (723). The absorp- 
tion of methyl ethyl kctone under normal, de- 
hydrated, and hydrated skin conditions was 
investigated by W'urster and Munies (724, 725). 

The intestinal absorption of vitamin Blz was 
evaluated by several authors (726-729). Defcr- 
rioxaminc had no significant influence on the 
intestinal absorption or hemoglobin iron (730) ; 
however, in other studies, desferrioxamine B re- 
duced the intestinal absorption of iron (731). 
The effect of neostigmine on the intestinal absorp- 
tion of sulfisoxazole (732) and the effect of aceta- 
zolamide on the excretion of sulfisomezole into 
human parotid saliva were explored (733). 
Beckett and Rowland examincd the urinary ex- 
cretion kinetics of amphetamine in man and 
showed that the excretion of the unchanged drug 
was dependent upon urinary pH (734). The 
effect of cetrimide and phloridzin on the intcstinal 
absorption of glucose in man was disclosed (735). 
,4 significant incrcasc in the excretion rate of 
sodium salicylate has been observed upon the 
addition of an equal amount of glucosainine 
hydrochloride to an orally administered dosage 
form (736). The modifiration of protein binding 
and urinary excretion by the simultaneous use of 
two drugs was reported (737). The effects of 
acetazolaniide, sodiuin perchlorate, ouabain, and 
iodide loading on the processes controlling 1311 and 
in~l in- '~C distribution in the brain and cerebro- 
spinal Auid were compared in nephrectomized rats 
(738). Silver proteinate was found to inhibit the 
absorption of iodine in the rat  intestine (739). 
Benzoyl thiamine monophosphate produced thi- 
amine levels in humans 4 times greater than 
those produced by thiamine hydrochloride (740). 
Also, it was noted that chyrnotrypsin did not 
augment the absorption or increase the activity 
of an oral dose of tetracycline (741). In addi- 
tion, intestinal absorption of glycine was inhibited 
by phlorizin but not by rutin (742), while fat 
absorption in rats was delayed by Triton (743). 

Kinetic Studies.-The kinetic factors of the 
digestive absorption of drugs were reviewed in a 
paper citing 181 references (744). Another 
article commented on the theoretical aspects of 
the elimination kinetics for a number of model 
drugs which have a high affinity for plasma pro- 
tein (745). Iiadiophosphorus, ;zP, was em- 
ployed to dcterrnine the absorption rate of dibasic 
sodium phosphate from fatty suppository bases in 



Vol. 55, ATo. 7,  July 1966 

relate with the absorption of radiocalcium from 
the intestine (770). A double isotope method 
for the mcasuremcnt of intestinal absorption of 
calcium in nian was presented in another publica- 
tion (771). The absorption, distribution, and 
utilization of iron in a fat-soluble form was 
evaluated against similar data for ferrous sulfate 
and ferrocene ( i 7 2 ) .  In addition, the absorption 
of 59Fe-hemoglobin has been iiivestigated in iron 
deficient and iron supplemented rats and com- 
pared with the absorption of 59Fc as ferrous 
sulfate (773). 

The ahsorption of steroid hormones was 
assessed by measuring the disappearance rate 
from the human sinall intestine during steady- 
state perfusion of aqueous solutions through a 
transintestinal tube (774). I t  was reported that 
when aloxiprin and aspirin were administered 
orally, they had similar mean rates of excretion, 
but aspirin provided higher blood levels (775). 
Cotty ef al. evaluated aspirin blood levels follovv- 
ing thc ingestion of commercial aspirin-containing 
tablets by humans (776). The absorption, dis- 
tribution, and elimination of 6,’i-dimethyl-l- 
hydroxyquinoline hydrochloride, administered 
orally and intravenously to animals has been 
studied (777), and the absorption and distribu- 
tion of oxafuradene in the dog were also deter- 
mined (758). By means of urinary excretion 
studies in man, the absorption and excretion 
of 14C-bethanidine were measured (779). It has 
been suggested that the acetylated phenolic 
laxatives, hisacodyl and diphesatin, became 
absorbable from the intestines and active, 
pliarmacologicallq-, after deacetylation (780). 
Data were presented on the absorption, distribu- 
tion, and elimination of N,l?i’-dimethyl-N,/li‘- 
bis [ 3 -  (3,4,.i-trimethoxybenzoyloxy) propyl ] eth- 
ylcnerlianiine dihydrochloride (781). Another 
publication ascertained the absorption, excretion, 
and metabolic fate of ethambutol in rnan after 
oral and intravenous administratiim (782) ; 
the absorption, distribution, and cxcretion of 
niorpliocycline in rahtiits were also discussed 
(783) .  Other data were compiled showing that 
only a limited amount of riboflavin can be all- 
sorbed from the intestinal tract (784). Another 
investigator carried out reseaxch on the gastro- 
intestinal absorption and pharmacokinetics of 
selected coinpounds in man (78.5). The absorp- 
tion of isoniazid and some of its dcrivatives has 
beeu noted (786). The absorption, metabolism, 
and elimination of thiabendazolc in farm animals, 
along with a method for its estimation in biologi- 
cal materials, were presented by Tocco et al. 
(787). Peak plasma levels for sulfametlioxy- 
diazine were found in 6-8 hr. after oral ad- 
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ministration (788); also, a similar study by the 
same authors comparing the antibacterial ac- 
tivity and chemical levels of the same chemical 
in human serum and plasma was published (789). 
Amundson, Johnson, and Manthey determined 
the urinary excretion of d-propoxyphene hydro- 
chloride in man (790). The absorption and 
elimination profile of isoproterenol in anesthetized 
and unanesthetizcd dogs has been announced 
(791, 792). The rate of excretion of a new anti- 
viral agent, amantadine hydrochloride, was 
discovered to be first order (793). The absorption 
O F  terephthalic acid through the digestive tract 
and its excretion in urine of rats were examined 
(794). The urinary excretion of three oral 
cholecystographic agents, iopanoate, tyropanoate, 
and bunaniiodyl, has been studied (595). 4n- 
other invcstigatioli was concerned with the 
ahsorption of d, 1-1-(3-hydroxyphenyl)- I -hy- 
droxy-2-ethyl aminoeltane in the gastrointestinal 
tract (796). 

PHARMACOGNOSY 
One re+w was published on the investigation 

of Lupiizus alkaloids (797) ; another surveyed 
the physical and chemical properties of aromatic 
acids from crude drugs of the Umbelliferue family 
(798). Other reviews were concerned with 
aurones (799), a tabulation of 43 alkaloids used 
in modern medicine (SOO), recent advances in 
the chemistry of Rutaceae alkaloids (801), the 
present status of Cannabis research (802), and 
the application and relationship of plant tissue 
culture to medicinal plant study (803). 

The morphine content of opium from poppy 
plants under cultivation has been examined by 
two investigators (804). In  a study on the stabil- 
ity of erichroside from Erysimum cheiranthoides, 
it  was shown that lower pH’s caused hydrolysis, 
whereas higher pFT’s caused isoinerization (805). 
Sciuchctti and Born reported on the effect of 
diniethylsulfoxide alone and in combination 
with A-dimethylamino succinaniic acid or 2- 
chlorethyl trimethylammonium chloride on the 
growth and alkaloid binsynthesis of Datura 
fat& (806). In a study on morphine losses in 
poppy capsules (Papuuer somniferum), it has 
been revealed that the maxiniuni loss of morphine 
in freshly crushed poppy capsules occurred in the 
first 8 days of storage at 20” (807). A description 
of various rhubarb roots used in the drug trade 
was listed (808). An interesting article on 
Mexican witchcraft drugs, Ipomoea violocea and 
Snlvia divinorum, outlining their active principles, 
appeared in the literature (809). The production 
and consutnption of opium and coca derivatives 
-~ 

1 The writers thank Dr. C. H. Svoboda for his suggestions 
concerning the preparation of this section. 
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TABLE ~.-PHARMACOGNOSTIC INVESTIGATIONS 
.- 

Plant 
A 

A bies amabilis 
A cacia angustissima 
Acacia confusa 
Aconitum j a p o n i i x m  
Actinidia polygaina 
Aesculus hippocastanum 
Afzelia xylocarpa 
Alangium lamarckii 
A manita muscaria 
Amaranthus caudatus 
-4 maryllidaceen species 
Ammi majus 
Anabasis aphylla 
Angelica hirsuti$ora 
Angelica japonica 
Angelica pubescens 
Aniscocyclea grandidieri 
Anthocleista procera 
A pocynum cannabinum 
Araucaria imbricota 
Arctium lappa 
Ardisia macrocarpa 
Argyreia nervosa 
Arisaema ringens 
Artemisia ubsintkiun~ 
Artemisia taurica 
Artocarpus heterophyllus 
Asarum europaeum 
A sclepias tuberosa 
Asimira triloba 
Aspidosperma dasycarpon 
Aspidosperma spccics 
Atropa belladonna 

Batcharis rosmurinifolia 
Berberis hauniensis 
Bixa  orellana 
Boletaceae species 
Bryophyllum daigrenzontianum 
Buxus  microphylla 
Bums sempervirens 

Cassia occidentalis 
Catharanthus lanceus 
Catharanthus roseus 
Ceanothus americanus 
Cedrus deodara 
Centaurea species 
Chelidonium majus 
Chionographis japoniLa 
Chondria armatu 
Cinnamomum species 
Cissampelos pareira 
Clausena anisata 
Clerodendron infortunatum 
Cochlospermum gossypiune 
Convallaria keiskei 
Convallaria nzajalis 
Coptis chinensis 
Corydalis species 
Crotalaria species 
Croton cumingii 
Cyclea madayascariensi 
Cymbopogon martini 
Cymbopogon nardus 
Cynara scolymus 

Dalbergia Ianceolavia 
Daphne genkma 
Daphne papyracm 

B 

C 

D 

Plant 
Oaturn callus 
Datura innoxia 
Datura meteloides 
Datura sanguinea 
Datura tutula 
Daucus carota 
Delphinium species 
Desmodium caudatum 
Digitalis ciliuta 
Digitalis davisiana 
Digitalis laiznta 
Digitalis purpuvea 
Digitalis species 
Digilolis thapsi 
Doryphora sassafras 

Eledone moschata 
Embelia ribes 
Enantia species 
Erys imum canescens 
Erythroxylon monogynum 
Eschscholtzia californzca 
Eucalyptus staigeriana 
Euputorium semiserratum 

Fumaria species 
Gaillardia pulchella 
Genistu lusitunica 
Gentiana bellidifolia 
Glycosmis arborea 
Glycyrrhiza glabra 
Guatteria psilopus 
Gutiervezia sarothrae 
Gymnema sylvestre 

Heimia salicifolia 
Helenium thurberi 
Heracleum candicans 
Heracleum mantegazzianum 
Hibiscus abelmoschus 
Hip@ophne rhamnoides 
Hydnellum diabolus 
Hyoscyamus albus 
Hypericum perforatum 

Indigofera endecaphylb 
Ipomoea digitata 
Ipomoea operculaia 
Ifiomoea species 
Juniperus virginiann 

Lei-idea tenebrosa 
Lepidium sativum 
Libnnotis intermedia 
Limnophila rugosa 
Litsea cubeba 
Lophophora williumsii 
L u f f a  operculata 
Lycium halimqololium 
Lycopodium species 

Machilus species 
Mammea americana 
Mangifera indica 
Mentha piperita 
Mentha pulegium 
Mentha species 
Metaplexis japonica 

E 

F, G 

H 

1, J 

L 

M 

(Continued on next page.)  



667 

N 
lVeolitsea aciuninafissinm 
Neolitsea pulchella 
Nepeta ciliaris 
JVicotiana gltatinosu 
Nuphar japonicum 
ilruphar ludeum 

Orhrosia sandToicensis 
Ociniuin. canum 
Ocimum specics 

Papauer cnucasicum 
Papaaev soinnifevwn 
Papaver species 
Pavnielia cryptochlorophaea 
PeRanunz harmala 
Pelen christophersenii 
Petasites japonicus 
Peucedanum ruthenicum 
Peunius boldus 
Physalis alkekengi 
Penellia ternate 
Piper naefhysticum 
Pivus serotina 
Piscidia erythriva 
Plantago asiatica 
Plantago species 
Podophyllum pellaturn 
Prunus nzahaleb 
Psoralea species 
Pycnanthemum a1 bescens 

Rauwolfia mannii 
Rauwoljk oomitoiia 
Rhamnus frangiiln 
Rhizoma zingiberis 
Rhododendron duuricuin 
Kubus idaeus 
Kudbeckia species 
Rumex hymenosepalus 
Ruta graveolens 

0 

P 

R 

(974) 
(975) 

(976) 
(977) 
(!378) 

($379) 
(980-982) 
(9%. 984) 
(rmj ‘ 

(986) 
(987) 
( 988) 
(989) 

(993j 
1994’1 

(998) 
(9Y9,1000) 
(1001) 

( 1002) 
(1003) 
(1004-10061 
(1007) 
(1008) 
(1009) 
(870) 
(1010) 
(1011, 1012) 

Sapium sebiferuin 
Saracococa pvuni$ormis 
Scnpolia parvi$ora 
Securinega suffrutirosa 
Shorea taluva 
Siniilax sieboldi 
Solanum atropurpureum 
Solanuin khasianum 
Sophova flavescens 
Sterculia candata 
Sterculia set ipra 

Stvychnos henningsii 
Strychnos nux-voniicn 

Tabernaeninntana lnurifolia 
Talictrum simplex 
Tanacetum vulgare 
l u x u s  bacceta 
Thulictrum minz4s 
Thalictrum species 
T h y m u s  seipylluni 
T h y m u s  vulgaris 
Tinowisciuna philipfiinense 
Torulopsis utilis 
Tribulus terrestris 
Tri fol ium nrvense 

Vaccinium bracteatuin 
Valeriana prorurrens 
Valeriana species 
Veratrum album 
Vibumana opulus 
Viburnum, pruni,folium 
Vinca major 
Vinca rosea 
Voacanga hrecleata 
Voacanga globosa 

Withania sonanifera 
Yucca glauca 
Zanthoxylum hamifonianum 

c % ? Y C U l k  ‘U7eT2.7 

T 

V 

w, y, z 

1018) 

i1021j 
(1022 j 
(1023) 
(1024) 
(1025) 
(1026 j 
(1027) 
(1028) 
(1029) 

(1030) 
(1031) 
i 1032) 
(1033 j 
( 1034 ) 
(1035-1037) 
(1038) 
(1039, 1040) 
(1041) 
(1042) 
(1043) 
(1044) 

(1045) 
(1046) 

(1048) 
( 1047) 

( 1049 j 
(1050) 
(1051) 
(1052) 
(inrj3j 
(1054) 

(1055, 1056) 
(1057) 
(1058) 

in France sincc 19.50 were summarized (810). 
Another report stated the growth of Atropa 
belladonna was strongly inhibited by a heavy 
water conccntration greater than 50% (81 I). 
An alfalfa trypsin inhibitor was demonstrated to 
he thermally staldc and also stable in  the pH 
range 2-12 (812). Other stirdies have been 
conductcd on two sulfur-containing alkaloids 
from Congo trees (813). Thc presence of aloin 
was discovered in Aloe species from the section 
Anguialoe Reynolds (814). Thc effect of dimethyl- 
sulfoxidc and tributyl 2,4-dichlorobcnzylphos- 
phoniuin chloride on growth and alkaloid syn- 
thesis in Datuva ferox has been described (81.5). 
Alkaloid artifacts were difficult to distinguish 
from active plant alkaloids formed in plant ex- 

tracts by ammonium hydroxide and acetone 
(816). 

Pharmacognostic Investigations.- This sec- 
tion of the review is primarily conccrned with 
those refcrcnces pertaining to isolation and 
identification of plant constituents. Table I 
lists alphabetically each plant studied, followed 
by appropriate references to the bibliography. 

Methodology.-The pH of the medium and 
the nature of the organic solvent were the main 
factors affecting the extraction of alkaloids by 
organic solvents (1059). A comparison was 
carried out on turbo-, ribro-extraction, and 
maceration nielhodq for the preparation nf various 
tinctures in tlic “Yugoslav Pharmacopeia” 11 
(1060). The extraction of drugs from plants 
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has been improved by the use of surface-active 
agents (1061). Laboratory experiments demon- 
strated the effectiveness of a domestic vibrator 
for obtaining extracts from various types of 
plant materials (1062). 

Ovadia and Skaucn reported that  ultrasonic 
energy had an accelerating effect on the extraction 
of alkaloids (LOfi3). The kinetics of extraction 
of alkaloids and other extractables from the 
rhizome of Scopoliu carniolica by pressing was 
studied (1064). Another procedure was described 
for preparing rye fluid extracts containing 0.05% 
alkaloids (lO(i5). Thc properties of clove oils 
produced under different conditions of distilla- 
tion from thy liuds and stems were investigated 
(1066). Optimum conditions for glycoalkaloid 
diffusion in the Solmzim laciniatum-sulfuric acid 
system were reported (1 O(i7), as well as optimum 
conditions for the extraction of alginic acid from 
seaweeds on the Saurashtra coast (101%). 
Various methods for obtaining deterpcnatcd 
oils were reviewed in a paper with 22 references 
(1069). In addition, thin-layer chromatographic 
patterns were noted for Umbclliferous drugs and 
their adulterants (1070). 
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Research Articles- 

IIZ Viuo Pharmacodynamic Evaluation of Oral 
Dosage Forms by Whole Body 

Liquid Scintillometry 
By GERALD HECHT*, JOHN E. CHRISTIAN, and GILBERT S. BANKER 

A large volume liquid scintillation detector was used to determine rates of excretion, 
absorption, and intercompartmental clearance in ambulatory dogs. A y-emitting 
test substance was administered intravenously, orally in aqueous solution, and 
orally in sustained and delayed-release dosage forms. Unanesthetized female dogs 
were partially restricted, catheterized, and fasted prior to dosing. Where applic- 
able, plots of log per cent whole body retention as a function of time were resolved 
into linear components following apparent first-order kinetics. The rate constants 
of these components were calculated and compared. Sustained-release forms were 
prepared which exhibited zero-order release characteristics in vitro and iw vivo, and 
the characteristics of an enteric coated dosage form were compared after in vitro 
and in vivo testing. The procedure provided such parameters as absorption, 
excretion, release, and the effect of formulation techniques and formula variation 
on the biological availability of the test substance employed without the necessity 

of excreta and blood sampling and analysis. 

HE PROBLEM of evaluating the biological 
Tavailability and pharinacodynamic properties 
of any drug, new or old, in a new dosage form, is of 
increasing importance due to the greater potency 
and specificity of drugs, the greater complexity of 
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dosage forms, and the increasing demands of the 
drug laws and new drug application requirements. 

Sereral authors (1-9) have attempted to 
standardize the in vitvo testing of various oral 
dosage forms, not necessarily as a means of simu- 
lating the characteristics which would be expec- 
ted in viva, but rather as a means of insuring con- 
trol and correlation with data collected zl t  oioo. 

Many methods for thc in V ~ J O  evaluation of oral 
dosage forms h a w  been devised, but undoubtedly, 
those supplying the most pertinent inforination 
are concerned with the evaluation of absorption, 
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blood levels, blood clearance, and excretion rates. 
Heimlich et a,l. (10, 11) used urinary excretion 
for the calculation of the half-lives and excretion 
constants for phenylpropanolamine hydrochlo- 
ride and trimeprazine in sustained-release dosage 
forms, and Wagner and Nelson (12-14) used per 
cent absorbed Venus  time plots to elucida te ki- 
netic models for drug absorption. 

T x g e  volume liquid scintillation counters 
have been employed to mcasurc the parameters 
of whole body retention and excretion of selected 
y-emitting radionuclides in  humans (15-20). 
These procedures involve administering a dose of 
a 7-emitting test substance and determining the 
whole body radioactivity at zero time and at 
succeeding time intervals thercafter. Data  of 
this type have been heretofore primarily ex- 
pressed as whole body retention and have not 
been specifically correlated to  urinary excretion 
or rate changes in blood levels for the purpose of 
describing the pharmacodynamics of a drug or a 
dosage form. For the system studicd, whole 
body activity appears to be an effective method 
of picturing total compartmentalization and 
absorption-distribution-excretion kinetics. 

Tn this study, a model system was devised 
wherein a ?-emitting radionuclide (sodium 
311-orthoiodohippurate)1 was administered in- 

travcnously and orally in various dosage forms, 
for the purpose of studying by  whole body liquid 
scintillometry thc parameters of absorption, ex- 
cretion, and intercompartmental clearance of the 
radionuclide and the effect of variations in for- 
niula composition on these parameters. 

The method described in this s tudy would be 
applicable to  the investigation of (a)  any drug 
or test substance which could be labeled with a 
y-emitting radionuclide t o  illustrate drug phar- 
niacodynainics, (b )  the factors affecting dosage 
form release mechanisms and propertics i n  zGao 
according to dosage form design and the physico- 
chemical propertics of the radionuclidc com- 
pound, (c) drugs which alter the sodiuni and 
potassium content of the body. 

EXPERIMENTAL 

General Considerations.--Since the cvaluation of 
oral dosage forms was of primary interest in this 
study, the length of time ovcr which whole body 
radioactivity determinations are normally madc 
in such an investigation (12 hr. or longer) provides 
certain rcquircments of the y-emitting test sub- 
stance. These requirements may be listed as 
follows. ( a )  The test substance must not be con- 
centrated or hound in specific tissues of the body 
such as the thyroid gland or liver. ( h )  The test 
-~ 

1 Hipput-an-l3lI, Volk Radiochemical Co., Chicago, Ill. 
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substance should be eonlplctely eliminated by the 
kidneys. ( 6 )  The excretion rate must be rapid 
enough to clear a major portion of the material 
from the body in 3 or 4 hr. or less. ( d )  Thc ma- 
terial should not be dcgraded in the body to release 
a radioactive metabolite which would confuse 
interpretation of the data. 

Instrumental Methods.-~-Whole body activity 
wa< dctermincd in the 4 7i large volume liquid scin- 
tillation counter a t  Purdue TJnivrrsity (21).2 The 
instrument was calibrated to differentially count 
the -pcmissions of ‘3J-iodine having an energy of 
0.364 mev. Dosages wcrc adjusted t n  provide 
count rates of 150,000 cnuiits per minutc or less 
in order to avoid having to make data corrections 
for coincidencr loss which wcre found to hrcome 
significant a t  about 250,001) counts pcr minute. 

The in vitro evaluation of the release of the test 
material from sustained and dclaycd-release oral 
dosage forms. and the cvaluation of whole blood 
disappearance of the test substance, was conducted 
in a 2-in. Harshaw3 ZJaI(‘I’1) wcll crystal and ap- 
propriate electronics, calibrated to diffcrentially 
count the yemissions of I3l-iodinc having an energy 
of 0.364 inev. 

In &YO release tests were coiiductrd on a rotating 
bottle apparatus, as dcscribed by Soudcr and 
Ellenbogen (9), a t  36-38”, and at  a speed of 40-45 
r.p.m. 

Animal Methodology.-Seven adult dogs were 
utilized in this study. The dogs averaged frorn 
&10 Kg. in weight, and from 2 to an estimated 8 
years of agc. The dogs were from two groups of 
animals, the first group consisting of three mixed 
breed female animals, ranging in estimated age from 
2-8 years of age, and thc second group consisting 
of four fcmale AKC registered beagles ranging from 
2-2.5 years of age. All animals mere immunized 
for rabies, distemper, and hcpatitis, and were 
worttied. A maximum of four animals were used 
in any single experiment. On the day before an 
experiment was conducted, each participating animal 
was removed from its run and was placed in a metabo- 
lism cage. All food and water were withheld for a 
period of 12 hr. prior to initiation of each cxpcri. 
mental procedure. 

Catheterization of the female animals to facilitatc 
repeated bladder emptying immediately prior to 
each whole body radioactivity determination was 
accomplished using a Ko. 14 French scale Bardex4 
indwelling cathctcr, which was fixed in place irn- 
mediately prior to dosing arid removed irnmcdiately 
after the experimental period. To  prevent rcmuval 
of the catheter by the animal, partial restriction was 
necessary. To  accorriplish this restriction, each 
animal was fitted with a “girdle” formed frorn 
pieces of polycthylene sheet in. thick, 7-8 in. 
wide, and as long as necessary to  complctcly sur- 
round the thoracic and abdominal areas. The 
girdle was secured by a leather strip which passed 
in front of the forelimbs and across the chest. 

The animals were dosed immediately after bladder 
drainage. Immediately prior to the determination 
of whole body activity a t  each subsequent intcrval, 
the bladder was drained, and rinsed with 50 ml. 

2 The Sinco-P was converted from 2 to 4 r geometrv 
prior to the initiation of this experimentation. 

J Hai-shaw Chemical Co.,  Cleveland, Obio. 
4 Davol Rubber Co., Providence, R. I. 
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o f  sterile sodium chloride injection U.S.P. The 
urinc so collected, the rinse, and washings from the 
collection graduate were placed in 1-L. polyethylene 
bottlcs,6 brought to  1-L. volume with water, and 
placed in the geometrical center of thc wholc body 
scintillation counter for determination of cumulative 
excretion values. 

So that thc animals would not move about unduly 
to produce geometry errors while in the whole 
body counter, they were placed in a cylindrical 
fiber drum6 of 8-gal. capacity. All counts collected 
on a single animal a t  each time interval werc 
averaged and corrected for background, decay, 
and variation of counter efficiency. Each urine 
sample was similarly treated, with the exception 
that dccny corrections were unnecessary since the 
activity of a urine phantom containing an amount 
of test substance identical to that administered the 
animals was determined each time a urine samplc 
was counted. 

A time span of not lcss than 4 days was allowed 
between subsequent uses of an individual animal. 

Mass Absorption Effects.-In the initial experi- 
mentation it was necessary to determine the effects 
of the variability of whole body mass absorption, 
caused by variations in geometry and body ma.ss 
surrounding the gastrointestinal tract of the animal 
on the reproducibility of whole body count rates 
as measured in the Sinco-P. An insoluble sealed 
source of '"'-iodine was prepared by imbedding 
an lalI Radiocap? in an epoxy resin polymer.* 
Each sealed source was tcsted in v i t ro  in simulated 
gastric and intestiiial juices for absence of leach-out 
prior to animal dosing. Periodic determinations of 
whole body radioactivity were made over a 24 hr. 
period in the wholc body counter for the animals 
administered the sealed sources. In a11 cases the 
sealed 1311  source was recovered intact from the 
fecal material, and the urine and feces mere moni- 
tored and found to be free of radioactivity. 

Dosage Regimen.-The animals used were 
fasted, restricted, and cathetcrized as described 
carlier. After bladder drainage and rinsing, the 
following dosage regimen was followcd. ( a )  A dose 
of 1.0 ml. of a sterile aqueous solution of sodium 
1311-o-iodohippurate containing 0.14 pc./ml. was 
injectcd into each of four animals uia the cephalic 
vein. ( b )  A solution containing 10 mg. of now 
labeled sodium-o-iodohippurateg and approximately 
0.1 pe. of sodium 1311~o-iodohippurate was admin- 
istered orally to each of four animals. In regimens 
1 and 2 wholc body radioactivity was determined 
a t  zero time and at  scheduled intervals thereafter. 
Values for whole body retention and cumulative 
per cent excretion were plotted as a function of time. 
( 6 )  A solution containing 10 mg. of nonlabelecl 
sodium-o-iodoliippurate, and from 15-22 pc. sodium 
'311-o-iodohippiirate was administered orally to  
four animals. At scheduled intervals following this 
oral administration, 1 ml. of blood was removed 
from the cephalic vcin and analyzed for per cent 
of administered dose per milliliter in thc Harshaw 
NaI(T1) well crystal described earlier. ( d )  Ten 
milligrams of tionlabeled sodium o-iodohippuratc 
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5 Plnx Corp., Hal-Lford, Conn. 
Continental Can Co., Inc., h7ew York.  N. 1'. ' Ahhott Labw at<)(-ies, Oak Ridge, Term. 

8 Airnettmug Products Co., Inc., Warsaw, Ind. 
9 Mallinckrudt Chemical Works, St. Louis, Mo. 
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Fig. l.-Ix vitro release, release half-tirncs, and 
rate constants of sodium 13JI-o-iOdohippuratc con- 
tained in sustained-release oral dosage forms. Key: 
n, 50% polymer, R112 7.3 hr., ko O.O8~%/miii.; 0,  
30% polymer, RI / ,  4.2 hr., ku O.l68%/min.; 0, 1076 
polymer. 
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Fig. 2.-Comgarison of per ccnt whole body retcn- 
tion and cumulative per ccnt excretion for sodium 
1311-a-iodohippurate administered orally and ititra- 
venously in aqueous solution. Key: 0, oral whole 
body retention; 0, oral cumulative excretion; 0 ,  
intravenous whole body retention; m, intravenous 
cumulative excretion. 
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Fig. 3.-Whole body retention of sodium lalI-o- 
iodohippurste administered intravcnously in aquc- 
nus solution. Key: 0, whole body retention; 0 .  
fast component; - - , slow component. 
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Fig. 4.-Whole body retention of sodium I3lI-0- 
iodohippurate administered orally in aqueous solu- 
tion. Key: 0, whole body retention; 0 ,  fast com- 
ponent; - -, slow coinponcnt. 
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RESULTS A N D  ANALYSIS 
Statistical evaluation of the data accumulated 

on corrected whole body activity tletermiued intcr- 
mittently duririg 24 hr. following administration of a 
sealed source of iodine-I3"I showed the individual 
determinations to be withiri t w o  standard dcvia- 
tions of the mean. These limits represent an 
avcrage of plus or minus 5.457,L of the mean, in- 
dicating IiiiriiInal influence of mass absorption. 

The average results of whole body retention, and 
cumulative cxcretion, of 1311-u-iodohippurate after 
intravenous and oral adiniuistratioii in aqueous solu- 
tion, arc compared in Fig. 2 and plots of log pcr cent 
whole body retention as a fuuction of time arc pre- 
sented and resolved into apparent first-order pro- 
cesses by the method of Sapirstein et d. (22) and 
Tauxe et al. (26) as shown in Figs. 3 and 4. 

A simplified compartmental analysis of sodium 
~31I-o-iodohipyuratc after oral administration is 
shown in Scheme I. 

In  Fig. 3, thc plot for intravenous administration, 
the fast component A ('I'ahlc I), is considered to be 
k3, and thc sloiv component B, k', a combination of 
k-2 and k4 (the coustant of tubular secretion). 
Figure 4 for oral administration is analyzed in the 
same way, designating the fast component A, k3.  

and the slow component B, I<' a combination of 
k I - 2  and kq. 

Table I compares thc apparent first-order rate 
constants and biological half-lives ( TB)  derivcd 
from the linear componcnts in Figs. 3 and 4. 

Figure 5 shows the correlation of observed and 
theoretical whole body retention of sodium 'all-0- 

and approximately 0.1 pc. sodium 1311-o-iodohip- 
purate were administered to four animals in each of 
two sustained-release dosage forms which ex- 
hibited zero-order release kinetics in rrilro. (e) Ten 
tnilligranis of noulabcled sodium o-iodohippurate 
and approximately 0.1 pc. of sodium 1311-0-iodo- 
hippurate was administered to  four animals in an 
cnteric codtcd delayed-rclcase dosage form. 

Preparation of the Solid Dosage Form.-Sus- 
tained-rclcasc oral dosage forms of sodium ISlI-o- 
iodohippurate containing 0.1 pc. of lrlI per tablet 
wcrc prepared. Three groups in all, each weighing 
400 mg., were prepared containing 10, 30, and 50%, 
respectively, of carbosypulyrnethylenc polyrner.'O 

k - z  
l k r = q  extravascular water 
1 ka I ki 

.1 k4 
intestinal contents ___t blood-1 k s  

1- urine 
k-6  

Scheme I 

Care was taken to  compress the tablets to the same 
thickness arid hardness. 

The in nitro rclcase characteristics of these three 
formulas are shown in Fig. 1 ,  with the release half 
times ( R I / ~ )  and zero-ordcr rate constants (k , )  for 
the 30 and the 5070 formulas. 

Four-liundred-milligram tablets, each containing 
10 mg. of tionlabeled sodium o-iodohippurate and 
approximatcly 0.1 pc .  of sodium 1311-o-iodohippurate 
were prepared and coated with a mixture of cellu- 
Lose acetate phthalate," dicthylplithalate,~l and 
acctone. These tablets were designed to  release 
their active principle in a dclaycd manner in thc 
weakly acid or alkaline reaction of the proximal 
.small intestitic, but not in the strongly acid stomach. 

When tested in viitro on the rotatirig hottle ap- 
paratus at 36-38", the tablets prepared in this 
tiianrier were seen to  release less than 556 of the 
:radioactive principle after 2.5-hr. exposure to  
:simulated gastric juice U.S.P. without pepsin, and 
l00yo of the radioactive principle within 15 rnin. 
after exposurc to  simulated intestinal fluid U.S.P. 
without pancreatin. 

'0 Carbopol 934, B. F. Goodrich Co., Cleveland, Ohio 
1' ISaqtman Organic Chemicals, Korhebltrr. N. Y .  

iodohippurate administered intravenously and orally 
in aqueous solution. The thcorctical whole body 
retention is derived by subtracting thc cumulative 
per cent cxcrctcd from 100%. If thc theoretical per 
cent whole body retention perfectly matched the 
observed per cent wholc body retention, the straight 
line shown in Fig. 5 would coriricct such points in 
complete agrecincnt. The extent of dcparture of 
the poiuts i t i  Fig. 5 is a refleetioil of the departure 
of the observed data from the theoretical data.  
The data  for intravenous administration can be 
seen to  depart sonicwhat froin complctc agrrement, 
while the data of oral administration exhibit ex- 
cellent correlation. 

Figure 6 illustratcs the cumulative escretion, 
theoretical whole body retcntion, and w-holc blood 
disappearance following oral administration of 
sodium '311-o-iodohippurate in aqueous solution. 
The data can be see.11 to be extrapolated to thc 12-hr. 
value for use in Fig. 7. Figure 7 is a plot of the log 
per cent whole body retention, and log of the per 
cerit of the dose in the blood as a function of time. 
The rate constants derived from the linear corn- 
poncnts of this figure are shown in Table 11. T h c  
fast component of thc theoretical whole body re- 
tention curve is represented by k, and the slow 
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TABLE I.-*kPPARENT FIRST-ORDER RATE CONSTANTS AND BIOLOGICAL 
HALF-LIVES OF THE LINEAR COMPOSENTS OF FIGS. 3 ASD 4 _ _ ~ _ _  .~ 

-----Intravenous Componenb- Oral Components 
Parameter A B A B 

kJ 0.048 min.-l 0.014 Inin.-' 

7-B 14.4 min. 4.43 hr. 49.5 min. 10.5 hr. 
K'* 0.0026' kin.-' . . .  o.ooii 'rrli*cl 

- 
'& K' = k-n + kn. 

10 20 30 40 50 60 70 
OBSERVED % RETENTION 

Fig. 5.-Correlation of obscrvcd and theoretical 
whole body retention of sodium 1311-o-iodohippurate 
administered orally and intravenously in aqueous 
solution. Key: 0, oral; 0 ,  intravenous. 
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Fig. 7.-Theoretical whole body retention and 
whole blood disaunearance of sodium 1311-o-iodo- 

0 2 4 6 8 1 0 1 2  

.. 
- hippuratc following oral administration in aqueous 
- solution. Kcy: 0, wholc body retention; 0 ,  fast 
- component; -- , slow component; n, amount of 
- dosc in blood (%/ml. X lo4); m, fast component; 

- - ----* 

__ , slow component. 
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Figure 8 shows the correlation of whole body 
retention and whole blood disappearancc. The 

- -- -__  
u v  I 
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Fig. li.-Cumulative excretion, theoretical whole 
body retention, and whole blood disappearance fol- 
lowing oral administration of sodium 1311-~-iodo- 
hippurdte in aqueous solution. Key: 0, cumulative 
excretion; 0 ,  theoretical retention; D, amount of 
dose in blood (%/ml. X lo4). 

component,K'(k-s + kl). Thcfastcomponcntof thc 
whole blood disappearance curve is felt to  represent 
a macroscopic rate expressed by the constants kz + 
ka. The slow component is represented by the con- 
stant, k--2. 

dcviation from perfect correlation noted in this 
figure is felt to be a reflection of the fact that wholc 
blood disappcarance is faster than excretion. 

Figure 9 is a comparison of the whole body rc- 
tcntion versus time plots from sodium 131I-o-iodo- 
hippurate contained in the two sustained-release 
tablet formulations which exhibited two differeut 
zero-order release rates in oitro and the curve for 
sodium 13'1-o-iodohippurate in aqueous solution, 
and Table 111 presents tlie rate constants and half 
times for these systems, compared to those derivcd 
from Fig. 1. Figure 10 shows the comparison of the 
whole body rctention mrms time plots for sodium 
'J'I-o-iodohippurate containcd in an enteric coated 
delayed-release tablet. 

TABLE II.-cOMPARISON O F  APPARENT FIRST-ORDER KATE C]ONSTANlS OF WHOLE BLOOD DISAPPEARANCE 
AND WIIOLE BODY RETENTION O F  sODIUM 1311-0-IODOHIPPURATE AUMINIS~ ERED ORALLY I N  AQUEOUS 

SOLUTION 
-~ ~~ 

k3 k- a K f a  k2 + k3 
Whole blood dis- 

appearance 0.0072 min-1 0.0204 min.-' 
Th&&retical whole 

Biological half- 
body retention 0.0120 min.-' 0,00112 min.-' 

life 58 min. 96 min. 12.5 hr. 30 min. 

R' = k-n -+ ka. 
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TAHLE III.-COMPARISOX o p  THE I n  Vzzv~ A N D  
In  VZtI'O ZERO-ORDER K A T E  CONSTANTS, ICELEASE 
EIALIr TIME, A N D  BIOLOGICAL HALF-LIVES O F  
SODIUM 1311-U-IODOIIIPPURAT~ I?: SUSTAINED-RE- 

LEASE DOSAGE FORMS 
~ ~~ ~~~~~ 

~~~ ~~~ ~ 

:W%> SOYo 
Carboxy- Caihoxy- 

polymethylene polymethylene 
Polymer Polymei 

In vitru ko 0 .  1G8~c/niin. 0.085?~,~,/niin. 
In vizv k,, 0.2279; /min. 0 .  147c;,;,/rnin. 

0 10 20 30 40 50 60 70 
AMT. OF DOSE IN BLOOD, %/rnl. X 104 

Fig. 8.-Correlation of theoretical whole body re- 
tention with the pcr cent of dose per milliliter of 
blood for sodium 1311-o-iodohippurate adrriiriistered 
orally in aqueous solution. 
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Fig. Y.-In aivo comparison of sodium 131'I-o-iodo- 
hippurate administered orally in aqueous atid in two 
sustained-release dosage forms. Key: 0, 30% 
carboxypolytiietliyle~~e polymer; a, 60'1, carboxy- 
polymcthylene polymer; LI, aqueous solution. 

DISCUSSION 

Sodium 13lI-o-iodohippurate was found to satis- 
factorily meet most of the rcquirernents for a y- 
eInitliiig tvst substance outlined earlier. It docs 
not concentrate in the thyroid glaricl or liver. 
I t  is at least 907; excreted by the kidneys. 

Mathcmatical treatments of the excrction of sub- 
stances excreted both by glon~erular filtration and 
tubular secrction are given by Supirsteirl et al. (22) 
for creatinine and by Conn et ul. for sodium-u- 
iodohippurate. 

Benzoic acid is detoxified in man by conjugation 
with glycine to  form hippuric acid and by conjuga- 
tion with glucuronic acid to form benzoyl gluctiron- 
idc. Analogously, '311-orthoiodobenzoic acid forms 
tlie similar corresponding metabolites, one of which 
is 13'I-n~iodohippuric acid ( 2 3 ) .  Thus, i t  was 
felt t1ia.t if a test substance were supplicd to  thc 
body as a metabolite, degradation of the tcst 
substance would be rcrluccvl and interpretation of 
accumulated data would be simplified. 

Apparent 4 .65 hi.' t i  0 hr. 
Tgh 3 60 hr. 5 .7  lir. 
Rl/{ 4.20 hr. '7.3 hr. 

Detcrmined from 5OY, whole body retention values in 
Fig. 8.  Calculated from the expi-ession for  the half life 
of a zero-order process. TI = 1 1 2  Cujlia. Detetmined 
from SOYo released values in Fig. 1. 

It is possible that  wheri administered intra- 
venously, a ccrtain amount of sodium '3'I-o-iodo- 
benzoylglycine niay be convertcd to ttic glucuronide, 
arid further i t  is possible that on oral administration 
the iodobenzoic acid rnoiety niay be libcrated from 
its glycine conjugate by thc effect of intestinal en- 
zymes, then absorbed and detoxified by conjugatio~~ 
with glucuronic acid or glycine. 

Rcgardless of the metabolic pathway followed by 
sodium '311-o-iodol~ippuratc on oral administration, 
i t  has bcen observed that  reproducible values for 
the fast and slow componcnts of a plot of log per 
cent whole body retention as a function of time are 
readily obtainable. 

It will be rioted from Table I1 that  the rate con- 
stant (&) for the fast component upon intravenous 
administration of sodium ~3~I-u-iodoliippurate was 
0.048 min.-', while tlie k3 value for sodium 1311-u- 
iodohippurate administered orally in aqueous solu- 
tion was 0.0143 Inin-'. If the k3 obtained after 
intravenous administration is considered to  be the 
rcnal excretion rate constant, then the k3 ob- 
tained after oral administration, which is approxi- 
mately onc-third of the value of the intravcnous 
k3,  must be the rate constant for some rate-limiting 
process in the passage of sodium 1311-u-iodol~ippurate 
from the gastrointestinal tract t o  the urine. This 
rate-limiting step is hypothesized to  be the in- 
testinal absorption ratc of sodium 1311-orthniodo- 
hippurate. This hypothesis is supported, but riot 
confirmed, by the fact that  the whole body clearancc 
becomes a zero-order proccss when sodium l3lI-o- 

iodohippurate is administered orally in a sustained- 
release dosage i m n  which exhibits zero-order release 
kiiietics on in vitvo testing. 

2 7 o L  

60 0 L 1 2 3 4 5 6 7 8 9 10 

TIME, hr. 

Fig. lO.-I?z vivu rvhole body retention of sodium 
'"1-u-iodohippurate adniinistcred oraliy in a de- 
layed-release dosage form. 
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I t  will be noted from Fig. 9 that contrary to the 
characteristics observed for the sustaincd-action 
dosage forms in vilro in Fig. 1, the zero-order 
elimination begins to deviate from linearity a t  4-5 
hr. after dosage. This deviation may bc due to 
decreased biological availability of sodium 1311-o- 
iodohippurate. This may occur due to cnzymatic 
degradation of the compound to form one which is 
not readily absorbed, duc to libcration of frce 
'3l-indiiie which would concentrate iu the thyroid 
gland, or more likely may occur due to the pH of 
the environiiieut beiiig such that the compound is 
ionized and thus not readily absorbable. This 
phenorncnon may also be observed from Fig. 10 
wherc only about 22% of the administered dose 
was excreted over a 10-hr. period. 

I t  has been demonstrated that the property of 
biological availability of a test substance, a param- 
cter most important in dosagc design and formu- 
lation, can be readily evaluated by the whole body 
monitoring of the ?-emissions of the test substance. 
An insight into in z&~o relcase ratcs from sustaincd 
and delayed-release oral dosage forms is gained 
along with the effect of these dosage forms on the 
biological availability of the test substance in the 
body. Furthermore, specific information can be 
gaincd on the efiect of the dosage form on absorp- 
tion, excretion, and distribution of the test sub- 
stance in the body. In addition, in the test sub- 
stance under study, whole body rctcntion of the 
radionuclide could be correlated very well to the 
excretion rate of the drug orally administered and 
fairly well to drug intravenously administered. 
Thc whole blood disappearance rate of the radio- 
uuclide could also bc correlated to whole body 
rctention as deterniitied by the whole body sciii- 
tilloxlietry method describcd. 

Thc added advantage of simplicity of animal arid 
sample handling is also evident. Since uriue sani- 
ples in the larger animals must bc accurnulatcd on 
the short term basis by cathetcrization, the ex- 
cretion of the test substance can be evaluated after 
urine draiiiage in as little as 3 min. without the 
necessity for further urinalysis. This is accon- 
plishcd by determining the per cent whole body 
retention in a large volume liquid scintillation de- 
tector. Sinco-P, the whole body scintillation 
couiiter a t  Purtfue University, was uscd in this 
study, but smaller and less expensive units are 
available which will rcadily accotnniodatr a dog 
the size of a 20-lb. beagle (24, 2 5 ) .  

SUMMARY AND CONCLUSIONS 

The usc o f  thc large volume liquid scintillation 
counter a t  Purclue University was investigated for 
its applicability to the cvaluation of the phartriaco- 
dynamic propertirs of selected drugs and oral 
dosage forms. Use of data accurnulatcd on the 
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whole body retention of 1311-ortlioiodoliippurate 
sodium was illustrated. Semilog plots of per cent 
whole body retention as a function of time were 
constructed and analyzed on the basis of first-order 
kinetics. Data obtained from zn uivo analysis wcre 
compared with in vitro data for sodium l3lI-o- 

iodohippurate in sustained and delayed-release 
oral dosage forms. These studies indicated the 
following. 

1. A large volume liquid scintillation counter is 
useful in obtaining information on the pharmaco- 
dynamic properties of a test substance in oral dosage 
form. 

2. Whole body retention data may be readily 
currclated to cumulative excretion rates and blood 
disappearance rates. 

3 .  Meaningful rate coilstants are obtainable froin 
semilogarithmic plots of whole body retention as a 
function of timc. 

4. 'rhe biological availability of a test substrance 
may be rcadily determined from whole body reten- 
tioii data. 

5.  Ratcs of rclease of a test substance in sustained 
or delayed-release dosagc forms may be obtained 
in vivo without the necessity of blood and urine 
analysis. 

6. Sodium 1311-o-iodollippurate was found to bc 
a suitable 7-emitting radioactivc test substance. 
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Hemolysis of Erythrocytes by Antibacterial 
Preservatives I11 

Influence of Dimethyl Sulfoxide on the Hemolytic 
Activity of Phenol 

By HOWAKD C. ANSEL and WILLIAM F. LEAKE* 

The influence of dimethyl sulfoxide (DMSO) on  the hemolytic activity of phenol 
has been investigated in vitro. Although DMSO freely penetrates the erythrocytic 
membrane and, in  high concentrations, is destructive to red cells, it did not enhance 
but greatly reduced phenol-induced hemolysis of both washed and unwashed 
erythrocytes. This interference may be manifest through chemical interaction 

with phenol or through a direct cellular effect. 

IMETHYL sulfoxide (DMSO) is currently the 
subject of numerous reports and investiga- 

tions directed toward dctcrmining its efficacy as 
a pharmaceutical adjunct and therapeutic agcnt. 
In  a review of the medicinal and pharmaceutical 
aspects of DMSO, Block (1) has collated prelimi- 
nary reports that  indicate the varied potential of 
UMSO as a primary pharmacologic agent in 
producing analgesia, tranquility, diuresis, and 
reduced inflainmation. 

DMSO has been the subject of conflicting 
reports concerning its ability to act as a penetrant 
carrier of drugs through biologic membranes. 
Some investigators (2-4) attribute greatly in- 
creased drug penetration to  the presence or 
DMSO whereas others (5 ,  6) report effects much 
the same as those produced by morc common 
vehicles and experimental controls. 

DMSO has been employed as a solvent in 
certain biochemical procedures (3, 7) and as an 
endocellular cryophy-lactic agent for the protec- 
tion of cells, including erythrocytes, and tissues 
against freeze damage during low-temperature 
preservation (3 ,  7,s-14). 

The present investigation represents a con- 
tinuation of studies (13-17) to  determine the 
hemolytic activity of antibacterial preservatives 
alone and in the presence uf pharmaceutical 
adjuncts. The controversial reputation of U MSO 
as a penetrant carrier ol drugs prompted the 
question of whether its presetice would affect the 
hemolytic activity of an antibacterial preserva- 
tive. The hemolytic activity of certain anti- 
bacterial preservatives including phenol has been 
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shown to be indicative of their antimicrobial 
activity (13). An alteration in the hemolytic 
response or erythrocytes to phcnol in the presence 
of DMSO would be suggestive of a like alteration 
in antimicrobial activity. This inforination 
would be useful should future pharniaceuticals 
containing DMSO as a solvent, penetrant carrier, 
or primary pharmacologic agent require the 
presence of an antibacterial preservative. Phenol 
was selected for the present study since its hemo- 
lytic activity has recently been characterized in 
this laboratory ( I  5, 1 G) .  

EXPERIMENTAL 

Materials.--Dimctliyl sulfoxide was experimental 
drug grade (Crown Zellerbacli Corp., Camas, 
Wash.). Phenol and sodium chloridc werc reagent 
grade. 

Blood Samples.-Kabhit blood, obtained by heart 
puncture in the manner described by Grosicki and 
Husa (18), was used tliroughout this study. Each 
hlood sample was collected just prior to its use and 
was verified for osmotic normalcy during t h c  
course of cach cxperimcnt (15). 

Quantitative Determination of Per Cent 
Hemo1ysis.-Thc colorimetric method employed 
for the determination of the degree of hemolysis 
occurring in each test solution has recently been 
described (15). In brief, i t  involved thc addition 
u l  0.05 ml. uf defibririated blood to duplicate pairs 
of colorimeter tubes each containing 5 1111. of test 
solution. The test mixtures were incubated in a 
water bath for 45 min. a t  37" after which the 
unhcmolyzed cells wcre settled by centrifugation 
and the absorbance readings of the hemolysate 
determined with a Klett-Summcrson photoclectric 
colorinieter. Each absorbance reading was com- 
pared with a total hernolysis reading obtained by 
laking red cells in distilled water. The degree of 
hemolysis occurring in each test solution was calcu- 
lated as a per cent of total hcmolysis. Thc data 
reported represent the average of a minimum of 
two like experiments. 

During and after the 45-min. incubation period, 
each test mixture was macroscopically observed 
for color changes, precipitation, and other signs 
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of denaturation. Throughout the investigatioii 
signs of blood denaturation were observed in solu- 
tions of high DMSO concentration. The following 
experiment was conducted to determine which 
test solutions affected hemoglobin such that colori- 
metric determinatiotis no longer remained an ac- 
curate measure of degree of hemolysis. Washed 
blood cclls were laked in distilled water, and like 
amocints of the resulting hemoglobin solution added 
to  5-ml. volumcs of watcr, to individual solutions 
of phenol, sodium chloride, and DMSO, and to com- 
binations of thesc ingredients as employed in the 
hemolysis experiments. The absorbance of each 
test solution was determined prior to and after 
the addition of hemoglobin solution and the filldl 
readings adjusted by subtracting the blank readings. 
Variations iu tbe final readings were indicative of 
alterations in the hemoglobin, Each solution was 
also tnacroscopically examined for discoloration 
and precipitation. 

Experimental Solutions.-Aqueous solutions were 
employed throughout the investigation. Concentra- 
tions of DMSO are expressed as per cent v/v and 
phenol and sodium chloridc as per cent w/v. 

Solutions of DMSO ranging in concentration 
from 0.5 to  99.50/;, were prepared and their ab- 
sorbance readings determined. These readings 
served as blank readings that were subtracted from 
the colorimetric readings of subsequcnt hemolysis 
expcrimcnts. 

Solutions containing 0.5 to  90% DMSO in 0.6% 
sodium chloride were similarly handled. The 
sodium chloride was added to provide protection 
to tlie erythrocytes against osmotic hemolysis. 
Hexriolysis which occurred could be attributed to 
the presence of DMSO. 

The primary objective of this iuvestigation was to 
detcrmine the influence ol DMSO on the hemolytic 
activity of phenol. Previous studies (16) showed 
that phenol iu the presence of 0.67, sodium chloride 
induced trace hemolysis of unwashed rabbit eryth- 
rocytes a t  approximately 0.41 7, phenol con- 
centration and caused total hernolysis when present 
a t  0.47L;%, concentration. In the present study 0.447; 
phenol was employed. =It this concentration 50 
to  90(;6 hemolysis usually occurs and the effect of 
added DMSO, whether it be increased or decrcased 
hcmolysis, could be readily detected. Hernolysis 
studies were conducted on test solutions containing 
O . f ~ 7 ~  sodium chloride, 0.447, phenol, and concen- 
trations of UMSO varying from 0.5 to 80%. Solu- 
tions containing sodium chloridc and phenol but 
not DMSO served as the controls. 

Similar experiments utiliziug washed red blood 
cells were conducted to reveal the influence of seruni 
on the DMSO-phenol activity. Erythrocytes sepa- 
rated from defibririated blood by centrifugation 
were washed approximately 5 times with 0.6% 
sodium chloride until the washings tested free of 
protein to  0.5 N mercuric chloride T.S. After the 
final washing, the cells were resuspmded in 0.6y0 
sodiurn chloride to thc approximate volume of the 
original blood sample. The cell suspension was em- 
ployed in tlie scLtne manner as the unwashed blood 
samples. 

Kinetic Studies.-The experimental dcsign of this 
investigatioti was such that the hemolytic cffect 
ol the various tcst solutions was deterrriined after 
a constant 45-min. incubation period. Test solu- 
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tioris that \\ere fundarnental to the experiments or 
in which the erythrocytes responded diversely mere 
selected for a timc study. Thc hcmolptic activity 
of these solutiuus was determined a t  intervals of 
from 5 to 15 rniu during a period of 60 min. 

RESULTS AND DISCUSSION 

DMSO Solutions.-Erythrocytes incubatcd in 
aqueous DMSO solution ranging in coucentration 
from 0.5 to  25% complctcly hcmolyzcd (Fig. 1). 
'Uie colnr of the hemolysate appeared normal and 
there were no macroscopic signs of blood denatura- 
tion. Thirty arid 407b DMSO solutions also in- 
duced total hemolysis; howcvcr, the resulting 
hemoglobin solutions were slightly turbid. At 50 
and 60% DMSO concentrations, the hcmolysate 
was no lotiger red but atnher. At 80% DMSO co11- 
centration the tcst mixtures contained bulky brown- 
colored sediments with no sign of intact rcd cells 
or hemoglobin. 

DMSO is not capable of rnaintainirlg the integrity 
of erythrocytcs, for it permeates the red cell mem- 
brane (19) and allows the influx of water and the 
hemolytic conscquencc. To prevent the osmotic 
hemolysis of erythrocytes, the prcsencc of an ex- 
tracellular ingredient to which the red-cell mem- 
brane is impermeable is required. It should be 
noted that in the successful preservation of blood 
against freeze damage, the optimal concentration 
of DMSO is 15 to 207; (20) and an agent that con- 
tributes to the tonicity of the solution is addrd 
(10, 19). 

The deleterious eflect of high concentrations of 
DMSO on blood was noticed throughout this in- 
vestigation. The discoloration of blood, the floccula- 
tion of its components, and the precipitation of 
hemoglobin were observed consistently in test solu- 
tions containing more than 4O'jb DMSO. 

In a toxicologic study of DMSO, conducted to 
determine the feasibility of employing the niatcrial 
as the vehicle during the intravenous administration 
of water-insoluble autitumor agents, Willson et al. 
(21) attributed perivascular inflammatory reactioris 
and intravascular thrombi in dogs to the use of 
undiluted DMSO injections. They found liemolytic 
atieniia to occur in both rats and dogs subjected to 
rcpeated intravenous injections of UMSO. Both 
hcmaturia and hernoglobirluria were also noted. 
'I'he latter claimed to  be the result of intravascular 
hemolysis. 

Similar observations wcrc reported by UiStefano 
and Klahn (22) who studied the henlatologic effects 
of DMSO on cat blood in vivo and in  YO. Their 
work indicated that DMSO is a potent heinolytic 
agent through direct action on the blood cells and 
that the degree of dilution of DMSO is an important 
determinant of its heruolytic activity. 

DMSO-NaCl Solutions.-Thc prcsence of 
0.6(& sodium chloride protceted crytlirocytes agairist 
osmotic hemolysis in solutions containing less than 
ZIT0 DMSO (Fig. 1) .  Trace hemolysis was de- 
tected in saline solutions containing 25y0 DMSO, 
and 2574 hcmolysis occurred when 40% DMSO was 
present. In sodium chloride solutions containing 
50yo DAMSO and grcatcr there was iio evidence of 
intact cells but rather a brown flocculant sediment 
and a green amber-colored supernatant liquid. 
The rcsiilts show that although sodium chloride is 
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Fig. 1.-Hemolytic activity of solutions containing 
DMSO. Key: m, aqueous DMSO; A, IIMSO plus 
0.6%, NaCl and 0.44:;; phenol using washed ery- 
throcytes; X, DMSO plus 0.6yo NaCI and 0.44(,1<, 
phenol usitig dcfibrinated blood; 0, DMSO plus 
0.6%) NaCl; 5 ,  denaturation as color changes and/or 
flocculation. 
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Fig. 8.---Kinctic study of the hemolytic activity o f  
various test solutions. Key: A, distilled water; H, 
30% DMSO; C, 0.6y0 NaC1 plus0.44g; phenol; I), 
0.6vo NaCl plus 0.4474 phcnol and 0.5CG DMSO; R, 
0.6$& KaCl plus 0.447; phenol and 30yo DMSO; F, 
0.6% NaCl plus 307" IIMSO; G, 0.6(;3 NiC1. 

capable of preventing osmotic hemolysis in solutions 
of less than 80%, IIMSO strength, it is incapable 
of preventing the cytotoxic effects of highcr con- 
centrations of 1)MSO. 

DMSO-NaC1-Phenol Solutions.-Figure 1 shows 
tlie influence of varying concentrations of DMSO 
nil the hemolytic activity of 0.447, phenol in 0.6% 
sodium chloride. It should be noted that in the 
absence of DMSO, the phcnol-salt solution induced 
'70% hcmolysis of the erythrocytes. With the 
phenol and sodium chloride concentrations held 
constant, the addition of DMSO altered the hcmo- 
'lytic response. 11s the DMSO concentration was 
increased to  79;. phenol-induced hemolysis was 
virtually eliminated. With grcater concentrations 
~f DMSO, hernolysis increased steadily until 
(denaturation ensued a t  40% DMSO concentration 
and prevented further quantitation. At that cou- 
ccntration a red flocculstit sediment was observed, 
indicating that a portion of the hemolysate was no 
longer in solution. At concentrations of J)MSO 
cxcccding 50%,, the sediment was the uften-seen 

brown flocculant material underlying a green- 
amber supernatant liquid. 

Hemoglobin solution, prepared by lysing washed 
erythrocytes in distilled water, was increasingly 
discolored and precipitated by all test solutions 
containing DMSO in concentrations of 40% ancl 
greater; therefore, in experiments employing 
DMSO in high cot~ce~~trations the colorimetric 
rcadings wcre no longer I TI accurate iridication of 
the degree of henlolysis, for tlie hemoglobin relcased 
by laked cells wits a t  least partially precipitated 
and colorimetrirally undetectablc. 

Washed Erythrocytes.-Under the conditions of 
this study, erythrocytes were found to be niore 
easily heiriolyzccl by phenol iti the absence of blood 
serum. 4 standard test solution of 0.44"/, phenol 
in 0.6';b sodium chloride consistcntly iudnced 
complete hemolysis of washed crythrocytes alter 
45 mix,  whereas an average of 70Yo of the unwashed 
cells lyscd in one series of expcriments (Fig. 1) and 
90% in another (Fig. 2). The greater degree of 
lysis with washed cclls could be attributed to the 
absence of the protective action of the serum pro- 
teins arid to the increased fragility of the crythro- 
cytes caused by the repeated washings. The in- 
fluence of UMSO n u  phenol-induced hcmolysis, 
however, followed a similar patterri for both the 
washed nnd unwashed red blood cells (Fig. I). 
As the DM.9 concentration in the phenol-salt 
test solution was increased to 
creased from complete hemol 
hemolysis. As the DMSO concetitration was 
further increased, hcmolysis increased until de- 
naturation occurred at  407; DMSO concentration. 

Interpretation of Results.-The data seem to 
suggest the biologic iuactivation of phenol as part 
of a chemical complex with DMSO or by virtue 
of increased cellular resistance to its hemolytic 
capabilities. 

Tlic observation that antimicrobial agcnts are 
inactivated by various chemical agents resulting 
in a loss of antimicrobial arid hemolytic activities 
is not new (16, 23-38). Although phenol arid DMSO 
have bcen shown (14) to react under certain lab- 
oratory conditions (dissimilar to those of the present 
study) the addition of small amounts of DMSO 
to solutions of a uumbcr of other organic chemicals 
has produced evidence of complex formation (3). 

In  a separate investigation (29) involving the 
hemolytic activity of the antimicrobial agent 
chlorhesicline diacetate, DMSO had an influence on 
hemolysis similar t o  that shown with phcnol. 
Chlorhexidine diacetatr was employed in hemolytic 
concentrations, as phenol had been, in the presence 
of 0.G';ib sodium chloride and varying amounts of 
DMSO. Curiously, the hemolytic activity of 
chlorhexidine diacetate was decreased with in- 
creasing amounts of DMSO with minimal liemolysis 
occurring in the presence of 9Tl IIMSO; greater 
concentrations of DMSO resultecl in increased 
hemolysis. 

The possibility of a direct influence of DMSO 
on the erytlirocytc rendering the phenol ineffective 
in its hemolytic activities was explored. In  pursuing 
the premise that DMSO was directly affecting the 
red cell membrane, cxperiments were designed in 
which washed erythrocytes were incubated in saline 
and varying amounts of DMSO with the intention of 
later removing the DMSO and subjecting the cells 
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to phenol to determine whether the cells were per- 
inanently altered by the IIMSO pretreatment. 
Erythrocytes were incubated with 1, 7, 20, and 30yo 
concentrations of DMSO. Attempts to remove the 
DMSO by washing the cells with (I.(;%, sodium 
chloridc were unsuccessful. The red cells pre- 
treated with 20 and 30% 1)MSO solutious coin- 
pletely hemolyzed on the first attempted washing. 
A4ppreciable hemolysis occurred in the 7y0 DMSO 
pretreated cell sample and trace hemolysis in the 
1% DMSO prctreatcd cells as mashing was at- 
tempted. The same washing fluid was eficient in 
the concurrent washing of the controI cells sub- 
jected to the same conditions except for the ex- 
posure to DMSO. In blood preservation work, 
the use of DMSO as an endocellular cryophylactic 
agcnt has stimulated investigators to seek an effec- 
tive method of removing DMSO from within the 
cells prior to transfusion (20). 4 s  in the prescnt 
work, efforts t o  wash the cells free of DMSO have 
resulted in hemolysis (20). I t  has been fouud 
possible to dialyze erythrocytes free of DMSO, 
but the requircd dialysis time has been found pro- 
hibitive to practical application (20). 

Kinetic Studies.--As can be scen in Fig. 2, both 
distilled water aud 30y0 DMSO induced total he- 
molysis within the first 5 min. of the experiment. 
Hernolysis occurring in the 30Yo DMSO test solu- 
tions can be largely attributed to osmotic liemolysis 
resulting from the penetration of this hygroscopic 
matcrial (3, 14) through the erythrocytic membrane 
(19). I t  is not unlikely, however, that the high 
concentration of DMSO also eserted damaging 
changes to  the cell structure. 

The addition of 0.6yc sodium chloride to 30y0 
UMSO reduced the Iiernolytic effect of thc lattcr 
such that a t  the conclusion of the experiment, oiily 
1204 hemolysis had occurred. Since 0.67; sodium 
chloride is suficient to prevent osmotic hemolysis, 
the hemolysis that did occur can be attributed to 
the cytotoxic activity of DMSO. 

Phenol a t  a concentration of n.44%, in the presence 
of 0.6y0 sodium chloride induced trace hemolysis 
after 25 min. of incubation and total hemolysis 
after 5.5 min. The inclusion of 0.5yo DMSO to 
the phenol-sodium chloride solution slightly de- 
creased the rate of hemolysis. The inclusion of 
30y0 DMSO to the phenol-sorliiirn chloride solution 
prompted an initial hemolytic response that pro- 
gressed steadily throughout the duration ol the 
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experimmt. At the conclusion of the study, how- 
ever, only about half of the erythrocytes were lysed 
in contrast to total hemolysis which occurred in the 
other solutions containing phenol. 

In sunirnary, DMSO has been shown to interfere 
with the hemolytic activity of phenol in oitro. 
‘I’his interference may be manifest through chemical 
interaction or through a direct ccllular effect. I t  
would be interesting to investigate the antimicrobial 
activity of phenol and other prcservativcs in the 
presence of DIMSO. Such a study would further 
elucidatc the analytical value of erythrocytes in 
ptedicting microbial responses to preservatives. 
It would also provide useful information relative 
to the preservation of pharmaceuticals containing 
DMSO. 
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Use of a Precision Coagulation Timer in the 
Biological Assay of Thrombin 

By H. PATRICK FLETCHER, RICHARD J. BURNHAM, ROBERT J. COLE, 
and NORRIS W. DUNHAM 

A new k uitro assay for the determination of thrombin potency has been studied 
using a precision coagulation timer. This instrument showed a inore objective and 
quantitative clot-time determination of the human and bovine plasmas. The 2 X 2 
and 3 X 3 assay designs were employed utilizing the dose-response relationship 
established between thrombin and the plasma. The differences between the present 

and proposed methods and between plasma of the two species are discussed. 

HE PRESENT method used for the assay of 
Tthrombin is essentially the same as that pub- 
lished by the Federal Security Agency, National 
Institutes of Health, Bethesda, Md., 1946. In 
this method, two dilutions of unknown bovine 
thrombin arc chosen so that one has a slightly 
higher and the other a slightly lower clotting time 
than a dilution of N.I.H. standard thrombin. 
The pot.encies (units/ml.) of the unknown throm- 
bin dilutions, which are based on their assumed 
potencies, are plotted with the clotting times and 
these points are connected by a straight line. A 
point on this line which corresponds to clotting 
time of the standard thrombin is determined. A 
ratio is set up by comparing the potency corre- 
sponding to this point with the assigned potency 
of the standard. The potency of the unknown 
thrombin is obtained by multiplying the assumed 
potency by the ratio, as follows: 

X assigned potency (of standard) units/nil. ~- - 
obtained potency (of standard) units/ml. 

assumed potency (of unknown) = potency of 
unknown 

The clotting times in this method are visually 
determined by observing the clot in a small test 
tube after the plasma has been addcd to the 
thromlh  and the clotting time is recordcd by 
using a stop watch. During the observation 
time, the test tube is tilted once every second 
until coagulatjrm occurs. 

Due to its simplicity, this assay can be done 
rapidly. I-Towever, the dependence on subjective 
judgment for thc end point determination and a 
complete lack of any statistical validity tests 
appear as serious disadvantages ol this method. 
Thus, i t  was the purposc of this study to attempt 
the automation of the end point determination 
and to design a new assay in which the procedure 
willhave to pass a t  least onc validity test. 

In this study we used a precision coagulation 
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tirner.l This instrument is being used by many 
clinical laboratories for the deterniination of 
prothronibin times. 

For the determination of the clotting times, a 
plastic cup' containing 0.2 nil. of plasma is placed 
in the reaction well and the timer is automatically 
started when 0.1 ml. of thrombin is delivered from 
a pipet. After 1.5 sec. delay, the probe arm in- 
serts the two elcctrodes into the plasma-thrombin 
mixture. The electrodes consist of a stationary 
electrode and a moving electrode which mows in 
and out of the plasma-thronibin mixture. When 
the moving electrode has risen above the reaction 
mixture, it  reaches a contact point which would 
complete the circuit except for the gap between 
the two electrodes. Thus, when thrombin has 
converted the fibrinogen to fibrin, the latter is 
partially pulled out of the reaction mixture by the 
moving electrode and complctcs the electrical 
circuit between the electrodes. This electrical 
short stops the timer and the clotting time is 
recorded. The clotting times are obtained a t  37' 
since the instrument is equipped with heating 
blocks which maintain this constant temperature. 

The moving clcctrode completes a cycle (in and 
out of the reaction mixture) every 0.5 sec. Since 
the circuit can only be completed when the 
inoving electrode has moved out of the reaction 
mixture, thc clotting time end point can occur in 
an interval which is one-half of a cycle. Thus,in 1 
sec. there are two intcrvals of approximatrly 0.25 
scc. duration in which the end point can be de- 
tected. This means that the exact clotting time 
is not always given to the tenth of a second us the 
timer indicates. However. since this is a con- 
stant error, and it is the relative clotting times 
wliich are important in the biological assay, the 
clotting times to the tenth of a second as shown on 
the timer arc used for the assay calcirlations. 

Although there is some chance for crrnr in the 
end point determination, this instrumrnt has the 
advantage of a more objectively determined clot 

1 Fibrometer. Raltimore Biological Lahnt-atory, Ilivision 

2 Supplied with instrument. 
of B-I> Laboratories, Inc.. Baltimore, Md. 
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the sensitivity of the response in this area was more 
suitable for assay work. The linearity of this part 
of the dose-response curve was confirmed when 
orthogonal analysis of curvature was not significant 
in this area. However, the variance due to curva- 
ture was significant for the entire dose-respouse 
curve, and curvature still remained a problem in 
many of the assays. However, this problem was 
partly solved by plotting log dose nersus log response 
as will be discussed later. 

From the dose-response curve study it was deter- 
mined that the dilutions of thrombin which resulted 
in clotting times between 10-22 see. were useful 
dilutions for assay purposes. This useful area of 
the curve was determined for the different types of 
plasma usccl, e .g . ,  bovine, human plasma3 half- 
strrngth, human plasma full-strength. 

Statistical Design of Assay.-At the outset of this 
study it was felt that a statistical design was needed 
which would allow the operator to establish limits 
for the assay. A t  the beginning of this study the 
statistical design used for the three-dose balanced 
assay of corticotropin injection U.S.P. XVII 
(referred to as the 3 X 3 assay) was chosen since 
i t  contained four different validity tests. The pres- 
ent assay method contains no validity tests. Al- 
though the validity tests in the 3 X 3 assay dcsign 
are far from perfect, they clo serve as a source of 
confidence for the operator. The passing of these 
valiclity tests depends upon the “F” values obtained 
by dividing the mean squares resulting from dcvia- 
tion from parallelism, curvature, differences in curva- 
ture, and the combination of these three by the error 
variance. The weakness in thrsc validity tests is 
that a high error variance can increase the proba- 
bility that the validity test will be passed. Thus, 
i t  is up to the operator and the laboratory to limit 
the error variance which will be accepted. This 
may also be accomplished by placing limits on the 
“L” value. All of the cornputations for the sta- 
tistical designs used in the study were programmed 
for the IBM 1620 computor. 

RESULTS AND DISCUSSION 

It became apparent in the early part of this study 
that temperature had an effect on the clotting times 
when the thrombin solutions rexnainecl a t  37”. Thus, 
i t  was important that each dilution of thrombin be 
kept standing a t  37” for the same length of time 
prior to clotting time deterinination. In order to 
insure this, tubes containing the dilutions of throm- 
bin should be placed in the heating block at the same 
time. After the 3-min. warm-up period, thr clotting 
times for the different thrombin solutions are deter- 
mined using a random order design. In this design 
for the collection of data, the effect of standing a t  37’ 
will be distributed over the different dilutions. 

For the 3 x 3 assay, the responses (clot times) are 
statistically cornpared to  the log dose for the stand- 
ard and unknown thrombin dilutions. In this assay, 
we were using a statistical design which was intended 
for a linear dose-response relationship for data which 
posscssed a curved dose-response relationship. 
‘l%erefore, several of the assays failed thr curvature 
validity test. il log X log transformation of the 
data was attempted in order to obtain a straight line. 

The portion of the dose-response curve in w-hich 
we were working became more linear when log dose 
was plotted against log response (Fig. 1.) Another 

time than the method now being used. It is 
anticipated that  this increased objectivity will 
reduce the variation in obtained potencies be- 
tween operators. 

EXPERIMENTAL 

Assay.-For the 2 x 2 assay, thrombin dilutions 
of 5.64 and 8.46 units/ml. (a log 1.5 interval) were 
prepared for both standard and production inate- 
rial. The dilutions were made up in 10-ml. volu- 
metric flasks with normal saline. The individual 
dilutions were numbered so that a random order 
could bc uscd for t,hr collecton of data. For the 3 X 3 
assay design, 5.64, 7.05, and 8.81 units/tnl. dilutioiis 
of thrombin were used ( a  log 1.25 interval). The 
dilutions for unknown thrombin were based on their 
assumed potencies. The 50% plasma solutions were 
prepared by adding 5 ml. of distilled water and 5 nil. 
of normal saline to a vial containing 5 ml. of lyo- 
philizcd human p k ~ n a . ~  

Two tenths of a milliliter of plasma solution was 
drlivrrcd to the plastic cup by using the autopipet. 
One rack of cups containing plasma was placed in 
the heating block. At thc same time, the appro- 
priately numbered cups containing the thronibin 
dilutions were also placed in the heating block. At 
the end of the 3-min. warn-up period, one of the cups 
containing plasma was placed in the well directly 
beneath the electrodes. One-tenth niilliliter (0.1) of 
the thrombin solution was delivered to the plasma 
z i a  the autopipet. The autopipet activates the 
timcr when the plunger is depressed and the switch 
is in the “on” position. When coagulation occurs, 
the timer automatically stops, and the time of thr 
end point is recorded. 

The data for this assay were gathered as quickly 
as possible due to the effect of the 37” temperature 
on the thrombin and plasma. According to the 
manufacturer, plasma begins to decompose after 15 
min. at this temperature. In this study it was 
found that effects on the plasma are insignificant if 
the plasma was used within 6 to 7 min. when a t  37”. 

The data were arranged under the appropriate 
dilutions (six determinations per dilution) and the 
clotting times in seconds were converted to logs. 
The logs arc treated as numbers rather than as 
exponents in the computations of the statistics of the 
assay. In this laboratory the computations were 
carried out by an IBM 1620 computer. The com- 
putations for this 2 X 2 assay were described by 
Bliss (1). 

Dose-Response Curve.-Tn order to design a new 
assay, the close-response relationship was determined. 
Since there are many unknown variables in plasma 
coagulation, several dose-response curves were 
determined using both hunian and bovine plasmas 
arid also for N.I.H. standard and production throm- 
bins. 

Althou~h the curves shifted slightly from day to 
day, the shapes of the curvcs were the same even for 
the plasmas of the two different species. The dose- 
response relationship is a curved line. Examination 
of these lines led to the selection of the middle part 
of the curve for the assay work. The dose-response 
relationships in this area were somewhat linear and 

Normal Plasma Control (5-id.  size), Baltimore Biological 
Laboratory, Ilivision of B-I) Laboratories, Inc., Baltimore, 
Md. 
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TABLE I.-cOMPARISON OF I’OTENCIES OBTAINED 
TVITII PRESEST AND FIUROMETER METIIODS 

-- Potencies. units/Vial ~- 
Present hIethr,da Proposed Method 

L u t s  Bovine Human Rovine Human 
Plasma Plasma Plasma Plasma 

A 1130 1063 1436 1280 
B 1293 1210 1612 1335 
C 1115 1088 1378 1190 
D 5113 4825 566.5 5350 
B 5535 5225 6302 6m.i 

T’d. 55, YO. 7 ,  Jd38 2966 

7 

I I I * 1 1 1 1  d 
4 5 6 7 8 9 1 0  20 

unitslrnl. OF STD. THROMBIN 

Fig. 1 -Log X log dosc-response curve for N.1.H 
Each point standard thrornbin and human plasma. 

represents mcan of six clotting times. 

advantage of usin!: the log X log transformalion is 
that i t  tends to dccreasc the diffcrences in the re- 
sponse variation which were ofterl n o t d  hetwccn the 
long and short clotting times. 

A study to  determine whether the log X lo!: !rans- 
formation reduced the sensitivity ol the validity 
tests was conducted by intentionally making in- 
creased “errors” in one of the test diluticiiis in con- 
secutive assays. The cff cct of these increascd 
“errors” on the mean squares resulting from devia- 
tion from par:tlkfism, curvature, and difference in 
curvature was observed and a comparison was made 
hetwcen scmilog and log X log dcsigns. 

The results of this comparison indicatctl that  the 
log X log transformatioti did l int  make tlic assay less 
sensitive than the sctnilog assay. The assays failed 
and passed in the same instances. The mean squares 
resulting from deviation from parrillelisin were in- 
creased in the assays where intentional errors wwc 
made in dilutions. 

A 2 X 2 (log X log) assay (two staticlard and two 
unknown dilutioiis) was ~ I S C J  used in this study and 
is now hcing used in place of the 3 X 3 design. This 
1 X 2 design is thought to  be more practical for 
routine work since i t  requires less time and reduces 
the amount o f  time the thrombin is kcpt standing 
a t  37”. 

The 2 X 2 assay has only one validity test to pass 
and this is deviation from parallelism. This is one 
of the more iniportmt validity tests since the log X 
log transformation reduced the problem of curv:tturc. 
I t  was also observed that the potencies of 2 X 2 
assays differed very little (0.5 to 17,) from the 
potencies obtained with the 3 X 3 dcsiyn. 

Results of many assays have shown that bovine 
plasnra at 37’ gave a high crror variance. Analysis 
of the row effect, which represented the cffcct of time 
a t  37”, revealed that the variance resulting from 
time was significant. It is probable that after a 
short time, the bovine plasma was breaking down 
a t  37”. This temperature effect was not present 
when human plasma was used in the same time 
interval aud a t  the same temperature. I t  was also 
rcvealed that in assays using human plasma, the 
thrombin was more cfGcieiit whcn the 0.2 ml. oi 
plasma solut.ion consistcd ol5071, plasma rather than 
100yo plasma. More thrombin was required by the 
100To plasma to  obtain the same clotting time :is the 
50yo plasma. Apparently the optimal substrate 
concentration is closer t o  the 50\!{, plasma solution 
than to the 100% solution. 

The statistical data indicated that tlicre was no 

IL 3 X 8 semilog away design used 

’FABLE II.---COMPAKISON OF RESIJLTS FROM TIIE 
DIFFEREXT METIIODS FOR THE CALCULATION OF 

POTENCY 
-~ ~- - ~~ - ~~ 

,-- Potencies. uiiit\/Vixl- 1 

Point Assay Point Assay 
Proposed Pi-opnsed Present 

Lot F Methodn Method h‘I?thod6 
A 1271 1217 1130 
B 1333 1263 1293 
C 1191 1271 111.5 
D 5440 5230 5113 
B 6000 5665 5638 

advantage in using lo@(% plasma solution rather 
than 50r.i solutions. The crror variance remained 
about the same in both instances. 

Samples from five production lots of thrombin, 
three 1000-units/vial and two 5000-units/vial, were 
assayed with bovine and human plasma solutions. 
These results were compared with the results ob- 
tainctl using the present N.I.11. rnethod. ’I‘he result 
of this study appears in Table I. Examination of 
these data reveals that  the thrombin was I I I O ~ C  

potent when assayed with bovine plasma than with 
human plasma. It was observed that the precisiou 
coagulation timer inethotl employing human plasma 
a t  37” resnlts in a higher potency for thrombin than 
does thc present method employing bovine plasma 
a t  28’. This increase in assayed potency was about 
50-150 units for the lO(10 units/vial material and 
about 250-400 units/vial for the f i0OO units/vial 
material. Part of this incrcasc is probably due to  
the increased temperature from 28” to  37”. How- 
ever, the results in Table I I indicate that part of this 
ctiffercnce in potelicy between the present and pro- 
posed precision coaqlation timer methods is due to 
the method employcd to  calculate the potmcy. 
When the single point assay which is used to  cal- 
culate thc potency in thc present method was applied 
to  the ncw method, the potency values are closer 
together. 

SUMMARY AND CONCLUSIONS 

It is felt that  this new assay offers advantages over 
the assny presently being used. Hurnan plasma 
which is usecl at 37’ is closer to  the conditions which 
exist when thrurnbin is used clinically. 

The antomatcd end point eliminates thc reliance 
on subjective observation on the part of the analyst. 
The statistical design which contains a validity test 
can be a source of increased confidence in the results. 

REFERENCE 
( 1 )  Bliss, C. I . ,  Drug. X I / . ,  24, 41(1856) 



Blood Level Distribution Patterns of Diazepam 
and Its Major Metabolite in Man 

By J. ARTHUR F. DE SILVA, B. A. KOECHLIN, and G. BADER 

The effect of different diazepam dosage regimens on the blood level patterns of diaze- 
pam (I) and of its metabolite N-desmethyl diazepam (11) in man was studied, using 
specific GLC and TLC techniques, and an ultraviolet assay measuring both compo- 
nents. Single oral doses of diazepam (10 mg.) produced low (0.18-0.21 mcg./ml.) 
and rapidly declining diazepam (I) blood levels. Repeated daily doses (30 mg.) 
caused a progressive increase of diazepam (I) levels. The metabolite (11) appeared 
24-36 hr. after the first dose, and, thereafter, the levels increased rapidly, approach- 
ing those of I. Upon discontinuing the drug after repeated dosing, components 
I and I1 disappeared from blood very slowly, I1 persisting longer than I. The pat- 
terns indicated a redistribution into blood of I and I1 previously stored by tissues. 
Following chronic massive doses (150-200 mg./day), levels of I averaged 1.60 
mcg./ml. (after 1 week of continuous dosage), while 11 continued to increase until 
an apparent equilibrium was reached at a ratio of 1-11 of 1:2.5. Only traces of the 

urinary metabolites, oxazepam and 3 OH-diazepam, were identified in blood. 

IAZEPAM,~ 7-~2iloro-l,3-dihydro-l-mcthyl-5- 
pheny1-211-1,4-benzodiazepine-2-one (Ro-S- 

2807) is a psychotherapeutic agent, synthesized 
by Sternbach and Reeder (11, which among the 
other members of the benzodiazepine class of com- 
pounds is distinguished by tranquilizing and 
antitension activity combined with marked mus- 
cle tone regulating properties (2). The corrcla- 
tions between pharmacological activity and 
chemical structure of the 1,4-benzodiazepine 
derivatives have bccn reviewed by Childress and 
Gluckmann (3) .  

Distribution and fate of diazepam labeled with 
tritium in the Cs-phenyl ring have been studied 
by Schwartz et al. (4). Following the oral admin- 
istration of 10 mg. of diazepam, blood level 
maxima of about 0.10 mcg./ml. were found after 
1-2 hr. Blood level fall-off patterns indicated a 
rapid and extensive uptake by tissues. Although 
the radioactivity in the blood appeared to rep- 
resent mainly the intact drug, diazepam was 
shown to be excreted exclusively in the form of 
its metabolites. The major metabolic pathways 
were shown to consist of demethylation a t  the 
nitrogen in position 1, addition of a hydroxyl 
group a t  carbon 3, and conjugation of the respec- 
tive derivatives (Scheme 11). Oxazepain glucuro- 
nide was the predominant mctaholite in urine. 
A-Demethylated diazepam was also found in 
urine, and in addition could be detected in the 
blood several hours after a 10-mg. single diazepam 

Received February 9, 1966, from the Department of Clin- 
ical Pharmacology, Holfman-La Roche, Inc., Nutlcy, N. J .  

Accepted for publication April 12, 1066. 
The authors are indebted to Drs. W. B. Abrams, E. N. 

Whitman. and J. Howard Campbell, Jr., Hoffmann-La Roche, 
Inc., for conducting the clinical studies on diazepam at thera- 
peutic dosages; to Dr. K. S. Ditman, Alcoholism Research 
Clinic, Department of Psychiatry University of California 
at Los Angeles. for the specimens)from his patient at  hifih 
dosages; L. D’Arconte and J. Kaplan for competent technical 
assistance during the course of this investigation; and to 
T. Danielian for the drawings of the figures presented. 

1 Marketed as Valium by Hoffman-La Roche, Nutley, N. J. 

dose. The excretion rates of the radioactivity 
indicated an over-all drug half-life of 2-3 days. 

Blood level studies on larger groups of patients 
under different diazepam dosage conditions em- 
ploying a U.V. spectrophotometric analytical 
procedure yielded inconclusive results on account 
of the limited sensitivity and specificity of that 
method. Subsequently, a gas liquid chromato- 
graphic (GLC) assay was developed capable or 
measuring nanogram qiiantitics ( lopy Gm.) of 
diazepam with a high degree of precision and 
selectivity (5). This procedure established its 
usefulness in investigations of the placental 
transfer of diazepam (B), and also permitted the 
determination of thc major metabolite in blood 
from diazcpam treated patients in a single assay. 

The objective of the present study was to 
establish blood level distribution patterns of 
diazcpam and its metabolite produced under a 
variety of diazepam dosage conditions, hy means 
of carefully designed and controlled clinical 
studies, and by very sensitive and specific ana- 
lytical methodology. Blood level curves are re- 
ported for single therapeutic doses. administered 
by oral, intravenous, and intramuqcular routcs, 
for repeated oral therapeutic doses and for 
chronic treatment with massive doses. Three 
independent analytical procedures and improved 
modifications thereof are described and their 
scopes are compared, including (a )  a quantitative 
spectrophotometric assay of  more limited sensi- 
tivity and specificity but of usefulness in toxicol- 
ogy; (b) a modified quantitative gas liquid 
chromatographic procedure differentiating be- 
tween the intact drug and its N-dcmethylated 
metabolite; and (c) a qualitatire thin-layer 
chroma tographic (TLC) technique capable of 
definite identification of the individual benzodia- 
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zepin derivatives in extracts of biological mate 
rials. 
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Fig. 2.-skdnddrd curves or diazepam and its 
metabolite (Ro 5-2180) at  240 nip.  Key: X, 
diazepam; 0, Ro 5-2180. 

ANALYTICAL PROCEDUKE 

U.V. Assay.-The V.ir. method measures both 
intact diazepam and its major metabolite, N-  
demcthylatcd diazepam (Ro 5-2180). Both of these 
Compounds are extractable into diethyl ether from 
blood a t  pH 7.0 and exhibit similar U.V. absorption 
spectra with maxima a t  240 and 285 mp, respectively 
(Fig. l),  the absorbance at  240 inp being twice that 
a t  285 mp. 

Two-nlilliliter aliquots of osalated specimens of 
control blood taken from the patient prior to nledicd- 
tion and a 2-ml. specimen of control blood containing 
5.0 mcg. of standard diazepam from a stock solution 
were run along with the unknowns. The s;unples 
werc extracted twice with ether by a proccdurc dc- 
scribed prcviously (5), and the estracts were corn- 
bined. The combined ether extracts wcre washcd 
twicc with 5 ml. of 0.1 N NaOH, centrifuged, and 
the NaOH layer removed with a capillary pipet. 
The cther was extracted with 2 nil. of 2 N HCI which 
was then washed twice with 10-ml. portions o€ ether, 
centrifuged, the ether removed by aspiration. The 
ether washed HCI extract was transferrcd into a 
micro quartz cell (0.6-ml. capacity) with a clean 
glass capillary pipet. Using a 1-mm. pinhole slit in a 
Beckrnan DU spectropliotometer in conjunction 
with thc micro quartz cell, the U.V. absorption spec- 
trum of control, internal standud, and sample 
blood extracts wcre scanned by measuring their 
rcspective absorbances at  230, 240, 250, 2R5, 275, 
283, 295, and 320 m p  to establish the presence of the 
characteristic diazepam spectrum with maxima a t  
240 and 285 mp. 

The absorbances (9) of thc internal standards and 
the unknowns at  240 and 285 inp were corrected for 
the corresponding control absorbance. The con- 
centration of the unknowns was calculated from the 
corrected absorbance values a t  240 mp of the internal 
standard. The rccovery of 5.0-mcg. amounts of 
diazepam and Ro 5-21W added to blood was 90 + 
5.0'36 and was tlctermincd from the absorbance at 

0 8  

z 0 7  T 

230 240 2 5 0  2 6 0  2 ? 0  280 290 300 310 

WAVE LENGTH IN MILLIMICRONS 

Fig. l.--TT. V.  absorption spectra of diazepain and 
its nictabolitc (Ko 5-2180) in 2 N HCI (10 Incg./ 
ml.). Key: ---, diazepam A14" = 0.09l/tncg.; 
c _  ....... , metabolite = O.lOl/mcq. 

240 nip in a 1-cm. cell of standard solutions of dia- 
zepam and Ro 5-2180, respectively. The Asdo for l 
nicg./iiil. solutions was 0.091 and 0.101, respectively. 
Thc mcthod has a sensitivity limit of 0.3-0.5 mcg./ 
ml. of blood, and a range of linearity up to 10 mcg./ 
ml. of final solution (Fig. 2) and is sufliciently sensi- 
tive to incasure blood lcvels rcsulting from doses 
greater than 50 mg. 

Separation of Diazepam and Its Metabolites by 
Thin-Layer Chromatography.-Thin-layer chroma- 
tography was employed for the qualitative identifi- 
cation of the presence of diazepam and its metabolites 
extracted from blood and assayed cumulatively in 
the 2 N HC1 acid extract by the U.V. method. Fol- 
lowing spectrophotometric measurement, the acid 
extract was neutralized with 2 N NaOH to a blue 
end point, using bromothymol blue indicator, and 
extracted into dicthyl ether which quantitatively 
rcmovcs diazepam and the metabolites. The resi- 
due of this extract was dissolved in 0.2 ml. of 
n-hcnanc (Fisher spectrogracle) and quantitatively 
transferred onto a thin-layer plate of Silica Gcl G 
(Stahl) containing a fluorescent indicator. Pure 
standards of diazepam and other possible metabo- 
lites mere run alongside thc sample extracts for iden- 
tification of the compounds. 

The plates were dcvelopcd for about 2 hr. in 
chloroform-acetone, 90: 10, and then viewed under 
ultraviolet shortwave light to identify thc com- 
pounds on the plate. A typical chrornatograni is 
shown in Fig. 3. The results were further verified 
by two-dimensional thin-layer chromatography us- 
ing either chloroforin-heptane-ethanol (10: 10: 1) 
followed by chloroform-heptane-acetic acid-ethanol 
(5:s :  1:0.3) or chloroform-acetone (90: 10) followed 
by chloroform-hcptane-ethanol (10: 10: 1) as the 
developing solvents. A typical chromatogram is 
shown in Fig. 4. 

Determination of Diazepam and Its Metabolites 
by Gas-Liquid Chromatography.-Thc more sensi- 
tive and specific gas chromatographic method is cap- 
able of quantitatively resolving diazepam and its 
major metabolite (Ro 5-2180) in blood, after they 
are hydrolyzed to their rcspectivc benzophenones ( 5 )  
(Scheme C).  By this method the amount of diazepam 
and Ro 5-2180 can be determitiecl in the same sample 
of blood in a single assay. 
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Fig. 3.-Thin-layer chromatograms of blood extracts showing the presence of intact diazepam and its 
N-dernethylatvd metabolite, Ro 5-2180, in a patient maintained on high doses of diazepam for an extended 
period of time Solvent: cliloroform-acetone, 90: 10 v/v, 
2 hr 
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Fig. 4.-Two-cliineiisionai thin-layer chroIIlaCogratTis 01 pooled blood extracts showing the presetice of 
intact diazepam (Ro .5-2807) and its major metabnlitc (Ro 5-2180). 

An improved procedure is described employing a 
liquid phase of 2% Carbowax POM-terephthalic 
acid (CBW-20M-TPA), a synthetic polyester ( 7 ) ,  
which was found to be superior to Carbowax 20M 
used in the original method. I t  is a more polar 
phase with greater temperature stability, bleed resist- 
ance, column life, uniform coating characteristics, 
and produces very sharp wcll-resolved symmetrical 
(Gaussian shaped) peaks (Fig. 5). Its physical 
characteristics make i t  very selective for a nuniber of 
benzopheriones. The sample preparation for gas 
cliroxriatography was carried out exactly as pub- 
lished ( 5 ) .  

Gas chromatographic paramctcrs wcrc obtairicd 

on a Jarrell-Ash itistruinent model Universal 26- 
700 equipped with an electron capturc detector (No. 
26-765) containing a 100 mc. titanium tritide p 
ionization source. Column: a 2-ft. colurnn of 2% 
Carbowax 20M-terephtlialic acid polyester phase 
on silariized Gas-Chrom P 100/120 mesh contained 
in l/q in. stainless steel tubing mas used. Carrier 
gas: nitrogen (oil pumped and dry) passed through 
a molecular sieve before entering the column was 
adjusted to a flow rate of 150-170 ml./min. mcas- 
ured at morn temperature. Thc column head pres- 
sure was 17-20 psig on the second stage of the gas 
regulator. Condition of column head pressure ancl 
flow rate may be varied to obtain a retention time 
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Chetiiical structures and reactions o f  diazepnin (Ro 5-2807) and some of its analogs. MACB = 2-methyl- 
atuiiio-5-cliloro-bciiz~~~~Iiciioiic. XCB = B~amino~5-cliloro~betizo~~lietio~ie. 
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Fig. 5 -Chroniatograni 
o f  diazepam and its N- 
detnethylated metabolite 
determined by GLC as 
the MACB and ACB 
derivatives from blood 
extracts of patient L. R ; 
30 Ing. of diazepam per 
day for 10 days Key: 
*,MACB; +,ACB; A, 
control blond from pa- 
tient; B, patient blood 
after medication. Left, 
GLC assay of blood ether 
extract (10/100 pl.). 
Right, two-dimensional 

rthcr extract :ind GLC 
TI,C of poolcd blood 

assay of thc two con1- 
pollellts (2/300 pl ). 

(X,) of 5-6 niin. for MllCB (diazepam) and 9-10 
min. for ACB (Ro 5-2180) for effcctivc resolution 
from adjacent peaks. 

Tcmperaturcs: injection port, 250' f 2.0; 
detector, 210' =t 2.0; oven, 215" + 2.0 (isother- 
mal); amplifier rauge, 10 x 10-9 amp. full-scale 
deflection (fsd); recorder, Bristol, output, 10 
mv.; tittic condmt,  1 scc. (fsd); chart speed, 1.25 
cm./min. = 30 in./lir.; detcctor voltage, 20-30 v. 

d.c. Optimal detector voltage has to be determined 
for cacli compound assayed and should be checked 
frequently to coriipensatc for any changes in de- 
tector response due to variation in standing current. 
Minimum detectable amounts of MACB = 5.0 X 

Gm. (5 nanograms) and ACB = 10 X 
Gin. (10 nanograms). 

Preparation of Column Substrate.-The incrt 
support Gas-Chroni I' 100/120 mcsh (Applied Sci- 
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euce Laboratories, State College, Pa.) was silanized 
according to the method described by Horning et al. 
(1959) to inactivate any adsorbent sites prcsent. 
Two grams of Carbowax 20M-terephthalic acid 
(TPA) polyester phase (Wilkens Instrument and 
Research, Inc., Walnut Creek, Calif.) dissolved in 
500-1111. of hot mcthylenc chloridc and 98 Gm. of 
silanized Gas-Chrom P 100/120 mesh were shakcn 
for 30 min. on a reciprocating shaker with interrnit- 
tcnt release of pressure. The material was trans- 
ferred into a flat dish and the solvent evaporated off 
on a hot plate with continuous stirring. The coated 
substrate was then dried overnight in an oven at 
200°, cooled to room temperature, and stored in an 
airtight container. A 2-ft. piece of stainless steel or 
aluminum tubing was packed with the prepared sub- 
stratc and conditioned for 48-72 hr. at 230-250'. 
The column was then ready for use, and had a useful 
life span of at least 6 months of continuous use. 

Preparation of Standard Curves of MACB and 
ACB.-2 - Methylamino - 5 - chlorobenzophenone 
(MACB) and 2-amino-5-chlorobenzophenonc (ACB) 
synthesized by Stcrnbach et al. (8), of at least 99% 
purity, mere dissolved in n-hexane (Fisher spectro- 
grade) to yield separate stock solutions of 1 mg./ml. 
From this solution suitable dilutions were made in 
n-hexane to yield final solutions covcring the range 
of 5 ng./lO pl. to 30 ng./lO pl. Three l O - ~ l .  aliquots 
of each of the final solutions were injected into the gas 
chromatograph and from their average peak area a 
standard curve of peak area (cm2) versus nanograms 
of MACB or ACB was drawn. A standard curvc 
should be determined for each day of analysis be- 
cause column performance and detector response to 
these compounds changes with time. 

Preparation of Standard Solutions of Diazepam 
and Ro 5-2180.-Diazepam and Ro 5-2180, syuthe- 
sizcd by Sternbach and Reeder (l), of phamaceuti- 
cal grade purity (>99?/,), was used in the preparation 
of pure standard solutions. 

Ten milligrams of each pure compound was 
weighed into separate 100-ml. volumetric flasks, and 
dissolved in 10-15 nil. absolute ethanol, warming the 
flask if necessary to effcct solution. The solutions 
were made to volume with absolute. ethanol, and 
should be water white in color. 

The stock solution (A) coutaiiis 100 mcg./ml. 
One milliliter of solution A was transferred into 
another 100-ml. volumetric and diluted to volume 
with distillcd water. The standard solution (B) 
contains 1 mcg./ml. 

Suitable aliquots of solution B were used for ob- 
taining recovery data from blood. Solutions A am1 
B should be made fresh daily. 

RESULTS AND DISCUSSION 

The blood level distribution patterns of diazepam 
and its N-demcthylated analog (Ro 5-2180) in man 
were determined by a gas-chromatographic proce- 
dure (5), which has an over-all recovery of 90% f 
6.0 and a sensitivity limit of 0.02-0.03 mcg. of 
diazepam/ml. of blood. The recovery of Ro 5-2180 
is of the order of 7076 317.0 with a sensitivity limit of 
0.05-0.10 mcg./ml. (Table I.) 

Diazepam Blood Levels Following Single Doses.- 
Blood level fall-off curves following single 10-mg. 
oral doscs (Pig. 6), indicated that peak blood diazc- 
pam levels ranging from 0.1S0.22 mcg. were ob- 
tained 1 hr. after dosing, after which these lcvels 
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TABLE I.-RECOVERY O F  DIAZEPAM AND RO 
5-2180 ADDED TO 1 ml. OF BLOOD, DETERMINED 

BY GAS-LIQUID CHROMATOGRAPHY 
~ - 

Diazepam 
Added, 
ng. 

100.0 
100.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
300.0 
300.0 
300.0 
300.0 
300.0 

1cO 5-2180 
Added, 

ng. 
400.0 
400.0 
400.0 
400.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 

Recovery of Diazepam 
Total MACB Diazepam 

Recovered, Recovered, 
ng. n g a  
78.0 90.5 
75.0 87.0 

147.0 171.0 
152.0 176.0 ~.~ . 

144.0 167.0 
148.0 172.0 
164.0 190.0 
172.0 199.0 
162.0 
160.0 
143.0 
143.0 
155.0 
159.0 
164.0 
163.0 
162.0 
167.0 
170.0 
166.0 
225.0 
218.0 
210.0 
227.0 
205.0 

188.0 
186.0 
165.0 
165.0 
179.0 
184.0 
190.0 
189.0 
188.0 
194 0 
198.0 
193.0 
261 .0 
253.0 
244.0 
263.0 
238.0 

Over-all av. : 

Recovery of Ro 5-2180 
Total ACE Ro 5-21806 
Recovered, Recovered, 

ng. ng. 
265.0 307.0 
260.0 302.0 
225.0 261.0 ~~ 

228.0 265.0 
436.0 506.0 
434.0 503.0 
355.0 412.0 
338.0 392 .O 
320.0 371.0 
:344.0 399.0 
356.0 413.0 
360.0 418.0 
344.0 399.0 
338.0 392.0 

Over-all av. : 

____- 

76 

91 .o 
87.0 
86.0 
88.0 
84.0 
86.0 
95.0 
99.8 
94.0 
93 . u 
83 . 0 
83.0 
85.0 
92.0 
95.0 
94.0 
94.0 
97.0 
99.0 
97.0 
87.0 
84.0 
81.0 
88.0 
80.0 

90.0% f 
6 . 0  

Recovery 

Krcovei-y %I 

77.0 
76.0 
65.0 
66.0 
84.0 
84.0 
69.0 
65.0 
62.0 
67.0 
69.0 
70.0 
67.0 
65.0 

70.5% =I= 
7.0 

ng. MACH X 1.16 = ng. diazepam. * ng. ACB X 1.16 
= ng. KO 5-2180. 

declined rapidly within 6 hr. (half-lifc = 2-3 hr.) to a 
plateau lcvcl of 0.04-0.05 mcg./ml. This level was 
maintained for 12-24 hr. aftcr which a gradual de- 
cline was seen (half-life = 27-28 hr.). These data  
appear to confirm the fall-off pattern using3H-labelcd 
diazepam where thc cther extractable radioactivity 
was measured by liquid scintillation counting. 

In another study using a parenteral formulation 
(F-126) a group of three patients received a single 10- 
mg. intravenous dose of diazepam, while another 
group of three patients received the same formula- 
tion as a siugle 10-mg. intramuscular dose. The 
blood lcvcl curves (Fig. 7) iudicate that the blood 
level maxima obtained with the parenteral formu- 
lation were of the same order of magnitudc as those 
obtained with the oral doses. As before, the max- 
ima were followed by a declinc in the blood level 
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Fig. i.---Blood level fall-off curves in 

diazepam in a parenterat formulation 
by i. v. and i. ~ n .  routes. 

7 10 mg i.m man following a single 10-rng. dose of 
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Fig, 6.-Blood level fall-off curve in 
i i i : ~ i i  following a single oral 10 -mg. 
dose of diazepam. 

0 I5 30 60 120 180 
TIME IN MINUTES 

within 4 Iir. (half-life = 2 -3 hr., indicating removal 
into tissue storagc depots. pio ~neasurablc amounts 
of the N-demethylated metabolite of diazepam were 
seen after thcse 10-mg. single doses. 

Blood Level Distribution Pattern of Diazepam 
and Its Metabolite During Administration of Re- 
peated Doses.--In this series of experiments the 
blood level patterns of diazepam and its A'-demeth- 
ylated metdbolitc were studied in two paticnts 
during periods of repeated daily dosage arid immedi- 
ately following the discontinuation of drug trcat- 
mmt. 

Total daily oral doscs of 30 mg. of cliazepam (lying 
within the normal therapeutic rangc) wcre admin- 
istcred in divided doses cithcr in the form of regular 
10-mg. tablcts (t.i.d,) or in the form of 15-mg. ('7.5 + 
7.5 mg.) repeat action tablets (b.i.d.). Blood bpeei- 
rtieris were drawn for analysis every 12 hr. (8 a.m. 
arid 8 p.tn.) during the entire cxpcrimental period; 
and, in addition at 1, 4, and 6 hr. after tlie first dose. 

One patient (L. K.) received the drug for 70 con- 
secutivc days which represented a cumulative dose of 
300 tug. He was taken off medication for 7 days, 
after which diazepam treatment was resumed for 10 
more days, giving a second cumulative dose of 300 
mg. The other subject (H. W.) was treated for 5 
days with a cumulative dose of 150 mg. After a 
drug frcc period of 7 days, he rcccived diazepam 
treatment for another 5 days or a sccond 150-mg. 

240 

cumulative dose. The two dosage forms wcre 
alternated and their sequcncc was reversed in a 
crossovcr fashion in the two subjects. This was of 
no consequence to the particuiar purpose of this 
study. 

All the spccimcns were assayed for intact diazepam 
and its L%7-deiiicthylated tnetabolitc by GLC. The  
blood levels of diazcpam and of IZo 5.2180 are plotted 
against time in Figs. 8 and 9, respectivcly. In  both 
patients the curves for diazepam and the metabolite 
are seen to follow basically very similar patterns. 
Diazepam blood levels after the expected initial drop 
from the maxima after the first dose, increased with 
each day of continued medication. In the first sub- 
ject (L. R.) the diazepam levels rose from a 24 hr. 
value of 0.18 incg./ml. to a final value of 0.8-1.0 
mcg./ml. during the 10-day period of medication. In 
the second subject (H. W.) there was a corresponding 
rise from an initial 24 hr. lcvel of 0.12 mcg./tnl. to a 
maximum of 0.50 mcg., within 4 days. The metabo- 
lite Ko 5-2180 could not be detected initially in cithFr 
subject up to 36 hr. aftcr the first dose, but from then 
on its blood lcvels showed a steady increase, gradu- 
ally approaching the coticetitrations o f  the parent 
conipound. This pattern was more systerriatic in 
patient L. R., cspcciilly during the first 10-day 
period of medication. 

In both experiments discontinuation of the drug 
did not show an imrriediate change in the blood level 
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Fig. 8.-Blood lcvcl distribution pattern of diazcpani and IZo 5-21 80 i i i  in:m following administration of 
single action tablets vs. rrpeat action tablets. Key : 0,  diazepam Ro 5-8807; X,  metabolitc Ko 5-2180. 

PATIENT H.W 
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0 

Fig. 9.-Blood level distribution pattern of diazepam and Ro 5-2180 in marl following administration of 
rcprat action tablets vs. single action tablets. Key: 0, diazepam Ro 5-2807; X, metabolite Ro 6-2180. 

of either component. The diazepam levels showed 
an crratic but definite decline with time but were still 
measurablc a t  the end of the 7-day fall-off period. 
The metabolite levels fluctuated without a distinct 
downward trend. As a result, the ratio of the two 
components changed gradually in favor of thr 
metabolite. By the end of the drug-frce period the 
metabolite levels consistently exceeded those of in- 
tact diazepam. 

Uptake of the drug during the second period of 
medication produced an increase in the cumulative 
blood levels over and above the residual threshold 
lcvels after the first fall-off period. Owing to 
the high residual metabolite levels, the ratio of the 
metabolite to diazcpam was niaintained close to 
unity, especially in patient L. R. where the earlier 
cumulative dose had been higher. 

These blood level curves bring out the important 
fact that the conccntratiori of diazepam, the ratio of 
diazepam to its metabolite, and also the rate of elinii- 
nation of thcsc components from blood depend not 

mercly on the dose acl~ninistered a t  the time of 
sampling but also depcnd greatly on the preceding 
dosing history and its ultimate duration. These 
lcvels are governed specifically by the cuniulative 
amourit of drug adniinistered continuously and by 
the duration of time of continuous medication. Thr 
blood level distribution pattern is influenced by all 
these parameters, and i t  is also indicative of drug 
accumulation in sonie tissue storage depots.2 KP- 
lease from such depots back into the blood stream is 
manifested by the slow and erratic saw-toothed fall- 

2 Tissue storage depots implies thuse compartments 01 the 
body which are associated in drug accumulation, metnbolism, 
and excretion. Such dcpots acc defined in the terminology of 
biopharmaceutics and pharrnacokinctics as “shallow” com- 
partments of soft extra vascular tissues, e.g.. liver, kidney, 
intestinal ti-act, and other associated organs and “deep” com- 
paltmcnts of tissues such as hone, marrow, muscle, fat, all of 
which aic accessible and inter-connected through the blood 
circulatory system. Consequently, chemical compounds 
carried in the blood can be stored andjor metabolized in thcsc 
depots, and later released hack into circulation prior to excre- 
tion. [See Wagner, 5. G., J .  Phavm. S r L ,  50, 359(1Y61); 
Iloluisio, J. T., and Swintosky, J. V., Am. J .  Phnmt. ,  137, 
14l(l‘J65); 137, 175(1965).] 
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off pattern scen aftrr the discontinuation of dosing. 
The faster buildup and the much slower disappcar- 
ance of the metabolite levels indicate a relatively 
slower metabolism and excretion of this product. 

Blood Level Distribution Pattern of Diazepam 
and Its Metabolite During Chronic Administration of 
Massive Doses.--An opportunity to study the blood 
level distribution pattern of diazepam and its 
metabolites undpr more extreme conditions of 
chronic dosing was offered by a unique therapeutic 

experiment. It involved a male patient (L) ,  age 53, 
with a history of chronic alcoholism and related 
psychic disordcrs who was able to tolerate daily doses 
of diazepam as high as 200 mg. without major side 
effects (9). 

Blood specimens were taken a t  weekly intcrvals. 
They were originally analyzcd by the U.V. spectro- 
photometric assay for “total” diazepam, and then re- 
examined by thc differential GLC procedure (Table 
11). 

TABLE II.-BLooD LEVELS O F  1)IAZEPAN AND ITS METABOLITE IN A  HUMAN^ GIVEX 150-200 nig./DAY FOR 
8 WEEKS 

_ _  ~ -- ___ -~~ ~ 

M d i c a t i o n ,  
Wk. 

0 (Control) 

1 
8 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 

Uate 
Blood 

Illawn 
1/21/64 

1 /28/64 

2/11/64 

1/23/64 

2/4/64 

2/18/64 
2/25/64 

3/3/64 
2/26/64 

3/10/64 
3/ 17/64 
3/18/64 
3/24/64 
3/31/64 

4/10/64 
4/16/64 

4/3/64 
4/7/64 

LkJse 
Diazepam Tablets 

160 nig./Day began 

200 mg./day began 

Withdrawal began 
90 mg./day 
20 mg./day 
Off diazepam, on placebo 
On placebo 
On placebo 
On placebo 

--- 
I 

Diare- 
Pam 
. . .  

1.51 

1.42 
2.00 
1.42 

1.46 
1.88 
1.57 

0.65 
0.30 
0.09 
N.M. 
N.M. 
N.M. 

. . .  

~ R l o o d  Level, mcg./ml.- 
Method 2 

GLC Ratio Diaz. hq. 
2180 hIet./Uiaz. o f  2180 

. . .  
1.39 0.92 1.47 

2 .58  1.83 2.74 
2.90 1.45 3.07 
2.38 1.68 2.52 

. . .  . . .  . . .  

3.19 2.18 3 .38  
3.85 1.73 3 .43  
4.18 2.66 4.43 

2.49 3.83 2.64 
0.16 0.53 0.17 
N.M. . . .  . .  
N.M. . . .  . . .  
N.M. . . .  . . .  
N.M. . . .  . . .  

-- 
Total 
1 t 2  
. . .  

2.98 

4.16 
6.07 
3.94 

4.84 
5.33 
6.00 

3.29 
0.47 
0.09 

. . .  

. . .  

. . .  

. .  

Tutal 
Diazr- 
Pam 
iJ.V. 

N.M.“ 

3.i0 
4.10 
3.90 
5.00 
4.10 

4.70 
4.40 
4.22 

3.98 
3.70 
N.M. 
N.M. 
N.M. 
N.M. 

__ 
Thc patient was under the cat-e of Dr. K. S. Ditman, Alcoholism Itesearch Clinic, Department of Psychinti-y, Center for 

Health Sciences, IJnivei-sity of Caliloruia at Los Angcles. N.M. = not measuiahle. 

k-,lSOmglday -&-200mg / day &withdrawal+Off Medication 
6.0 - 
5.0 - 

- 2.0 - 
E 

3 

\ 
cr 

J 1.0 - 
w > 
w 
-I 

0.5 - 
0 
0 
4 
m 

0 I 2  3 4 5 6 7 8 9 10 I I  12 

D U R A T I O N  O F  M E D I C A T I O N  I N  W E E K S  

Fig. 10.-Blood levels of diazepam and its metabolite (Ro 521x0) from a human given 150-200 mg./day 
Key: e, diazepam (GLC); A, rnctabolite orally for 8 weeks followed by gradual wit1idr:twal of medication. 

(2180) (GLC); X, total diazepam equivalent GLC (calcd.); 0, total diazepam + metabolite (U. V.). 
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valucs for diazcpam and Ro 5-2180 (Schemc I). 
Blood specimens from the high dose patient were 
pooled and analyzed first by one-dimensional and 
then by two-dimensional thin-laycr chromatography 
to observe the presence, if any, of other possible 
metabolic analogs which might intcrfere with the 
GLC assay. 

The chromatoplates (Figs. 3 and 4) showed only 
the presence of intact diazepam and its major 
metabolite Ko 5-2180. This was further verified in 

The blood level distribution pattern of the two 
individual components, of the calculatcd sum of the 
two, and of the total spectrophotometrically meas- 
ured material are shown in Fig. 10. After a cumula- 
tive dose of 750 mg. within thc first wcck the blood 
level of intact diazepam was 1.51 mcg./ml. but then 
tendcd to stabilize itself rapidly with continued 
medication a t  1.60-1.64 mcg./ml. After 4 weeks of 
continuous mcdication at a dosage of 150 mg./day, 
followed by 3 weeks a t  an incrcased dosage of 200 
mg./day, the blood lcvel of iritact diazepam did not 
show a significant increase over the first week lcvel of 
this component in blood. This secmed to indicate 
than an equilibrium was established between drug 
uptake and its disposition by mctabolism, excretion, 
and/or tissue distribution. The levels of Ro 5-2180 
equaled those of the parent component by the end of 
the first week, but continued to  rise to about twicc 
this valuc during 2 more weeks of treatment. 
Thereafter, with fluctuation of the absolute blood 
levels of the two components, the ratio of the me- 
tabolite to intact diazepam maintained a fairly con- 
stant value of about 1.8, with the exception of thc 
last week of treatment at the highest daily dose when 
a further increase of this ratio was noted. A more 
pronounced rise of this ratio during thc final phase of 
gradual drug withdrawal was the result of a rela- 
tively faster decline of the intact diazepam blood 
level over that of the metabolite. 

The curves for the total drug levels as measured by 
the two proccdures indicated reasonable agreement, 
except for the discrepancics during the withdrawal 
pcriod, which remain unexplained. 

The clinical observation of an abnormally high 
drug tolerance suggested the possibility of either a 
congenital or of a drug-induced increascd metabolic 
rate in this subject. An increased rate of diazepam 
metabolism due to congenital factors would manifest 
itself by a slower buildup of the blood levels, by a 
lower stabilization level, and by a more rapid fall-off 
after withdrawal. A drug-induced stimulation of a 
metabolizing enzyme system, e.g., the liver micro- 
soma1 enzyme system, would be reflectcd in a gradual 
lowering of the stabilization level during contil1ue.d 
dosing a t  a constant rate. The blood lcvel curves 
obtaincd provided no conclusive evidence of such 
factors in operation in this patient. The diazepam 
blood level of 1.51 mcg./xul. produced by a cumula- 
tive dose of about 750 mg. during the initial phasc 
appears to be in keeping with a corresponding valuc 
of 0.S1.0 rncg./ml. produced by a 300-ma. total 
dose, and of a value of 0.50 mcg./ml. following a 150- 
mg. total dose in the earlier low dose experirnents. 
This, thercforc, indicated similar ratcs of drug ac- 
cumulation in all three patients. The stabilization 
lcvcls oi both diazepam and Ro 5-2180 maintained a 
fairly constant value throughout the cntirc period of 
dosing at thc high level. The blood level fall-off 
rates during the withdrawal period were difficult to 
evaluate iu terms of possible changes it] metabolic 
ratcs due to the stepwise reduction 01 drug discon- 
tinuation and to the i~isufficient number of samples 
measured during this period. 

Since the GLC method is capable of resolving 
cliazeparn from its metabolite Ro 5-2180, the spccific- 
ity of the method depends on the absence of other 
analogs of diazepam, which if present in blood, and/ 
or are ether extractable, would be hydrolyzed to 
MACB and ACE, respectively, and give erroneous 

0 
0 

C 
0 

. . . .  

Fig. I 1 .-Two-dimensional thin-layer chroma- 
tograni of pooled blood cxtracts of a patient (L. K.) 
who had received 30 mg. of diazepam per day for 10 
days, using the extraction proccdure for GLC 
assay, showing the presence of only diazepam and 
its N-demcthylated metabolite. Ro 5-2180. 
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Fig. 12.-Two-dimensioIial thin-layer chroma- 
togram of pooled blood extracts of a patient (L. K.) 
who had received 30 mg. of diazepam per day for 10 
days. Using the same extraction procedure as in 
Fig. 11, but after incubating the blood with Glusulase 
enzyme, shows the presence of diazcpam. Ro 
6-2180, Ro 5-678Y, and Ro 5-5345. 
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pooled blood ether extracts from the patients (L. R. 
and H. W.) of the low dose experiments (Fig. 11). 
The areas on the plate corresponding to diazepam 
and the metabolitc were scraped off, extracted with 
ether, and then taken through the GLC procedure. 
The chromatograms (Fig. 5) establish the formation 
of MACR and ACB (benzophenones) from the 
hydrolysis of their respective parent compounds 
found in the blood, thus establishing the specificity of 
the GLC method for diazepam and Ro 5-2180. By 
two analytical procedures (TLC and GLC) diazepam 
and its N-demethylated analog Ro 5-2180 have been 
shown to be the major ether extractable components 
present in the blood of patients treated with the 
pharmaceutical formulations of diazepam. 

Since the 3-hydroxy compounds, KO 5-5345 aud KO 
5-6780 (oxazepam) (lo), havc been shown to be 
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the form ol conjugated glucuromidcs (4), their prcs- 
ence in the blood as such was also investigated. 
Aliquots of blood were pooled (32 ml.), acidified with 
diluted HCl to pII 5.5, and incubated in a 37” water 
bath with 0.5 ml. of Glusulase enzyrne (Endo Labs, 
h e . ,  Richmond Hill, Ii. Y.;  activity = 100,000 units 
of glucuronidase, 50,000 units of sulfatasc/ml.) for 2 
hr., swirling every 15 min. The samples were then 
buffered to pH 7.0, extracted with ether, and ana- 
lyzed by two-dimensional TLC using the same sol- 
vent systems as before. 

The chromatoplates (Fig. 12) showed the presence 
of significant amounts of diazepam and Ro 5-2180 
and also trace amounts of Ro 5-5345 and Ro 5-6789. 
After acid hydrolysis and GLC analysis, the identity 
of diazepam and Ro 5-2180 recovered from the 
chromatoplates was again established with significant 
amounts of their respective benzophenones, whereas 
Ro 6-5345 arid Ro 5.6789 present in trace amounts 
gave much less significant but measurable amounts 
of MACB and ACB, respectively. It mas esti- 
mated that the pooled blood contained approxi- 

Possible metabolic pathways of 
diazepam in humans. 

Scheme I1 

mately 0.19 mcg./ml. of diazepam and 0.13 mcg./ml. 
of KO 5-2180, whereas Ro 5-5345 (0.008 mcg./ml.) 
and Ro 5.6789 (0.004 mcg./nil.) were present and/or 
extractable in trace amounts as the free hydrosy 
compounds only after incubation with Glusulase. 
Of these four compounds only diazepam and Ro 
5-2180 were directly extracted and quaritizcd by 
the GLC procedure, the other two being present 
as noncxtractable conjugated glucuronides in the 
blood, which were only rcleased as the free liy- 
droxy compounds after incubation with Glusulase 
enzyme. 

Studies on the metabolism of diazepam in the dog 
( I  1) havc indicated a metabolic pathway in this 
species which is similar to man. However, when 
rabbits were fed chronic doses of diazepam (600-800 
mg./Kg.j, Jomini et al. (12) detected the presence of 
two other possible metabolites in additioii to those 
found in man and in the dog. These were identified 
after strong acid hydrolysis as 2 methyl amino-5- 
chloro-4‘-hydroxybenzophenone arid 2 amino-3- 
cliloro-4’-liydruxybenzophenone, being derived from 
their respective 1,4-benzodiazepiiies. Metabolites 
corresponding to these two compounds have not yet 
been rcported in man or dog. 

l h e  findings of Schwartz et al. (4j, on the mctabo- 
lisni of diazepam in man using tritiatcd diazepam 
labeled in the Ce phenyl ring, were verified in man 
using TLC arid GLC as analytical tcchniques with 
diazepam in pharmaceutical formulations used as the 
vchiclc of administration. The metabolic pathways 
of diazepam in man are summarized in Scheme I1 and 
the data obtained indicate that the principal pathway 
is through the N-deniethylation of diazepam to Ro 
5 2180, which is then hydroxylated at  position C-3 to 
Ro 5-6789. There is also evidence for a hydroxyla- 
tion at  C-3 of diazepam to yield Ro 5-5345 which 
could then be ill-demethylated to give Ro 5-6789. 
‘The 3-hydroxy corripourids are excreted as conju- 
gated glucuronides, whereas the N-demethylated 
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metdbolitc Ro 5-2180 is excreted as the intact com- 
pound. No measurable amounts of intact diazepam 
have yet been found to  be excreted in human urine, 
and the 3-hydroxy compound Ro 5-6789 (oxazepam) 
(13, 14) is a major urinary metabolite of diazepam 
in man. 
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Polarography of Various N-Alkyl-N-nitrosoureas 
By EDWARD R. GARRETT and ANTHONY G. CUSIMANO 

The irreversible polarographic reductions of various N-alkyl-N-nitrosoureas were 
studied from a pH of 1.1-6.7. Below pH 3.2, the limiting current, ilim., of N- 
methyl-N-nitrosourea (NNMU) is controlled by diffusion. Above this pH, ad- 
sorption or chemical reaction is the electrode-controlling process and buffer effects 
are observed. Similar results were obtained for N-ethyl-N-nitrosourea (NNEU) 
and 1,3-dimethyl-l-nitrosourea (SRI-1384), except that the buffer effects were 
greatly diminished for the latter compound. The acetate buffer effects on ilim. 
have been quantified and have been attributed either to adsorption of the nitrosourea 
(NNMU) and the buffer components onto the microelectrode, or to a reaction be- 
tween these species. M) 
and reliable (0.91 per cent standard error among days) assay procedure for the 
nitrosoureas. All of the compounds studied in this series were more easily re- 
duced than the parent methyl compound. A correlation between the change in 
the half-wave potentials and the Taft substituent constants (c*) was noted for 
simple alkyl groups such as methyl, ethyl, butyl, etc. A correlation between the 
half-wave potentials and the apparent first-order rate constants (k, sec.-l) for 
hydroxyl ion catalyzed solvolysis was noted for several of the compounds studied. 

The polarographic method offers a sensitive (1 X 

HE AwrILEuKEMIc and antiviral activities of 
Tvarious N-nitrosoureas have been reported 
(1-4). They have a high degree of lipoid solu- 
bility, are essentially nonionizcd, and arc not 
bound to any extent by plasma proteins. 

Degradation studies ( 5 )  of the broad spectrum 
antibiotic streptozotocin indicated that it is a suh- 
stituted N-rnethyl-,~-nitrosourea, and Uie main- 
tenance of the biological activity could be related 
to the stability of the N-nitroso group. 
9 physicochcmical parameter which could be 

correlated with biological activity, cheniical 
structure, or reactivity would he useful in mo- 
lecular modification to obtain a better drug. Al- 
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though the inechanisin of action of the Ah’-alkyl- 
N-nitrosoureas is not known for certain, i t  is 
plausible that they may act as alkylating agents 
since a diazoalkane may be a solvolytic inter- 
mediate (6) or that they may act a& a redox 
mechanism. The polarographic half-wave 
potential (E’/z) is a good electrochemical measure 
of the ease of reduction of such compounds. 

Polarographic studies of N-nitrosoureas have 
k e n  limited (5, 7) arid have priiiiarily been used 
to study the degradation of streptozotocin (5) 
and X-methyl-N-nitrosourea (7). This is in 
contrast to the detailed work on the polarographic 
reductions of various N-nitrosamines which have 
been studied by many investigators (8-14). 

The purposes of this investigation were to 
characterize polarographically the reduction of a 
series of A-alkyl-N-nitrosvureas, to  develop 
analytical methods, and to test for correlations of 
half-wave potcntials with solvolytic rate con- 
stants and with substituent constants. 
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TABLE I.--NAMF:s A N D  STRIJCTURES OF VARIOUS iV-ALKVL- N-SITROSOUREAS 

Conipd. 
N-Methyl- N-nitrosourea 
N-Ethyl-N-nitrosourea 
N-Butyl-N-nitrosourea 
N-Isobutyl-N-nitrosourea 
~7-~-,411yt-N-nitrosoured 
AT-Cyclohexyl-N-nitrosourea 
,hi-Bcnzyl- N-nitrosourea 
1,3-Dimethyl-l-nitrosourea 
1,l '-'Triinethylene bis(3- 

inethyl-3-1ii trosourea) 
l,3-Bis (2-chloroethyl)-l- 

nitrosourea 
3-(~-Fluorophenyl)-l- 

methyl-1-nitrosourea 
l-Methyl-l-11itroso-3- 

p henethylurea 
1-Nitroso-1-phenethylurea 
1 - (2-Chlorocthy1)-nitroso-3- 

phenylurra 

Symbol 
hTNMUa 
NXEU" 
NNBU" 
NNisoBUa 
NNAU" 
NNCyUa 
NNBeU" 
SRI-1384b 

SKI-l631* 

SRI-1720b 

SRT-1 74Gb 

SRI-1833h 
SRI- 1834h 

SRI-1X79h 

0 
II 
I II I 

N O H  

R-N-C-N-R' 
R 

CHx 
R' 

H 
H 
H 
H 
H 
H 
H 
CII3 

(CHz)aNHCON(N 0)CHa 

CHzCHzCl 

p-F-CsH4 

CHzCHXsHs 
H 

CGH6 

Mol. W t .  
103.1 
117.1 
145.1 
146.1 
129.1 
171.2 
179.2 
117.1 

246.2 

214.1 

197.2 

207.2 
193.2 

227.7 

a Compounds synthesized in these lahoratni-ies (6). Code number of the Southern Research Institute, Birmingham, 
Ala. (3).  

EXPERIMENTAL 

Materials and Equipment.-The N-alkyl-"nitro- 
soureas (Table I )  were synthesized either in these 
laboratories (6) or by the Southern Research Insti- 
tute, Birmingliam, Ala. (3). All other chemicals 
used were of analyticdl reagent grade. The 
buffer compositions were similar to those used by 
Malspeis and Hung (14). The pH values of all 
buffers except hydrochloric acid solutions were 
measured, before and after each run, with a Beck- 
man expanded scale pH meter, model 76. The pH 
meter was standardized a t  25.0" with Beckman 
standard buffers of pH 4 and 7. The pH values of 
hydrochloric acid buffers were calculated using the 
activity coefficients (15) at 25.0". The ionic 
strength ( p )  of each solution was adjusted to 0.200 
with KCI. 

A Sargent model X V  polarograpli was used. 
The electrolysis cell was a Sargent H-type which 
was immersed in a constatit-tetnpcrattire bath a t  
25.0" * 0.1O. 

Polarographic Procedure.--A master solution 
of the N-nitrosourea in distilled water was prepared 
at least every other clay and was refrigerated when 
not in use. Degradation under these conditions 
was negligible. In those experiments where all 
of the compounds were studied, 8yo alcohol by 
volume was used in preparing the master solution 
since some of the nitrosoureas, in particu1a.r the 
disubstituted derivatives, were diEcultly soluble 
in water alone. An aliquot of the master solution 
was diluted with the appropriate buffer which was 
previously purged with nitrogen. No more than 
1"i; alcohol by volume was present in the polaro- 
graphed solutions. Alcohol did not have an effect 
on the polarograrns. 

The sample solutions were purged with nitrogen 
for 10 rnin., and their polarograrns run over that 
of the appropriate blank solutions. Ilue to the 

instability of the nitrosoureas in phosphate buffers, 
this purging was limited to 3 min. The buffers 
were purged for 15-30 rnin. prior to the dilution of 
aliquots of the master solution. 

Each polarogram was recorded a t  a constant 
mercury head and a t  a constant temperature of 
25.0" =k 0.1". The indicator electrode used was the 
dropping mercury electrode (DME), whereas a 
saturated calomel electrode (SCE) was the reference 
electrode. The DME had values of m2/at'/6 of 
2.780 mg.'/3 sec.-'/Z open circuit and 2.766 rng.'/3 
sec.-'/z at -1.0 v. w s u s  SCE in HC1-KC1 buffers, 
2.799 mg.*/3 open circuit and 2.786 mg.'/3 
set.-'/' a t  -1.0 v. versus SCE in tartrate buffers, 
2.753 mg.'/3 set.-'/' open circuit and 2.741 mg.'/8 

sec.-'/2 at -1.1 v. versus SCE in acetate buffers, 
and 2.741 mg.'/a sec.-'/2 open circuit and 2.695 
mg.*/s sec.-'/2 a t  - 1.4 v. versus SCE in phosphate 
buffers. These values were obtained a t  a column 
height of 62.2 cm. 

Measurement of Half-Wave Potential and Limit- 
ing Current.-An arbitrary procedure was chosen 
to measure the half-wave potentials. The limiting 
currents of the polarographed solutions of the N-  
nitrosoureas were not exactly parallel to the currents 
of the blank solutions a t  the same applied potentials. 

A line was drawn through the polarogram of the 
blank at the midpoints of the oscillations (curve A 
in Fig. 1). Another line was drawn through the 
midpoints of the oscillations for the sample polaro- 
gram in the region where the wavc height halted 
its precipitons rise and before the hydrogen dis- 
charge wave (curve B in Fig. 1). The distances 
between these two lines were halved (curve C in 
Fig. 1). This third line intersected the polarogram 
a t  a potential which was designated the half-wave 
potential (EI/*). No correction for resistance 
across the cell was necessary since the resistance 
was always less than 500 ohms. 

The limiting curreiits, i l jm.  (Fig. l ) ,  were estimated 
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from the differences between the currents for the 
sample solutions and the blank solutions at  po- 
tentials 0.35 v. more negative than the half-wave 
potential. This was a reasonable estimatc of thc 
midpoint of the linear portion of the polarogratn 
between the wave for the reduction of the AT-nitroso- 
urea and the hydrogen discharge wave. 

I 
I-€* 
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PROCEDURES 

Calibration Curve for NNMU.--.4 10.3-mg. sam- 
ple of "MU is accurately weighed into a 25-ml. 
volumetric flask. It is dissolved and brought to 
volume with distilled water to give a 4 X M 
master solution. This solution is refrigerated 
when not in use and is prepared freshly each day. 
Into several 25-nil. volumetric flasks are placed 
aliquots of the master solution ranging from 0.025- 
2.00 rnl. Enough nitrogen purged distilled water 
is addcd to each flask to make 2.00 ml. and acetate 
buffer is added to volume. The acetate buffer is 
prepared so that the final solution is: [HCZH~OZ] = 
0.005 M ,  [ N ~ C Z H B O ~ ]  = 0.003 M ,  and [KCl] = 

0.197 M .  The polarogram of each standard 
solution is then run. 

Assay Method.-The polarographic procedure 
is the same as that previously described. Each 
sample is purged with nitrogen for 10 min. and the 
polarogram is run ovcr that of a blank solution. 
Samples of unknown concentrations of "MU are 
prepared and run in a similar manner. The limiting 
currents are measured at  -1.3 v. versus SCE. 

The method may be modified somewhat to study 
the fast solvolysis of these compounds in alkaline 
or strong acid media at higher tetnperatures. In 
this case the degrading solution is kept in the elec- 
trolysis ccll during the cntire run, and the polaro- 
gram is obtained a t  specified time intervals. 

I 

RESULTS AND DISCUSSION 

Wave Characteristics.-The N-alky-N-nitro- 
soureas (Table I) exhibited well-defined polaro- 
graphic waves throughout the entire pH range. 
The polarographic parameters, El/, and i l i m . ,  were 
easily measured and no maxima were obscrvcd. 
Typical polarograms of NNMU at  various pH 
values and in various buffers arc shown in Fig. 1. 
The curves arc drawn through the midpoints of the 
oscillations. The half-wave potential shifted to 
more negative values with increased pH of the 
solution. Since the reduction of most organic 
compounds involves hydrogen ions, this shift is in 
accordance with the Nernst equation (16). 

The irreversible nature of the reduction was evi- 
dent from the results of the logarithmic analyses 
(16) of represcntativc polarograms of "MU. 

Rcvcrsibility is characterized by a single straight 
line for the plot of the applied potential, E versus 
log[i/(ilim, - i)], where i is the current at a spccified 
potential, E ,  and ill,. is the limiting current. For 
a reversible electrode process the number of elec- 
trons ( n )  involved in the reduction can be directly 
obtained from the slopes of such plots (16). Re- 
versible polarographic waves are symmetrically 
S-shaped. 

Such logarithmic analyses yielded two straight 
line segments for pH 1.10 solutions. Single straight 
lines were obtained for solutions in the pH range 

I 
I-€* I 

Fig. 1.-Typical polarograms of NXMU (1.1 X 
M )  in various buffcrs a t  85.0' and a t  column 

helght of 62.2 cm. Key: A,  polarogram of blank 
solution; B, polarogram of sample solution; C, line 
through half-values of limiting current intersecting 
wave a t  half-wave potential (E1,z); D, HC1-KCl 
buffer, pH 1.10; E,  HCl-KC1 buffer, pH 2.33; F, 
tartrate buffer, pH 2.52; G, acetate buffer, pH 3.70; 
H ,  acetate buffer, pH 4.81; I, phosphate buffer, pH 
6.28. 

2.0-4.8. However, the calculated values of n 
were less than unity. Typical values of n were 
0.35-0.37 in HC1-KC1 buffer (pH 2.33) atid tartrate 
buffer (pH 2.78), and 0.54-0.59 in acetate buffcrs 
from pH 3.54.8. 

The skew S-shaped curves (Fig. 1) arc also rcp- 
resentativc of irreversibility where the electron 
transfer process is either slower or of the same 
ordcr of magnitude as the electrode controlling 
process, e.g., diffusion or adsorption. 

Effect of pH on Half-Wave Potential and Limiting 
Current.-Typical data for the half-wave potentials 
and the limiting currents for KNMU a t  various 
pH values are presented in Table 11. The half- 
wave potential-pH profilc is shown in Fig. 2. The 
latter has two straight line segments. The inter- 
section of these scgments at a pH of 3.2 indicates 
a change in either the mechanism of the reduction 
reaction or in the electrode controlling process. 
The equations which describe the dependence of the 
half-wave potential on pH lor XNMU are 

-El/* = 0.165 PII + 0.384 
(pK 1.0 to 3.2)  (Eq. 1) 

-E1/1 = 0.030 pH + 0.884 
(pH 3.2 to 6.8) (Eq. 2) 

Large changes in pH produced only small changcs 
in the limiting current throughout the entire pH 
rangc (Table 11). Malspeis and Hung (14) have 
reported that the wave height produced by thc rc- 
duction of N-nitrosoephedrine decreased with pH. 
This was attributed to reduction controlled by both 
reaction rate and diffusion to the microelcctrode. 
An electrode process in which the limiting current 
is essentially independent of pH is said to be 
controlled eithcr by diffusion of the compound to 
the microelectrode or by adsorption onto the elec- 
trode surface (17). Malspcis and Hung (14) 
ascribcd their results to a polarographic pKa with 
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TABLE TT.-EFFECT OF pH ON LIMITING CURRENT 

REDUCTION OF NKMU A i  25.0" 
( i i i m , )  AND HALF-WAVE POTESTIAL (EI /~)  FOR 

~~ 

~ ~ _ _ _  __ 
~ " ' / ? ,  Y .  

Buffer pH i ~ , , ~ ~  ,pAa  9s.  SCEb 
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Similar results were obtained for the reduction 
of N-cthyl-~'-nitrosourea (KNEU) and 1,3- 
dimethyl-1-nitrosourea (SRI-13%). Thc cquations 
describing the effect of pH on the half-wave po- 
tcntial for thew compounds are for N N E U  

HCl-KCl 1.10 2.02 0.570 
1.38 2.00 0.605 
2.04 2 . 0 3  0.719 
2.33 2.05 0.781 

Tartrate 2.51 2.05 0.815 
2.56 2.03 0.815 

2.70 2 05 0.835 
2.67 2.04 n .828 

2.80 2 02 0 ,841 
LdCtdte 3.00 . . .  0.876 

3.18 . . .  0.  906 
3.40 . . .  0.916 
3.T7 . . .  0.934 
4.00 . . .  n ,949 

Acetate 3.50 2.04 0.925 
3.65 2.03 0.932 
3 72 . . .  0.942 
3 87 2 07 

4 10 2 05 0 955 
3 94 2 05 0 ' 948 

4.53 . . .  0,958 
4.81 2.04 . . .  
5.10 2.03 0.974 

Phosphate 5.52 2.02 0 ,996 
5.80 2.03 1.002 
6.28 2.01 1.010 
6.50 2.02 I. 010 
6.70 . . .  1.020 

~~ ~~~~ - 

" Limiting curl-ents were measured a t  a potential 0.35 v. 
mure negative than the half-wave potcntial. Each result 
is the average of three determinations. The deviations 
f tom the means were f0.03. [NNMIJ]  was 1 X lo-' M .  
Height of mercury culurnn was 58.0 cm. ' Each result is 
the average of three determinations. The deviations from 
the means were &0.003. [XNMU] was 1.1 X d f .  
Height of mercury column was 62.2 cm. 

' - /i 

4- 

/ 

i 

riitrosaminr protonated a t  the microclcctrode. 
Zahradnik (12) reported that the pKa values of 
N-nitroso derivatives of secondary aliphatic and 
heterocyclic amines ranged from -1.28 to -1.99 
in 18.4y0 sulfuric acid a t  22". The absence of a 
spectrophotometric pKa was shown by no significant 
change in the absorbance and wavclcngth of maxi- 
mum absorption of NNMU with pH a t  values above 
1.10. There was no titratable pKa above pH 2.00 
(6). There is no indication of a polarographic pKa 
For KNMU from a pH of 1.10-6.50. 

-El/? = 0.153 pH 

--El/? = 0.027 pH 

and for SRI-1384 

-E~:% = 0.158 p~ 

-El/Z = 0.034 pH 

The similarities 

+ 0.367 
(pH 1.0 to 3.7) (Eq. 3) 

+ 0.827 
(pH 3.7 to 5.0) (Eq. 4)  

+ 0.330 
(pH 1.0 to 4.3) (Eq. 5) 

+ 0.808 
(pH 4.3 to 7.0) (Eq. 6)  

in the coefficients of the pH 
tcrms indicatc that the mechanism of the reduction 
reaction or the electrode controIling process is the 
same for the thrcc compounds and probably for all 
simple alkyl substituted nitrosoureas. 

Effect of Height of Mercury Column on Limiting 
Current.-The dependence of the limiting current 
on the height of the mercury columti is shown in 

Fig. 3.--Eflect of height of mercury column on 
limiting current for reduction of NKMIJ (9 X 
10-5 112) in HCI-KCl (pII 2.04) and tartrate buffers 
(pH 2 . i0 )  a t  25.0". 

2.0 . 
0 
t 

1.6 . 
a = 
i 1.2. 

0 . 8 .  

I /  
0 4 .  

Fie. 4.--Eflect of heieht of mcrcurv column on 
limit& current for reduction of NNMU in acetate 
(pH 4.81, ["MU] 9 X 10-5 M )  and phosphate 
(pH 6.01, [NIiMU] 8 X M )  buffers a t  25.0". 
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Figs. 3 and 4 for NNMU. In  hydrochloric acid 
and tartrate buffers the limiting current was directly 
proportional to the square root of the corrcctcd 
height of the mercury column (Pig. 3). Therefore, 
the control of the electrode process is consistent 
with diffusion of thc nitrosourea to the microelec- 
trodc (17) in these buffers and a t  these pH values. 

In acetate and phosphate buffers (Fig. 4) the 
limiting current was proportional to the corrected 
height of the mercury column and not to its square 
root. Thus, the control of the electrode process is 
consistent with adsorption of the nitrosourea onto 
the dropping mcrcury electrode surface (17) in 
thcsc buffers and at these pH values. 

These relatinns are consistent with the change in 
linearity in the half-wave potential-pH profile of 
NNMU (Fig. 2). Below a pH of 3.2, the electrode 
process is diffusion controlled, and above this pH 
adsorption may be the controlling process. 

Effect of Buffer Concentration on Polarographic 
Parameters.-In tartrate buffers (0.001-0.01 M 
in each component) there was no significant change 
in the limiting current and half-wave potential of 
NNMU with buffer concentration at a particular pH. 
In acetate and phosphate buffets (0.001-0.01 M 
in each component) some decreases wcrc observed 
in the limiting current and some positive shifts in 
the half-wave potential. A similar effcct had been 
observed prcviously (5). 

The parameters derivcd from polarograms in 
acetatc buffers (0.010-0.200 M in each component) 
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TABLE III.-EFFEcT OF BUFFER CONCENTRATION 
ON LIMITING CURRENT AND HALF-WAVE POTENTIAL 
FOR REDUCTION OF NNMU (9 X AT) AT 
HIGHER CONCENTRATIONS OF ACETIC ACID AND 
SODIUM ACETATE AT 25.0" A N D  AT COLUMX HEIGHT 

OF 60.0 cm. 

PH 
4.48 

4.68 

4.02 

5.39 

3.36 

[HCzHaOr], 
M 

0.010 
0.020 
0.040 
0.080 
0.100 
0.150 
0 005 
0 010 
0.020 
0.040 
0.050 
0.075 
0.100 
0.020 
0.040 
0 080 
0,100 
0 ,160 
0.002 
0.004 
0.008 
0.010 
0.015 
0.020 
0.020 
0.040 
0.080 
0.100 
0.150 

[NaCzHaOzI, 
0.010 
0.020 
0.040 
0.080 
0.100 
0.150 
0.010 
0.020 
0.040 
0.080 
0.100 
0.150 
0,200 
0.010 
0,020 
0.040 
0,030 
0.080 
0.020 
0.040 
0.080 
0.100 
0.150 
0.200 
0,002 
0,004 
0.008 
0.010 
0.015 

d l  i i im. ,  pA' 
2.02 
2.00 
1.96 
1.89 
1.86 
1.76 
2.02 
2.00 
1.96 
1.93 
1.88 
1.80 
1.72 
2.02 
1.98 
1.95 
1.92 
1.83 
1.98 
1 .96 
1 . Y 1  
1.89 
1.80 
1 .74 
2.09 
2.06 
2.01 
2.00 
1.94 

- E I / L ,  V. 
vs SCE" 
0 989 
0 981 
0 943 
0 913 
0 898 
0 880 
0 982 
0 077 
0 940 
0 916 
0 903 
0 882 
0 860 
0 960 
0 953 
0 875 
0 8 4 3  
0 837 
1 012 
1 010 
1 000 
0 992 
0 985 
0 970 
0 903 
0 887 
0 850 
0 842 
0 825 

-~ 
a Each result is the average of three determinations. 

Limiting currents were mpasured at a potential 0.35 v. 
more negative than the half-wave potential. 

2 

< 
I I 
P 

* 
7 \ .  '. , 
0 2 4 e 8 1 0 1 2 1 4  

[HC HI 0.1 !! 1 lo* 

Fig. 5.--E:ffect of concentration of acetic acid on 
limiting current for reduction of "MU (9 X 
10F M )  a t  higher buffer concentrations at  25.0" 
and a t  column hcight of 60.0 cm. 

- I 
0 I 4 6 8 10 12 I4 16 

,801 

[No C, H.O.] , !! = ID* 

Fig. 6.-Effect of concentration of sodium acetatc 
on half-wave potential for reduction of NNMU 
(9 X 10-5 M )  a t  higher buffer concentrations at 
25.0' and a t  column height of 60.0 cm. 

a t  sevcral pH values are given in Table 111. A 
typical plot of the limiting current against the con- 
centration of acetic acid for various pII values is 
given in Fig. 5. Similar plots nf varying slopes 
were obtained for the limiting current versus con- 
centration of sodium acetate. It is apparent that 
the limiting current is dependent upon the con- 
centrations of acetic acid, sodium acetate, and 
hydrogen ion in the acetate buffer region. 

This functional dependence o€ the lirriiting current 
may bc quantified in a manner similar to the pro 
cedure established for gencral acid-base catalysis 
(18). Therefore, we have 

i ~ i m  = i u  + UH+[H+] + ZJHA~HAI + C A ~ - [ A C - ]  

(Eq. 7) 
where a=+, bHn, and C A ~ -  are coefficients for the 
effect of a particular buffer species, io is the limiting 
current in thc absencc of buffcr species, and [€I+], 
[HA], and [Ac-] are the molar concentrations of 
hydrogen ion, acetic acid, and sodium acetate, 
respectively. 

At constant pH, Eq. 7 reduces to 

A plot of the limiting currcnt vwsm the conccntra- 
tion of acetic acid is a straight line (Fig. 5) at each 
pH with 



Vol. 55, N o .  7, July 1966 

slope = b ~ a  + C A ~ -  ([Ac-]/[HA]) 

intercept = io + au+[H+] 

(Eq. 9) 

(Eq. 10) 

The values of the slopes of Eq. 8, when plotted 
against the buffer ratio in accordance with ISq. 9, 
gave a straight line with an intercept, h n ~ ,  and a 
slope, C A ~  , Similarly, thc values of the intercepts 
of Eq. 8, when plotted against the hydrogen ion 
concentration, gave a straight line with an intercept, 
iu and a slope, a=+. The same constants were eval- 
uated similarly from a plot of the limiting current 
against the concentration of sodium acetate in accord- 
aticc with an expression analogous to Eq. 8. 

Thc resultant quantifiable expression for tlic 
limiting currcut in acetate buffers, INNMU] =: 9 X 
10-5 M ,  is 

and 

i i im, ,  p.2 = 2.02 + 210 [H+]-  
0.740 [HA] - 1.13 [Ac-] (Eq. 11) 

This expression is valid for acctate buffers up to 
0.300 M in total buffer and whcrc the concentra- 
tion of KNMU is less than 0.16 miW. The ex- 
pression is not valid below pII 3.2 for KNMU since 
buffer effects were not observed and would not be 
expected for a diffusion controlled process (17). 
Similar cffects were found in phosphate buffers. 
I t  must bc realized that the in values will depend 
on the concentration. 

Thc cffcet of Concentration of sodium acetate on 
the half-wave potential of NNMTJ is shown in Fig. 6. 
The half-wave potential at a spccilic pH shifted 
nonlinearly in a positivc direction as thc buffer 
concentration increased. Similar buffer effects 
were observed for the antibiotic strcptozotocin ($5). 
It had been suggested that this effect might be due 
to cornplcxation of the antibiotic with thc buffer 
components in the region of the microelectrode 
since tlic half-wavc potential of a complexed species 
depends upon tlie concentration of tlie complexing 
agent (16). 

Mechanisms for Effects of Buffers on Polaro- 
graphic Parameters.-Adsorption may be the: elec- 
trode-controlling process (17, 19) for reduction in 
acetate and phosphate buffers. The shift in the 
half-wave potential to more positive values with in- 
creased buffer concentration (Table 111) iinplics 
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that such adsorption could tic enhanced by the com- 
ponents of acetate buffers. Competition for ad- 
sorption sites may exist between the nonreducible 
buffer components and the nitrosourea. This would 
limit the numbers of molecules available for reduc- 
tion and result in the observed decrease in limiting 
current with increased buffer concentration. Coti- 
sistcnt with tlic hypothesis is the negative deviation 
horn linearity of the plot of limiting current versus 
NNMU concentration a t  high acetate buffer coti- 
ccntrations (Fig. 7). Thc Ilkovic equation holds 
at low buffer conccntrations for the same KNMU 
concentration range and the calibration curve is 
linear to 0.320 mill in “MU for acetate buffers 
less than 0.020 M in total buffer. 

In hydrochloric acid and tartrate buffers the 
limiting currcnt was proportional to the concentra- 
tion of NNMU to 0.320 mM. 

Additional evidence for this competition with 
buffer, or other substance present in solution, for 
adsorption sites can be iouricl in the literature. 
Thc reduction of nitromethane and nitrocthanc is 
easier in citric acid-disodiurn phosphate arid acetate 
buffers than in either benzoate or phthalatc buffcrs at 
tlic same pH (20). This is thought to be due to 
adsorption phenomena at  the microelectrode. In 
the reduction of cystiiie (19) tlie wave was shifted 
to more negative potentials by the addition of 
thyniol or camphor which prevents or counteracts 
the stercospecific adsorption of cystinc necessary 
for its reduction. 

An alternative explanation rriay be offered to ac- 
count for thcsc buffer cffects. A4 catalytic current 
can rangc from an indepctident to a linear func- 
tion of thc height of the mcrcury column (17). 
Acetic acid or acetate ion may react with thc nitroso- 
urea to  form a Iiydrogcn bonded species, R or 
B’, respectively, iu Scheme I. The possibility of 

l 
a 4 e 12 m M ZI 28 12 

[“W*”]. !! s 100 

Fig. 7.-Effect of concentration of NIL’MIJ on 
limiting current at low and high acetate buffer con- 
centrations at  25.O0 and a t  colurnti height of 60.0 
cm . 

Ne0 H 
0 

N 4  

Sclienic I 

an eqnilibrium between NNMU and an intra- 
molecularly hydrogen bonded species, A (ir A’, 
in Scheme I is also present. 

On the basis of this hypothesis of complexation 
tlirougli hyclrogen bonding of the buffer species with 
the nitrosourea (NNRIIU), it  was predicted that the 
limiting current for the reduction of 1,3-dimethyl-l- 
nitrosourea (SRI-1384) would show greatly lesscncd 
dependcncc on concentration of the acetate buffer 
components. The reasoning was that this compound 
would have half the prnhability of forming B from 
A with acetic acid since a nonbonding methyl is 
substituted for one of tlie hydrogens on the urea. 
Also, the possibility of forming an anatogous B’ 
from A’ with acctatc inn would not mist since an 
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TABLE W-ANALYSIS OF VARIANCE FOR EFFECT OF CONCENTRATION OF "MU ox LIMITING CURRENT 
IN ACETATE BUFFER~ EVALUATED ON SEVERAL DAYS AT 2,5.0" AYD AT COLUMN HEIGHT OF 60.0 cm. 

Degrees 
Source of Variation of Fi-eedom 
Concn. 7 
Days, factor A 2 
Error (a )  14 
Replications, 

factor B 2 
Interaction, BB 4 
Error ( b )  42 
Total 71 

Sum of Sq. Mean Sq. F 
0.80162929 0.11451846 

0.00082792 0.000059137 . . .  

0.00000344 0.00000172 0 .  0007c 
0.00123088 0.00030772 0.121d 
0.10701813 0.00254805 . . .  
0.91080920 . . .  

0.00009963 0.000049815 0.8427J 

. . .  
[HC2HaOy] = 0.005 11.1, [NaC?H302] = 0.003 Ji [KCll = 0.197 M .  5% F = 3.74 for 2 and 14 degiees of freedom. 

5% I) = 3.23 for 2 and 42  deglees of flcedom. 5+0 F = 2.61 for 4 and 42 degrees of freedom. 

TABLE V.-EFFECT O F  SIJRSTITUENTS ON POT.AROGRAPHIC PARAMETERS FOR REDUCTION OF \'ARlOUS 
N-~LKYL-N-NITROSOUREAS~ IN TARTRATE BUFFERS AT 25.0" AND AT COLUMN HEIGHT OF GO.(! cm. 

-~~ 

v. us. SCE i ~ i m . ,  P A  Substituent 
Compd. pH = 2."1'"'' pH = 2.80' pH = 2.80' Constant, r** -1og(fi, sec. -I)'& 

ru"MUh 0.809 0.846 1.98 0.000 4.36 
NNEUfi 0.741 0.804 1.83 -0.100 4.38 

NNAUb 0.682 0.692 1.40 . . .  4.10 
T\;NBeUb 0.558 0.610 1.32 + O .  215 3.97 
NNCyUb 0.603 0.624 1.31 -0.150 2.70 
SRI- 1834b 0.530 0.570 1.20 +0 ,080 4.22 
SRI-1384b . . .  0.730 1.88 . . .  . . .  
SRI-1631b . . .  0.5XB 2.45 
SRI-l72Ob . . .  0.580 1 411 

NKRUh 0 .  631 0.646 1.56 - 0.130 4.31 
NNisoBUb 0.651 0.680 1.31 -0.125 4.31 

SRI-1746b . . .  
SRI-1833c . . .  
SRI-l87gd . . .  

0.542 1.33 
0 598 1.41 
0.478 (1) 0 564 (1) 
0.930 (2) 0.912 (2) 

All compounds were initially dissolved in 8% alcohol since sume were difficultly soluble in water alone. Each r-esult is 
the average of three determinations. Limiting currents were measured at a potential 0.35 v. more ncgative than the half- 
wave potential. Polaro- 
gram was a double, well-defined wave. Con- 
centration of ,Vnitrosourea was 8 X 10" M .  Concentration of 2\'-nitrosnurea was 9 X M .  From Reference 24. 

Polaiugram was a single, well-defined wave. ' Polarogram was a single wave, not well-defined. 
Mastet- solution became darkened after about 1 hr. a t  roum temperature. 

At 35.0' and pH - 5.95 ( 6 ) .  

unsubstituted urea is dcmandcd in the formation 
of R'. 

The limiting currents for 1,3-dimcthyl-l-nitroso- 
urea (8 X M )  in acetate buffers (0.010 M - 
0.200 M in cach component) were in order of in- 
creasing huffer concentration: 1.59, 1.60, 1.58, 1.51 
p A  at pH 4.27; 1.55, 1.52, 1.58, 1.57, 1.51 p A  at  
pH 4.86; and 1.54, 1.52, 1.53, 1.52 p A  at pH 5.50. 
This represents less than a 5tx8 decrease in thc limit- 
ing current with the game increasing concentrations 
of acetate buffer components that caused large 
(more than 109;) and systematic decreases in the 
limiting current of NNMU (Fig. 5, Table 111). 

In the same concentration rangcs of acetate 
buffers as used for "MU, the --Ellz values of 
1,3-dimethyl-l-1iitrosourea were 0.855, 0.826, 0.806, 
0.800 v. versus SCE a t  pH 4.27; 0.902, 0.860, 
0.837, O.Pi30, 0.823 v. versu.7 SCE a t  pH 4.85; and 
0.960, 0.946, 0.940, 0.938 v. versus SCE a t  pH 5.50. 
The shift in El/, to more positive valucs with in- 
creased buffer conccntration is similar but to a 
lcsscr cxtcnt than for "MU (Table 111). 

The compound 1,3-di1nethyl-l-1iitrosot1rea was 
found to be more easily reduced than NNMU in 
acetate buffers a t  a particular pH. This is also 
consistent with the rncchanism proposed in Scheme 
I. The presence of a 3-methyl group may inhibit 
the intrainolecular hydrogen bonding of A by a 

statistical factor of 0.5 and permit more readily the 
reduction of the N-nitroso group. 

A plausible mechanism for the reduction of the 
N-nitroso group in KNMU is through the hydroxyl- 
amino to an amino group. This route has been 
well-established for the reduction of N-nitrnsamines 
(8-14). 

Reliability of Polarographic Assay Method.- 
The cffcct of concentration of KNMU nn the limiting 
current in acetate buffer ([HGHaOs] = 0.005 M ;  
[NaC2H302] = 0.003 M; [KCl] = 0.197 M )  was 
evaluated on 3 days at  eight concentrations ranging 
from 0.004 mM in KNMU to 0.320 mM. Three 
rcplications were run a t  each concentration on each 
day. An analysis of variance (21) of these data 
was performcd in the following manner. The re- 
gression coefficients were determined for each of the 
nine sets of data. From each rcgrcssion equation a 
theoretical value of y (ihm., P A )  was calculated for 
cach fixed value of x (concentration, m M ) .  The 
effect of concentration on the values of the limiting 
current was removed by taking the ratio yexpt1./ 
ytlleOrpt.. Thc analysis of variance was then per- 
formed on the values obtained for this ratio for each 
concentration on each day. The results of the 
analysis of variance are shown in Table IV. The dc- 
terminations of the limiting current did not vary 
significantly from day to clay. The standard error 
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TABLE VI.-EFFECT OF SUBSTITUENTS ON POLARO- 
GRAPHIC PARAMETERS FOR REDUCTION OF VARIOUS 
N-ALKYL-~V-NITROSOVREAS~ (6 X 10 -6 M )  IS 
PHOSPHATE BUFFER (PH = 6.03) AT 25.0" A N l l  AT 

COLUMX HEIGHT OF 60.2 cm. 
-~ 

Compd. 
N N M U ~  
NNEUb 
NKBV 
NIGsoBUb 
NNAUb 
NNBeU" 

SRI-1384b 
SRI -163 1' 

SRI-1834c 

SRI-17213C 

SKI-l54@ 

SKI- 1833< 

SRI-1879".d 

V. 
us. SCB 

0.985 
0.980 
0 963 
0 982 
0 984 
0.742 (1) 
1.068 (2) 
0.998 
0.818 (1) 
1.083 (2) 
0.754 (1) 

0.743 (1) 
1.050 (2) 
0.730 (1) 
1.068 (2) 
0.585 (1) 
1.063 (2) 
0 180 (1) 
0.953 (2) 

1.027 ( 2 )  

ilil"., @ A  
1.28 
1.22 
1.16 
1 .02  
1.08 
0.500 (1) 

1 .23 

0.660 (2) 

0.680 (2) 

0.706 (2) 
0.690 (1) 

0.632 (2) 

1.50 (1) 

0.534 (1) 

0.576 ( 1 )  

0.536 (2) 
0.808 (1) 
0.604 (2) 
0.296 (1) 
0.724 (2) 

M a x .  
Biologicale 

Effec- 
tiveness 
(% ILS) 

86 
<40 
<40 

<40 
<25 

61 
100 

. . .  

. .  

. . .  

. . .  

. . .  
184 

< 40 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
All compouuds were initially dissolved in 8% alcohol 

since some were difficultly soluble in water alone. Each 
result is the average of three determinations. Limiting 
currents were measured at a potential 0.35 v. more negative 
than the half-wave potential. Polavogram VYLS a single, 
well-defined wave. Polarogi-am was a double, well-defined 
wave. Master solution became dai-kened after about 1 
hr .  a t  room temperature. Reported as per cent increase 
in life span of mice treated with leukemia L1210 ovei- that 
of contlols (2). 

Fig. 8.- Effcct of substituents on case of reduction 
of various N-alkyl-N nitrosourray (8 X 1 0 - 6  M )  iu 
tartrate buffrr (pH 2 51) at 26 0' and a t  column 
height of 60.0 cm 

for thc difference between two-day means was 0 .91~a .  
The standard error for the diffcrencc between two 
concentration meatis was 1.31 yo. The regrcssion 
cquation obkdined from the average values of the 
rcgression coefficients is 

i l i m  I P A  = 
20.85 [NKMIJ], M X lo3 + 0.062 (Eq. 12) 

The intercept is not significantly greater than zero. 
The reproducibility of the assay method from 

day to day is good and the procedure is quite sensi- 
tive. A conccntration of NNMU of 1 X M 
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assay is equally or more sensitive than other pro- 
cedures for the assay of nitrosoureas (5, 6, 22, 23). 
Unlike the colorimetric method (5, 22, 23), it  may 
be used in a pH region w-here the compounds are 
most stable, i .e . ,  between pH 3.0 and 5.0 (5, 22), 
and no corrections for drug instability are required. 
The polarographic method is less time consuming 
than the colorimetric method which requires a 45- 
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a linrar calibration curve is obtained up to conccn- 
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,5001 / / , * 'eh*"elhyl  

400 - 
3.8 3.9 4.0 4.1 4.2 4.3 

-Log I X .  0 C . I )  

Fig. 9.-Relationship between half-wave poten- 
tials (pH 2.51) of various N-alkyl-N~riitrosoureas 
(8 x 10 M )  at  25.0" and rate constants ( k ,  sec.-1 
a t  35.0" arid pH 5.95) for hyclroxyl ion catalyzed 

could be detected. The polarographic method of solvolysis 
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alkyl substituted nitrosoureas, L a . ,  KNMU, NNEU, reliable due to the instability of these compounds in 
NKEU, etc. Compounds with largc groups in the the neutral pH region. 

REFERENCES R and R’ positions (Table IT), i.c., the disubstituted 

imply that steric factors may affect the reduction 
reaction. Apparently both nitroso groups iu SRI- 
1631 are equivalent and are reduced simultaneously, 
producing a current about twice that expected for 
a molecule of this size. 

In thc adsorption controlled region (phosphate 
buffer) the changes in the half-wave potentials 24, 1151(1959). 
and the limiting currents due to different sub- 
stituents are not so pronoUllCed as in the diffusion 
controllcd region. However, many of the nitro- 6 0 ~ l : ~ ~ ~ ~ ~ ~ ~ . p ,  ,,, and Olson, E, c., A,n, 
sourcas, i . e . ,  NNBeU, SRT-1834, and thosc disub- 
stitutcd derivatives with large groups in tile K or 
R’ positions, exhibit a double wave in phosphate 
buffcr (Table VI),  indicating that the adsorbed 
species may be rcduccd morc easily than the free (14) Mals eis, L., and Hung, N. G. M., J .  Pharm. Sci.. 
form. Again steric factors may assumc a role in B. R,, “The 
the reduction of thcsc particular compounds. Chemistry of Electrolytic Solutions.” 3rd ed., Reinhold 

The relationship betweeu the half-wave potentials (16) Delahay, Gorp., P., Nepi,Yol-k 1ustr;rnentai N. 1958 Anilysis,” P. 466. The Mac- 
and the apparent first-order rate CoIlStdrltS (k,  SeC.-’) millan Co., New York, N. Y., 1957, pp. 76-7Y. 

for the solvolysis of various N-alkyt-fV-nitrosourcas p & ~ ~ ‘ ~ ~ s s  Tid, ‘’$;j:;: E ~ ’ $ ~ g r ~ ~ ~ !  , ~ f ? ~ ~ ~ , ’ ’  
(6) in the ncutral pH region is shown iu Table \’ (18) Garrett. E. K.,‘J. Am. khem. SOL:, 80, 4049(1958). 
and in J+,, 9, this large discrepancies are (19) Kolthoff, 1. W, and Rarnum, C.. ibid. .  63, FW1941). 

(20) Stewart, P. E., and Banner, W. A., A n d .  Chem., 
uotcd when the substituents contain a double bond 22, 793(1950). 

close to the electroactive site, i.e., ally1 and benzyl. p ~ “ , ’ a , ~ ~ l ; ~ ~ ~ t i ~ ~ c s ~ p d ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ R ~ ~ ~ ~ ~ , l ~ T ~ ~ ~  
No correlation (Tablc VI)  could be demonstrated New York, N, Y., 1960, p. 236. 

between the half.wave potentials of the &--nitro- 
soureas and the available biological activity data 809(1965). 
(2). However, the biological data arc limited and 
those which are availablc may not be entirely York, N. Y., 1956, pp. 587-591. 

nitrosoureas, show deviations in this respect and 
(1) Hyde, K, A,, et ol., J ,  bled.  Phnrm, Chew,,  5, l(1962). 
(2) Schabel, F. M., Jr., et al., Cancer Res.. 23, 725(1963). 

J, ~ ” J J ~ ! ~ ~ & e ~ , , ~ ;  :,$$a, G. s., and Montgomery, 
(4) Sidwell, R. mr., el  al. ,  App l .  Microbiol., 13, 579(1965). 4 9 , ~ ~ 7 ( c ; ~ ~ ~ ~  E. K., J .  A m .  Pharm. Assoc.* sci. Ed., 

(6) Garrett, E. R., Goto, S.. and Stubbins, J. F., J .  

Pha$. J ” ~ ~ i ~ , 4 ~ ! , 1 ~ 1 1 ~ ~ ~ ) ~ o z z e c 2 i o n  Czech, Chem, Commun,, 

70, (&@~~;ff I. M., and Libei-ti, A., J. A m .  Chem. .Tor., 

(9) Martin, R. B., and Tashdjian, M. O., J ,  Phys.  Chem.. 

79 2697(1957). 
ill) Lurid, H., Acta Chem. Scond. ,  11, gW1957) .  

Czech. Chepn. Comntuit., 24, 347(1958). 
, , ~ ~ 3 ) s ~ i t i ’ , n ~ , k k ~ , , ~ u d  St. C1air Gantz, E., J .  

53i5y$z:2!b, H, s,, and 

(12) Zahradnik, R., Svatek, E., and Chvapil, M., Collection 

(22) Porist. A. A., Anal.  Chpm., 36, 1338(1964). 
(23) Lao, T.  L.. and Dion, K. L., J. Pharm. Sci., 54, 
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Rheological Study of 
Selected Pharmaceutical Semisolids 

By JAMES C .  BOYLAN 

Rheograms were obtained with a Ferranti-Shirley cone and plate viscometer at 
20,  25, 30, and 35’ for 1 3  pharmaceutical semisolids. As the temperature was 
raised, all the products studied showed a decrease in viscosity, thixotropy, and 
yield value. For many of the semisolids there appears to be a straight line re- 
lationship between thixotropic area and temperature. For ointments whose 
base is predominately white ointment, the viscosity is reduced by a factor of 0.5 
for every 5’ rise in temperature. At 3 5 ”  many of the products studied showed 

similar values for thixotropy and viscosity. 

GREAT VARIETY of test procedures have been A utilized over the years for the evaluation of 
the spreading and flow characteristics of pharma- 
ceutical semisolids. Today, even widely used 
test equipment, such as the cone penetrometer, 
leave much to  be desired as  to  the amount and 
type of data  obtained. At  the present time no 
single instrument can provide all the infomiation 
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required for complete product evaluation. How- 
ever, this situation can be improved by the use of 
a viscometer capable of obtaining the complete 
hysteresis profile of non-Newtonian pharmaceuti- 
cal semisolids. 

Schulte and Kasscm (1-6) have recently pub- 
lished a n  excellent series of papers dealing with 
the flow properties of several semisolid systems 
including silicone gels, triglyceride gels, poly- 
ethylene gels, polyethylene glycol gels, various 
vaselines, and carbohydrate gels. In addition, 
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Van Ooteghcrn (7) ha4 written a helpful review of 
the methods currently used to nieawre rhcological 
properties of ointments. 

The purpose of this paper is to  report the rheo- 
logical characteristics of several pharmaccutical 
scmisolid products in the temperature range 20- 
35' and to  show how these results can he valuable 
to the formulator and manufacturer of these 
products. 

EXPERIMENTAL 

Materials.-Except for white petrolatum, pctro- 
latum, and white ointment, the semisolid products 
studied were in commercial 1-oz. tubes.' Table I 
lists the products studied and their compouent 
ingredicnts. The age of the semisolids varied from 
4 to 21 months, with most of the samples being 
from 7 to 14 months in age. Storage was, in all 
cases, a t  room temperature. 

Rheological Evaluation.-The viscornetcr used in 
this study was a Ferranti-Shirley coue aud plate 
visconieterZ equipped with a 1200-Gm. cm. spring, 
an automatic gap-setting device, an x-y re~order ,~  
arid a constaiit-temperature water bath.' The 
use of this viscometer has been described else- 
where (8). Calibration of the instrumeut was 
carried out using iT.B.S. standard viscosity oils. 
The tcmpcrature region 20-35" was studied because 
this range includes the normal range of tempera- 
tures encountcrcd during storage or application to 
the skin (see Results and Dzscussion). Thc water 
bath maintained the sample temperature a t  f0.1" 
of the reported temperatures. 

The sample to be evaluated (about 1 ml.) was 
gently squeezed from a tube onto the plate of the 
viscometer. The plate was immediately raised into 
position with the cone. The sample thcn remained 
undisturbed for 5 min. in this position (to allow 
temperature equilibration) before obtaining the 
rheograrn. All rheograms were obtained using a 
truncated cone having an angle of 33 miu., 26 sec., 
and a radius of 2 cm. The instrument was set at 
an upsweep time of 120 see., a downsweep time of 
120 sec., a maximum r p m. of 100, and a scale 
expansion of 4x. In the case of a few 20 and 25" 
deterrninatious it mas necessary to use a scale ex- 
pansiou of 5 X . 

The method of reporting a mrsnir~gful value for 
viscosity presented a problem. The products 
studied were plastic arid pseudoplastic materials, 
all exhibiting thixotrogy. It is normally neccssary 
to use different equahons when reporting viscosity 
values for plastic and pscudoplastic materials. 
Debate continues on whether a satislactory equation 
exists for pseudoplastic matenals, although the 
equation of Farrow et al. (9) seems to serve ade- 
quately for most purposes. Cross (10) has recently 
discussed the mathematical rcpresentatlon of 
pseudoplastic flow in some detail. 

For the purposes of this study, the viscosity 
values rcported were calculated as follows (11). 

1 Eli Lilly and Co. Indianapolis, Ind. 
2 Ferraati Electric ko., Plainview, Long Island, N. Y .  
3 IIouston Instrument Co., Bellaire, Tex. (model HR-92). 
4 Brinkmanu Instrumcut Co., Westbury, N. Y .  (Haake 

model F). 
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TABLE II.-RHEOGRAMS: SCALE DEFJ~ECTION IN dynes/cm (UPCURVE) 

White pctrolatum 

Petrolatum N.F. 
White ointment 

U.S.P. 

U.S.P. 
Zinc oxide paste 

U.S.P. 
Neomycin sulfate 

oiritmeri t U.S. P . 
Amnioniated mer- 

cury ointment 
U.S.P. 

Boric acid ointment 

Ichthammol oint- 

Cyclomethycdine 

Cyclometh ycainc 

C yclomethycaine 

ment N.F. 

ointment 

cream 

jelly 

- 
20” 

11,600 
14,470 

11,375 

14,470 

30, 000 
21,865 

11 ,335 

10,265 

21,470 

12,200 

1 ,335 

11,865 

8,135 
6 ,001) 

8,933 

21 ~ 335 

8,000 

14,750 
12,665 

7,850 

6,875 

14,750 

8,000 

1,500 

12,500 

4,400 2,t-j~~; 
5,600 3,065 

4,265 2,400 

13,065 6,735 

4,200 2,665 

7,300 3,735 
6,665 3,465 

4,400 2,265 

4,665 2,400 

7,935 5,200 

4,300 2,800 

1,465 1,335 

10,800 10,000 

13,000 
14,735 

15,000 

. .  

10,265 

16,465 
13,000 

9,000 

5,535 

11,736 

10,000 

1,000 

8,000 

8,150 
7,465 

8,935 

13,065 

5,150 

9,465 
7,335 

5 , 1 5 0  

3 ,  w 5  

8,150 

6,250 

1,125 

8,000 

4465 
4065 

-2265 

i000 

3135 

5135 
4000 

2665 

1465 

3730 

3200 

935 

5700 

350 

2135 
1600 

1600 

2935 

1735 

2400 
1500 

1465 

665 

1865 

2000 

935 

3265 

The potentiometer scale rcading was rccordcd for 
the tnaximuni sample shear rate (100 r.p.m. in all 
cases). The viscosity (in poises) was then cal- 
culated from Eqs. l and 2. 

(Eq. 1) R = scale reading X scalc expansion 

R 
17 = x c 

where 
constant. 

is the viscosity in poises, and C is a cone 
The value of Cis determined by Eq. 3 

wherc a is the cone angle in radians, T is the torque 
spring constant in dyne-cm./division ( X5 scalc), 
V is the angular velocity in radians/sec., and r is the 
radius of the cone in em. The value of C for the 
truncated cone used in this study was 13.36. 

The thixotropic area was measured directly in 
square inches with a compensating planirneter.5 

Effect of Aging.-Rheological changes with time 
have been observed in several pharmaceutical sys- 
tems (12--15). Consequently, it  was necessary to  
ascertain whether any significant changes were oc- 
curring in the semisolids reported here. This was 
accomplished for a givcn matcrial by obtaining 
rhcograms of a second production lot of a different 
age and also by rcrunning the original lot a t  a later 
date. 

RESULTS A N D  DISCUSSION 

Effect of Temperature.-The results obtained are 
shown in Table I1 and Figs. 1-14. As the tempera- 
ture was raised from 20 to  35”, a11 products studied 
demonstrated a decrease in viscosity, thixotropy, 
and yicld value. This was expected and agrees 

j Keuffel and Esser Co. (model 3636) 

with thc data of Schulte and Kassem (1-6) for 
other pharmaceutical semisolids. 

Effect of Aging. -There was no evidence that the 
semisolids studied w-ere undergoing any significant 
rheological changes during the course of this study. 
When stored properly, i t  was felt that if significant 
changes in the rheograms were going to occur, they 
would likely occur in the first few weeks after manu- 
facturing. As was noted previously, the most 
recently prepared material was 4 months old. 

Petrolatum.-Although the particular petrola- 
turns studied differ slightly in both viscosity and 
thixotropy, the rheogram of cach has a charac- 
teristic initial “spur” a t  low rates of shear (Table 11, 
Figs. 1 and 2). 

In their comprehensive paper on petrolatum from 
various sources, Schulte and Kassem (4) pointed 
out that petrolatum is a iiiixture of n, iso, and 
isocyclic paraffins. They show that the ratio of 
these constituents to each other determines the 
rheological properties of the particular petrolatum 
studied. n-Paraffins form the characteristic struc- 
ture network and petrolatum with a low content 
of n-parafins are considered good for ointments. 
The change of structure involution is greatly 
dependent upon the isoparaflin content. A gel 
network built up  of large crystallites is more 
susceptible to mechanical strain than a gel whose 
network is built up of very small crystallites. In 
thc presence of isoparaffins a finer gel structure 
forms. With a decrease in crystallite size, the 
viscosity of the petrolatum increases also. 

White Ointment Series. -The addition of 5u/, 
white wax to white petrolatum when preparing 
white ointment increases the thixotropy somewhat 
and modifies the shape of the “spur,” but has only a 
slight effect on the viscosity (Table 11, Figs. 2 
and 3). 

Lhnnioniated mercury, sulfur, and boric acid 
ointments are composed of white ointment, mineral 
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oil, and medicaiiieiit (Table I). Nromycin oint- 
mciit and ammoiiiated rncrcury ointment basically 
differ only in thc lack of white wax in the iieomycin 
product (Table I). This lack, combined with the  
slight increase in mineral oil .ind white petrolai urn 
in thc ncomycin ointmcnt, results in a less viscous 
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and less thixotropic xoduct with a smaller yield 

Pig. l.--Kheogranl o f  
wliitc pctrolatuni 1J.S.I' at 
"5O. 

1 Fig %.-The ef- 
Icct of tcnipcrature 
on the  thixotropy 
Key:  0, white 
petrolatum; a, pc- 
trolatum; a, white 
oi t i  tment. 

'a 
Fig 4 -The cf- 

frct  of temperature 
on thixotropy of 
ointments. Key: 
0, ncomycin; a, 
amrnoniatcd mer- 
cury; e, boric acid; 
m, sulfur. 

Fig. 5. ~ ?'he 
cffcct of tetnpera- 
turc on the vis- 
cosity of ointments. 
Key: 0, neomy- 
cin; , ammoniated 
mercury; 6, boric 
acid; M, sulfur. 

Fig. fi.--Thc 
effect of  terripera- 
ture on viscosity. 
Keg: 0, cyclo- 
methgcainr jelly; 
a, ointment; a, 
cream. 

value (Table 11, Figs. 4 a r i d  5). 'Llc baw for 
sulfur oititiuc,iit and  boric acid ointrnrnt diffcr in 
tha t  the sulfur ointment coritains 5!L more mineral 
oil ( i~itd,  consequently, 5':%, less white pctrolnturn). 
As ii result, the viscosity of sulfur ointiitcnt is less 
than tha t  of boric acid ointment, although the  
thixotropy and the shapr of tlic rlieograms of the 
two products vary utily slightly (Figs. 4 atid 5). 

Figurc 5 and cycIoiiietliycaitic.6 ointmciit it1 

Fig. 6 illustrate a trend of importance to the pharma- 
ceutical forii iulator~namely, tha t  for every 5' 
rise it1 te:npcmturc- the viscosity is rcducrd by a 
factor nf 0.5. The  viscosity oF these oirittuents, 
containing prcdoniinatcly white ointment, dem- 
onstrate a definite first-ordrr rel:rtio:iship between 
(loss of) viscosity arid ternpcLrature (increase). 

It inay be seen from Figs. 2 ,  4, and 7 that thcrc 
appears to lie :L linear re1;ttioiisIiip bctwccn thiuo- 
tropic area and temperature (in the region 20-3Eio) 
for neoniyein, hacitraciii, ainmoniatcd mercury, 

6 Marketed as Surfacaine by J3li Lilly and Co.. ludianapolis. 
Ind. 

~~ ~ ~ 
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Fig. 7.-The 
effect of tempera- 
ture on thixotropy. 
Key: 0, bacitracin 
ointment; a, ich- 
thainmol ointment; 
a, zinc oxide paste. 

Fig. S.-Tlie ef- 
lcct of temperaturc 
on thixotropy. Kcy: 
0, cyclomethycaine 
jelly; 0 ,  ointment; 
a, cream. 

Fig. 9.--Kheogram of 
cyclornethycaine jelly at 
25". 

sulfur, ichtharnmol, aiid whitc ointments, zinc 
oxide paste, and petrolatutn. 

Cyclomethycaine Series.-The cyclomethycaine 
series shows interesting and unique differences 
(Figs. 6, 8-11). Cyclomethycaine cream exhibits 
thc least viscosity and thixotropy of any of the 
semisolids studied in this report. The rheograms 
for cycloinethycaine jelly retain their unique 
shape (Fig. 9) over the entire temperature range 
studied. In addition, it cau be seen irom Figs. 
6 .and 8 that there is relatively little change in 
thixotropy and only moderate change in viscosity 
for this product. This jelly is predominately a 
polypropylene glycol-water base (Table I) which 
would suggest a potential use as an all climate 
vehicle. Cyclomethycaine ointment follows the 
general pattern established by the other pre- 
dominately white ointment base products. 

Zinc Oxide Paste.-Zinc oxide paste, because i t  is 
designed as a protective and adsorptive matcrial, is a 

Journal of Pharmaceutical Sciences 

dclibcratcly stiff product with poor spreading and 
melting qualities. These characteristics are borne 
out by Figs. 7 ,  12, and 13. Using the Fcrranti- 
Shirley cone and plate viscometer under the test 
conditions described, it was not possible to obtain 
data for zinc oxide paste a t  20". 

Spreading.-The ease of application of a pharma- 
ceutical seinisolid to the surface uf the skin is an 

Fig. l0.-Rheogram of cy- 
cloinethycaine ointment at 
25". 

Fig. 11.-Rheogram of cyclomethy- 
cairie cream a t  25'. 

Fig. 12-Rheo- 
gram of zinc oxide 
pastc1J.S.P. a t  25". 
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greatest resistance a t  low rates of shear. In nearly 
all the rheograms the area between 0 and 250 
set.-' appears to be an extremely important one 
when charactcrizing the spreading properties of 
pharniaceutical semisolids. A rheological invcsti- 
gation of this region has been iindertaken and will 
be the subject of a forthcoming communication. 

Relation to Body Temperature.-Iri his authori- 
tative text, Rothman (17) discusses the temperature 
of the various regions of human skin under a wide 
varicty of conditions. He clearly shows that there 
is a great variation in the teniperature of human 
skin depending, e.g., 1x1 the region of the body, the 
quantity and type of clothing worn, the degree of 
activity and state of health of the subject, cnviron- 
mental conditions, and whetlier the individual has 
eaten recently. Under these varying conditions a 
normal, healthy person's skin temperature will 
vary from 25 to 35'. If the extremities, especially 
the toes, arc disregarded, the body surface tem- 
perature will probably fall between 30 and 35". 

At 35" many of the products studied had nearly 
tlie same thixotropy ancl nearly the same viscosity. 
This is as exprctrd, since these products are de- 
signed to melt a t  or near the temperature of the 
human skin surface. An example of a product 
designed to melt at body temperaturc is bacitracin 
ointment U.S.P. (Lilly). As the temperaturc 
progresses from 20 to 36" the viscosity, tliixotropy, 
and yield value of this product substantially decrease 
(Fig. 14). This figure, with minor modifications, 
is typical of the rheological changes tlie other 
scrnisolids in this study undergo in this temperature 
range. The curves shown in Fig. 14 also agree 
with the data of Schulte and Kassem (1-6) for 
other pharmaceutical semisolids. 
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Statistical Procedures for Bioassays When the 
Condition of Similarity Does Not Obtain 

By C. PHILIP COX and PAUL E. LEAVERTON* 

Well-established statistical procedures are available for the analysis of dilution 
parallel line or slope ratio assays for which the condition of similarity obtains. Re- 
search scientists have long been aware that this condition is commonly violated, in 
log-dose response assays, for example, divergent rather than parallel lines may be 
obtained. The deviation cannot always be traced to deficient experimental tech- 
niques. In fact, as indications of differences in the response processes of the 
standard and test preparations, or as indications of impure test preparations, such 
findings may provide the most important inference from an assay experiment 
and immediately suggest further investigation into the causes of the differences. 
Statistical procedures have been developed to describe the phenomena in quantita- 
tive terms and, especially, to permit potency comparisons. The procedures 
may also have merit even in dilution assay situations where the condition of similarity 
may apparently be violated if appreciable differences between the responses of 

the standard and test preparations result from poorly matched doses. 

IIE TERM “analytical dilution assay” refers 
Tto an assay of a preparation of unknown po- 
tency which can be regarded as nothing but a di- 
lution of the standard preparation in a diluent 
which does not contribute to the response by 
either chemical or physical properties. In such 
cases it follows that when response is plotted 
against log-dose the curves for the two prepara- 
tions are the same apart from a constant relative 
displacement parallel to the log-dosc axis. Fur- 
thermore, as was pointed out by Gaddum (I), 
the relative potency estimate obtained from an 
analytical dilution assay should not he dependent 
on the particular assay circumsvances. The 
estimate should agree with one obtained by, for 
example, chemical determinations since both 
proecdures should give estimates of the reciprocal 
of the dilution factor. 

When the log-dose response curves arc straight 
parallel lines well-established statistical pro- 
cedures, such as those described by Bliss (2) and 
Finney ( 3 ) ,  are available for obtaining the rcla- 
tive potency estimate. Estimation procedures 
for quadratic parallel curves have been described 
by Bliss (4) and I W o n  (5). Relatedly, Leaver- 
ton (6) has discussed methods, based 011 tech- 
niques described by Lewish ( T ) ,  for fitting quad- 
ratic curves constrained to be strictly mono- 
tonic for use in bioassay contexts. 

Similar statistical procedures arc used if prallel 
log-dose response curves are obtained-for a 
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particular response-even though the inert di- 
luent assumption is not generally true. Such 
assays have been termed “comparative assays.’’ 
Since both types of assay involve comparative 
experiments, however, there are grounds for using 
the general term “assay” for either type when 
distinction is not essential, the qualification “ana- 
lytical dilution” or just “dilution” being used to 
distinguish the subclass of assays defined abovc. 

As a prerequisite for estimation of relative 
potency in the above cases, statistical analyses 
incorporate tests for the relevance or the as- 
sumed mathematical mcdel to the observed 
phenomena. In particular, an index sensitive to 
divergence, i.e., to departure froin parallelism, 
can be obtained from the sum of squares for in- 
teraction between preparations and log-doses in 
the analysis of variance. In research, as distinct 
from routine, bioassay situations it is usually not 
possible to assert that an unknown preparation is 
a dilution of the standard preparation; assays 
may, in fact, be initiated to examine just this 
question. As isolated lrorri an aniinal or plant 
organism, for example, the unknown preparation 
may consist of a mixture of substances which 
may affect the response in different degces. 
Accordingly, assay research workers, in pharma- 
cology and endocrinology, for examples, have 
long been aware that assays where divergent 
rather than parallel lines are obtained are com- 
mon, although the statistical significance of the 
divergence tcrm niay occasionally be masked 
because the assay is of low precision. 

I t  should also he remembered that except in 
the somewhat uniisual case that the log dose 
response relationship is exactly rectilinear over 
a wide rcsponsc range-as distinct from being 
approximately straight locally-it is an event with 
probability zcro that doses will be so chosen to 
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give exactly parallel lines even for an analytical 
dilution assay. 

One early idea on statistical proccdurcs ap- 
propriate for divergent line assays was put for- 
ward by Ing et al. (8), who suggested the com- 
putation of an average relative potency cleter- 
mined over awide range of doses. Later, in Gibhs 
et al. (9), an estimate of the logarithm of the rela- 
tive potency was computed at the 50% response 
level as a not strictly valid but  nevertheless use- 
ful comparison. Neither of these suggested 
procedures, however, properly incorporate thc 
basic fact that the relative potency is different 
for different doses or responses. And it was 
pointed out by Crrirnsliaw and D’Arcy (10) that  
there was then no adequate method for quanti- 
tative assessment in such situations. 

Discussions of the above introductory 1)oints 
and related statistical aspects may be found in 
Thompson (ll), Leaverton (G), Cornlield (l?), 
and Finney (13). In Cornfield (12), a procedure 
is presented for estimating the logarithm of thr 
relative potency as a function of the logdose in 
cases when linear log-dose response curves for 
both preparations can br estimated for each of a 
number of experimental subjects. Proccdures 
arc given here for divergent line assays obtained 
using the common experimental plan in which 
only one preparation-dose combinatiori is ob- 
served on each of a number of rxperiniental 
subjects. 

SPECIFICATION 

Let X.q and X T  denote log-doses of the standard 
and test preparations, respcctivcly, and let Y 
dcnote the response. 

Thcn linear log-dose response lines can be writtcn 
as, 

Y = 01s + p s x s  

I’ = a T  + PrXr  (Eq. 2) 

for t h e  staiidard and test preparations, respectively. 
The fact that, if fls # @,-, the lojiirithm of thc 

relative potcncy is a function of the ICJS-CIW~ or the 
response can now be cxpressed in any of the three 
ways A ,  B ,  and C described bclow. 

A. Linear Relation Between Equipotent Log- 
Doses.-If log-doses X,y and Xr give the same 
response, Y, Eqs. 1 and 2 show that Y S  and X T ,  arcs 
related by 

(Eq. 1) 

LYS + B S X S  = 01T + S T X T  

that is, 
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B. Log (Relative Potency) as a Linear Function 
of Log-Dose.-lf ~ ( X T )  denotes the logaritlirn of 
the relative potency at  dose XI., that is, ~ ( - Y T )  1s 
the diffcrence betweeu rquipotent log-doses, we 
have, at  log-dose XT, 

C. Log (Relative Potency) as  a Linear Function 
of Response.-If p( Y )  clcnotes the logarithm of the 
relative potcncy a t  rcsponse Y, p( Y )  is the diffcrcnce 
between equally effective log-doses so that, 

0%. 5 )  

- - - ( 2 - z )  + (&. -z.) ’ Y (Eq. 6)  

Prcscntatioii of the relations has been made in 
the above form to give esprcssions which are 
consistent with those obtaining in the usual parallel 
line assay case when 6s = $1.. 111 some applications, 
Iiowcver, prcdictions in terms of the test rather than 
the stanclard preparation may be of intercst. 
For example, it  may commonly be required to esti- 
mate the log-dose, XI., of the test preparation 
which will give a response equivalent to that ob- 
tairied with a specified log-dose, XS, of the standard. 
The cxprcssions above and their developments 
below can readily be applied in such cases by 
simply interchanging the sullixes S arid T so that 
Eq. 3,  for example, would give, 

Choice bctween the various altcrnative cxprcs- 
sioiis may, therefore, bc made according to the 
practical requirements of particular situations. 
Care, however, is required in any application bc- 
cause, apart from the simple indication that the 
test preparation is not a dilutioii nf the standard 
preparation, the equations in themsclvcs cannot 
readily be interpreted to give inforrnation about 
modes of action in a context morc general than that 
of the particular assay. Thus, although Eq. 3 
represents a calibration rclationship between equi- 
potcnt log-doses, it cannot be assumed that the 
parameters in such a relation dctcrmincd from one 
laboratory specks will remain constant for applica- 
tion to another species. In the absence of informa- 
tion about inodes of action, therefore, the relation- 
ships should preferably be rcgartlccl as c(incisr local 
descriptions of  the observed phenomena. The re- 
lations are, of course, applicable in repetitions of 
the origiual assay circumstances o f  which accurate 
and dctailed specifications are accordingly dcsirable. 
This latter aspect is particularly important for 
interlaboratory studies, as was recently eInp1iasized 
by Youclen (14). 

ESTIMATION 

Estimation proccdurcs for the above relation- 
ships w-ill first be considered for an assay in a com- 
pletely randoniizcd design in which one observation 
is obtained from cadi of N expc~iniental subjects 
and r rcsponsrs are observed a t  cach of n,s log-dose 
levels of the standard preparation and TZT log-dose 
levels ol the test preparation, so that, 

11; ~~ v(n,y + n r )  (Eq. 7 )  
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The assumptions will be made that ( a )  the log-dose 
response lines for each preparation are straight 
lincs over the range of doses tested; ( h )  residual 
errors are normally and independently distributed 
with population mean zero and variance d, this 
variance being the same for both preparations. 
The following notation will be used: 

5 

S refers to the standard and 2’ to the test 
preparation, 

xis is the ith log-dose valuc for S, i = 1, 2, . . ., ns, 
rn i~  is thejth log-dose value for T ,  j = 1, 2, . . ., n ~ ,  
yikj arid y j k ~  are the kth response observations a t  

the ith log-dose of S and the j t h  log-dose of 
T, k = 1,2,. . . ,T ,  and correspondingly 
and y j ~  are the mean responses a t  these log- 
doses. 

By regression analyses described in standard 
texts estimates, as, bs ,  U T ,  and bp,  of the regression 
paramctcrs, as, ps, a ~ ,  and PT, in Eqs. 1 and 2 are 
first calculated. Thus, for S ,  with 

I ~ r ~ ~ n =  

2 -; ?S.’T 
l u b ~ d r , S c  

s -  5 - 7 -  

- xs = - (Eq. 8 ,  Fig. 1.-The relation between equipotcnt log-doses. 

so that 9s and TT are the means of the mean re- 
sponses at the individual log-dose values, the esti- 
mates are 

as = 7s. - b@y (Eq. 10) 
ns 

z = 1  
c (xis - as)(9.s - 35s) 

(Eq. 11) bs = 

where 

?I, = 71 + ~ I ~ ( X I ,  - a r )  (Eq 16) 

is the response predicted from the line for thc test 
preparation a t  log-dose XT. A geometrical con- 
struction which illustrates how the above quantities 
are used to obtain the log-dose estimate 0.4 = X s  
from the specified value OB = XT is given in Fig 1. 

Next from Eq. 4 M(XT), the estimate of ~ ( X T )  is 
given by 

In practice, of course, b will be calculated using the 
well-known identity that for any number, n, of 
pairs (xi, yi) with means 3 and 7 ,  

wllicll lnay be written as 

1 
bs 

~ t f ( xT )  = 3s - XT - ~ x 
X ( X ~  - ?)(Ti - 7 )  = ZXY - 1 -(ZX)(ZY) (Eq. 12) {Ts - FT - b T ( X T  - 31’){ (Eq. 18) 

n 

3s - 9 T  - - IVs - XT - L - + The estimate sz  of the residual variance u2 is cal- 
culated by pooling the mean squares for deviations 
from regression obtained from the two regression 
analyses. This estimate will have N - 4 degrees of 
freedom and is compounded from the deviations of 
the mean rcsponses a t  individual log-dose levels 
and the deviatioiis between individual responses given by 
at each of the log-dose levels, a procedure which is 

Estimates of the quantities defined in the Eqs. 
3,  4, and 6 above can now be calculated as follows. 

Fror;i Eq. 3,  the estimate of the true value of 
X S  is X S  where, 

bs (2 - 1 )  ( X T  - XT) (Eq. 19) 

Third, from Eq. 6 M (  U ) ,  the estimate of p( U )  is 

1 
bsbF 

valid under the assumptions ( e )  and ( b )  above. M (  Y )  = ~ ~ x 
{a,& - a d s  - ( b T  - D S ) V }  (Eq. 20) 

or 

1 
b S b T  

f%f(Y) = 3s - ?T - - x 1 
- (as  - Q T  - ~ T X T )  2s = - (Eq. 13) 

or equivalently in terms of means as defined in 
Eqs. 8 and 9, 

h R ( T s b ~  - -VTbs - ( b ~  - b,s)p’) (Eq. 21) 

INTERVAL ESTIMATION 
OF THE EQUIPOTENT DOSE 

xs - xs = - - I x  
bs 

1 
b s  

By an adaptation of the procedure Fieller (15, 16) 
for interval estimation from a ratio, a fiducial intyr- 
val will ~ i o w  be derived for the true value of XS 
calculated from Eqs. 13 or 14 for a single specified 

{Ys - YT - ~ T ( X T  - 2 ~ ) )  (Eq. 14) 

(Es, 15) ~ (35s - 9,) - -  - 
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X T  value. 
plied to  a variate constructed as 

For this, Ficller's argument can be ap- 

u = as + bL+l's - a~ - bTX';. (Eq. 28) 

where SS is the true or population value for the 
log-dose of the standard prcparation corresponding 
to a log-dose X T  of the test prcparation. 

Under the stated assumptions, u is a linear com- 
bination of the normally distributed variates a , ~ ,  
bs, a ~ ,  and b p  and so is itself normally clistributecl. 
In virtue of Eq. 3 it is also true that  thc population 
or expected value of u is zero. It follows that,  if 
the cstimated variance of u is d,As2, where d,, is a 
known constant coeficient deterrnincd by the cori- 
struction of u from thc original observations, thc 
quantity uZ/d,,s2 is distributed according to the F 
distribution with 1 and N - 4 dcgrccs of freedom. 

Hence, if F, is the tabulated value from this 
distribution such that  

IJIF 5 Fc] = 1 - cy 

w c  have 
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Inserting thcsc valurs into Eq. 23 and collecting 
terms then gives the quadratic equation for the 
U I ~ ~ I I O W I I  X,s' 35,  

A X S ' ~  + W X s . '  + C = 0 (Eq. 30) 

where 

By Ficllcr's thcorcni i t  now follows that  solutions of 

U' - F,.d,,s2 = 0 (Bq. 23) 

which from Eq. 22 is a quadratic equation in the 
X,y correspondin,q to a given value of X T ,  will give 
values defining a loo( 1 - cy)$$, fiducial interval for 
the required X S  value. 

T o  obtain d,,, i t  is first convcnicnt t o  write PL 

from Eq. 22 in the equivalent form, 

u = 7s + b s ( X s  - 2,s) - 
Y T  - bz-(XT - T T )  (bzq. 24) 

in which all the estimates are statistically inde- 
pendent. Hcnce, 

V(U) = V[VS + b s ( S s  - as)] + 
T.'[TT + h T ( X ' T  - a T ) ]  

which can be cstimntrd as d,,s* where 

(Eq. 25) 

It is now convenient to introduce a more concise 
notation, whcrciii a prime is uscd to denote values 
"corrected for their n~cans." Thus, we w i t c  

X ' S '  = LY&' - fs ,  XT' = XT - . fT  (Rq. 26) 

and 

1 1 
( Y ~ T  - 1 . ~ ) ~  (Eq. 27) 

Then, from Eqs. 24 and 25 

u = jis - 91 + bsXs' - bTXi '  (Eq. 28) 

and 

(Eq.  31) 

By the usual formula for thc roots of a quadratic 
equation the lower arid higher limits, X J L  and X S H ,  
of the fiducial interval are then givcn by 

that  is, 

XN, = Is - 
~~ 1 

A 
I B  + d B 2  - A C ]  , 

1 
A 

X,q1, = 2,s - - {n - 

Iti practice, the computations can be simplified 
by first calculating the quantity XS' = XS - Z.7 

from the point cstimate X,Y of the equipotcnt dose, 
Thcn, substituting -h.qX,q' for yLq - - hTXr' 
in Eqs. 32 ancl 34 leads to an cxpression for the 
interval as, 

X S L ' ,  Xsn '  = - bs'Xs' =F A " 
(Eq. 37) 

By analogy with the usual calculations for 
parallel line assays [Finney (3)], an approxirnatc 
formula, which is often sufficiently accurate, can 
now be easily obtained. For this we note that the 
quantity s 2 / 2 ~ '  in Eq. 31 is the variance of bs ,  
and, if bs2 is very much larger than i ts  variance, 
z.e., if thc square of the cocflicient of variation of 
b s  is vcry small, we have, from Eq. 31 

N hs2 

As an empirical working rule, following Finney 
(3 j ,  i t  may be suggested that  thc approximation will 
give sufficiently accurate results if A/bs2  > 0.95, 
or, equivalently, if 20 F, < b&Zs'/sZ. In such cases 
i t  can easily be checked that the fiducial interval 
defined above becomes, 

XSf,, XSH = XS f 
A 
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TAELE I.-FOUR-POINT ASSAY OF LUTEINIZINC 

ACID DEPLETION METHOD 
HORMONE I N  SWINE PITUITARY TISSUE BY L4SCORBIC 

~- - ~~ 

, Standard ( N  I I1 )-- 7- Test-- 
0 4 111s 1 6 mg 0 0625 mg 0 2500 mg. 

77 55 64 60 
x1 45 i l  54 
80 47 70 54 
78 52 80 61 
SO 48 i 2  54 

Total 3 9 ~  24’7 357 283 
Mean 79 2 49 4 $1 4 56 6 

Jotrriial of Pharmaceutical Sciences 

nT = 2 doscs for each preparation and 7 = 5 re- 
sponses at each preparation-dose combination. 
Convcntional regression calculations, as indicated 
by Eqs 8, 9, and 11 and similar equations for the 
test preparation, thcn give 

2.7 = XT = ‘ / p  

and 

y, = (396 + 24i)/10 = 64 3 

71 = (357 + 283)/10 = 640 

Again, from Eq 27 

The fiducial intcrvals calculatcd as above apply 
when the .Ys value corresponding to only one X T  
value is rcquired. Commonly, however, the pro- 
cedure may be reqnired for an unspccificd numbcr 
of ST values. The thcoretical treatment by Scheff6 
(17) then indicatcs that the interval should be 
calculated by substituting for F,, as defined above, 
the value 4F,’ where F,‘ is the tabulated value 
from the F-distribution with 4 and iV - 4 dcgrces 
of freedom such that, 

P[F 5 F,‘] = 1 - CY 

EXAMPLE 

The data in Table I wcrc obtained from a four- 
point assay of lutcinizing hormone (LH) in 
swine pituitary tissue [Mclampy and Hendricks 
( l X ) ]  by the ascorbic acid depletion (AAD) method. 
The responses arc in units of mcg. AL4D/100 mg. 
rat ovary tissue. 

When the doscs are, as here, conveniently chosen 
so that the ratio of the higher to the lower dosc is 
the same for both prcparations, the log-dose trans- 
formations can be chosen to give a log-dose mcta- 
meter which takes simple integral values. Thus, 
in Table I, where the dose-ratio is 4, the transforma- 
tions from doscs 2.7 and ZT to metarrieters x , ~  and 
XT such that, 

1 x7, = ~ (log zT - log 0.0625) (Eq. 40) 
log 4 

give xs = X T  = 0 a t  the two lower doses and 
x,? = xT = 1 a t  the two upper doses. 

’The usual assay analysis of variance thcn gives: 

Mean 
d.f. Squares 

Divergrncc . . . . . . . . . . . . . .  . l .  . . . . .  ,281.25 

Betwren preparations. . . . . . . .  1.  . . . . . . .  .0 .45 
Co~riruori regression, . . . . . . . . .  1 . . . . .  ,2480.45 

Residual.. . . . . . . . . . . . . . . . .  . 1 H .  . . . . . .  . 1 A .  15 

Since the 01 = 0.05 critical F-valuc for 1 and 16 
degrees of frcedoni is 4.49 i t  can be seen ( a )  from 
the between preparations term that closely sitiiilar 
rcsponse lcvels werc achieved and ( b )  from the 
divergence term that the slopes of the regression 
lines for the standard and tcst prcparations wcrc 
significantly different. 

Wc are thercfore in a situation for which the 

and it follows from Eqs. 11 and 12, or bccause the 
interval between the two values of x s  is uuity, that 

bs = - ( i s 2  - 49.4) = -29.8 

and similarly, 

by = -(71.4 - .56.6) = -14.8 

Thc cquation for the prediction of an X S  value 
corresponding to a specificd X T  value can now bc 
writtcn down from Eq. 14 as 

that is, 

?,y = 0.26 + 0.50 XT (Eq. 41) 

With F, = 4.49, for 01 = 0.0c5, and s2 = 16.15 

preceding proccdurcs arc appropriate with ns = Fig. 2.--Assay of LH in swine pituitary tissuc (18). 
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for a constant nurnber Y of rcsponsc observations a t  
each prcparation-close level cornbinatiori. The ex- 
tension to the unequal numbcrs case readily follows, 

zd = 69.8% ~ (4.49)(lfj.l5) irizitntis viutandis, using tlie standard statistical 
procctlurcs for dealing wit11 uuequal numhcrs iii 

= 888.01 - 29.01 siugle classification experirrients. Additionally, as- 
says based on designs other than the completely 
randomized design can be treated by the basic = 869.03 
techniques described above. 

(16 d.f.) thc fiducial interval can now be calculated. 
For this, from Eq. 31, 

Hence, from Eq. 37 

= 1.03‘?S’ + 40.0814 (1 + 0.40 &Yl‘t + 0.42 i . P j  
(Hq.  43) 

Now, in particular, suppose it is desired to 
estimate the dose of the standard preparation 
equiv:tlerit t o  0.1 mg. of thc test preparation. 
First, from Eq. 40, the specified value of X T  is 

Hetire, from Eq. 41, 

= 0.26 + (o.so)(o.xm) = o.429.i 

and, from Eq. 39, 

log(zs/0.4) = 0.4295 log 4 

from which thc cstimatcd equipotent dose is 
A 

Z S  = 0.73 mg. 

Noting that  XT’ = 0.3390 - 0.50 = -0.1610 
and XS‘ = -0.0705, the corresponding 9557, fiducial 
interval is obtained from Eq. 43 as, 

Xsr.’, Xsii’ = -(1.03)(0.0705) f 
~‘0.0844 j li ( o . ~ t i ) c o . i e i G p o . G ~ o ~  

= -0.305, + 0.220 

Frorri Eqs. 20 arid 39 the iuterval lor the equi- 
potcnt dose can then bc calculated as 

ZSL, Z S H  = 0.48, 1.09 mg. 

Alternatively, since for these data A/b,j2 = 0.97, 
the approsimate fortnula in Eq. 38 may be used to 
give, 

X S L ,  s s i ,  = 0.4295 =F 

= 0.14, 0 . Z  

and on subtraction of X S  = 0.5,  values a.rc obtained 
which closely agree with those obtairied above for 

In this the 
width of the intcrval cstiinatc serves to cmpliasize 
the fact that  itu cxperirncnt designed to give sufli- 
cient precision for a parallel linc. assay will give 
poor precision for an estimate of an equipotcnt dose 
if divcrgencc has to be admitted as the more realistic 
situation. 

For simplicity of cspositioii, the above clcvclop- 
meiit a n d  thc cxatnple have becu carried through 

X ~ L ‘  and X,yrj’. 
The results are illustrated in Fig. 2. 

(Eq. 12 )  

QUADRATIC RESPONSE CUKVES 

The principlcs drscribcd above arc also applicable 
when oue or both of the log-dose response relation- 
ships can bc described hy quadratic curves about 
which thc responses of individual experimental 
units arc normally distributrd. A s  expected, how- 
ever, more computation is required. 

If the two quadratic relationships are 

7s nfi t b s X s  + C S X S ~  (Eq. 44) 

and 

YT = 4- ~ T S T  + CTXT* (Eq. 15) 

the log-dose of the standard prcparation equivalent 
t o  a specified log-dosc X Z ~  of thc test preparation 
can be estimated as one solution of t h e  quadratic 
equation, 

CS~?,? + hsks  + as - 

Identification of the appropriate root can be made 
without difiiculty because the two dose-response 
curves must be monotonic (though not necessarily 
in the same sense) in the region of intcrest and be- 
cause the specified X T  and its correspondent XS 
should be within the dose ranges over which the 
curves themselves werc estimated. 

In many practical cases extreme accuracy will 
not he requirrd of such estimation procedures and, 
particularly if numerous cquipotent doses are re- 
quired, i t  may be more convcnient t o  read tllctri 
from graphs of the two curves. 

Fiducial intervals for the estimate defined in 
Eq. 40 cat1 also be obtained on the above principlcs 
3s thc appropriate solutions ol Eq. 23 with u equal 
to the cupression on ttic left of Eq. 46. Solution of a 
fourth degree equation is requircd in this case. 
The interpretation of solutions of quartic equations 
in a simi1n.r inverse estimation problem has been 
discussed by Williams (19). 

a~ - b r x r  - CTXT’ = 0 (Eq. 46) 

* 

RELATIVE POTENCY 
AS A FUNCTION OF DOSE 

Divergent line assays may occur in sonic contests 
wl-icrc i t  may be of interest to cstirnatc tlie rclativc 
potency itself, although this quantity is now of 
mnre restricted use than in t h e  simplr case when i t  is 
constant. For example, if we now find that I mg. 
of the test prcparation is equipotent to p ( 1  111s.) 
of the staridard preparation i t  is no longcr true 
that 1 Gm. of the test and 1000p(l mg.) of  the 
st:audard prcp:iratioiis are equipotcnt. 
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When, however, the relative potency itself is 
rcquired i t  can be cstimated as a function of log- 
dose from Eq. 19. Since ~ ( X T )  = X S  - X T ,  where 
X S  is the equipotent log-dose of the standard 
preparation, an interval estimate for ~ ( X T )  can be 
obtained by subtracting X T  from the interval 
estimate previously determined for Xs. Alterna- 
tively, we may procccd directly by applying Ficllcr’s 
procedure, via Eq. 23 with 

J o ~ r n a l  of Plzarmaceutical Sciences 

As a result if, for convenience, we write X = ~ ( X T )  - 
%s + f~ the interval can be determined by adding 
(3s - R T )  to each root of the quadratic equation 

Ax’ + 2BX + c = 0 (Bq. 48) 

where 

(Eq. 49) 

RELATIVE POTENCY 
AS A FUNCTION OF RESPONSE 

The point cstimate N( Y) of p( Y), the log relative 
potency a t  response Y can be calculated from Eq. 
21, but cxact interval estimation is not so straight- 
forward as in the previous cases. In many practical 
cases, however, it  will be sufficient to use approximate 
fiducial intervals which can be obtained as follows. 

It is a wcll-known result that, if 

is a ratio of two variates, z t  and v, which are statis- 
tically independent, and if thc cocfficient of varia- 
tion of the denominator, v, is small, then 

(coefficient of variation of Y)’ 
= (coefficicnt of variation of u ) ~  + (coefficient of variation of (Eq. 53) 

That is, if d,s2 and a,.? are the estimated variances 
of ZA and w, respectively, V ( r ) ,  the estimated variance 
of the ratio is Riven by, 

a 
V ( r )  = r2s2 (5 + 2) (Eq. 54) 

To apply this in the present context we have, 
from Eq. 21 

M ( Y )  - 3s + RT = 

The diffcrcnce bctwccn two indcpcndent ratios 
appears on the righthand side and hence 

V { M ( Y )  - 3s + %TI = 

V ( y )  + V ( 7 )  y -  3T (Eq.56) 

and now, applying Eq. 54 

us f 
I 1  

The variance of (Y - Y T ) / ~ T  can be similarly 
calculated and, on the assumption that the quantity 
A[( Y )  - 3s + ST in Eq. 55 is norrrially distributed, 
the approximate fiducial limits of p( Y) are then, 

P L (  Y), / 4 H (  Y) = %S - %T 

SLOPE RATIO ASSAYS 

Suppose that the two dose-response lines in a 

(Eq. 59) 

slope ratio assay are 

YS = as + bszs 

YT = aT + bTZT 

whcrc z s  and ZT rcprcsent doses, and the intercepts 
as and U T  are estimates of the parameters 01s and 017 
and, instead of a.7 bcing equal to O ~ T  as in the regular 
slope ratio assay case, we now have 01s # OIT. 

The dose ZS which is cquipotcnt with a specified 
dose Z T  of the test preparation is then estimated as 

US - a~ - ~ T Z T )  (Eq. 61) 

It can now be seen that this is dircctly analogous 
to Eq. 13 for the previous case, except that we 
now have doses 2 s  and Z T  instead of log-doses 
X s  and X T ,  so that mutatis mutandis, the above 
procedures can readily be applied in slope-ratio 
assay situations. 

1 
bs 

p = - ~. .  ( a s  

DISCUSSION 

Finney (1965) has recently given an intcresting 
general discussion of the role of the concept of con- 
stant relative potency, or equivalently of the con- 
dition of similarity, in bioassay. It should bc 
noted that the estimation procedures in the prescnt 
paper are referrcd to situations when the condition 
of similarity does not obtain. Such situations are 
common in research situations for which the con- 
dition would often be an unrealistically ideal assurnp- 
tion. 

Relatedly, although techniques have been prc- 
sented €or estimating relative potency as a function 
of dose (concentration) or response, i t  is considered 
that these are of less importance and value than 
those described for the estimation of equipotent 
doses. It is suggcstcd that this latter is the more 
basic concept for bioassay in general bccausc. cvcn 
when relative potency is constant, applications of its 
estimation are often, in effect, made toward de- 
terminations of cquipotent doses. 
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Standardization of Papain Activity 

Report of a Collaborative Study 

By EDGAR A. LAZO-WASEM 

Methods of assay for the enzyme papain were 
evaluated, and those endorsed are presented. 
A procedure which measures the hydrolysis 
of casein under standardized conditions was 

found to be the method of choice. 

APAIN, a crude or purified proteolytic enzyme 

pnptryu, has bccn used in the pharmaceulicd and 
food industries for over half a century. Twenty 
years ago, a monograph for papain was included 
in the eighth edition of the “National Formulary” 
(1). The then official assay procedure consisted 
of a limit test based on digestion of beef muscle. 

Aftcr deletion of papain from the “National 
Formulary,” many procedures came into use for 

R e c r i v d  March 16, 19FF, from Strong Cohh Ai-net, Inc.. 

Accepted foi puhlication May 4 .  1966. 
A study by the Committee on Papain, Quality Control 

Section, Pharmaceutical Manufacturers Association. Cnm- 
mittee Membrrship: J. E. Giesemann, Brayten Phalma- 
ccutical Co.; N. Kartinos, Baxter Lahorntories. Inc.; 
G. P. McCutcheon. S. R. Penick PU Co.; C. F. Peterman, 
Kremers-TJrhan Co.; J. V. Saengcr, Wai-tier-ChiIcott 
Lahoratorics, I. S. Shupe, Winthrop Laboratories; L. A. 
Underkoller, Miles Chemical Co. ; and E. A. Lux-Wasem,  
Stroni: Cubb ATner. Inc. (Chairman). 

After t h e  study reported here was undei-way, i t  was 
learned tha t  efforts toward uniformity of enzymc assays, 
including papain, wcre being made by the  International 
Commission for the  Standardization of Phnrmaceutical 
Enzymes, Fkderation Internationale Pharmacriitique. Since 
then this writer has heen krpt informed of the  efforts of this 
pi-edoniinantly Eut-opcan group, the  initial studies of which 
have been excellently summarized in the  commission’s First 
Report (6). For papain. the  commission has endnrsed a 
method hased on t h e  initial ,-ate of hydt-olysis ol a synthetic 
substiate, N~benzoyl-r~~arainirie ethyl ester hydrochloride, 
for both crystnlline papain and less purified preparations. 
A comparison of the  unit of activity rrpoi-ted hcic with tha t  
a d o p t 4  hy the commission will be the subject of a futule 
report. 

Clcvcland, Ohio. 

the standardization of commercial papain. For 
pharmaceutical and food grade papain, the most 
widely used procedures have been milk-clotting 
(a), casein digestion (3), and digestion of hemo- 
globin (4, 5 ) .  For crystalline papain, most 
laboratories have, a t  least recently, relied on the 
initial rate of hydrolysis of synthetic pcptide sub- 
stratcs such as Iv-benzoyl-L-arginine ethyl ester 
hydrochloride. 

In an attempt to bring about unification in 
methods of assay throughout United States labo- 
ratories, a committee was establishctl within the 
Quality Control Section of the Pharrnaccutical 
Manufacturers Association in the fall of 1962. 
This group was to study current prevailing meth- 
ods and recommend a generally acccptable 
method for use throughout the industry. This 
report describes the findings and recomnienda- 
tions of that committee. 

PLAN OF STUDY AKD RESULTS 

Member firms of the Pharmaceutical Manufac- 
turers Association. rcprcscnting manufacturing sup- 
pliers and pharrnacrutical firms niarketing papain in 
dosage forms, were invited to supply their proce- 
dures. The methods received involvcd cither milk- 
clotting, cawin diqestinn, or hcnioglobin digestion. 
From the procedures received, three assays based on 
thc above principles wcrc prepared and forwarded to 
eiqlit laboratories for collaborative study. “Stand- 
ard” m d  “unknown” papain preparations were also 
forwarded, and thus an effort was biitiatcd whereby 
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the potency of the preparations using cach procedure 
was comparcd. An analysis of intra- and inter- 
laboratory variation showed all three procedures to 
he equally reliablc. The milk method (visual 
observation of the clotting of milk by the enzymc, an 
initial step in the protcolysis of casein) was found to 
require personal experieuce by the analyst to cor- 
rectly timc thc corresponding subjective end point, 
but was found to be the simplest of the methods 
tried, and thus, worthy of further work. Difficulty 
was encountered a t  some laboratories in the duplica- 
tion of thc hcmoglobin procedure studied, and thus 
tio further study with this procedure was recom- 
mended. The milk-clotting and casein digestion 
methods were adopted as choice methods. Details 
of the two adopted assay procedures, as used by the 
committee, are described below. 

Casein Digestion Assay 

Reagents.-Sodium Phosphate, 0.05 M.--Uissolve 
7.1 Gm. of anhydrous disodium phosphate in suffi- 
cient water to  make 1000 nil. Add a drop of 
toluene as preservative. 

Citric Acid, 0.05 M.-Dissolve 10.5 Gm. of citric 
acid monohydrate in sufficient water to make 1000 
nil. 

Casein Substuate.-Disperse 1 Gm. of Hammcrsten 
type y e i n  in 50 ml. of 0.0j  M sodium phosphate. 
Placc in a boiling water bath for 30 min. with occa- 
sional stirring. Cool to room temperature and add 
0.03 M citric acid to pH 6.0 f 0.1. Solution must 
be stirred rapidly and continuously during addition of 
t h e  0.05 1l.I citric acid to prevent precipitation of thc 
casein. Dilute to 100 ml. with water. Prepare 
fresh daily. 

Phosphate-Cysteine Disodium. Ethylenedkanzine- 
tetraacelate Bufer SoZution.-Dissolvc 3.55 Gm. of 
disodiurn phosphate in 400 nil. of water in a 500-ml. 
volumetric flask. Add 7.0 Gm. of disodium ethyl- 
enediaminetetraacetate and 3.05 Gm. of cystcine 
hydrochloride monohydrate. Adjust to  pH 6.0 * 
0.1 with 1 N HC1 or 1 N NaOH solutions, and dilutc 
to  volume with water. 

Trichloroacetic Acid, 3076 (TC4).-Dissolve 30 
Gm. of reagent grade trichloroacetic acid in water and 
dilute to 100 ml. with water. 

Standard Test Dilution (Standard).-Accuratcly 
weigh 100 mg. of N.F. papain reference standard in a 
100-ml. volumetric flask and add buffer solution to 
dissolve. Dilutc to volume with buffer solution. 
Further dilutc 2 ml. of this solution to 50 1111. with 
buffer solution. Use within 30 miii. after prcpara- 
tion. 

Assay Test Dilution ( Unknown).-Accuratcly 
wcigh an arnount of sample contaioitig an activity 
equivalent to 100 mg. of reference standard and 
proceed exactly as in the prcparation of the Stand- 
ard Test Dilution. 

Procedure.-Into cach of 12 test tubes (18 X 150 
mm.) pipet 5.0 ml. of casein substratc. Placc in a 
40" water bath and allow 10 min. to reach bath teni- 
perature. Into each of two of the tubes (tests are 
tun in duplicate except for the blanks) labeled SI, 
pipet 1 ml. of standard and 1 ml. of buffer solution, 
mix by swirling, note zero time, stopper, and replace 
in the bath. Into each of two other tubes labclcd S 2 ,  

pipet 1.6 ml. of standard arid 0.5 ml. of buffrr solu- 
tion, and proceed as before. Rcpcat this procedure 
for two tubcs labeled Sa, to which 2 ml. of standard 

Add a drop of toluene as preservative. 

Prepare fresh daily. 
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is added, and for two tubcs labclcd Ut, to which 1.5 
ml. of uriknocvn and 0.5 nil. of buffer solution are 
added. After exactly 60 min., add to all 12 tubes 3 
rnl. of 30'); TCA arid shake vigorously. With the 
four tubes to which 110 standard or unknown solu- 
tions wcrc addcd, prcpare blanks by pipetting, 
respectively: 1 ml. statidard plus 1 ml. buffer solu- 
tion, 1.5 ml. standard plus 0.5 ml. buffer solution, 2 
rml. standard, and 1.5 nil. unknown plus 0.5 ml. 
buffer solution. Replace all tubes iu the 40" bath 
for 30-40 miti. to allow to fully coagulate the precip- 
itated protein. Filter through Whatmari No. 40 or 
equivalent filter paper, discarding the first 3 ml. of 
filtrate (filtratcs must he complctely clear). Read 
the absorbancc at  280 nip of thc filtratcs of all solu- 
tions against thcir respectivc blanks. Plot the read- 
ings for Sl, Sp, arid Si against the enzyme conccntra- 
tion of cach corresponding lcvcl. By interpolation 
from this curvc, taking into cousideration dilution 
factors, calculate the potency of the sample in units/ 
mg. 

Calculation of Potency.- 

units/mg. 

where C=rng./rnl. obtained from the standard curve, 
and A = activity of referrnce standard in units/mg. 

Milk-Clotting Assay 

Reagents.-pH 4.5 Buffer Solution Concentmte.- 
Mix 2 vol. of 1 A1 acetic acid with 1 vol. of 1 M 
sodium hydroxide. 

Dilute Bz@er Solution.---Dilute 2 vol. of the pH 4.5 
concentrated buffer solution to 15 vol. with water. 

Milk  Substrate.-Mix thoroughly 50 Gm. of milk 
powder with 215 nil. of dilute buffer soltitinu in x 
Waring blender or similar device. Add a trace of 
octyl-alcohol(2-etliyl-1-liexanol) to dccrease foaming 
during the blending operation. Filter through 
cheesecloth into a clean bottle. Add a fcw drops of 
tolucue as a preservative. Allow to stand a few 
hours hefore use. Use thc day of prcparation. 
Keep refrigerated. 

Phosphnle-Cy.~lekne-Disodi2*m Ethylenediamine- 
tetraacetate Bu.frer Solution (Y-C-EDTA Buffer).- 
Dissolve 3.55 Gm. of disodium phosphate in 400 
ml. of water in a 500-ml. volumetric flask. Add 7.0 
G~ii. of disodium ctliylcnt.diaminctctruacelatc. and 
3.05 Gm. of cystcinc hydrochloride monohydratc. 
Adjust to pH 6.0 with 1 N HC1 or 1 N Na0H solu- 
tions, and dilutc to volume with water. Prepare 
fresh daily. 

Standurd Test Dilzh.~~ (Standard).-Accurately 
wcigh 100 mg. of N.F. papain rcfcrence standard in a 
50-rnl. volumetric flask and add P-C-EDTA buffer 
solution to dissolve. Bring to volume with more 
P-C-EDTA buffer solution. TJse within 30 min. 
after preparation. 

Assay Test Dilution ( UnknoTlm).-Accuratt.!y 
weigh ahout 100 mg. of sample and dilute with P-C- 
EDTA buffer solution to obtain an activity approxi- 
matcly cquivalcnt to that 01 the standard test dilu- 
tion. 

Procedure.-Pipet 25 ml. of milk substratc into 
cach of a scrics of test tubes (25 X 150 r n m . ) ,  
closc with rubber stoppers, placc in a water bath at  
40 ?Z 0.5", and allow the contents of the tubes to 
rcach bath temperature. (The assay is quitc serisi- 

Check pH and adjust. 
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tive to temperature. Variations of 1.0” can iutro- 
duce errors of about lo?;.) At zero time, pipet 2 ml. 
ol standard and dischargc the contents into one of 
the tubes. Stopper the tube, shake briefly but 
gently, so as to avoid the inclusion of air bubbles, arid 
return to the bath. Using a stopwatch, measure the 
time from the addition of the standard test dilution 
until clotting of the milk begins. Roll the tube 
gently back and forth in a horizontal position while in 
the bath. (Less than 1 min. prior to clotting. the 
milk will appear t o  thickcn somewhat and will no 
longer drain readily from the walls of the tube.) 
Watch the smooth film of milk closely from this point 
on. The end point is the almost instantaneous 
appearance of a granular character in the milk film. 
The time required for the cnd point t o  be reached 
should not be less than 100 sec. and not more than 
150 scc. If not, thc test should be repeated using a 
higher or lower enzyme concentration level. Once 
the right time limit of activity has been found, thc 
test shvuld be repeated a t  least once, and the average 
time recorded. Repeat the determination using the 
assay test dilution in the same volume as used for the 
standard. 

Calculation of Potency.-Determine the relative 
potency of the sample in terms of the refcrence 
standard preparation by the equation: 

725 

a standard casein substrate. Definition of a unit of 
activity was done essentially following the concli- 
tioris recommended by the International Union of 
Biochemistry, which states that  an enzyme unit 
should be defined as the amount which catalyzes 
transformation of a stated arriount (1 prn.) of sub- 
strate per unit time under defined conditions. 

After experimental study at various laboratories, 
the committee agreed on the following definition of a 
papain unit: one unit represents the activity which 
releases the equivalent of 1 mcg. of tyrosine from a 
standard cascin substratc, under spccified conditions 
and at the enzyme concentration which liberates 40 
mcg. of tyrosine per ml. of test solution. Using this 
unit definition, the preselected reference standard 
was found to  contain 6600 units per nig. This K.F. 
papain reference standard is being rnadc avaikabk 
through the offices of the National Formulary, 

ington, I). C. The method of assay has been 
adopted by the Food Chcmicals Codex. The com- 
mittee agreed that  papain for pharmaceutical use 
should have a potency of not less than 6000 papain 
units in each xng., when tested by the above 
described method. 

AMERICAN PIIARMACEUTICAL ~ S S O C I A T I O N ,  Wash- 

SUMMARY A N D  CONCLUSIONS 

Prcvailing mcthods in thc U. S. pharmaceuti- 
cal ancl food industry for papain standardization 
have bccu studied by  a Committee of the Pharma- 
ceutical Mannfacturers Association. Of the meth- 
ods evaluated, that  which mcasurcs hydrolysis of 
casein under standardized conditions was endorsed. 

2.  A preparation to  be used as the reference 
standard in conjiinctioii with the assay procedure 
was selected. 

The papain reference standard has been sub- 
mitted to the National Formulary for storage and 
distribution. The casein digestion method of assay 
has been adopted by the Food Chernicals Codex. 

It is hoped that as many scgments of industry 
as possible will begin using the recommended method 
and unit for routine quality control and for the 
labeling of papain activity. 

1. 

3. 

4. 
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ws x tS 
wr,, t r ,  X D = units/mg. 

where 

ws = mg. of reference standard added to milk, 
t“ = time in seconds for standard to  produce 

w u  = mg. of sample added to milk, 
t” = time in srconcls for sample to produce 

clotting, 

clotting, 
D = activity of reference standard in units/mg. 

A second collaborative study further comparing 
milk-clotting and casein digestion again showed total 
equivalence of thc two procedures. Interlaboratory 
variation in determining relative potency of two 
preparations by either method wan below 57,. At 
this point, the committee felt that  in view of the 
objective end point of the casein proccdure (spectro- 
photometric measurement of released products of 
casein digestion), this method was the one of choice. 
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mittee turncd i ts  attention to  tlic selection of a 
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Qualitative and Quantitative Tests for Melphalan 
Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication in 
the .loarnul of Pburmuceaticul Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for confidence in  the quality of new drug products generally, and of those covered 
by the monographs particularly. Such monographs will appear on  drugs rep- 
resenting new chemical entities for which suitable identity tests and assay pro- 
cedures are not available in the published literature. The  purity and assay limits 
reported for the drugs and their dosage forms are based on observations made on  
samples representative of commercial production and are considered to be reason- 

able within expected analytical and manufacturing variation. 

- 3 - P - [nrs(2 - chloroethyl)amirio]phenyl- 
alanine; C13H18CI2K2O2; mol. wt. 305.21. 

The structural formula of melphalan may be 
represented as 

Physical Properties.-Melphalan occurs as an 
off-white to buff-colored powder with a faint odor. 
It is slightly soluble in methanol and in alcohol, 
and practically insoluble in water. I t  is soluble 
in dilute mineral acids. 

Identity Tests.-Transfer 1 ml. of a 0.017, 
alcoholic solution of xnelplialan into a glass-stoppered 
test tube and add 1 ml. of U.S.P. phthalate buffer, 
pH 4.0, 1 nil. of a 5 in 100 solution of 4-(p-nitro- 
benzy1)pyridine (NBP) in acetone, and 1 ml. of 
saline T.S. Heat on a water bath a t  80" for 20 min. 
and cool the solution quickly. Add 10 rn1. of 
alcohol and 1 ml. of 0.1 N potassium hydroxide: 
a violet to red-violet color is produced. 

A 1 in 100,000 solution of melphalan in alcohol 
exhibits an ultraviolet absorbance maximum a t  
about 260 mp [absorptivity (a) about 721 and a 
minimum at  about 226 mp. The spectrum is shown 
in Fig. 1. 

The infrared spectrum of a 0.57$, dispersion of 
melphalan in potassium bromide, in a disk of about 
0.82 mm. thickness, is shown in Fix. 2. 

Purity Tests.-Dry about 1 Gm. of mclphalan, 
accurately wcighed, in mcuo at  105' to constant 
weight: it loses not more than 770 of its weight. 

Char about 1 Grn. of rnclplialan, accurately 
weighcd, cool the residue, add 1 ml. of sulfuric acid, 
heat cautiously until evolution of sulfur trioxide 
ceases, ignite, cool, and weigh: the residue does 
not exceed 0.1%. 

Detcrminc the nitrogen contcnt by the U.S. P. 
X V i l  nitrogen determination, method 11, using 
about 325 mg. of melphalan, accurately weighed, 
and 0.1 N sulfuric acid for the titration. Each 
milliliter of 0.1 N sulfuric acid is equivalent to 1.401 
rng. of nitrogen (N). The amount of nitrogen 
found is not less than 8.90yo and not more than 
9.457$, calculated 011 a dried sample weight. 

Received April 5 ,  19F6. f rum Lhe Drug Standards Laborn- 
tory, AMERICAN PHARMACEUTICAL ASSOCIAIION FOUNUA- 
TION. Washington, D. C. 

Accepted for prihlication Api-il 19, 1966. 
Burroughs Wellcome Pr Co., Inc., Tuckahoe, N. Y .  has 

cooperated by furnishing samples and data to aid i i  the 
development and preparatinn of this monograph. 

~~~ . 

Assay.-Transfer about 200 mg. of melphalan, 
accurately weighed, into a titrating beaker and dis- 
solve in 20 ml. of 0.5 N sodium hydroxide. Cover 
the beaker with a watch glass and boil the solution 
for 30 min., adding water as necessary to maintain 
the volume. Cool, neutralize to phenolphthalein 
T.S. with acetic acid, add 1 ml. excess acetic acid, 
and titrate potentiometrically with 0.1 N silver 
nitrate. Each milliliter of 0.1 N silver nitrate is 
equivalent to 15.26 mg. of C13E11&1&02. The 
amount of melphalan found is not less than 93y0 
and not more than 100.57$, calculated on the dried 
basis. (Note.-Based on the assay result, mel- 
phalan is factored to lOO*Z for use in the tablet 
formulation.) 

~ , ~ ~ ~ ~ ~ r ' " ' " ' ~  

L- 
210 3 0 0  150 3 8 0  2.0 2 4 0  

WAVELENGTY (MILLIMICRONS) 

Fig. 1.-Ultraviolet absorption spectrum of 
melphalan in alcohol (10 mcg./ml.). Beckman 
model DK-2A spectrophotometer. 

Fig. 2.-Infrared spectrum of melphalan in 
potassium bromide disk (0.5%,). Perkiu-Elmer 
model 21 spectrophotometer; sodium chloride 
prism. 
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DOSAGE FORMS OF MELPHALAN 

.Melphalan Tablets 

Identity Tests.-Transfer B nil. of the assay 
solution ( 5  mg. of tnelphalan in 100 ml.) into a glass- 
stoppered test tube and add 1 ml. ol U.S.P. phthalatc 
buffer, pH -1.0, 1 Inl. of a 5 in 100 solution of 4 - ( p -  
nitrobenzyl) pyridine (NBP) in acetone, and 1 ml. of 
saline T.S. Heat on a water bath a t  80’ for 20 
min. and cool the solution quickly. Add 10 ml. 
(of alcohol and 1 ml. of 0.1 N potassium hydroxide: 
:I violet to red-violet color is produced. 

Assay.-Stundard I’reparation.-Tra~~sfer about 
10 mg. of melphalan rcference standard, accurately 
weighed, to a 100-1111. voluinetric flask, dissolve in 
alcohol, dilute to volume with alcohol, and mix. 
Traiisfcr 10.0 inl. of this solution to a second 100-ml. 
volumetric flask, dilute to volume with alcohol, 
:and mix. 

Procedz~re.-Weigh and Gtiely powder not less 
than 20 melphalan tablets. Transfer to a 100-mi. 
volutnetric flask a11 aniount of powdered tablets, 
accurately weighed, equivalent to about 5 mg. of 
melphalan. Add 10 nil. of water, swirl the sample, 
then add 10 ml. of alcohol. Warm on a steam bath 
for about 2 rniu. with intermittent shaking and cool 
the solution. ildd alcohol to volume and mix. 
Ceiitrifugc a portion of the mixture, transfer 10.0 
ml. of thc clear liquid to a 50-ml. volumetric flask, 
make to volunic with alcohol, and mix. Con- 
comitantly, determine the absorbance of this solu- 
tion and that of the Standard Prepurntion in k i n .  
cclis, a t  the maxirnuiri at about 260 rnp with a suit- 
able spectropliotometer, using alcohol as the blank. 
Calculate the quantity, in ing., of CI~H&IZN~O~ 
in the portion of the tablets taken by the formula 
0.5C ( A u / ) L ) ,  where C is the exact concentration, 
in mcg./ml., of rnelphalan in the Standard Prepara- 
tion, calculated on the dried basis, A ,  is the absorb- 
auce of the solution from the tablets, and A ,  is thc 
absorbance of the Standoud Pieparution, The 
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aniouiit ol ~r~elpl~alarl foulid is not less than 93.0‘j:, 
and not more than 107.0‘j: of the labeled amount. 

DISCUSSION 

1J.S.P. and K.F. tcrminologies for solubility, melt- 
ing range, reagents, etc., have been used wherever 
feasible. 

Melphalan,’ synthesized by Bergcl and Stock (l),  
is an orally active alkylatiug agent of tlic nitrogcn 
mustard class which is useful in the treatment of 
multiple myeloma. Early literature references to 
this compound may be found undcr thc synonym 
sarcolysin. 

Identity Tests.-The colorirnetric identification 
of melplialan is based on the procedure of Petering 
and \:an Giessen (2) for the determination of alkylat- 
ing agcnts. An additional identification test for 
rnclphalan drug is obtained by comparing the 
absorbniices of the alcoholic solution at 226 tnp 

(niininiurri) ;md at  260 nip (rnaxiinu~ri). The ratio 
1122ti/A4250 is ahout 0.15. 

Quantitative Methods.-ArgentiInetric deter- 
mination of i~~elplialaii gave an average value of 
96.7 f. 0.2‘3,.2 The titration was conducted using 
a silver electrode a i d  n caloiiiel clectrodc niodified 
to coutairi saturated putassiurn sulfate solution. A 
rapid, precise mcasure of the chloride contcnt may 
be tieterrriiiied by tlie oxygen flask rnethod included 
for butyl chloride, K.F. X I I ,  First Supplement. 
Analysis of corniriercial rnelptialan tablets by the 
sprctrophotometric method gavc an average value 
uf 101.7 zk 1.6%,.2 
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Tecbrzicd Articles- 

Anhydrous Lactose in Direct Tablet Compression 

By NICHOLAS H. BATUYIOS 

The use of anhydrous lactose 1J.S.P. XVII, tablet grade, as a diluent in direct tablet 
compression was investigated. It was found that it possesses excellent tableting 
properties and can be run on a high-speed tablet machine. The placebo and active 
tablets produced were not affected by elevated temperatures, high humidity, and 

direct sunlight. 

N TERMS of economics and product skbility, vantages over double compression, known also I direct tablet compression offers distinct ad- as “slugging,” and the wet granulating method 
(I). Also. direct compression should produce 
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out  the  analytical determinations and dissolution rates and used to  envelop tlie granules. to  Mr. J. J. Tighe for his technical assistance. 
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DOSAGE FORMS OF MELPHALAN 

.Melphalan Tablets 
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The materials were mixed in a Twin-Shell blender 
for approximately 15 min. Then the blend was 
compresscd at a wcight of 125 mg. on a Stokes 551 

Sample Size TargetWt. Sample Mean s. n. Variation tablet machine a t  various speeds usiw '/3rin. 
175, 174, 5. 1, o. 63 special flat-faced beveled edge. rngraved punches. 

At a speed up to 3500 tablets/min., tablets of excel- 

were weighed collectively and individually, it  was 

T A B L E  I.-wEIGHT VARIATION 

Random Coeff. of 

100 

a The mean +s standard deviations included every tablet lent quality Were Produced. When 
weight of the sample. 

TABLE II.-ANALYTICAL DATA 
~~~ ~~ ~~~ 

~~ . ~ _ _ _ _ ~ ~  

Time 
Interval 
Tablets 

Re- 
moved 
Uuring Assays from 
Com- Av.  of Powder of 10 

Compressiou pression Single Tablets Crushed 
Period Run, hr. .--Assay Results of Single Tablets, yo of Label Claim-- Assay Tahlets 
1st day 2 101.5 102.1 101.5 102.9 100.2 101.6 100.8 

4 97.1 96.2 95.2 94.3a 102.9 97.1 99.1 
F 97.7 98.9 96.0 99.0 97.5 97.8 96.6 

2nd day 2 100.9 102.9 102.7 101.7 99.9 101.6 100.1 
4 99.2 101.2 99.2 97.3 99.8 99.3 98.5 
6 99.2 101.6 101.6 100. 0 99.0 100.3 98.9 

3rd day 2 102.1 101.5 97.7 102.5 102.5 101.3 96.9 
4 103.5 102.5 102.9 105.5 105.g6 104.1 98.6 
6 99.9 98.7 103.3 102.1 100.1 100.8 97.0 

'' Low. High. 

There are several t&let diluents commercially found that no tablet varied more than &4.57L from 

Samples of tablets were placed at 50", SO:", R. H. available that can bc compressed directly (1-3). 

properties, and Poor tableting cllaracteristics, 
they havc only limited use. 

this laboratory, i t  found that nnllydrous 
lactose' u's'p. xvlll possesses 
excellent flow and compression properties. It 
produces highly clegant tablets on a high-speed 

+---per tablet, rng.-- . 

feeding and/or metered hoppers. It contains no McN-JR-2498' hy- 
drocliloride 0 . 5  1 . 0  2 . 0  5 . 0  

more than 1.0% free and bound moisture, and its AIl~lydrous lactose 
price is comparable to  spray-dried lactose. U.S .P .XVII  155.7 155.2 154.2 151.2 

Starch U.S.P. 17.5 17 .5  17.5 17.5 

the 

Because Of high cost, physical and chenlical a t  R, T, alld sunlight for 6 ureeks. No significant 
change with respect to color, hardness, and disirite- 
gration time was fouud. 

When results indicated that a satisfactory placebo 
tablet could be made, then tlie following active 
formulations of 200,000 tablets each were made : 

Formulations TI, 111, IV, and V 

rotary tablet machine without requiring induced I1 I11 IV V 

EXPERIMENTAL 

Anhydrous Lactose Particle Size 
Sieve Analysis 

v/ Mesh Size /O 
Retained on : 40 0 

60 13.3-14.1 
80 22.2-24.5 

100 15.4-16.7 
200 26.5-28.7 

Through : 200 16.7-21 . 6  
Formulations 

Several small cxpcrirncntal batches indicated 
that arihydrous lactose U.S.P. XVII, tablet grade, 
has good tabletirig characteristics. Therefore, in 
order to fully determine its tablcting properties, a 
placebo batch of approximatcly 500,000 tablets of 
the following composition was made: 

Formulation I 
70 

Anhydrous lactose U.S.P., tablet grade 89.26 
Starch U.S.P.. . . . . . . . . . . . . . . . . . . . . . . , . 10.00 
Calcium stearate U.S.P.. . . . , . . . . . . . , , . 0.75 
' Marketcd by Shenield Chemical. 

Calcium stcarate 
1 . 3  1 . 3  1.3 1 . 3  

~ - ~~ 

U.S.P. 

175 175 175 175 

The active ingredient was passed through a 100- 
mesh screen and mixed with the inert materials in a 
2-cu. f t .  Twin-Shell blender for 30 min. Thc blcnd 
was conipressed on a Stokes B-2 tablet machine a t  a 
speed of 44 r.p.m. A set of four special, flat oval, 
engraved punches was used (only four punches were 
available). No attempt was made to control thc 
humidity during the cotnpressioii of the four formu- 
lations which was done over a period of 2 months. 

In all formulations tablets of exccllcnt quality 
were obtained. All formulations were subjected 
to  various tests, and the results were satisfactory. 
Formulation 111, containing 1 ing. active ingredient 
per tablet, was tested more extensively, arid the 
rcsults are rcportcd below. Thc solubility of 
McN-JR-2498 hydrochloride in water is 5 mg./ml. 

Test Methods 
Moisture Contents.-Moisture content was de- 

terniiried on a Cenco moisture balance operating at  
~~ 

A No.  rod? designation fur  tritluperido 
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120 v. with a 125-w. infrared lamp. 'rile test was 
continued until a constant weight CVRS rcachcd a t  
50". 

Hardness.-Hardness was deterniinrd by the 
Strong-Cobb Aruer hardness trster. 

Friability.-Friability was measured with a Koche 
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Friabilator using a 4-inin. cycle and a t  least a 6.0- 
Gin. tablet sample. 

Disintegration.-Disintcgration time was deter- 
mined using water and the U.S.P. apparatus; no 
disks were used. 

Dissolution Rates.-The dissolution ratc was de- 
termined in a 1-L. three-necked round-bottom 
flask fitted with a mechanical stirrer and a 7.5-cm. 
Teflon stirring paddle. The stirring paddle was 
adjusted to 2.5-3.5 cm. abovc the bottom of the flask 
and the stirring rate was maintained a t  50 r.p.m. 
The flask contained 750 nil. of fluid and was im- 
nierscd in a constant-temperature water bath main- 
tained a t  37' * 0.1'. Each run consisted of 15 
tablets and a Swiriny hypodermic adapter filter Wds 
used for sampling. l'he fluids used were U.S.P. 
simulated gastric fluid without pepsin and U.S.P. 
simulntcd intestinal fluid without pancreatin. 

Sieve Analysis.-Sieve analysis was done on a 
Cenco-Mcinzer sieve shaker operating at 115 v. 
50/60 cyclcs and a t  a setting of No. 5. Harsliaw 
Scientific 5-ill. diameter sieves were employed. A 
100-Gin. sample per determination was used, and 
the range reported represents three determinations. 

DISCUSSION 
The placebo batch showed that this anhydrous 

lactose formulation can be run on a high-speed 
tablet machine, using g/&n. special, flat-faced 
bcvelrd edge, cngravcd punches, producing excellent 
tablets. Also, the four batches coiitaining up to 5 
mg. of active ingredient per tablet produced tablets 

TABLE III.-DISSOLUTION RATES 
.. ~-~~ .~ .~ 

% McN-JR-2498 Released in Modified, Simulated 
Gastric Fluid 

min. Tnitial 3 MO. at I<. '1.. 3 Mo. at 60° 
1 . . .  10.1 14.5 
2 ... 24.1 26.1 
4 ... 43.3 39.8 
6 ... 63.5 66.4 
8 . . .  78.3 81.5 

10 . . .  88.4 91.0 

Time, 

1 5 . . .  96.4 100. 6 

ao 100:o 90.2 103 9 

20 . . .  98.7 102.2 
25 97.9 102.4 

1 5 . . .  96.4 l00:G 
20 . . .  98.7 102.2 
25 . . .  9 
ao 
% McN-JR-2498 Released in Modified, Simulated 

Intestinal Fluid 
Time, hr. 

'/Z 

2 3 / 4  

1 
2 

5 
7 

Initial 
25.3 
31.9 
42.0 
47.4 
61.8 
72.0 

TABLE IV.-CHEMICAL A N D  PHYSICAL STABILITY DATA 
_____~ ~- - _ _ _ ~ ~ ~  ~~~~ __ 

Time, wk.-- - 

Chemical 
(McN-JR-2498, 

R.T. 

40 

60 

80 a 

Physical 
R.T. 

Moisture, y o  
Color 
Disint. time, min. 
Hardness 
Friability, yu 

.50"a 
Color change 
Disint. timr, min. 
Hardness 
Friability, 7: 

807% K.H., R.T." 
(open container) 
Color change 

IXsitit. time, inin. 
Hard tiess 
Friability, x, 
Wright increase, ';; 

Sunlight (color change) 
Amber glass 
Flint glass 

Initial 

100.2 
100. G 

. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

0.9 
Whitc 

3-1 
9-10 
0.08 

. . .  

. . .  

. . .  
. .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

I 

. .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

h- cc 
3-3 .5  
8-9 

. . .  

. . .  

NC 
NC 

2 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
I . .  

KC 
2-3 
8-9 
. . .  
. . .  

KC 
NC 

3 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

... 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . I  

. . .  

NC 
2-3 
8-9 
0.21 
7.5 

NC 
NC 

4 

. . .  

ioi : X 
102. n 
100.0 
103.0 
98.7 
99.3 

. . .  

. . .  

. . .  

. . .  

. . .  

NSCb 
3-4 
8-9 
0.08 

KC 
2-3.5 
8-9 
0.20 
1 . 6  

NC 
NC 

5 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

... 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

6 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

... 

. . .  

w1;:;e 
3-4 
9-1 0 
0. ox 

NSC 
3-4 
8-9 
0.07 

. . .  

. . .  

. . .  
. . .  
. . .  

. . .  

. . .  

12 

102.4 
100.5 
100.0 
99.2 
98.0 
97.2 
. . .  
. .. 

. . .  
Wh;te 

3-4 
9-10 
0.08 

NSC 
3-4 
9-10 
0.0 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
~- 

a The 50' sample and the 80% I<. H. sainplc were tested immediately upon removal from their respective stations and after 
NC, no change. *tanding at I<. T. for approximately 2 hr. 'The results were the same. NSC, no signifcant change. 
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of excellent quality using special, flat oval, engraved 
punches. 

The criteria used in evaluating the tablets were 
appearance, distribution of activc ingredient, weight 
uniforrnity, friability, bincling, sticking, capping, 
hardness, disintegration time, dissolution ratcs, and 
the effects of elevated temperatures, high humidity, 
and sunlight. No attempt was made to control the 
rclativc humidity during compression which took 
place over a period of approximately 2 months. 

The data in Table I show excellent tablet weight 
uniformity. Tablc I1 sliows that the active material 
was uniformly distributed and that no separation 
occurred during a 3-day conipressioii period. Table 
I11 shows that the dissolution rates in simulated 
gastric fluid were riot affected by high temperature. 
In simulated intestinal fluid the tablets disintegrated 
in 3-4 min., but the dissolution rates were slow due 
to poor solubility of the active conipound a t  pH 7.5 
(0.06 mg./ml.). Table I V  shows that the tablets 
were riot affected cliriiiically or physically by high 
tcmperaturc, high humidity, and direct sunlight. 
Assays not reported liere on tablets cxposed to 
sunlight and high humidity showed good stability. 
The tablet color did not change significantly after 12 
weeks a t  50". A very slight off-white color de- 
veloped which could be detected only when the room 
temperature and the 50" samples were observed 
together. 

Journal of Pharnzaceuticnl Sciences 

SUMMARY 
1. Placebo aiid active tablets were made by di- 

rect compression using anhydrous lactose U.S.P. 
XVII, tablet grade, as a dilucnt. 

2. A placebo batch of approximately 500,000 
tablets was run a t  a speed of 3500 tablcts/min. on a 
Stokes 551 tablet machiiie resulting in excellent 
tablets. Special g/as-in. flat beveled edge, engraved 
punches were used. 

3. Four batches of 200,000 tablets each, con- 
taining 0.5, 1, 2, and 5 mg. activc material per tablet, 
were made using a set of four special, flat oval, 
engraved punches, on a stokes B-2 tablet machine a t  
a speed of 44 r.p.ni. 

The placebo and active tablets were excellent 
as shown by the elegance, small tablet weight varia- 
tion, uniform distribution o f  the active ingredient, 
fast disintegration and dissolution rates, good hard- 
ness, low friability, and lack of binding, sticking, 
and capping. 

No induced feeding and/or metered hoppers 
were required. 

l'liysical and chemical stability studies showed 
that high temperature, high humidity, and direct 
sunlight had no effect on thc formulations. 
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Notes 

Quantitative Determination of Iodochlorhydroxyquin 
by Infrared Analysis 

By T. URBANYI, D. SLONIBWSKY, and F. TISHLEK 

A quantitative infrared procedure for the determination of iodochlorhydroxyquin 
and its intermediates is described. The method is based on measurements of 
absorption in the 14.4 and 14.9 p regions of a carbon disulfide solution of the 
compound. By measurements at other wavelengths in the infrared region, 5,7- 
diiodo-8-hydroxyquinoline, 5-chloro-8-hydroxyquinoline, and 5,7-dichloro-8- 
hydroxyquinoline, present as impurities, can also be quantitatively determined. 

IIE OFFICIAL U.S.P. XVII procedure (1) for the T determination or iodochlorhydroxyquin, based 
on halogen content, suffers from the fact that the 
method frequeutly docs not distinguish bctwcen the 
parent compound and its intermediates, which may 
occur as coiltaminants. The thiii-layer chromato- 
graphic procedure of Korzun, Brody, and Tishler (2) 
offers a semiquantitative method for tlie drtermina- 
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ment, Ciha Pharmaceutical Co., Summit, N. J. 

tiori of iorlochlorliydroxyquitt ; howcvcr, 5,7-di- 
chloro-8-hydroxyquinoline, which was found in many 
of tlie comnicrcial samples examined, cannot be 
separated from iodochlorhydrosyquin by this 
rncthod. Until now, phase solubility has hccn the 
orily quantitative technique available for determin- 
irig the absolute purity of iodochlorhydroxyquin. 
'This proccdure, a1thou.g-h accurate and specific, is 
time consuming. 

Bigwrd et a l .  ( 3 )  have recently developed an in- 
frarcd spcctrophotometric method for thc semi- 
quantitut ive determination of iodoclilodiydroxyquin 
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Fig. 1.-Infrared spectrum of iodochlorhydroxy- 
quin (upper curve). Iodochlorhydroxyquin adulter- 
ated with: A, 5,7-diiodo-8-hydroxyquinoline; B, 
5-cliloro-8-hydroxyquinoline; C, 5 ,  7-dichloro-8- 
hydroxyquinoline (lower curve). 

and its intermediates. The method, however, not 
only suffers from the typical experimental problems 
which arise in the potassium bromide clisk technique, 
but also requires an infrared spcctrophotorneter 
capable of measurements in the far infrared region. 

The modified infrarccl method described bclow ful- 
fills the desired rcquiremcnts for an analytical 
method-namely, specificity, rapidity, accuracy, and 
precision. 

EXPERIMENTAL 

All conipounds used in this study werc pure as 
determined by either phase solubility or by thin- 
layer chromatography. The infrared spectra wcrc 
recorded on R Reckman T.R. 5 spcctrophotorneter 
and a Perkiti-Elnier I.K. fi21 spcctrophotometer 
using reagent grade carbou disulfide as the solvent. 

4 Calibration curve for the iodochlorhydroxyquin 
was prcpircd by dissolving various concentrations 
(2-10 nig./ml.) of the compound in carbori disulfide. 
The per cent transmittance a t  14.4 and 14.9 p was 
determitied versus a carbon disulfidc blank using 3- 
mm. cells equipped with sodium chloridc plates. 
The ratios [(TI4.& ,,/T14.9 p )  X 101 were calculated 
arid the values plotted on the ordinate axis of 1-cycle 
sc.milogarithmic paper plerszks concentration. In a 
similar manner, calibration curves were prcparcd for 
5,7-dicliloro-8-hydroxyquinolirie [( T13.4;  TI;,?^ ,,) X 
lo], 5-cliloro-8-hydroxyquinoline [T12.15 ./TAM) X 
101 ,' and 5,7-diiodo-8-11ydro~gqui~~oli~~e [ ( T I o . ~ ~  ,,/ 

1 K and B represent the transmittance readinjis at wavc- 
iengths 12.15 and 10.95 p which are determined by the base 
llne technique for the respective compounds. 

-~ 

Fig. 2.-Infrared spectrum of: 2 h ,  5,7-diiodo- 
8-hydroxyquinolinc; 2B, 6-cliloro-8-hydroxyqui11o- 
line; ZC, 5,7-dichloro-8-hydroxyquinoline. 

Fig. 3.-Linearity plot for iodochlorhydroxyquin. 

TBp) X 101.' A 0.5% solution of the sample in 
carbon disulfide was used in the spectrophotometric 
analysis of the synthetic mixtures and commercial 
samples. The phase solubility analyses were carried 
out in a nitrogen atmosphere using redistilled ben- 
zene as the solvent (4). 

DISCUSSIOW 

A qualitative infrared examination of samples of 
iodochlorhydroxyquin U.S.P. currently on the 
market indicated the presence of the following im- 
purities: 5,7-diioclo-8-hydroxyquinolinc, 5,7-di- 
chloro-8-hydroxyquinoline, and 5-chloro-8-hydroxy- 
quinoline. 
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TABLE ~.-ANALYSIS OF SYNTHETIC MIXTURES USING TIIE BECKMAN I.R. 5 
- ~ ~- .- 

7- Mixture 1- -Mixture 2-- 
Compd. Added, “/o Found. (x Added, % Found, 70 

5-Chloro-8-liydroxyquitioline 3.0 2.85 5.0 5.2 
5,7-Dichloro-8-hydroxyquinolir1e 3 . 0 2.80 5 . 0  5.0 
5,7-Diiodo-8-hydroxyquinoline 3 .0  2.70 6 . 0  5.5 
Iodochlorhydroxyquin 91 .0 89.0 85.0 84.0 

TABLE II.-COMPARISOI OF INFRARED AND PHASE 
SOLUDILITY METHODS 

Iodochlorhydroxyquin Content 
Phase 

Solubility, 
Manufacturer 1.R. 6 ,  % I.R. 621, % % 
Synthetic 89 90 90 

A b  97 99 100 
B 96 97 98 
CC 6 O d  . . .  70 
D 38 . . .  38 
E 30 . . .  . . .  

mixturea 

a Synthetic mixture contains 9% impurity. Samples 
A and B are typical pioduction batches prepared at Summit, 
N. J., and Bask, Switzerland. Samples C ,  D, aud E rep- 
resent material sold as U.S.P. iodochlorhydroxyquin. 

~ n s o ~ u t ~ e  material vresent. 

~-Iodo-X-liydroxyquinolinc was not observed in 
any samples and is not considered to be an important 
contaminant. The same technique described below 
can be used, howrvcr, for its dctermination. 

The infrared spectrum between 10 and 16 p for 
phase solubility pure iodochlorhydroxyquin is shown 
in the upper curvc of Fig. 1. A sample of pure iodo- 
chlorhyclroxyquiu adulterated with 2Oy0, 5,7- 
dichloro-8-hydroxyquinolime, loco.. 5-chloro-8-hy- 
droxyquinoline, and ZOyo 5,7-di!odo-8-hydroxy- 
quiiioline is shown in thc lower curve of this figure. 
The infrared spectra of the three intermcdiatcs, 
5,7-diiodo-8-hydroxyquinolinc (2A), khloro-8- 
hydroxyquinolirie (2B), arid 5,i-dichloro-8-hydroxy- 
quiiioline (2.2) are shown in Fig. 2 It is quite 
obvious from Fig. 1 that the interrnrdiatcs have a 
great effect on the spectrum of the pure material, 
especially a t  10.95 p (diiodo-), 12 15 p (mono- 
chloro-), 13 45 1~ (dichloro-), and 14.4 p (iodochlor- 
hydroxyquin). 

Exaniinatioii of the spectra of solutions of iodo- 
chlorhydroxyquiti shows that the intcnsity of the 
absorption band occurring a t  14.4 u decreases as thc 
amounts of impurities present increase. It can be 
seen from Fig. 2 that thc three intermediates exhibit 
no significant absorption a t  this wavelength. Semi- 
logarithmic plots of the ratio of per cent trarismit- 
tarice a t  14.4 Nc/per ceut traiismittancc a t  14.9 p 
zeisu.7 conccntration of iodochlorhydroxyquin are 
linear. Figure 3 shows this relationship. Although 
similar plots are not shown for the thrcc intcrme- 
diatcs, they also exhibited linearity. 

Even though thc plots arc lincar over a wide range 
u l  concentration, it was observed that the most 
reproducible results were obtained in the range of 
40-60yo transmittance. It was found that samples 
containing these iutermediates in substantial 
amounts were not solublc to thc extent of 1% in 
carbon disulfide. They did give clear sohtions, 
however, a t  a concentration of 0.5o/b. In order to 
maintain the absorption of the 14.4 p band in the 
trarismittniice range of 40-60%, a light path of 3 
mm. was employed. 

In order to determine the accuracy of the pro- 
cedure, synthetic mixtures were prcparcd and ana- 
lyzed spectrophotometrically as described. The 
results appear in Table I. 

Samples of U.S.P. quality iodochlorhydroxyquin 
from various commercial sources werc arialyzed using 
a Beckman I.R. 5 spectrophotometcr and a Perkiri 
Elmer I.R. 621 spectrophotomcter. These results 
were compared with phase solubility analyses and 
are shown in Table 11. 

I t  can be seen from Table I1 that the :muracy of 
the method is increased if a more accurate and better 
resolving infrared spectrophotometer is used. In the 
case ol the I.R. 5 spectrophotometer the accuracy is 

and with the I.K. 621 spectrophotorneter, 
*l?%. 

A4nalysis of samples C, D, and E by the current 
U.S.P. XVII procedures for chlorine and iodine and 
identity showed that two of the three samples passed 
all tests and could be considered of U.S.P. quality, 
even though they contain 60% or less of iodochlor- 
hydroxyquin as determined by infrared measurc- 
ments. 

Since it has been demonstrated that iodochlorhy- 
droxyquin inay contain considerablc amounts of 
intermediates as impurities and still meet prescnt 
U.S.P. spccificatiuns, it is apparent that a more spc- 
cific method of determination of purity of iodochlor- 
hydroxyquin is necessary. The infrared procedure 
describcd provides a rapid, highly spccific, and quan- 
titative method for this purpose. 
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Quantitative Determination of Hexachlorophene in Ointments 
Containing Salicylic Acid and Methyl p-Hydroxybenzoate 

By RHYS BRYANT, DONALD E. MANTLE, and DAVID S. YODER 

Hexachlorophene in ointments is determined 
spectrophotometrically by the “difference” 
method after selective removal of all interfer- 

ing components. 

THE PRESENTLY available colorimetric (1, 6-10, 
14, 15) and spectrophotometric (2-5, 11, 12) 

rnethods for quantitative estimation of hexachloro- 
phenc [2,~’-1iietliylencbis(3,4,(i-tricliloroplic1iol)] arc 
unsuitable for the determination of hexachlorophenc 
iir ointment prepnratiotis coiitaiuiiig both s:tlicylic 
acid and methyl p-liydrox)~bei~zoate. 

The colorimetric method using .l-arriiiioaritipyritie 
requires the color complex to be in aqueous solutiori 
(6). In the case of sulfur-containing ointments, the 
sulfur remains suspended’ in  the aqueous solution 
and causes considerable interference (cf. Reference 
13). 

Attempts to remove salicylic acid from both ether 
atid chloroform extracts ol the ointments with 
sodium bicarbonate resulted in emulsioti formatiou. 
The emulsions were cxtrcmcly stable and permitted 
only a 50% recovery of hexachlorophene. 

T o  measure the ahsorbancc of hcx:ichlori,plieiie 
at 25’7.5 nip, where tlic absorbance 01 salicylic acid 
is iridepcndcnt of pH changc (5), would result in 
intcrfercncc~ due to methyl /~-hydrux).~iizoate,  
which absorbs (5) a t  257 mp in pH 7.5 buffer. 

A procedure for liexacliloroplieiie assay which 
overcomes the above difficulties is reported here. 
The organir components of the ointments are cx- 
tracted into ether froill a methanol-aqueous sodium 
chloridc suspension which suppresscs eiriulsion for- 
mation. The salicylic acid is removed selectively into 
pII 8 buffer, and the methyl p-hydruxybeiizoatc 
sapotiilied. The hexachlorophene may then be 
measured spcctrophotoinetrically by the “differ- 
ence” method (%, 5),  with no interference from other 
components, 

EXPERIMENTAL 

Apparatus.--A Cary model 14M was used in this 
work. 

Reagents.-A411 solutioiis are aqueous uiilcss other- 
wise specified. The hexachlorophene staudard 
solution is prcparrcl by dissolving 100 mg. of Iicxa- 
chlorophcne U.S.P. in 100 ml. of methanol. 

Procedure.--A quantity of ointment coiitairiing 
2 mg. of licxael~loropliene was weig;l-ied into a 125- 
nil. separator a d  shaken with 15 ml. of methanol. 
Fifteen milliliters of 7 7% sodium chloride was added 
to the solutiori which, aftcr coding to  room t c m  
pcraturc, was extracted with 25 nil. of ether. The 
aclu[.oiis-tii~tlianol layer was re-extracted with 26 
1111. of ether iri a second 125-ml. separator. Each 
ether extract was washed by allowing 1 1111. of 
i ,b sodium chloride to pas$ through the ether 
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layer without shaking. !~fter draining and dis- 
cardiug the sodium chloride layer, 1 i d .  or 35Cj, 
sodium chloridc and 10 ml. of pH 8 Clark and Luhs 
buffer wcre added to each cthcr extract. Each 
separator was shaken gently, and the aqueoiis layers 
wcre combinecl in a single 125-ml. separator. After 
extracting the aqucous layer with %5 nil. of ether, 
the aqueous portion was discarded. The three rther 
extracts obtained were combitiecl into a 100-ml. 
volumetric flask and evaporated to  drpncss. The 
residue was dissolved in 5 1111. of nrctlianol and 10 
ml. of 1 N sodium hydroxidc and the solution 
heated a t  ’75” for 30 rriin. The solution was cooled, 
diluted to volume with methauol, and filtered. 
Exactly 20 ml. of the solution was placed in a 25-ml. 
volumetric flask and diluted to volume with meth- 
anol. This solutioii was placed in the sample cell 
of the spectropliotoirieter. Another 20 ml. of the 
solution was placed in a sccand 25-nil. volumetric 
flask atid diluted to volume with I N mrthannlic 
hydrochloric acid. This solution was placed in 
tlie reference cell of the spc.ctropiiotoiiieter and the 
maximum differential ultraviolet absorbaiicr of 
hexachlorophenc measured at 320 niM. The con- 
centration of hexachlorophenc was determined by 
cornparison with a standard hcxachloroplierie solu- 
tion which Iiad been carried through the above pro- 
cedure beginning with the methanol- 1 N sodium 
hydroxide treatincut. 

DISCUSSION 

The presctice of fairly large quantities of surfactant 
in ointments resulted iu incomplete extraction of 
hrxaclilorophene due to lormation of stable emul- 
sions. When the extractions were preceded by 
treatmrnt with sodium chloride-methanol, a quanti- 
tative separation of thc hexachlorophetie was ob- 
tained. Attempts to separate the salicylic acid 
using sodium carhonate or sodium bicarbonate were 
unsuccessful due to emulsion formation and con- 
comitant loss of hcxachlorophene. 

The saponification of methyl p-hydroxybenzoate 
is necessary for the quantitative estitiiatioii of the 
hrxachlorophene. The maximum absorbance of 
mcthyl p-hyrlroxybcnzo~rtc both at pH 0.8 (the pH 
of the final metliauolie acid solution) and at pII 11.5 
(the pH of tlie final alkalitic methanol solution) is 
298 nip, and tlie hexachlorophenc absorption is seen 
only as a shoulder oii the larger methyl p-hydroxy- 
benzoate peak. Sodium p-hydroxybenzoate in 
mcthaiiolic solution at pH 11.5, when read using the 
“differenec” method against the acid solution a t  
pH 0.8, absorbs at 286 mp. This hypsochromic 
shift is sulficient to separate completely the p -  
hydroxybcrizoate absorption from that of the 
hexachlorophene, which can then readily be rneas- 
ured. ’The use of acidified methanol sugxested 
in U.S.P. SVII (16) was precluded for the following 
reason: it was necessary to hydrolyze the methyl 
P-hydroxybenzoatr with strong alkali. Neutraliza- 
tion of the solutioii with acidified 90% methanol 
gave a final solution of pH 7.7. At this pH, the 
tiighvr absorbance of the ji-hydrouybtmmatc inter- 
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fcrcd with the hexachlorophene absorbance. The 
wavelength of hexachlorophene absorbance is pH de- 
pendent. In the system reported here (pH 0.8/11.5), 
the absorbancc was a t  320 mp. Using the U.S.P. 
XVII buffer-acid system, the absorbance is a t  312 
mp, causing slight interferencc with the p-bydroxy- 
benzoate absorbance. 

RESULTS 

The recovery of standard hcxachlorophene 
carried through this method was 99 f 2%. The 
accuracy and reproducibility of the spectrophoto- 
metric “difference” method have already been 
well documcnted ( 5 ) .  
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Identification of 1-, 2-, 3-, and 4-Chlorophenothiazine Isomers 
By I. B. EISDORFER, R. J. WARREN, W. E. THOMPSON, and J. E. ZAREMBO 

The infrared and ultraviolet spectral data for four monochloroisomers of pheno- 
thiazine are presented and discussed. From these data it is possible to make a posi- 
tive and rapid identification of any of the isomers with a minimum amount of sample. 

The method can be used to identify the isomers alone or in  combination. 

HE PRESENCE of isomers in the preparation of T chlorinatcd phenothiazines is always a possi- 
bility. The problem of determining the presence of 
an isomer and identifying the specific isomer present 
is a frequent analytical problem. A simplc, rapid 
method for identifying the 1-, 2-, 3-,  and 4-chloro- 
phenothiazine isomers is presented. 

EXPERIMENTAL 

Reagents. - 1 - Chlorophenotliiazine, 2-chloro- 
phcnothiazinc, 3-chlorophenothiazine, and 4-chloro- 
phenotliiazine. All chemicals are of analytical 

on the ring. The infrared pattern here is specific 
enough to distinguish one isomer from another, and 
the absorption bands are so located as to yerrnit 
detection of one or more isomers in the presencc of 
another. 

Spectrum .I, which is that of the 1-chloro isomer, 
shows strong absorption bands betweeri 770 and 700 
cm.-l which are assignable to 3 and 4 adjacent free 
hydrogeii atoms in an aromatic ring (1). Spectrum 
B is that of the 2-chloro isomer with absorption 

!no 

80 

60 

$0 

gradc as prcparcd at Smith Kline & Frcnch Lab- 
oratories. 

Spectrophotometers.-The infrared spectra were 
recorded with a Perkin-Elmer model 21 double beam 
spectrophotometer with a sodium chloride prism. 
The phenothiazines studied were prepared as mineral 
oil mulls. W 

The ultraviolet spectra were recorded with a Cary 
model 14 recording spectrophotometer using 2 

c matched fused silica cells with a 1-cni. light path. 
5 - 
(0 

RESULTS AND DISCUSSION z a Infrared Spectra.-Figure 1 shows the infrared LL 

spectra obtained for the four chlorophenothiazine 
isomcrs. Thc arca of greatest intcrcst is the region 
between 1000 and 650 cm.-I. This is the regioii 
which contains absorption bands due to C-H out-of- 
plane deformations in aromatic ring systcms. Each 
of the isomers has its own unique pattern in this area 
owing to the particular position of the chlorine atom 
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fcrcd with the hexachlorophene absorbance. The 
wavelength of hexachlorophene absorbance is pH de- 
pendent. In the system reported here (pH 0.8/11.5), 
the absorbancc was a t  320 mp. Using the U.S.P. 
XVII buffer-acid system, the absorbance is a t  312 
mp, causing slight interferencc with the p-bydroxy- 
benzoate absorbance. 

RESULTS 

The recovery of standard hcxachlorophene 
carried through this method was 99 f 2%. The 
accuracy and reproducibility of the spectrophoto- 
metric “difference” method have already been 
well documcnted ( 5 ) .  
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Identification of 1-, 2-, 3-, and 4-Chlorophenothiazine Isomers 
By I. B. EISDORFER, R. J. WARREN, W. E. THOMPSON, and J. E. ZAREMBO 

The infrared and ultraviolet spectral data for four monochloroisomers of pheno- 
thiazine are presented and discussed. From these data it is possible to make a posi- 
tive and rapid identification of any of the isomers with a minimum amount of sample. 

The method can be used to identify the isomers alone or in  combination. 

HE PRESENCE of isomers in the preparation of T chlorinatcd phenothiazines is always a possi- 
bility. The problem of determining the presence of 
an isomer and identifying the specific isomer present 
is a frequent analytical problem. A simplc, rapid 
method for identifying the 1-, 2-, 3-,  and 4-chloro- 
phenothiazine isomers is presented. 

EXPERIMENTAL 

Reagents. - 1 - Chlorophenotliiazine, 2-chloro- 
phcnothiazinc, 3-chlorophenothiazine, and 4-chloro- 
phenotliiazine. All chemicals are of analytical 

on the ring. The infrared pattern here is specific 
enough to distinguish one isomer from another, and 
the absorption bands are so located as to yerrnit 
detection of one or more isomers in the presencc of 
another. 

Spectrum .I, which is that of the 1-chloro isomer, 
shows strong absorption bands betweeri 770 and 700 
cm.-l which are assignable to 3 and 4 adjacent free 
hydrogeii atoms in an aromatic ring (1). Spectrum 
B is that of the 2-chloro isomer with absorption 
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The phenothiazines studied were prepared as mineral 
oil mulls. W 

The ultraviolet spectra were recorded with a Cary 
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bands a t  750, 800, 825, and 920 cni.-l which are 
assignablc to a 2-substituted phenothiazine (2). 
Spectrum C is the 3-chloro isomer with absorption 
bands a t  750,810, 850, 875, and 925 cm. -l which are 
all assignable to 4 arid 2 adjacent free hydrogen 
atoms and one free hydrogen atom on an aromatic 
ring (1). Spectrum D is the 4chloro isomer with 
strong absorption bands at 740 and '765 c m - l  which 
are in agreement with out-of-plane bending vibra- 
tions of 3 and 4 adjacent free hydrogen atoms on an 
aromatic ring system (1). From these infrared datait 
is possible not only to identify each isomer alone but 
also in cornbiriation with the other three isomers. 
An illustration of how thcsc data may be used to iden- 
tify the isomers in combination is shown in Fig. 2. 
Spectrum A is that of 2-chlorophcnothiazine. Spec- 
trum B is a mixture containing 67, of 3-chloropheno- 
thiazirie. Spectrum C is the spectrum of a 10% 
mixture of the 3-isomer in 2-chlorophcnothiazine. 
Thcrc is no absorption whatever at 11.45 p in the 
2-cliloro isomer but in the spectra of both mixtures 
an absorption band a t  11.45 pis noted. This band is 
due to the presence of the 3-chloro isomer (see spcc- 
truni C in Fig. 1). Prcparation of a series of stand- 
ards or mixtures of known concentrations makes i t  
possible to prcparc a calibration curve from which 
quantitative data and minor components could bc 
derived. 

The infrared spectra of the four isomers comple- 
ments the ultraviolet data which follow and is very 
valuable indeed in identifying chromatographic 
fractions from gas Chromatography or spots from 
thin-layer or paper cliromatography. It also pro- 

I 

1 3  4 5 b 7 8  B 1D 1 1 1 2  13 14 l i t 6  

Fig. 2.-Kcy: A, 2-chloroplie1iothiazine; B, 6% 
~-clilorophenoiliiadtie in 2-chlorophe11otliia7ine; C ,  
10c/h 3-chlorophenothiazi1ie in Z-chlorophmothi- 
:17111e. 

vides a rapid means of idcntification of isomers in a 
given preparation of chlorinatcd phcnothiazines. 

Ultraviolet Spectra.-Table I lists the ultraviolet 
maxima and corresponding log e values for the four 

TABLE I.-U.V. SPECTRAL DATA FOR 
CHL~ROPHENOTHIAZINES~ 

Compd. A, nw Log 

1-C hlorophenothiazine 

320 3.69 

c1 256 4.71 H 
2- Chlorophenothiazine 

323 3.67 

258 4.68 H 
3-Chlorophenothiazine 

c1 

4-Chlorophenothiazine 

U. V. spectra run in 95% ethanol. 

chloro isomers, The effect of the position of the 
chlorinc on the ring can readily bc seen in the various 
wavelength shifts. The infrared data complc- 
mented by these ultraviolet data for the isomers 
make possible a quantitative estimation of the 
amount of various isomers present in a given prepa- 
ration. 

SUMMARY 

Data are given to  show t h a t  1-, 2-, 3-, and 4-chlo- 
roplienothiazines each possess a uniquc infrared and 
ultraviolet spectrtlm. This information provides a 
basis for determining the presence or absence of iso- 
mers in a given preparation nf chlorinated pheno- 
thiazitw. 
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Nitration of 1,4-Dimethyl-2 -quinolone and I, 2 -Dimethyl-4-quino lone 

By 1. NABlH 

Nitration occurred at position 6 in 1,4-di- 
methyl-2-quinolone and at 6 and 8 in 1,2- 
dimethyl-4-quinolone. Structures were con- 

firmed by alternate synthesis. 

XTENSIVE work has been carried out on the E nitration of quinolincs (1). In the case of 
quinolones, nitration of 1 - methyl - 2 - quinolone 
with nitric and sulfuric acids has given 6-nitro-l- 
methyl-2-quinolonc, which on further nitration gavc 
3,6,8 - tririitro - 1 - methyl - 2 - quinolone (2, 3). 
1-Methyl-4-quinolonc has been treated with 68o/b 
nitric acid to give 3 - nitro - 1 - methyl - 4 - quino- 
lone, and further nitration lcd to  3,6-dinitro-1- 
methyl-4-quinolone (4). 1,4-Dimethyl-2-quinolone 
( I )  has been treated with an excess of fuming nitric 
acid to give a mixture of compounds tentatively 
assigned the structurcs of 6-nitro-1,4-diiiietliyl-2- 
quiuolone (111) and 3,6,8-trinitro-l, 4-dimcthyl-2- 
quinolone (5). The purpose of the present work was 
to  establish structure 111, and also to  carry out 
similar studies on the nitration of 1,2-diniethyl-4- 
quinolone ( I  I ) and to  establish the structures ol the 
nitration products. Their assignmcnts were mainly 
dependent upoii using compounds of accurate 
structural assignmcnt as possible starting materials. 

Thus, compound TIT was identified through the 
preparation of 6-nitro-2-hydroxy-4-mcthylquinolinoline 
(R),  which upon treatment with methyl iodide arid 
potassium methoxide gavc A-nitro-1,4-dimethyl-2- 
quinolone which is identical with I11 (as shown by 
mixed melting point). 

0 

I 

CHs 
11, R = R'= H I , R = H  

III,R=NOn V ,  R=R'=N02 
IV, R = NH, VI,  R=NO*,R '=H 

N M R  spectra were determined for both I and 11. 
The vinyl hydrogen a t  the 3-position appears in both 
spectra as a singlct a t  3.65 T and 4.1 T ,  respectively, 
while the aromatic hydrogens in I appeared a t  2.8 
T .  They split iuto separate peaks in the spectrum 
of I11 a t  3.2 T and 2.3 T. These correspond to  the 
hydrogen atoms at the 5-position and 7- aiid 8- 
positions as shown from their integration values, 
but the signal arising from the vinyl hydrogen a t  the 
3-position (3.65 T) remained unchanged, an indica- 
tion of nonsubstitution a t  that  position. 

Reduction of 111 with stannous chloride and 
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hydrochloric acid led to  6-amino-1,4-dimethyl-2- 
quiuolone ( I V ) .  

Nitration of 1,2-diiiietliyl-4-quinolone (11) in 
sulfuric-nitric acid medium led to substitution a t  
both the 6- and 8-positions to  give V, the structure of 
which was assigned by alternative synthesis. 
R-Nitro-1,2-dimethylI-4-quinolone (VI)  was pre- 

pared by the action of dimethyl sulfate in an alka- 
liue solutiou of 6-1iitro-2-methyl-4-Iiydroxyqui11oline 
(7), and further nitration of VI gave 6,8-dinitro-l,2- 
dirnethyl-4-quinolone, which was identical with 
V. 8-Nitro-2-methyl-4-liydroxyqui1inline (8), when 
subjected to  further nitration, led to  the 6,8-dinitro 
derivative, which upon treatment with dimethyl 
sulfate in an alkaline medium gave V. 

EXPERIMENTAL 

All melting points are uncorrected and measured 
on Kofler hot stage. 

6 - Nitro - 1,4 - dimethyl - 2 - quinolone (In).-- 
Method A .-To a solution of 1,4-dimethyl-2- 
quinolone (9) (3  Gm., 0.017 mole) in 10 ml. of con- 
centrated sulfuric acid was added 5 ml. of nitric 
acid (d. 1.42) mixed with 15 ml. of concentrated 
sulfuric acid, while the temperature was kept a t  
0". Tlie reaction mixture was kept for 24 hr. a t  
room temperature, and when poured onto crushed 
ice, a yellow precipitate formed, m.p. 223-225". 
Recrystallization from ethanol gavc 3.48 Gm. 

yield) of 111, m.p. 225-227". [Lit. m.p. 
228.5229' (7).] 

Anal.-Calcd. for CllH10NZ03: C, 60.55; H, 
4.59; N, 12.84. Found: C, 60.51; €1, 4.7.5; N, 
12.89. 

Method B.--To a mixture of 6-1iitro-4-methyl-~- 
hydroxyquinolone (8) (2.04 Gm., 0.01 mole) in 10 
nil. of 2 N potassium methoxide and 1.5 nil. of ab- 
solute methyl alcohol was added 4 Gm. of methyl 
iodide. The mixture was heated under reflux for 3 
hr., then allowed to  cool overnight. The precipi- 
tated potassium iodide was separated, the filtrate 
was diluted with water and made alkaline by 
addition of sodium hydroxide solution, aiid a yellow 
substauce precipitated, m.p. 22422.5". Kecrystal- 
lization from ethanol gave i1i.p. 225227'  which was 
uridepressed on admixture with an authentic sample, 
prepared by Method A .  

Anal.-Calcd. for CI1HloN2Oa: C, 60.55; €1, 
4.59; N, 12.84. Found: C, 60.75; H, 4..52; N,  
12.96. 

6 - Amino - 1,4 - dimethyl - 2 - quinolone (IV).-- 
To a solution of R-nitro-1,4-dimrthyl-2-quinolonc 
(1.88 Gtn., 0.01 mole) in glacial acetic acid (15 nil.), 
was added a solution of stannous chloride (7.5 
Gm.) in concentratcd hydrochloric acid (10 ml.). 
The mixture was refluxed for 3 hr., then kept over- 
night a t  room temperature. Tlie precipitated 
starinic chloride mas filtered off, and the filtrate was 
boiled for 20 min. with 50'% aqueous sodium 
hydroxide (25 ml.). The solid so obtained, m.p. 
275-27T0, was recrystallized from ethanol, m.p. 

AnaZ.-Calcd. for CllHlaNzO: C ,  70.21; H, 6.39; 

1,2-Dimethyl-4-quinolone (II).-To*' a' solution of 

279-280". 

N, 14.89. Found: C, 7O.OX; H, 6.35;: N, 14.66. 
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2-~rietliyl-4-liydroxyquitiolinc (15.9 Gm., 0.4 mole) 
in 150 ml. of aqurous potassium hydroxidc (5<2), 
was added dimethyl sulfate (8 nil.). After shaking 
the mixture for 30 miti., potassium hydroxide 
solution (50 ml.) was addcd with continuous shaking 
during an additional 30 min. The reaction mixture 
was kept for 48 hr. a t  room tcmperature. Thc 
product was extracted with chloroform, then recrys- 
tallized several times from benzene to give 2.59 
Cm. (15';7, yield) of I1 in the form of light-red 
ncedles, m.p. 158-160°. [Lit. ni. p. 156--16O0 
(101.1 

6,8 - Dinitro - 1,2 - dimethyl- 4 - quinolone (V).- 
To a solution of 1,2-dimethyl-4-quinolonr (0.173 
Cm.)  in sulfuric acid (5 ml.) was added a mixture of 
nitric acid (1 nil.) and sulfuric acid (3  nil.) by the 
same method as described for 1,4-dimethyl-2- 
quinolone (I). The product obtained, m.p. 258", 
whcn recrystallized from ethanol, gave 0.17 Gm. 
(657; yield) of V,  m.p. 259-261'. 

Anal.-Calcd. for CI~HISNSO~: C, 49.62; H, 
4.51; N, 15.78. Found: C, 50.02; H, 4.43; 
N, 15.98. 

6 - Nitro - 1,2 - dimethyl - 4 - quinolone (VI).- 
To a solution of 6-1iitro-2-1riet1iy1-4-11ydroxyqu~no- 
line (7) (2.04 Cm.) in 50 ml. of aqueous potassium 
hydroxide (5vc) was aclcled dimethyl sulfate (3.3 
Gm.). Thr  mixturc was stirrcd a t  70" for 30 min. 
and kept a t  room tcrriperature overnight. Thc 
formed yellow precipitate, m.p. 215", was recrystal- 
lized from hot benzene to give 1.27 Gm. (409; yield) 
of VT, m.p. 218-220". 

And-Calcd. for CllHloNsOa: C,  60.5.5: H ,  
4.58; N, 12.88. Found: C, 60.37; IT, 4.46; N, 
12.75. 

6,8 - Dinitro - 1,2 - dimethyl - 4 - quinolone (V).- 
To a solution of 6-nitro-1,2-dirncthyl-4-q~1i1iolone 
(VI) (1.5 Gm.) in concentrated sulfuric acid (10 ml.) 
at 10" was addcd a mixturc of nitric acid (d. 1.42, 
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1 nil.) and concentrated sulfuric acid (3 ml,). 
hftrr  standing for 24 hr. a t  room temperature, 
the mixture was poured onto crushed icc, thc 
isolated product, m.p. %57", was recrystallized from 
cthanol to  give 1.13 Gm. (90',>6 yield) of V, m.p. 
259-261". I t  was idcntical in melting point with 
an authentic sample of V, and showcd no depression 
of mixed melting point. 

And-Calcd. for CllH121T305: C, 49.62; H, 
4.51; N, 15.78. Found: C, 40.78; €1, 4.62; N, 
15.YL. 

6,8 - Dinitro - 2 - methyl - 4 - hydroxyquinolim- 
A solution of 8-nitro-2-methyl-4-hydroxyquinoline 
( 8 )  (2.04 Gm., 0.01 mole) in concentrated sulfuric 
acid (10 nil.) was treated with a mixture of nitric 
acid and sulfuric acid, as dcscribcd abovc. Thc 
isolated procluct, 1n.p. %go, was recrystallized from 
ethanol to give 1.85 Gm. of 6,8-dinitro-2-mcthyl-4- 
hydroxyquinoline (75% yield), 11i.p. 247-249'. 

N. 16.86. Found: C, 48.21; H, 3.04; N, 16.85. 
When this compound was trcated with dimethyl 

sulfate in an alkaline mcdiuni, as for the preparation 
of f-nitro-l,Z-dimcthyl-4-quinol~ne, the isolated 
product was idcntical with V, with iio dcprcssion of 
the mixcd melting point. 

AnUl.-cdlcd. for CloHiPu'aOs: c ,  48.19; 11, 2.81; 
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N-Aminoalkyl-a-aminoacids and Their Corresponding Ethyl Esters 
By TIBERIO DRUZZESE and ELDA CRESCENZI 

Fourteen N-aminoalkyl-cr-aminoacids and their corresponding ethyl esters have been 
prepared for pharmacological screening. T h e  physicochemical properties and optimal 

reaction conditions are reported. 

WRING RECENT years. a-a.minoncid dcrivativcs D have been the subject of several studies of 
biological interest. In particular, Goldin et  nl. 
(1 ) havc reportrd that glycine, although free from 
hypnotic activity, pntrntiatcs barbiturate-induct.dlc~c~ 
sleep, while Edwarcls et nl. (2, 3)  havc found that the 
csters of some a-phcnylRlycines possess good anti- 
spasmodic and local anesthetic activity. Further- 
more, i t  has becn rcported that ethyl esters of 
N,N-disubstitutcd glycinrs cxcrt antispasmodic, 
antihiatamirk, ancl hypotcnsive activity (4) ,  and 
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tliat other similar derivativcs havc becn studicd 
in tubcrculostatic (5) and herbicidal tests (6). 

The present note dcals with the preparation of a 
series of A~-aminoalkyl-a-amirloscids and their cor- 
responding ethyl esters for submitting to  pharm- 
acological screening. I n  addition, thcse compounds 
were useful intcrrncdiates for the  synthcsis of 3-sub- 
stitutcd sydnones, as we have recently reported 

Thc cstcrs in question were prepared by alkyla- 
tiori with a-bromo esters of suitable N-amino- 
alkyl-amincs. Because of the side reactions result- 
ing from the competitive arniriolysis of the ester 
group (8). the authors studicd the synthesis pro- 
cvdurc in detail, and found it  an advantage to  usc 

(7) .  
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TABLE I.--N-AMINOALKYL-~-AMINOESTERS 

Rz 
I 

R~--NH-&H-COOC~H~ 

Reflux 
Time, Yield,n B.p., OC., 

hr. 7c mm. Formula 
1 75 77-80 (0.5) CioII2zN202 

-. .______ - .~ 

--Anal., L&- 
Calcd. Found 

C, 59.37 58.94 
13, 10.96 10.81 
N, 13.85 13.54 

Compd. 
Ih 

R I  
( C~HI)? N( CH:! )% 

R? 
H 

I1 CHB C, 61.07 60.89 
H, 11.18 11.20 
N. 12.95 12.75 

1 54 12.5126 (0.3) CisHw,NzOz C, 69.03 68.95 
H, 9.41 9.26 
N,  10.06 9.87 

C, 59.97 59.56 
H ,  10.07 9.92 
N,13.99 14.14 

111' CcHj 

EI 1 51 100-103 (1.0) C10H2ohT202 I v 

v CH3 2 67 92-94 (1.0) CuH2nIT20s C, 61.65 61.11 
H, 10.35 10.17 
N,13.07 12.80 

1 74 125-127 (0.2) CleH24Nz02 v Id  c, 69.53 69.00 
H, 8 .75  8.85 
N,  10.14 10.13 

C, 61.65 62.03 
IT, 10.35 10.26 
iY, 13.07 13.31 

C, 63.12 62.94 
H,  10.60 10.39 
N. 12.27 12.45 

VI I  H 1 87 99-102 (0.5) CuH??N202 

VlI I  2 64 98-101 (1.0)  Ci?H24IY~02 

1 78 147-149 (0.5) C I ~ H ~ G K ~ O ~  C, 70.31 70.76 
H, 9.02 9.20 
N. 9.65 9.50 

x H 0 5 42 94-98(0.2) CIOH~OIS?O~ C. 55.53 55.76 
H: 9.32 9.29 
N, 12.95 13.16 

n 
0 H N(CHJ, 
U 

XI CH:j 2 50 106-108 (1.0) C I I H Z ~ N ~ O ~  C, 57.36 57.01 
€1, 9.63 9.70 
N, 12.17 12.42 

1 31 155-1.58(0.3) C I ~ H E ~ N S O ~  

1 38 76-78 (1.0) C9H?oNjOt 

2 69 72-74 (1.0)  CioHzzN202 

C, 65.72 66.08 
H, 8.27 8.32 
N, 9.58 9.56 
c, 57.41 57.24 
H, 10.71 10.58 
N. 14.88 14.55 
C, 59.37 58.87 
H, 10.96 10.85 
N, 13.85 13.66 

Distilled once. Lit. (8) b.p. 78O (1.1 mm.), yield 45%. Lit. (2) b.p. 156-158' (1.5 mm.), yield 52%. Lit. (2) h.p. 
163-1613" (1.5 mm.), yield 80%. Lit. (2) b.p. 172-176O (2 mm.), yield 76%. 

ether as the solvent and 1 mole of triethylamine as 
scavenger of the hydrobromic acid formed during 
the reaction. By contrast, the use of boiling ben- 
zerie and excess N-aminoalkyl-arnine as acid scaven- 
ger (9, lo), as also the use of a-chloro esters in- 
stead of thc more reactive a-bromo dwivativcs, 
were found to give rise to  N,N'-diaminoalkyl- 
glycinamides as by-products. Table I gives the 

redction conditions, yields, and physical and analyti- 
cal properties of thc csters prepared All the com- 
pounds are colorless oils which may easily be puri- 
fied by vacuum distillation. 

The N-aminoalkyl-a-aminoacids were obtained 
by hydrolyzing the above esters with 20% sodium 
hydroxide at  60-70". Brown products difficult to  
crystallizc wcrc obtained at  the refluxing tempern- 
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'rARLF: II.-!\r-A'hlINOALKYL-~-AMINOACID DIHYDROCHLORIDES 

XXI H N(CH& C 
XXII H N(CH2), C 

n 
IiXVId 0 H N(CH2), 

W 

~~ 

~ 

Yield," 
56 
78 

86 

74 

81 

9 5 

84 

86 

95 

80 

92 

95 

93 

92 

83 

M.P. ,~ Recrystn. 
' C .  Solvent 

143-144 b?diaiid 

193-105 Etharlol- 
acctone 

329-230 Ethanol- 
methanol 

189-190 Ethanol- 
acetone 

172 173 Ethanol 

210-21 1 Ethanol 

224-226 Ethanol 

190-192 Mcthanol 

223-224 Metllallcrl 

231-232 Acetic acid 

227 2ZX Ethanol, 
95',(, 

739 

- ---Anal., %-- . 
Calcd. Found 

C ,  38.57 38.33 
H,  8.15 8.2G 
C1.28.69 28.60 
N. 11.33 11.42 
C. 41 38 41.57 
H', 8.49 8.40 
c1,27.12 26.98 
Pi, 10.72 10.73 
c, 52.01 51.58 
€1, 7.48 7.37 
C1,21.03 22.18 
N, 8.67 8.71 

C, 39.19 39.01 
H, 7 .40  7.46 
C1,28.93 28.83 
N,  11 .43  11.23 

C, 41 70 40.91 
€1, 7.78 7 86 
c1.27 36 26.95 
N,  10 81 10 81 

c 52 34 52 30 
H ,  6 YO 7 01 
c1,22 07 2'2 03 
N ,  8 72 8 .56 

C, 41.70 41.39 
H ,  7.78 7.90 
C1.27.36 27.12 
x.' 10.81 10.56 

c, 43.92 41.11 
H, 8.12 8.09 
C1,25.96 26.05 
N .  10.25 10.03 

c, 53.78 rio.70 
H, 7.22 7.47 
c1.21.15 21.09 
N. 8.36 8.29 

c, 36.79 38.39 
H, 6 .95 7 .04  
c1,27.15 27.00 
5 .  10.72 10 .54  

c, 39.39 39.66 
H ,  7 . 3 3  7 .32  
C1,25.75 25.78 
x. 10.18 9.95 

c. 49.85 49.35 
H,  6 57 6 67 
c1,21 0'2 20 71 
N, 8 31 8 33 
c, 36.OA 35.77 
H, 7 .78  7 .71  
c1, 30.40 30.22 
N. 12.01 11.96 
C, 38.87 39 06 
H, 8 .15  830 
C1,28 69 28.18 
IT, 1 1 . 3 3  11.25 

" Crtide pmdtict. 
Neuvy, L., Rii11. Soc. (,'hint. F~orzce. 1957, 1019. 
Zasshi, 82, 912(IP62). 

T h e  compounds melt with decornposiLir,n. Repnrted as the hydtobroiuide by Szarvasi, R., and '' Kqmrted as the TIee base by Kawahaia .  S., and Katsuno, K., Y a k w n k u  
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ture. All thc compounds wcrc isolated from the 
reaction mixture as the dihydroclforides; they are 
colorless crystalline solids, and their properties arc 
reported in Table 11. 

Preliminary data on the pharmacohgical screcn- 
ing which was perfornied in accordance with the 
techniques previously described [ 11 ), have shown 
that some members of both series possess a certain 
degree of antispasmodic, local anesthetic, and mti- 
tussive activity. 

EXPERIMENTAL 

Boiling points are uncorrected. Mclting points 
are corrected and were taken on a Riichi capillary 
melting point apparatus. The interrricdiatcs were 
commercial products or clse obtained according to 
the procedures reported in the literature. 

Typical preparations of both the esters and the 
acids are illustrated in the following examples. 

N - (3 - Dimethylaminopropy1)-alanine Ethyl 
Ester (XIV).-Ethyl a-bromo-propionate (54.3 
Gm., 0.3 mole) dissolved in ether (60 i d . )  was added 
dropwise to a solution of 3-dimethylamino-l- 
propylamine (30.6 Gin., 0.3 mole) arid triethylamine 
(30.3 Gm., 0.3 mole) and ether (150 ml.), stirring 
and cooling moderately to room temperature. The 
mixture was stirred for 1 hr., then refluxed for 2 hr., 
and allowed to stand ovcrnight. The prccipitated 
triethylaniine hydrobroniide was filtered off arid 
the solvent removed undcr rcduccd pressure. The 
residue was then distilled, b.p. 72-74' (1 nirn.), 
giving a colorless oil (41.9 Gm.).  

Jnuritul of Pharmnreriticnl Srienres 

Dihydro- 
chloride (XVIII).-A mixture of IV (20 Gin., 0.1 
mole), sodium hydroxidc (6 Gm., 0.15 molc), and 
water (24 nil.) was cautiously heated to 65", with 
efficient stirring. At this temperaturc hydrolysis 
continued spoiitaneously, without necessitating 
furthcr heating. The  solution so obtained was 
washed with ether arid acidified to pH 1 by cautious 
addition of concentratcd hydrochloric acid. The 
reaction mixture was evaporated to dryness in z'ucuo 
and the residue was extracted with 300 ml. of boil- 
ing ethanol in portions. The combined alcoholic 
extracts were then distilled and the residue (19.8 
Gm.) was crystallized from %yo ethanol. hftcr 
drying a t  90" in z'ucuo, colorless crystals wcrc ob- 
tained, m.p. 190-191" dec. 

N - (2 - Pyrrolidinylethyl) - glycine 
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Effect of Germicidal Aerosol Treatment on the Microbial 
Flora of Laboratory Air 

By LEO GREENBERG 

Metered doses of a quaternary ammonium, glycol, alcohol formulation were dis- 
pensed automatically by motorized apparatus at 15-min. intervals around the clock 
for 1 month, and the effects of such treatment on  the microbial flora of the air in a 
heavily trafficked area were studied. Data indicate that, despite large variations in 
number and types of microorganisms found in the air, especially during periods of 
heavy traffic, continued aerosol treatment was capable of sharply reducing mean 
population values and in altering the flora from a predominantly bacterial population 

to one dominated by members of the Per~icilliIlm-Aspergilius group of fungi. 

N RECENT years, the subjects ol ruicrobiological air I pollutioii and air sanitation havc gaincd consider- 
able importanre, and much information is now 
available concerning the irrirnediate and latent effects 
caused by iuhalation arid retention of foreign air- 
borne particles and bacteria. Prcsent knowledge 
indicates that particles approximately 1-5 fi  in 
diameter are most effective for penetration anti re- 
tention in the deep pulmonary spaces (l), and in 
addition, larger particles bearing many organisms 
map infect open mounds. In light of recent experi- 
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ences with hospital-associated staphylococeic in- 
fections, much attention has been devoted to the 
removal or inactivation of hiological particles of all 
sizes from the air used in critical spaces. 

To accomplish these ends, a widely diversified 
group of chemical agents arid methods has been 
proposed, including the use of thr gaseous fumigants 
formaldehyde, 8-propiolnctone, arid ethylene oxide. 
For more limited and routine use, numerous com- 
mercial products designed to rcduce air contamina- 
tion have bccn developed, and are designed for 
acrosolization either by mechanical spray or by 
nicans of propellants such as thc freons. Among thc 
agents utilized for such purposes have been various 
alcohols, glycols, volatile oils, phenols, and quater- 
naries. 

In general, such commcrcial aerosols havc bcen 



740 
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TABLE I.---COI,ONY COUNTS OF MICROORGANISMS COLLECTED BY AIR SAMPL.lNG I N  TEST LAHORATORY 
~ 

!Start) (Finish) 

Orranism 2 Wk." W k .  1 Wk. 2 Wk 3 Wk. 4 2 U'k.a 
- No Treatment No Treatment, - -.4erosnl T~-e~tmcnl-- 

Bacteria 
Cocci 
Gram-positive 

Other 
spore-formers 

Yeasts 
Molds 

Penicillium- 
A s  pergillus 
Alternuria 
Others 

Total colonies 

21 i6  
587 

1306 

283 
80 

398 
62 

17 
219 

2 6 54 

1559 
280 

1060 

219 

483 
89 

29 
345 

2106 

84 

820 463 148 41 3 
124 38 7 37 
588 342 124 347 

108 83 17 29 
49 1 9 13 

771 G(i6 669 9116 
266 271 308 413 

35 34 38 50 
470 361 323 443 

1640 1130 826 1332 

evaluated either by determining minimum inhibi- 
tory concentrations oF active ingredients against 
standard suspcnsions of known microbial species or 
through the m e  of closcct chamber techniques in 
which a syntlletic atmosphcrc is produced which 
contains a known curlcentration of microbial forms, 
either vegetative or spores. Serruticz indica and 
Dac.ill?cs suhtilis var. riiger (Bacillus globigii') are 
among the orgnuisms more commonly cmployed for 
study (2). In  either case, results obtaiued have 
little in coninion with actual conditions of use in a 
critical air space such as a hospital room or labora- 
tory. The present study was undertaken to  deter- 
mine the effects of germicidal aerosol treatrnent nu  
the microbial flora of the air in a heavily traffickcd 
laboratory over an extended pcriod of time. 

MATERIALS AND METHODS 

The laboratory chosen for study was approxi- 
mately 30,000 cu. it. with two windows a t  one end 
and a door at the opposite end. The only furniture 
a t  the beginning of the experiment consistcd of sev- 
cral long, formica-topped tables. Table tops, floor, 
walls, ledges, and othcr exposed surfaces were 
clcancd by normal maintenance prior to tlie start of 
the experiment. 

The aerosol formulation chosen for study cow 
taincd 1.8%) quaternary anmioniutn compounds as 
RTC-501 in an alcohol-glycol base, and a fluorinated 
hydrocarbon2 propellant. A special metering valve 
was installed on all containers tn provide for dis- 
pensing :I lnn-mg. spray dosc a t  each activation. 
Quantitative studies indicated that  such an arrange- 
ment produced a spray with a median particle size of 
18 p and that each 100-mg. spray contained approxi- 
matrly 12,000,000 aerosol particles. 

T o  provide constant round-the-clock air treat- 
ment, a special dispenser was adapted to  activate the 
containcr valve at 15-inin. intervals. The unit was 
powered by a small, synchronous motor similar to 
that  of an electric clock, oprrating on 116 v .  60 ryclr 
a.c. Preliminary invcstigation deterrnined that  15- 
min. intervals represented the most satisfactory 
spacing of spray bursts. Such spacirix yielded bnrcly 
measurable levels of germicidal particles at the end 
of the period but  did not permit excessive build-up 
of concentrations in daily use. 

1 Supplied by Onyx  Che mica1 Co. 
2 Marketed as Freon-12 by H .  I .  1)tiPont d~ Nemours & 

Co., Tnr., Wilmington. Del. 

Thrce units were installed on thc walls of thc 
laboratory 8 f t .  above the floor level so spaced that  
thc spray paths converged in the approximate center 
ol  the laboratory. Air samples were collected every 
4 hr. during the day and at Mir. intervals during the 
night for 8 weeks. T o  determine prrtreatment 
normal values, nonmedicatcd aerosol was employed 
during thc first 2 weeks. Medicated acrosol was 
sprayed during the next 4 consecutive weeks and 
finally, during the next 2 weeks the nonmedicated 
spray was used again. 

Air sampling in duplicate was clone by means of a 
hospital contamination analysis kit3 utilizing ini- 
pingcment to  buffcrcd gelatin broth and concentra- 
tion and cultivation on filter disks. Samples mere 
taken for a <5-min. pcriod at an approximate flow rate 
of 12.5 L. of air per minutc. Brain heart infusion 
agar was used for total aerobic bacterial counts while 
potato dextrose agar, acidified with sterile 10 yo 
tartaric acid to a pH of 3.5 was used for mold and 
ycast determinations (3). 

Throughout tlie study, a constant traffic pattern 
was established; students entered and left at will 
during the hours of 10 a.m. and 4 p.m. Windows 
and doors were closed at other times, except for the 
entrance and exit of the sample taker. Parallel 
samples were taken in an adjoining 1ahorn.tory to 
confirm that any gross changcs in flora observed 
during the &-week experiment werc not simply 
seasonal variations in the grnrral environrncnt. 
Room temperature, relative humidity. and baro- 
metric pressure were recordcd as each air sample was 
taken to  determine if thcsc fartors sccmcd to in- 
fluencc t i c  results. 

Racterial colony counts were made after 48-hr. 
incubation at 35O while ycast and mold counts were 
made after 7-day incubation at 32'. Following 
counting, siniple microscopic and macroscopic cri- 
teria were used to single out the following groups of 
organisms: sarcina, staphylococcus typcs (microro- 
cci), Gram-positive sporc-forming bacilli, yeasts, and 
molds. Among those colonies identified as molds, 
members of the gencral Penicillium, A speugdlus, and 
Alternuria were identified routinely by conidial 
characteristics and M i ~ o r ,  Neurospom, Clndospor- 
iunz and other common forms diagnosed where 
possible by morphological characteristics. 

3 Rililliporc Filter Corp , nedfnt-il, Mass. 
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RESULTS A N D  DISCUSSION 

Monitoring the air during t.he preliminary 2-week 
period in both the test laboratory and the control 
laboratory indicatcd that the normal flora in this 
particular environment consisted of an over-all mean 
distribution as follows: bacteria, 827; (range 48- 
969;); ycasts, 3% (range 0-5%); molds, 15% (range 
2-287;)). As might well have bcen expected, mean 
values for total bacterial counts teuded to rise 
sharply during periods of heavy traffic. IIowcver, 
values did not fall promptly on cessation of traffic. 
For example, during this 2-week period, the number 
of bacterial colonies isolated rose from 227 at  8 a.m. 
to 492 a t  12 noon and fell only to 451 at 8 p.m. On 
more than half of the days sampled, total bactrrial 
counts were higher 4 and 8 hr. after trafic periods 
than during traffic periods. A similar effect, 
although less marked, was found in total mold 
counts. This persistence was most c-vident among 
the penicillia and almost iioiiexistent with yeacts. 

With the onset of air treatment, profound altera- 
tions in the microbial flora were observed which are 
summarized in Tablc I and graphically represented 
in Fig. 1. Thesc changes were not found in values 
obtained in the control environment and may be 
regarcled as being the result of thc spray regimen 
rather than as normal or seasonal variations. Al- 
though there were ninrked fluctuations in  expcri- 
mental values a t  different times duritig the 4-week 
experimental period, the general trend was clearly 
toward a marked drop in total microhial species 
amenable to routine cultivation, arid a pronounced 
conversion of the persistent flora from one dominated 
by Grain-positive spore-forming bacilli to one domi- 
nated by the Penicilli~~-Asper~illits group of molds. 
Among the bactcria, a relatively rapid decline in the 
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Fig. 1.-Aver- 
age weekly num- 
ber of colouy 
isolates identi- 
fied as Gram- 
positive spore- 
forming bacilli, 
cocci, molds, and 
yeasts. 

prrsence of coccal forms apparently tcstifics to the 
sensitivity of such spccics to quateriiary germicides, 
and the sharp quantitative drop in yeast isolates may 
be similarly explained. 

No evident correlation could be discerned between 
the alterations in flora recorded during the course of 
thc experiment and the temperature, barometric 
pressure, or relative humidity readings, although 
there remains with the experimenter the subjective 
irripression that mold colony counts, particularly 
in the Penicillium-Aspergillus group, tended to 
increase during periods of relatively high humidity. 

In conclusion, it seems evident that the use of 
germicidal aerosol is capable of changing both 
the quality and quantity of the microbial flora of 
the air even under conditions of free access and air 
exchange in the space evaluated. The use of a quatcr- 
nary type disinfectant system is purely a personal 
choice, and it is probable that where air sanitation 
of critical spaces is desired and for one reason or 
another the quaternary ammonium type of germi- 
cide is uudesirable, satisfactory results can be ob- 
tained with other formulations. ‘The apparent 
success of the present system agaiust coccal forms 
may indicate a clinical usefulness against pathogenic 
forms of staphylococci, currently ol profound 
public health significance, aiid if such is the case, 
it  is encouraging to note from the data that cessation 
of air sanitation under the conditions described 
did not result in the prompt re-cstablishmcnt of thc 
pretreatment flora. 
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Opium Alkaloids 111. Isolation of a-Allocryptopine 
By EINAR BROCHMANN-IIANSSEN and BENDIK NIELSEN 

Allocryptopine has been isolated from opium in approximately 0.01 per cent yield 
as the a-form. The alkaloid has been identified by NMR and mass spectrometry 
and by comparison of its infrared spectrum with that of its allotropic modification, 
8-allocryptopine. The biosynthetic pathway leading to allocryptopine is discussed 

briefly. 

ECENT STUDIES of tlie alkaloid coniposition R of opium have revealed severd new alkaloids, 
some of which have served to coiiGr1n modern 
theories on the biosynthetic pathways in the opium 
poppy (1-6). This report describes the isolation of 
allocryptopine which belongs to the protopine group 
of alkaloids. 

Allocryptopine is present in  inany plants, es- 
pecially in members of the I'e,baoeruceae, and is 
generally found in concentrations of less than 0.1 yo 
(7). A notable exception is ;I rgenzone sgunrrosn, 
From which it has been isolated in quantitics of 
approximately 1% (8). T h e  alkaloid occurs in two 
allotropic modifications referred to  as the U- and the 
,@-forms with different crystal structures and melting 
points. 

I 

m/e 354 mje 338 

with low RJ value (between morphine and codcine) 
was scrapcd off and eluted with warm metliariol 
The alkaloid was purificd by rcpeated crystalliza- 
tion of the picratc, n1.p. 2 0 8 O . l  T h e  base wasliber- 
ated by passing through a column of neutral alumina 
and washing with clilorolorrn. After evaporation 
of the solvcnt, tlic residue was crystallized from 
hcptane, 111.p. 160°. 

Identification of ru-Allocryptopine.-Tlie NMR 
spectrum2 in deuterochluroforiri revealed four aro- 
matic protons in tlie region 3.0-3.1 T, a inethylene- 
dioxy group at  -1.08 T, two 0-methyl groups a t  6.16 
and 6.22 T, and a N-methyl group at  8.15 T. The 
high field absorption band of the Wmcthyl group is 
similar to that of protopine (10) and is probably 
caused by the shielding effcct of tlie carbonyl group. 

OH 
m e 206 

m e 164 

m, e 149 

Major Fragments in Mass Spcctrotnetry of Allocryptopine 
Scheme I 

EXPERIMENTAL 

Isolation.-The mother liquor from the gurifica- 
tion of morphine was cxtracted as describcd in a 
previous communication (2). The chloroform ex- 
tract obtained at pH 1-1.5 (HCl), containing the 
weakly basic alkaloids, was separated into phenolic 
and nonphenolic bases with ether a t  pII 13, and 
the nonphenolic fraction subjectcd to preparative 
l.hin-layer chromatography (9). An alkaloid band 
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Mass spcctron~etry~ gnvr it rnolcculnr ion with mass 
369. Major fragments appearcd in the mass spec- 
trum a t  in/e 149, 104, 206, 338, and 354, corre- 
spondirig t u  the expected cleavage ot allocryptopine 
( I )  as illustrated in SclieIrie I. 

The I.R. spectrum4 of tlie alkaloid base in  chloro- 
fnrni solution W;LS idcntical with that of authentic 
allocryptogine. The melting point agreed with that 
rcportcd for a-nllocryptopinc (7). The ,&form melts 
at 170" (7, 8). A mixed mclting point with au- 
thentic p-allocryptopine gavc a depression to 166". 
Whcri the melt was allowed to cool and crystallize, 
i t  melted at 170". 'I'hiq is consistent with the ob- 
servation of Soine and Willette (8) .  The amounts of 

1 All melting points were dctcr titined with a Kofler micro- 
melting point apparatus. 

2 The instrument used was a Val-ian A-60 nuclear magnetic 
resunance spect I-ometer. 

3 Assnciated Electrical Industries MSY. ' IJnicam SP-200 infrared spectlophotometer. 
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I11 
J 

v VI 
Scheme 11 

a-allocryptopine in opium appears to he of  the order 
of 0.01 yo. 

Andb--Calcd. for C2LH23N05: C, 65.28; H, 
6.28; N, 3.79. Found: C ,  68.24; H, 6.03; N, 
3.99. 

DISCUSSION 
Reticuline (11) has bcen showii t o  be a precursor 

for protopine in several plant species (11, 12), and 
there is evidence that this bintransformation pro- 
ceeds by way of scoulerine (111) ( U ) ,  which has 
recently been isolated from opium (6). Scoulerinc, 
like reticuline, represents an important branching 
point in the biosynthesis of opium alkaloids from 
which a number of tetraliydroprotoberberine (IV), 
protopine ( V ) ,  and phthalidcisoquinoline alkaloids 
(VI) niay be derived (Scheme 11). A thorough 
search may well reveal othcr members of thesc 

5 The analyses were carried out by the Microanalytical 
Lahot-atory. Department of Chemistry. Univei-sky of Cali- 
furuia, Berkeley. 

alkaloid groups in t h e  opium poppy than those which 
have been reported so far. 

REFERENCES 
(1) Rrochmann-IIanssen, E., and Furuya, T., J. Phnvm 

( 2 )  Brochmdnn-Hanssen, E.. and Furuya, T., Planla 

(3) Brochmann-Hansscn, E., and Niclscn, B..  Telra- 

(4) Brochmann-IIanssen, E., and Nielsen, D . ,  J. Pharm. 

( 5 )  kijland, M. M., Pharm. Weekblad, 99, 1165(1964); 

Sca., 53, 575(1964). 

M r d . .  12, 328(1064). 

hedvon Lettevs, (No. 18) 1271(1865). 

Sci. 54 1393(1965). 

100. 8811965). 
(6) kmchmann-Hanssen, E., and Nielsen, B., Tetra-  

hedron T . r l t ~ r c  tn he nuhliqhed . .,.. ~ 

(7j k n s k e .  R. H. F.,  "The Alkaloids. Chemistry and 
Physiology," vol. IV, Manske, R.  H. P., and Holmes, H. L..  
Academic Prcss Inc., New Yurk, N. Y., 1954, p. 159. 

( 8 )  Soine. T. 0.. and Willrtte. R. E.. J .  Pharm. Sci.. 
49, R B S ( I ~ ) .  

(9) Brochmann-Hansscn E.. and Nielsen. B. .  tbid . 54. . ,  , .  , .  
1831(1Y65). 

(10) High Resolution NMR Spectra Catalog, Varian 

(11) Barton, D. H. R. .  H e s s .  I<. H., and Kirby, G. W.,  

(12) Rattershy. A. H., Francis, R.  J . ,  Ruveda, E. A.. 

Associates, Palo Alto, Calif., 1962. 

Proc. Chem. Soc., 1963, 267; J .  Chem. Soc.. 1965, 6379. 

aud Staunton, J., Chem. Commun., 1965, 89. 

Cornmanications 

Nonspecificity of Published 
Assays for 

Chloramphenicol Solutions 

Sir: 

The authors have found that the accepted 
spectrophotometric method (1)  for chloramphen- 
icol-containing pharmaceuticals does not yield 
valid results when applied to  a partially degraded 
aqucous solution of chlora~ni,heiiicol. The Code 

of Federal Regulations designates as accepVable 
various analytical methods for the antibiotic in 
pharmaceuticals. The  procedures for two micro- 
biological methods and one spectrophotometric 
method are outlined in the code (1). In  addition, 
Higuchi, Marcus, and Bias have developed a 
different microbiological method and have com- 
pared this with a chromatographic method for 
chloramphenicol (2). 

Samples of an aqueous solution of chloram- 
phenicol containing stabilizing agents were stored 
at 4", 22O, and 32' for approximately 16 months. 
Table I shows the chloramphenicol content of 



744 .Tourlznl of Phevrnnceutical Sciences 

I11 
J 

v VI 
Scheme 11 

a-allocryptopine in opium appears to he of  the order 
of 0.01 yo. 

Andb--Calcd. for C2LH23N05: C, 65.28; H, 
6.28; N, 3.79. Found: C ,  68.24; H, 6.03; N, 
3.99. 

DISCUSSION 
Reticuline (11) has bcen showii t o  be a precursor 

for protopine in several plant species (11, 12), and 
there is evidence that this bintransformation pro- 
ceeds by way of scoulerine (111) ( U ) ,  which has 
recently been isolated from opium (6). Scoulerinc, 
like reticuline, represents an important branching 
point in the biosynthesis of opium alkaloids from 
which a number of tetraliydroprotoberberine (IV), 
protopine ( V ) ,  and phthalidcisoquinoline alkaloids 
(VI) niay be derived (Scheme 11). A thorough 
search may well reveal othcr members of thesc 

5 The analyses were carried out by the Microanalytical 
Lahot-atory. Department of Chemistry. Univei-sky of Cali- 
furuia, Berkeley. 

alkaloid groups in t h e  opium poppy than those which 
have been reported so far. 

REFERENCES 
(1) Rrochmann-IIanssen, E., and Furuya, T., J. Phnvm 

( 2 )  Brochmdnn-Hanssen, E.. and Furuya, T., Planla 

(3) Brochmann-Hansscn, E., and Niclscn, B..  Telra- 

(4) Brochmann-IIanssen, E., and Nielsen, D . ,  J. Pharm. 

( 5 )  kijland, M. M., Pharm. Weekblad, 99, 1165(1964); 

Sca., 53, 575(1964). 

M r d . .  12, 328(1064). 

hedvon Lettevs, (No. 18) 1271(1865). 

Sci. 54 1393(1965). 

100. 8811965). 
(6) kmchmann-Hanssen, E., and Nielsen, B., Tetra-  

hedron T . r l t ~ r c  tn he nuhliqhed . .,.. ~ 

(7j k n s k e .  R. H. F.,  "The Alkaloids. Chemistry and 
Physiology," vol. IV, Manske, R.  H. P., and Holmes, H. L..  
Academic Prcss Inc., New Yurk, N. Y., 1954, p. 159. 

( 8 )  Soine. T. 0.. and Willrtte. R. E.. J .  Pharm. Sci.. 
49, R B S ( I ~ ) .  

(9) Brochmann-Hansscn E.. and Nielsen. B. .  tbid . 54. . ,  , .  , .  
1831(1Y65). 

(10) High Resolution NMR Spectra Catalog, Varian 

(11) Barton, D. H. R. .  H e s s .  I<. H., and Kirby, G. W.,  

(12) Rattershy. A. H., Francis, R.  J . ,  Ruveda, E. A.. 

Associates, Palo Alto, Calif., 1962. 

Proc. Chem. Soc., 1963, 267; J .  Chem. Soc.. 1965, 6379. 

aud Staunton, J., Chem. Commun., 1965, 89. 

Cornmanications 

Nonspecificity of Published 
Assays for 

Chloramphenicol Solutions 

Sir: 

The authors have found that the accepted 
spectrophotometric method (1)  for chloramphen- 
icol-containing pharmaceuticals does not yield 
valid results when applied to  a partially degraded 
aqucous solution of chlora~ni,heiiicol. The Code 

of Federal Regulations designates as accepVable 
various analytical methods for the antibiotic in 
pharmaceuticals. The  procedures for two micro- 
biological methods and one spectrophotometric 
method are outlined in the code (1). In  addition, 
Higuchi, Marcus, and Bias have developed a 
different microbiological method and have com- 
pared this with a chromatographic method for 
chloramphenicol (2). 

Samples of an aqueous solution of chloram- 
phenicol containing stabilizing agents were stored 
at 4", 22O, and 32' for approximately 16 months. 
Table I shows the chloramphenicol content of 



V d .  55, No.  7 ,  .Tidy 1966 74.5 

'I'Aljl,E 1. -Cl)MPAKISON O I J  MHTHOI)S" 
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Stwage  Rlici-obiological Mici obiological wilh Prior TLC 
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(I Each figure represents the  average uf thiee dctcrminations and is expieised as the per cent uf chloramphenicol in t h e  
I' 17reshly prepared solution of the same solution. 

formulation containing 0,50'X, chloramphenicol. 
The  precision is expressed as average deviation from Lhe values niven. 

T A B L E  1I.-I!iVRLYSIS O F  COMMEKCIIALLY I iVAILABLB 
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t'..V. 
~~ ~~~~ ~ 
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Separation Ilirzct 11. V. 
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' I  ISach figure represents the average o f  two detei miiiatiutis 
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of a partially degraded aque- 
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The thin-layer chromatographic mcthod and 
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(1 )  Code of Federal I:egulations, Title 21. Chap. 1,  p. 183 
f f . .  Ofice uf the Federal Ilegister, Sational Archives and 
I<ecoi-ds Service, Genei-al Services Administration. Washing 

I ) . ,  arid Mias, C. I ) . ,  J .  Phar,m. 
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?‘he General Medical Council. Thc Pharma- 
ceutical Press, 17 Bloomsbury Square, London 
W C1, England, 1966. 15 X 23 
cm. Price 45 s. 
l‘his is thc second addcndum to thc “British Phar- 

macopeia 1963.” Seventy-two new monographs are 
iricluded. Revisions also appear for approximately 
65 monographs currently in the B.P. 1963. Most 
of the new monographs are for synthetic drugs and 
their dosage forms. Itcms such as atiiitriptylinc 
hydrochloride, riortriptyline hydrochloride, beta- 
methasone sodium phosphate, and sodium iothala- 
mate injection are among thc new additions. ‘Hie 
Addendum 1966 will be official from September 1, 
1966. 

A rcvicw of the “Addendum 1964” appears in 
J .  Yharm.  Sci., 54, 1079(1965). 
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24 cm. Price 95.00. 
4 few years ago thc Division of Medicinal Chem- 

istry of the American Chemical Society held a well 
attended two-day symposium on the subject 01 
Molecular Modification in Drug Design, which also 
has bccome the title of a book summarizing the 
lectures and discussion. The late Professor Frcd 
W. Schuclcr, chairman of the symposium, suc- 
cinctly stated in the preface the essence of the sub- 
ject: “Molecular modification guided by deduction, 
induction, and serendipity oia the prepared mind 
has produccd in the last 25 years more potent and 
more useful drug agents in various areas of thcra- 
peutics than have been reportcd in all previous 
history.” 

Despite the idealistic ycarning of the medicinal 
chemist for theories and laws which will assure the 
introduction of the best possible ~nernber of an 
established class of drugs as well as of entirely novel 
drugs, such has not yet proved to be the case. 
Despite worthy efforts which one day may bcar 
fruit, the exact architecture of not a single active 
site is known. Until the day of full enlightenment 
has arrived, supcrior drugs will arise through molec- 
ular modification with its corriporients of intuition, 
industry, theory, technical ability, flash of genius, 
and fortuitous circumstance. 

The introductory chapter by Ilr. Max Tishler 
cornbiries a scholarly with a practical approach in 
convincing fashion. Particularly impressive is thc 
unpredictable fact of the prcscncc of the sulfonaiiiide 
group in a variety of srnctures constituting agents 
for bactcrial infections, inhibition of penicillin ex- 
cretion, gout, cardiac edema, and diabetes, not to 
mention the old chloramine antiseptics. Professor 
John C. Sheehan describes how chemists modified 
the penicillin molecule so as to rcnder it effectiv,e 
agaiust resistant staphylococcal infections. 111 

the chapter by Dr. Gcrhard Zbinden, one can see 
evidence of how, despite the deterrent cflect 01 early 
theories of action which implied that better sulfas 
would not be found, chemists, pharmacologists, 
and clinicians have, nevertheless, produced valuable 
new sulfas. 

So the story goes through 18 well-documented 
chapters by experts in medicinal chcmistry and 
allied fields. Discrete molecular modification j 
have brought forth exciting and valuable ncw anti- 
hypertensives, e.g., methyldopa, and aritideprcs- 
sants, e.g., imipramine. Modifications of the steroid 
hormones have produccd dramatic increases in 
biological activity beyond that of the parent hor- 
mone, and also important uses have emerged, as 
in the case of the antifertility agents. 

Every medicinal chemist should read this book. 
I t  will teach him not to adhere rigidly to theories 
of drug action as we presently know them. It ~riay 
help him to  create valuable new drugs. 
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The tiniversity of Michigan 
Ann Arbor 
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of drug action as we presently know them. It ~riay 
help him to  create valuable new drugs. 

Reviewed by Joseph H. Burckhalter 
College of Phnrmacy 
The tiniversity of Michigan 
Ann Arbor 
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XTENSIVE INvEsTIGKrIoNs in recent years 
of the physiological and pharmacological 

properties of endogenous biologically active 
substances have increased interest in thc poly- 
peptide substance P (SP). Although SP is 
one of the oldest known peptides, discovered by 
Euler and Gaddum (I) in 1931 while investigat- 
ing acetylcholine distribution, its biological 
function is largely unknown. Many speculative 
functions have been proposed lor SP; as an 
essential factor for the rhythmic motility of 
the intestine (2-5), both as an excitatory and 
inhibitory neurotransmitter (G-S),  as a general 
hyperpolarizing modulator (10, 11) or physiologi- 
cal tranquilizer (12, 13), as a carrier of various 
transmitter substances (l4-16), and as a capil- 
lary permeability increasing agent (17, 18), but 
conclusive evidence for any or several of these 
functions has not been obtained. 

Received from the Laboratory of Nuclear Medicine and 
Radiation Biology, Department of Biophysics and iVuclear 
Medicine, University of California School of Medicine, 
Los Angeles. 

This article was supported by contract AT(O4-1)C,EN-12 
between the Atomic Energy Commission and the University 
of California, Los Anpeles. * Supported by training grant 5-TI-GM-796 in Biophysics 
aud Nucleat- Medicine from the IT. S. Public Health Service, 
Bethesda, A'ld. 

Substance P exerts its pharmacological effects 
primarily on three organic systems : the central 
nervous, gastrointestinal, and circulatory sys- 
tems. While the initial publication described 
SP as a smooth muscle stimulating substance 
and blood pressure depressor, it  also affects the 
central nervous system. This review will sum- 
marize the knowledge of SP to the present, 
particularly on these three systems. Other re- 
views (19-27) cover additional clctails and 
asliects. 

CHEMICAL CHARACTERISTICS 

Substance P is a basic straight chain poly- 
peptide, with molecular weight l M 0  2~ 350 
(19, 28). Total hydrolysis gives the following 
13 amino acids: lysine, arginine, aspartic acid, 
glutamic acid, proline, glycine, alanine, valine, 
leucine, isoleucine, phenylalanine, threonine, 
and serine (28-31). Arginine-proline-proline are 
the first three amino acids from the ,V-terminus, 
as in bradykinin, but the remainder of the chain 
is diffrrent (29, 32). Owing to the extreme in- 
stability of purified SP in solution, the specific 
sequence and synthesis have not been determined. 
A 10-6 dilution of the purified substance loses 
over half of its activity within 2 min., while a 
loF3 dilution is stable lor several hours (28). 
Cleugh and Gaddum (33) suggest that this in- 
stability ol the pure SP is due to its adsorption 
properties. 

Substance P is very soluble in water, methanol, 
ethanol, and acetic acid and is insoluble in ether 
and chloroform. It can be precipitated from 
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good response and a 10% change can be detected. 
In a 0.05-ml. microbath the guinea pig ileum 
is sensitive to 0.001-0.01 unit of SP (40). Puri- 
fied SP (50,000 units/mg.) in a dose of low9 
Gm./ml. caused a subtnaxitnal contraction of 
the isolated guinea pig ileum, so SP on a molar 
basis is about 10 times more active than acetyl- 
choline (28). This sample produced no tachy- 
phylactic phenomenon, even with the time 
interval as short as 1 min., which is oppositc 
to the results obtained using impure SP (41). 
Substance P stimulates the longitudinal but 
not the circular muscle (42). Below 20' con- 
tractions are inhibited (43) and highly variable 
results occur after storage (43, 4 4 .  Suhstancc 
P is reported to increase in potency with in- 
creased pII (45) or to be unaffected (Mi). 

Only two reasonably specific SP antagonists 
have been found: cystine-di-0-naphthylamide 
and trimethaphane-d-camphorsulfonatc.2 They 
have a slight antagonist effect against acetyl- 
cholinc, histamine, and 5-11ydroxytryptatnine, 
but no effect on oxytocin, vasopressin, and 
bradykinin (47,4X). 

The contraction of the isolated hen rectal 
caecum, rabbit jejunum, goldfish intestine. 
and fall in blood pressure of the atropinized 
rabbit are other bioassays which are sensitive 
to purified SP as well as crude preparations 

Three extraction procedures are in common 
use. The standard extraction procedure con- 
sists of boiling the tissue a t  pH 4, precipitation 
of inactive protein by adding ethanol, and fur- 
ther concentrating SP by precipitation with 
ammonium sulfate (37, 55). SubsLance P is 
extracted from small quantities of tissue by an 
acid extraction of the acetone insoluble residue 
(37, 5 G ,  57). Lembeck et al. (58) have recently 
developed a new chloroform-methanol extraction 
procedure. Crude extracts can be further 
purified by adsorption on an aluminum oxide 
column; SP is eluted with decreasing concentra- 
tions of methanol (37). Purified SP has been 
obtained by elaborate procedures involving re- 
peated adsorption and ion exchange chrornatog- 
raphy and countercurrent distribution (28-31). 

Zetler (35, 59-64) in purifying SP extracts 
used carbon tetrachloride to remove salts and 
ammonium sulfate from the extract. Substance 
P from cattle brain treated in this way yields 
three biologically active polypeptides, while 
extracts from the horse intestinal tract gave ten. 
While some of the peptides may be artifacts 
from protein denaturation, they are probably 

(36,4%54). 

2 Mai-keted as Arfonad by Roche Labow(ories. Nutley. 
N. J. 

alcoholic solutions with acetone or picric acid, 
and from watery solutions with phosphotungstic 
acid, mercuric chloride, or by 70% saturation 
with ammonium sulfate. Substance P is thermo- 
stable from pH 1-7, but activity is rapidly lost 
in an alkaline state. It dialyzes rapidly through 
cellophane, parchment, and collodion mem- 
branes (2,34). 

Paper chromatography using different solvent 
systems: n-butanol-acetic acid-water (40 : 10: 501, 
n-butanol-pyridine-acetic acid-water (30 : 20 : 
6: : 24), and pyridine-acetic acid-water (30: 50 : 
15) gave R, values for SP of 0.34-0.3T, 0.4fi, 
0.61, respectively (21, 31, 35) .  Zetler (35) found 
that SP migrated 116 mm. to the cathode during 
paper electrophoresis (pH 4.95, acetate buffer, 
duration 6 hr.). SP migrates to the cathode 
a t  pH below 10.5. Using the buffer system 
formic acid-acetic acid-water (15: 10: i 5 )  and 
pH 1.9, bovine SP migrated a t  a velocity 0.8 
times that of glutamic acid (28); horse SP, 
however, migrated 1.0 times that of glutamic 
acid (29). The isoelectric point was 8.6 i 0.2 
(28). In  countercurrent distribution in the 
system n-butanol-pyridine-acetic acid-water 
(40:10:5:45) a t  20', SP gave a value of K = 
0.61 (28). 

No specific chemical reaction for substance P 
is known, so SP concentration is estimated 
using bioassays, comparing the response against 
a standard preparation. One unit of SP is 
contained in approximately 20-30 mg. of horse 
intestine (34). Purified SP contains 120,000- 
150,000 units of activity per milligram (unit/mg.) 
(28,30). 

The isolated guinea pig ileum provides the 
most specific assay available (36). The most 
commonly used assay (37) uses a segment from 
the distal ileum in a 2-5-ml. intestinal bath 
containing Tyrode's solution a t  34-38', Hyo- 
scine (10-8 Gm./ml.), pyrilamine' (10-6 C:ni./ml.), 
UML 491 ( 5  X 10F  Gm./ml.), or other suitable 
blocking agents, which will antagonize acetyl- 
choline, histamine, and serotonin, respectively, 
are added to the bath solution. Many other 
active substances which may lie present in 
crude extracts can be eliminated by specific 
tachyphylaxis (36) or by enzymatic deamination 
(38, 39). The contraction curve for SP is 
very similar to acetylcholine, with the exceptions 
of a smaller maximum and a slightly delayed 
onset arid maxiniuni response time (28). Maxi- 
mum contraction occurs usually within 1 min. 
atid doses can be repeated at 3-4-min. intervals 
(37) .  In this bath 0.2 unit/ml. should give a 

1 Marketed as Neo-antel-gan hy Merck & Co., Inc., Rah- 
way,  h-. J. 
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varies over a wide range. Cell-rich phylogenetic 
older parts of the brain have the primary con- 
centration with the cerebellum a notable excep- 
tion. 
In the cortex there is an unevm distribution, 

the anterior cingulate gyrus has a high concen- 
tration; the olfactory, sornatomotor, and so- 
matoscnsory cortices have moderate amounts, 
and the visual cortex has little. The cerebellar 
cortex contains small amounts of SP, but con- 
sidered as a whole there is no more than in white 
matter. 

Closely neighboring brain stem structures 
show neurohumoral differentiation (78), as the 
thalamus (1 2 units/Gm.), globus pallidus (1 12 
unitsjGm.), and putamcn (64 units/Grn.) ; 
anterior (70 unitsjGm.) and posterior (22 units/ 
Gm.), hypothalamus, and mammillary body (34 
units/Gm.) ; ala cinerea (248 units/Gm.), trig- 
oniuii hypoglossi (37 unitsjGrn.), and area 
postrema (290 unitsjGni.) ; substantia nigra (699 
units/Gm.) and red nucleus (30 units1Gm.). 

The concentration of SP in functional 
systems shows significant differences; for examplc, 
the visual system, other than the retina, has 
much lower concentrations than the auditory 
system. 

In the spinal cord as in the brain, the gray 
matter shows a higher concentration than the 
white. There is more SP in the dorsal than the 
ventral halves of the spinal cord, except in the 
frog where they are the same (98). This high 
concentration of SP in the scnsory pathway: the 
dorsal roots, fasciculi gracilis and cuneatus, and 
associated nuclei with very low concentrations 
of other well-known pharmacologically active 
substances, led to Lembeck’s suggestion (6) that 
SP may be the transmitter of the scnsory neurons. 

All peripheral nerves contain SP, but in much 
smaller concentrations than in the central nerv- 
ous system. The distribution indicates the 
autonomic nerves, it1 particular the sympathetic 
preganglionic, contain the largest amounts (21). 

Differential and density gradient centrifnga- 
tion studies of brain homogenates show that 
the intracellular distribution of SP is similar to 
acetylcholine (36, i t ) ,  99-105). The distribution 
is bimodal, between the supernatant ( I / a )  and 
synaptic vesicles and the incompletely disrupted 
synaptosoines fractions (2/3). Substance P is 
found, as is acetylcholine, in the hollow or type 1 
synaptic vesicle. Substance P in the vesicle- 
synaptosomes fractions is in a bound form and 
must be released before assay. Lembeck et al. 
(58) think i t  is bound to phosphatides. Sub- 
stance P is released rapidly upon exposure to 

not all so. One or the active peptides was 
found in both the brain and intest,ine, which also 
had all of the properties of SP (62, 65). Zetler 
( G P )  concluded that the brain FI, and intestinal 
F b 3  fractions are SP. which creates a slight 
problem, as Lembeck et nl. (58) in their new ex- 
traction method, extract only fraction Fa from 
nervous tissue and found no SP activity remain- 
ing in the tissue after cxtraction. 

Biological activity of highly purified SP is 
completely destroyed by chyniotrypsin, but only 
partially by trypsin (38, 53).  Impure SP is also 
inactivated by pepsin, cathepsin, papain, diamine 
oxidase, bacterial proteolytic enzymes and ex- 
tracts from nervous tissue, intestinal tract, uri- 
nary bladder, ureter, and uterus (66-’7%). Eber 
and Lembeck (66) found kidney and spleen 
extracts most potent in inactivating SP, with no 
relationship between thc tissue SP content and 
its enzymatic activity. Hlood serum from 
gravid animals destroys SP. while normal serum 
has no or only slight inactivation ability ( i 3 ,  74).  
In subcellular studies an enzyme which inacti- 
vates SP appears to be located in the cytoplasm- 
the supernatant fraction (75, 76). Substance 
P is very resistant to autolysis (66, 77, 78) .  

DISTRIBUTION 

The gastrointestinal tract and nervous system 
of all investigated vertcbrates contain SP (81, 
79-86), but none of the noncordates (87, 88). 
The tunicatc, Cionn intestinalis, is the most 
elementary species in which SP (0.02 unit/Gm.) 
has been found (8’7). Substance P distribution 
in five species is shown in Table I. 

In  the intestinal tract, the content is low in 
the esophagus and stomach, high in the duodenum 
and jejunum. The ileum, colon, and rectum 
contain moderate amounts (21). The amount 
of SP in the intestine varies with the species, in 
decreasing order: dog, monkey, horse, bovine, 
man, rat, guinea pig, sheep, cat, pig, ray, and 
dogfish (21, 87, 92). While SP is found in all 
layers of the gastric and intestinal walls, the 
muscularis mucosa contains the greatest conccn- 
trstion (21,913). 

Amphibians have the highest total brain con- 
centration (200-820 units/Gm.) with moderate 
amounts in reptiles and smaller amounts in 
birds, mammals, and fish (79-81). Differences 
in forebrain and brain stem concentrations are 
less in primitive than more developed brains. 
With increased differentiation of the central 
ncrvous system, the concentration decreases in 
the whole brain (81) and in specific nuclei (90). 
The topographic distribution shows that while 
SP is present in all parts, the concentration hypotonic solutions or extraction a t  pH 4.0 
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TABLE I.-REGIONAL DISTRIBUTION O F  SUBSTANCE P IN FIVE SPECIES 
(UNITS OF AcTIvITY/Gm. OF TISSUE) 

Species 
Ref." 

G.I. Tract 
Esophagus 
Stomach 

Duodenum 
Jejunum 
Ileum 

oral 
middle 
coecal 

Colon 
oral 
rectal 

Rectum 
Nervous System 

Telcnctlphalon 
Pallium 

precentral gyrus 
postcentral gyrus 
striate cortex 
anterior cingulate 
lateral olfactory gyms 

Corpus callosum 
Basal nuclei 

Caudate 
Lenticular 

putamen 
globus pallidus 

Hippocampus 
Olfactory bulb 

Human Bovine Dog Cat Ray 

92) 93-953 94, 96, 97) 95) 87) 
(18, 78, 89- (21, 78, 90, (21, 56,  90, (21, 81, (82, 83, 

. . .  

... 
2.0 Low 1 . 3  . . .  
7.5 Mod- 2 . 5  . . .  

erate 
. . .  15.0 64.9 
19.0 22.5 53.6 

16 2 40 1 . . .  
. . .  13.8 36.4 
. . .  10.3 39 7 
. . .  . . .  41.3 
8.4 15.3 . . .  
9.4 15.8 . . .  
... 16.3 28.3 

. . .  . . .  
34 . . .  
43 
39 6 
. . .  4 
85 . I .  

- 
1 

4.0 . . .  

. . .  21 

21 . . .  
20 . . .  
14 . . .  

29 . . .  

. . .  . . .  

. . .  . . .  
- 

2 . 8  . . .  
3 . 3  . . .  
, . .  . . .  
5.3 . . .  
5.0 . . .  
5.5  . . .  

8 . . .  
128 155 
46 . . .  

64 . . .  
112 . . .  

. . .  25 
. . .  

. . .  . . .  
15 . . .  
8 . . .  

5 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

The observed intracellular distribution is 
similar by using various methods of preparation, 
or different species (rat, sheep, guinea pig, rab- 
bit) or region of the CNS (cortex, midbrain, 
cerebellum, and ventral and dorsal halves of the 
spinal cord) except that the total amount reflects 
the gross regional distribution (101, 101). 

Euler (76, 106) found that the intracellular 
distribution ol S1' in peripheral nerves (vagus 
and splenic nerves of the cow and sciatic and 
brachial nerves of the dog) was primarily in 
granules as is the case in the central nervous 
system. 

The subccllular and regional distribution indi- 
cates that SP is found within nerve cells rather 
than glial cells. This is supported also by 
Grabner and Lembeck's finding (107) that glial 
tumors contain no substance P activity, and 
that SP increases in the proxinial and decreases 
in the distal part of cut peripheral nerves in 
degeneration experiments (98, 108-1 10). No 
change occurs in SP concentration in the spinal 
cord of the rat after dissection between the first 
and second lumbar vertebrae (1 11). 

Substance P occurs in other organs besides 
the nervous system and the gastrointestinal 

(continued on next page.) 

tract, but only in minute amounts (1, 21). The 
ureter and utcrus (5 units/Gm. of tissue in the 
dog) show the relatively highest amounts (21). 
Substance P is also found in minute amounts in 
blood (1) but not in urine (1 12). 

ENDOGENOUS CHANGES IN 
CONCENTRATION 

Besides the distribution, which indicates 
SP's physiological role is connected with func- 
tion rather than structure, there are endogenous 
changes under different functional states. In an 
ontogenetic study on the bovine fetus (113), a 
brain weighing only 1 Gm. has a high content 
(21.5 units/Gm.) of SP. The brain stem, which 
is active during the development of the embryo, 
contains SP concentrations comparable to the 
adult, while the forebrain has none until alter 
birth. The intestine contains increasing amounts 
of SP during the second half of embryonic de- 
velopment. Immature undifferentiated nervous 
tissues, neural tumors, do not contain SP (107). 

In the gravid rat, there is an increase in SP 
content in the uterus and a marked decrease 
in the brain, particularly in the second half of 
pregnancy (74). Up to 4 times the concentra- 
tion of SP is found in the retina of cattle, whose 



Specie.. 
R e f "  

Uicnccphalon 
Thalamus 

lateral geniculate 
medial geniculate 

Kcd nucleus 
Substantia nigra 
Hypothalamus 

rnatrirnillary bodies 
Mesencephalon 
Corpora quadrigeinia 

superior colliculus 
inferior colliculus 

Tegm elitulll 
Cerebral peduncles 
Substantia grisea ceritralis 
Cerebellum 
Mcdulla oblongata 
Puns 
Floor of fourth ventricle 

ala cinerea 
trigonum hypoglossi 
area postreina 

Spinal cord 
Grey matter 
White matter 
Dorsal half 
\:entral half 
Nucleus gracilis 
Nucleus cunerttu.: 
Other tissue 
Retina 
Optic nerve 
Dorsal routs 
\:entral roots 
Yagus nervc 

Human Bovine Dog Cat Ray 
(18, 78, 89- (21, 78, 90, (21 56. 90, (21, 81, (82, 83,  

92) 93-95) 94, 96, 97) 95) 87) 
. . .  
12 
5 

37 
30 

710 
102 
34 
. . .  
. . .  
55 

141 
. . .  
. . .  

119 
2 

3 

248 
37 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
49 
25 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

. . .  
21 
. . .  
. . .  
. . .  
. . .  
83 
. . .  
. . .  
. . .  
92 

122 
108 
45 
119 

1 
. . .  
. . .  
34 

41(! 
34 

143 
. . .  
. . .  
. . .  

166 
47 

165 
125 

. . .  
7 

16 
85 

3 
0 

. . .  
13 
. . .  
. . .  
. . .  
. .  
70 

68 
20 

. . .  

. . .  

. . .  
74 
41 

2 
35 
21 
45 

. . .  

. . .  

. . .  
375 

34 
68 
9 

27 
6 

79 
55 

24 
6 

40 
6 

22 

. . .  

. . .  
22 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
5,i 
44 
. . .  
. . .  
. . .  
4 

52 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

8 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
39 
. . .  
. . .  
. . .  
. . .  
. . .  

23 
. . .  
. . .  

25 
15 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

~~~~~~ 

Knpet-a and Lnzalim (95) and 1)ouglas el 01. (YG)  uwd different standards from the other authcxs to measure t h e  biological 
activity. 

eyes mere closed for 2 hr. as compared to those 
illuniinated for the Same length ol t h e .  The 
extent of change from normal is about the same 
for each case. No change occurs in the SI' con- 
tent of an isolated retina irz oilvo to  illumination 
or darkness (11.1). Ho r ,  in the brain or 
the rat  and the rabbit the content increases 
aftcr illumination and decreases after darkness 
or blindness (1 15, 1 I (j) . Stern ( 1 1 li) measured 
also changes in brain concentration of the rat 
when deprived of other sensory stimuli. Elimi- 
nation of smell arid hearing reduced SP content, 
while elimination of the tactile sense or the "radar 
apparatus" in the bat  had the opposite effect. 
Vestibular stimulation also reduced the SP con- 
tent. Milin (117) found that exogenous SP 
reduces the movement of earthwornis to light 
arid vibrational stiinulation. The morphody- 
narnic changes indicated that  SP's action is t o  
preserve the integrity of the photo- and tacto- 
rcceptor cells in the epidermis. 

Walaszek et nl. (1 18, 11!1) found less SP in 
the hypothalamus oI" rabbits, which had been 
previously injected with serum from scliizo- 
phrenic patients. Serum from normal patients 
produccd no change. While glial tumors do 

not normally contain SP, 13 units/Gm. was 
Found in I multiform glioblastoma of a previously 
irradiatctl patient (107). 

No SP release has been found in the mammalian 
brain (111 electrical stimulation (19, 52, 120), but 
stimulation is reported to release SP in the frog 
spinal cord (12 1) and stomach muscles ( 1  22- 124). 
Cervical vagotomy incrcascs the SP contcnt of 
rabbits' small intestine from 2.8 to 7.2 units/ 
Gm., while vagus stimulation signilicaritly de- 
creases the SP content with a return to control 
levels within 3U rnin. (1%). This is opposite 
to earlier iindings that  vagus stimulation in- 
creased SP content in the intestine ( 1 3 - 1  %). 

l'ernow and Wallensten (92) found the SP 
content of human intestinal seg~rients was 
higher when their motility was increased by 
intraluininar administration o f  hypertonic glu- 
cose. In Hirschsprung's diseasc the proximal 
hyperactive part was higher than controls, and 
the aganglionic and inactive scgmcnts of the 
colon had significantly less SP (91). 

PHARMACOLOGICAL EFFECTS 
Most studies on the pharmacological actions 

of SP have used very impure preparations con- 
taining many other active substances. The usual 
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so-called purified samples (250-1000 units/mg.) 
still contain less than 1% pure SP, while the 
highly purified SP (50,000-120,000 units/mg.) is 
extremely labile in aqueous solutions, so many 
of the reported pharmacological actions are not 
completely conclusive. 

Substance P has a strong stimulatory effect 
on the mobility of the gastrointestinal tract of 
most vertebrates, both in isolated segments and 
in situ (1, 21, 50, 129, 130), with a positive 
correlation between SP content and sensitivity 
(21). The amplitude and frequency of the 
peristaltic waves are increased, besides a lower 
peristaltic threshold, when SP is applied intra- 
luminally or in the bath of isolated intestines of 
rabbit or guinea pig (4, 131). Substance P 
restores fatigue or temperature blocked peristaltic 
activity (4, 132). This response is dependent 
upon an intact mucous membrane. Intravenous 
injections of SP markedly increase the seg- 
mental and peristaltic movement of the small 
intestine in situ of rabbits and man (129, 131). 
The incrcase is observed within a few minutes 
after start of infusion (50 units/min.) and lasts 
for 20 min. after ceasing the infusion. In the 
case of patients with paralytic ileus, SP induced 
both segmental and peristaltic activity only 
for the duration of the infusion. Intravenous 
administration of SP has been also observed to 
increase the spontaneous movement of the in- 
testinal villi (133). Substance P (50 units/Kg.) 
injected intra-aortally increased the tonus of the 
ileocaecal valve of the cat (134). A strong 
peristaltic response occurs with rhythmic move- 
ment of the sphincter ani in the anesthetized 
dog (28). There was, however, no visible effect 
on the intestine of mice, with doses to 50,000 
units of purified SP (28). 

In  the guinea pig, intravenous SP has a strong 
bronchoconstrictor effect (17, 28, 135, 136) but 
no effect on inhalation (137). No tachyphylaxis 
occurs (17). Substance P protects against 
protein induced anaphylactic shock in the 
guinea pig (138), while plasma levels of SP are 
independent of occurrence of anaphylaxis in- 
duced in dog (139). Euler and Pernow (140, 
141) found intraventricular administration of 
SP (300 units/mg.) produced both tachypnea 
and hyperpnea in rabbits and cats. Haefely 
et al. (142, 143) found no effect with purified 
SP (200 or 24,000 units/mg.) on the respiration 
rate, but did with a crude preparation (20 units/ 
mg.). Substance P given intravenously has no 
effect on respiration in the cat (142), but sub- 
cutaneously produced bradypnea in the guinea 

Intravenous or intra-arterial infusion of SP 
Pig (8). 
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causes peripheral vasodilation with an accom- 
panying brief fall in blood pressure (1, 21, 25,  
112, 144-146). It is about 100 times more 
active than acetylcholine and 5 times more 
active than bradykinin as a vasodilator on a 
molar basis (28, 50, 147). Bilateral cervical 
vagotomy has no effect on the depressor re- 
sponse (50, 112). Substance P-evoked pressure 
increases in the recipient head were abolished 
by bilateral cervical vagotomy, but not the 
systemic depressor effect in cross circulation 
experiments in dogs (148). Intravenous in- 
jections of SP in man produced tachycardia 
and a slight fall in arterial blood pressure. 
Cardiac output was increased, but not stroke 
volume, intracardiac, and pulmonary blood pres- 
sures (147, 149). ,4n increase in blood flow in 
skin and muscles occurs within 1 min. after the 
start of intravenous infusion of SP, and this is 
coupled with an intense burning sensation in 
the face and a throbbing head pain. The splanch- 
nic blood flow is, however, not altered. Intra- 
artcrial injections (1 unit/min.) tripled the blood 
flow in the forearm within seconds, with increased 
oxygeii saturation of both deep and superficial 
venous blood (147, 150). A transient tachyphy- 
lactic effect occurs, so tremendously high doses 
have only slightly greater effects than a minimum 
effective dose in mammals. After 15-30 min., 
identical hemodynamic effects can be reinduced. 
In the chicken the response is directly related to 
the amount of SP injected (112). In the con- 
scious dog high doses of SP (7500 units/Kg. i.v. ) 
increase the duration of the depressor effect 
accompanied by a marked bradycardia which 
persists after the blood pressure has returned to 
normal (28). The minimum effective dose in 
the cat is about 10 times that of other species 
(21, 28, 50). Circulatory shock could not be 
induced in the cat, mouse, or man (28, 147). 
Intraventricular administration of purified SP 
(24,000 units/mg.) in the cat had no effect on 
blood pressure (143). No changes in frequency 
or contractility of the myocardium were found 
by direct application of SP (28). Substance P 
has a vasoconstrictor effect on the perfused frog 
leg (56). 

Slow intravenous infusion of an impure SP 
killed decexebrated mice sooner than normal. 
The toxic dose is 12,000-18,000 units/Kg. in 
normal mice. With slow infusion most animals 
die in convulsions, while rapid injection produces 
paralysis at death. Physiological saline or in- 
activated SP controls never produced convulsions 
(116). 

Capillary permeability is significantly increased 
by small doses of SP in the guinea pig but not in 
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the rabbit (17, 50, 151-153). Topical applica- 
tion of 0.5-2 ng. of pure SP on the mesenterium 
of the anesthetized rat shows a clear relaxation 
of the venule walls followed by a diffused efflux 
of leukocytes (50). Lewis (154) has also found 
that SP causes migration and accumulation of 
leukocytes. Fibrinolysis is inhibited by 20-80 
units of SP (155). Cutaneous injections of 10-30 
ng. of pure SP produce a burning pain and 
erythema after a latency of 1&20 sec., which 
lasts for 10-30 min. (50). A burning sensation 
occurs when it is applied to an exposed blister 
base (17, 156). Intra-arterial, but not intra- 
venous, injections of SP induce visceral pain in 
dogs (157). 

An antidiuretic and milk ejection effect are 
observed, but only in doses having a marked 
depressor action (17). The ACT11 releasing 
ability of SP is due to an impurity (158, 159). 
It has no epinephrine releasing action on the 
adrenal medulla (160). Substance P inhibits 
oxytocin induced contractions of the rat  uterus 
i n v i v o  (161). 

Ten minutes after an intraperitoneal dose 
(3000 units/Kg.), SP increases in concentration 
in the brain and spinal cord of the rat, reaching a 
maximum in 30-40 min., and after 60-120 min. 
returns to normal or slightly below (116). This 
time course for SP uptake could account partially 
for many observations on the effects of exogenous 
SP alone and with central acting drugs on the 
nervous system, Sedation, i.e., a reduction in 
spontaneous and induced motor activity-, is the 
most often reported behavioral effect of adminis- 
tered SP (8, 10, 12, 13, 141, 162-165). Oral 
automatisms were often provoked. All of these 
observations are somewhat in question, as 
Haefely et al. (143) found no observable behav- 
ioral effects after intraventricular injection of 
purified SP in the cat, but did observe sedation 
with crude extracts. They showed that am- 
monium sulfate in the concentrations contained 
in the crude extracts would produce sedation. 
This observation does not explain, however, the 
chymotrypsin inactivated SP controls used by 
other authors which produced no effect. Also 
the same investigators (19, 28) reported that 
7500 units/Kg. of pure SP produced sedation in 
the unanesthetized dog. In mice no clear effect 
was observed with doses up to 1000 units per 
animal given intravenously or intracerebrally. 
With 5000 units, spontaneous, but not induced, 
activity was reduced (28). 

Ganglionic transmission in the superior cervi- 
cal ganglion of the cat was not affected by high 
doses of the purified SP (19), although a dual 
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reported using impure extracts (140, 166, 167). 
Caspers (10, 168, 169) correlated behavioral 
with bioelectrical changes in the unanesthetized 
rat  after administration of an impure SP extract. 
The EEG and d.c. potential patterns of the 
cortex were those of natural sleep following intra- 
peritoneal and topical SP application. Uen- 
dritic potentials are increased in voltage and 
duration The reactivity of the animals to 
acoustic stiniulation was easily depressed, while 
tactile stimulation was more resistant. Con- 
ditioned responses were more resistant to SP 
than unconditioned ones. Besides a hyperpolar- 
izing effect a t  the cortex, Caspers found SP re- 
duced the unit discharge in the brain stein reticu- 
lar formation, but had little effect a t  thc thalamic 
relay nuclei. Schneiderman et aZ. (170), how- 
ever, found SP (75 units/Kg. i.v.) decreases the 
threshold of the thalamocortical evoked potential 
in the rabbit, depressing the amplitude of the 
first surface-positive component and enhancing 
the second and third surface-negative compo- 
nents. Substance P increased cortical A activity 
and the number of spindles. The onset of 
changes occurred within 5 min. of administration, 
reaching a nisxiiiium within 15, and lasting about 
1 hr. Cortical activation and hippocampal 
synchronization have been found with intra- 
carotid injection (7) or topical application (171) 
of SP, but are probably a secondary effect pro- 
duced by blood pressure depression (10). 

Stern et al. (172) found an inhibitory influence 
of SP on polysynaptic, but not monosynaptic 
reflexes in the cat, while Kissel and Domino 
(173) found no effect on either. No effect was 
found on polysynaptic reflexes in the frog (121). 
Substance P had no influence on conditioned 
reflexes, discrimination tests, and maze perform- 
anceof therat (174). 

Substance P produces no change in the dorsal 
root potential (175-177) or the amplitude varia- 
tion in the electric knife fish (G. eigenmannia) 
(11). Substance P stimulates the sensory nerve 
endings in the rabbit ear (1%). 

DRUG INTERACTION 

The failure of atropine to block the contracting 
action of SP on the intestine led to its discovery 
(1). Since then the interaction of many com- 
pounds with SP on isolated intestinal tissue has 
been determined, primarily to find a specific 
antagonist. Only two reasonably specific antag- 
onists have been found: cystine-di-p-naphthyl- 
amide and trimethaphane-d-camphorsulfonate 
(47, 48). Drugs which exert no inhibitory or 
an unspecific effect on the SP action on the iso- 

(effect of potentiation and' inhibition h a s  been lated guinea pig ileum are as follows: adenosine, 
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rat (181). Physostigmine significantly decreases 
the SP content of the rabbit’s intestine, while 
hexamethonium, chlorisondamine, atropine, re- 
serpine, chlorpromazine, p-hydroxymercuriben- 
zoate, and nicotine have no definite effect (125). 
Intraperitoneal injections of 100 units,’Kg. of 
SP for 3 days significantly increases the serotonin 
content of the rat’s ileum and stomach, but not 
of the spleen. Iiitraluminal application for 30 
min. of SI’ (60-80 units) doubles the serotonin 
content of the isolated guinea pig ileum (133, 

Acetylsalicylate, mepyramine, atropine, or 
lysergic acid diethylamide do not inhibit the 
bronchoconstrictor response of SP in the guinea 
pig (135, 136). 

.4tropine, ganglionic blocking agents, anti- 
histamines, or guancthidine have no effect on 
circulatory responses of SP in mammals (21, 144, 
150, 196). Dihydroergotamine, caffeine, me- 
camylamine, chlorisondamine, hexamethonium, 
and methysergide diminish the SP arterial de- 
pressor response in the intact chicken, but have 
no vascular effect on the isolated chicltcn wing 
prcparation or cat blood pressure. The response 
o f  these drugs is nonspecific. Atropine, p-  
bromdylarnine, LSD, l-benzyl-2-metliyll-5-li~- 
droxytryptamine (BAS-phenol), phenethylamine, 
harmaline, ibogaine, morphine, and reserpine 
have no or slight antagonistic effects in the in- 
tact chicken (1 12). Mepyi-dmine reduces SP- 
induced increased capillary permeability (15). 

The effect of drugs on SP concentration in 
the central nervous system has been investigated 
by several authors with no unanimity of rcsults. 
Stern (116) found that strychnine (0.5 mg./Kg. 
i.p.) after 1-3 hr. reduced the amount of SP in 
the brain and spinal cord of the rat, while pro- 
caine (50 rng.jKg. i.p.) incrcdsed the amount. 
Mephenesin (150 mg.jKg. i.p.) had no effect a t  
1 hr. and caused only a slight reduction at 3 
hr. Allergic encephalitis does not change the 
SP concentration. Haefely (195) found no 
change in content in the rat’s brain after giving 
reserpine, barbiturates, chlorpromazine, amphet- 
amine, and LSD. Stern and Kocic-Mitrovic 
(19S), however, found a large increase in SP in 
the brain of the rat after reserpine treatment, 
but no change in concentration after pheno- 
barbital, chlorpromazine, meprobamate, mephen- 
esin, or syrosingopine. No change in the rat’s 
brain SP content occurred after giving neostig- 
mine, epinephrine, norepinephrine, serotonin, 
histamine, factor I, or 7-aminobutyric acid (199). 
Capsaicine, given subcutaneously, significantly 
reduces SP in the spinal cord of the rat, but not 
in the brain. p-Broniophenylacetyl urea had no 
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adermine, 7-aminobutyric acid, p-aminohenzoic 
acid, 1-A-MP, 2-4MP, :,-AMP, antimit, antazo- 
line phosphate. antipcrnicin, atropine, ATP, anti- 
histamines, camylofine, azulen benzoquinone, 
biotin, 2-broiiio-&lysergic acid diethylamide, 
hyoscine butylbromide, bulbocapnine, barbital, 
bradykinin, caffeine, catechol, chlorpromazine, 
c-amino-n-caproic acid, citric acid, cocaine, 
codeine, cysteine, cyanocobalamin; dehydro- 
cholate, deoxyribonucleic acid, dihydroergot- 
amine, dichloroisoproterenol, buphenine, eutison, 
glutathione, heparin, hexamethonium, histamine, 
hydrochloric acid, hydrazines, pentylenetetrazol 
riboflavin, &lysergic acid diethylamide. rnor- 
phine, iproniazid, kallidine, procaine hydrochlo- 
ride, NaF, NaCK, mephenesin,nieprobamate, 1,2- 
naphthoquinone, 1 ,4-naphthoquinone, methyser- 
gide, a-naphthylamine, 0-naphthylaminc, n- 
(naphthyl)~iiiethylenediamine, narccine, tiihydra- 
lazine, nicotine, oxytocin, patulin, phenacemide, 
phenoxytwnzamine, polyethylene sulfate, prot- 
amine, pyridoxalphosphate, pyridoxine, quiloflex, 
reserpine, quinine, 8-hydroxyquinolinc, 6-ethoxy- 
7-methoxy-1-( 3’,~’-diethoxybenzyl)-3-mrt~iyl iso- 
quiiioline, renin, scopolamine, prenylamine, srmi- 
carbazide, sparteine, strychnine, tetraethylam 
monium bromide. thiamine, thioglycerin, thio- 
semicarbazidr, trimethadione, tripelennatnine, 
urea, vasopressin (1, 21, 40, 41, 47. 48, 50, 96, 

A few drugs. while not specific, inhibit the SP 
response, as 5-adenylic acid, noscapine, acetyl 
thiamine, adrenochrome, papaverine, trasentin- 
(iH, u-tubocurarinc, gallamine, trihexyphenidyl 
hydrochloride, ibogaine, harnioline (47, 50, 182- 
1%). 

While LSD potentiates the response of SP 
o n  the guinea pig ileum (187-189), ROL-138 
has an inhibitory cff cct (1 83). Succinyleholine 
and psilocybin also potentiate the effect of SP 
(18.5, 190). Substance P potentiates the intes- 
tinal rcsponse to acetylcholine and nicotine with 
slight depression of serotonin and no effect on 
histamine or y-aininobutyric acid responses 

Hexaniethonium, morphine, and morphine-like 
analgesics inhibit the stimulating action of SP 
on the peristaltic reflex (132, 192). Substance P 
is able to restore peristalsis when abolished by 
either external or internal application of serotonin 
or tuhocurarine (4, 5, 193) but not hradykinin 
(194). Purified SP has a potentiating effect on 
epinephrine induced contractions of the nictitat- 
ing membrane (19). 

Morphine. physostigminc, or atropine injected 
:jO min. before sacrifice produced no change in 
the SP content of the small intestine of the 

179-184). 

(184, 191). 
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effect on the spinal cord concentration (111). 
Cocaine increases SP content in the dorsal roots 
proximally to site of topical application (200). 

No change in SP brain concentration in mice 
was found after LSD, reserpine, morphine, chloro- 
form, ether, chlorpromazine, barbital. insulin, 
diphenylhydantoin, pentylenetetrazol, or tri- 
hexyphenidyl hydrochloride treatment (182). 
Zetler and Ohnesorge (201) observed an increase 
in SP in the mouse brain after amphetaminc and 
morphine and a decrease after chloroform, ure- 
than, and phenobarbital, while LSD produced 
no change. While no change in total tirain coil- 
centration was found after picrotoxin or LSD, if 
the “free” and “bound,” i.e., easy or difficult to 
extract portions were separately determined; 
picrotoxin increased thc “free” arid lowered the 
“bound” amounts of SP and LSD decreased the 
“bound” form. 

Physostigrnine decreased the concentration of 
SP in the rabbit brain, while reserpine, chlor- 
promazine, and p-hydroxymercuribc.nzoate had 
no effect (202). 

In anesthetized dogs there was no change in 
the SP content in the hypothalamus and caudate 
nuclcus after amphetamine, ephedrine, insulin, 
p-tetrahydronaphthylamine, caffeine, and reser- 
pine (94). Reserpine has no effect on SP content 
in peripheral nerves of the dog (76). 

The effect of exogenous SP on the action of 
central acting drugs is no more conclusive than 
the eiTect of these drugs on the endogenous con- 
centration of SP. Zetler (8. 203, 2114) found 
impure SP protectcd mice against strychnine and 
picrotoxin convulsions. It prevented the central 
effects of harmine and metliarnplietaiiiiiie and 
prolonged hexobarbital sleeping time and bulbo- 
capnine catelepsy. Substance P also antagonized 
morphine analgesia and caused hyperalgesia, 
potentiated caffeine convulsions, and lowered 
the threshold to painful stimuli. I t  had no effect 
on seizures induced by electroshock, ammonium 
acetate, nicotine, or pentylenetetrazole, These 
drugs were tested after 15-30 min. of SP treat- 
ment. However, Stern et al. (205, 206) found 
that a slightly purified SP sample potentiated 
strychnine convulsion, and shortened hexobarbi- 
tal sleeping time-the opposite to the impure 
:sample, but still antagonized morphine arialgesia. 
Substance P acted as an antagonist to morphine 
analgesia in the mouse writhing tests (207), 
.while Bonta et al. (208) found a strychnine 
antagonist in their impure SP preparation, but 
it had no effect 0x1 hexobarbital sleeping time or 
morphine analgesia. They found the strychnine 
antagonistic property also in other SP-free frac- 
tions. Pure SP had no strychnine antagonistic 
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ability (50). Gaddum et al. (209) later separated 
an antistrychnine substance from the crude SP. 
Kapek (210) found that intracerebral injections 
of SP increased seizure thresholds to convulsions 
induced by pentylenetetrazol, strychnine, and 
electroshock. Stern et nl. (172, 211, -312) found 
SP has an antagonistic effect against tetanus 
toxin, and iniinodipropionitrile, and a synergistic 
effect with niephencsin arid mcyrobamatc. Sub- 
seance P inhibits epileptic attacks induced by 
audiogenic stress in mice (213). 

After observing the changes in concentration 
with time in the central nervous system after 
giving exogenous SP, Stern (1 16) re-examined 
several drugs to determine the influence of time of 
administration 011 the results, using an impure SP 
sample. Zetler’s rrsulls v(’crc confirmed when 
SP was given 13 rnin. before administration of the 
other drugs. Strychnine, picrotoxin, caffeine, or 
morphine actions are, however, potentiated when 
administered 60 min. after SP and hexobarbital 
sleeping time is shortened. Thc action of chloral 
hydrate is lengthened when administered 1.5 or 60 
min. after SP. Bulbocapnine catalepsy is 
lengthened at all times. Audiogenic stress is not 
inhibited after 60 niin., but is a t  15 min. Har- 
mine tremor is antagonized by SI’ a t  all times 
testcd. Pentylenetetrazole convulsions are only 
slightly influenced by SP aftcr 60 min. Substance 
P not only antagonized morphine analgesia, but 
also supprcsscd the withdrawal symptoms in ad- 
dicted rats. Impure SPgivcn 60min. prior short- 
ened morphine, pethantine, and heptadon anal- 
gesia. I t  did not act against mephenesin paralysis 
after either 1.5 or 60 rnin. Substance P shows pro- 
tection during the first 30 rnin. to strychnine con- 
vulsions and hexobarbital narcosis, then excite- 
ment for the next 1.5 hr., and by the sccond hour 
a return to the central behavior pattern. 

Substance P had no influence on cocaine or 
procaine local anesthesia. The lethal dose of 
slow intravenous infusion o f  SP after LSD admin- 
istration in the decorticated mouse is one-third 
to one-fourth of that in the noritreated normal 
animal (116). Both crude and pure SP (10,000 
units/mg.) enhance the fourth dorsal root poten- 
tial after LSD administration (175-177). The 
amplitude variations of the electric knife fish are 
sigtiilicantly decreased following LSD and SP 
administration (1 1). Local application of y- 
ariiinobutyric acid antagonizes the effect of SP 
on the d.c. potential in the cortex (168). 

CONCLUSIONS 

The chemistry, distribution, physiology, and 
pharmacology of SP has been reviewed. The 
presence of SP in all cnrdatcs, the characteristic 
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distribution in the gastrointestinal tract and 
nervous system, the changes in endogenous con- 
centration with different functional states, and 
the high pharmacological activity of the pure 
substance indicate teleologically that SP has a 
definite physiological function. However, this 
function is still largely obscure, particularly 
within the nervous system. This makes SP an 
interesting and iniportant physiological and 
pharmacological problem. 
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Resedrcb Articles - 

Alkaloids of Acronyrhiu Buzlerl’ Schott I 

Isolation of the Alkaloids and a Study of the Antitumor and Other 
Biological Properties of Acronycine 

By GORDON H. SVOBODA, GERALD A. POORE, PATRICK J. SIMPSON, 
and GEORGE B. BODER 

Utilizing a differential extraction technique for the examination of the bark of the 
Australian plant Acronycbiu Buneri Schott (Bunerella unstruliunu Borzi), has resulted 
in the isolation of the triterpene lupeol and the alkaloids melicopine, acronycine, 
and normelicopidine. The experimental antitumor activity associated with the 
crude alkaloidal mixture obtained from the ether extract has been shown to be at- 
tributable to acronycine. Experimental evidence is herein given, showing acrony- 
cine to have the broadest antitumor spectrum of any alkaloid isolated to date in 
these laboratories. By virtue of its being chemically unrelated to any of the presently 
utilized antitumor agents it represents a new lead in  the search for agents effective 

in the chemotherapeutic management of human neoplasms. 

GEKUS A4~r~nychia ,  family Kutnceae, 
T r f n s i s t s  of approximately 20 species of trees 
and shrubs native to Australia and tropical Asia. 
Of the Australian species, one is also found in 
New Caledonia, six others being endemic. The 
species are characterized by opposite or alternate 
leaves, sepals, petals, and other flower parts 
being in fours (1). 

-4cronychia Baueri Schott, commonly called 

the scrub ash or scrub yellowwood, grows 50 to 
60 ft. in New South Wales and Queensland. I t  
resembles the evergreen ,4. laevis but has rather 
longer leaves and a hard fruit. The wood is 
said to be excellent for mallet and chisel handles 
(2). No references to its medicinal use were 
found. 

While this species is usually classified as fol- 
lows: family, Rutaceae; subfamily, Toddalioi- 

~ 

Received March 21, 1966, from the  ill^ Research Labora. 
Engler (3) considers it as being Bauerella austra- 

Accepted for publication May 11, 1966. 
Presented to the Pharmacognosy and Natural Products l k n a  Borzi. “Whether or not Bauerella is a 

Section, A.PH.A. Academy of Pharmaceutical Sciences, Dallas 
meeting, April 1966. genus distinct from Acronychia is basically one 

The authors thank the following for their aid in this 
investigation: Dr. I. S. Johnson for discussions held during of evaluation of separating characters. In  1931, 
this work. Mr. A. T. Oliver. Mr. D. R. Bedwell, Mr. R. E. Engler kept them distinct, but the material in Martello.‘Mr. P. E. Craig. Mr. J. W. Mattingly, and Mr. 
E. P. Priller and Mrs. V. P. Bothwell and Mrs. V. McNeely the herbaria at Harvard cannot be distjnguished 
for laboratory assistance. Dr. 13. A. Rose Mr. R. E. Staten 
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the manuscript. 
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acronycine has been proposed ( I I A )  (19): 

The drug used in this investigation was obtained from the 

Added in proof: Recently an alternative structure for 

IIA 

Previous work was somewhat ambiguous in that either 
structure was possible, and the former structure had been se- 
lected on the basis of what could be considered as tenuous 

filaments treadlike, style long; for Acronychia, 
sepals valvate, filaments short and broad, style 
short. None of these is biologically critical. 
The genus inustbe based upona significant biolog- 
ical difference. I, therefore, cannot accept 
Bauerella. The plant described in 1836 as 
Acronychia Baueri Schott was redescribed in 
1897 as Bauerella australiana Borzi. I believe 
that the proper name of this plant should be 
Acronychia Baueri Schott.” ’ 

The choice of plants selected in the authors’ 
phytochemical screening program is determined 

NMR data. 

which was identified and which could only have been derived 
from structure H A .  Cambridge, Mass. 

Oxidative degradation of acronycine has produced an acid 1 Personal communication from Dr. Richard Evans 
Schultes, Curator, Botanical Museum, Harvard liniversity, 
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by their reported folkloric usage and/or their 
reported alkaloidal content. Selection of .hnwq- 
chin Bauevi Schott falls into the second ca.tegory, 
thereby I,ring within the scope of the authors' 
original in tent. . ~ l t h o u g l ~  the comprehensive 
work of 1,ahey et id. (4-10) had determined the 
alkaloidal content and the nature and structures 
of the various alkaloids. no hiological activities 
were reported. 

While the defatted ethanolic exlract of the 
bark gave a negative response in the cancer 
scrccn a w s i t s  the P- 1331 leukemia, Mecca- 
lymphosarcoma, and adenocarcinoma 7.55, it 
elicited an interesting CNS depressant activity 
in the mouse behavior test (11). Thc observa- 
tion of this latter activity was responsible for the 
ensuing phytochemical clTort. 

Inasmuch as the approach to  the prohleni of 
isolation and purification involved a dil'fercntial 
extraction technique, the results can be expected 
to be at variance with those of the total-extraction 
procedure with ethanol so frequently reported in 
the literature. 

Defatting of the hark with n-hexanc yielded 
a n  unexpectedly large amount of fat-soluble ex- 
tractive, from which the triterpene lupeol was 
readily isolated. Extraction of the defatted 
drug with ether yielded an extract from which 
cryslals readily deposited upon concentration. 
These crystals were eventually found to  be a 
mixture of melicopine (I) and acronycine (11). 

7.59 

I 

0 OCH, 

CH, 
CH 

I 
CH,  

TI 

Although the original extract was inactive 
against the iieoplasnis used, it was found that  
the alkaloidal mixture was significantly effective 
x r s u s  the C-I498 leukemia, X-55(i3 myeloma, 
and AC-755. Fractional crystallization from 
methanol yielded the pure alkaloids Melieopine 
was found to be ineffective against these cspcri- 
mental neoplasms, acionvcine being re5ponsible 
for the observed activitx 

EXPERIMENTAL 

:I quantity of coarsely ground bark (15.0 Kg.) 
was extracted by stirring with two 36-L. portions of 
n-hexane. Concentration in oncuo yielded 253.0 
Gni. of a nordrying oil. A copious quantity of fine 
needles deposited from the concentrate a t  room 
temperature, The oily mass wa5 dissolved in 250 
nil. of hot acetone, and the solution was allowed to 
cool spontaneously to room temperature, yieldirig 
9.82 Gm. of finr colorless nccdlcs which cxhibitcd 
parallel extinction arid a high birefringence under 
polarized light, m.p. 210-212°. Its X-ray dif- 
fraction pattern was identical in all respects to that 
of t h e  authentic triterpene lupeol. 

The crudc motlicr liquor (CML) elicited some 
activity against the C-1498 leukemia, and it. was 
assumed that this activity was due to t h e  acronycine 
content, as this alkaloid was shown to he present 
when exaniined by thin-layer rhroinatography ( 1 : 1 
ethyl acetate-benzene o n  Silica Gel G) .  

I)issolviiig 128.5 Gni. o f  the n-Iicxanc extract. 
CML in 2 L. ol ether, wit11 the subscqucrlt addition 
of ethereal HCl to the chilled solution, prodnced 
13.444 Grn. of a red-orange amorphous hydrochloride. 
Stispending the salt in  HzO and extracting with 
cthylrnc dirhloridc yicldcti 9.37 <>in.  of amorphous 
free bases. Crystallization from acetone yielded 
three crops of crystals: first crop, 0.:348 Gin. of 
what appeared to hc essentially nornielicopicline 
(111); second crop, 1.248 Gin. o f  acronycinr con- 
taminated with somc normclicopidine; third crop, 
0.644 Gin. of a mixture of apparently equal parts of 
acronycinc and normelicopidinc. A srnall arnourit 
of norrnelicopidine (0,012 Gm.) was obtained by 
crystnllizing the mother liquor from methanol. 

Recrystallization of the first crop from hot. ace- 
tone yielded 0.298 Grri. of pure norniclicopidinc; 
recrystallization of thc second crop Irorn hot rnetli- 
anol yielded 0.038 Gin. of norrnelicopidine and 0.836 
Gin. of acroriyciric; recrystallization of the third 
crop from hot methanol yielded 0.244 Gm. of nor- 
tnclicopiclitie and 0.236 Grn. of acronycinc. The 
separation of normelicopidine from :tcronycine 
could be casily effectcd inasniuch 3s thc fornier is 
quite irisoluhlc in methanol. 

111 

The defatted bark was then extracted by stirring 
with three 40-L. portions of ethcr. Conccntration 
of this extract to 10 L. produced 115.0 Grn. of 
ycllow-gold crystals. Interpretation of physical 
data (X-ray, ultraviolet and infrared spectra, and 
TLC) indicated that this mixture was comprised of 
acronycinc and mclicopine, the former predominat- 
ing. 

Recrystallization of this mixture from nirthanol 
(10 ml./Grn.) affordcd four crops of crystals: 12.9 
Gni. of melicopine, 26.0 Gin. of slightly impure 
acronycine, 13.9 Gm. of a mixturc of acronycinc 
and mclicopinc, and 16.9 Gin. of slightly imprlrc 
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Scheme I 

acronycine, respectively. The secoud aud fourth 
crops were combined (42.9 Gm.) and were recrystal- 
lized from methanol (8 ml./Gm.), yielding 41.4 Gm. 
of chromatographically pure acronycine. An addi- 
tional 0.98 Gm. of pure alkaloid was obtained by 
crystallization of the finished mother liquor from 
acetone. 

Treating an ether solution containing a 64.5-Gm. 
aliquot of the ether extract crude mother liquor2 
with ethereal HCl afforded 31.0 Gm. of a red-orange 
amorphous hydrochloride. The free bases were ob- 
tained (27.2 Gm.) by suspending the salt in H20 and 
extracting with ethylene dichloride. Crystallization 
of normelicopidine (1.9 Gm.) was achieved with hot 
acetone (10 ml./Gm.). Concentration of the mother 
liquor to a low volume yielded 11.8 Gnl. of essen- 
tially pure acronycine. (Chromatographic purity 
could be achieved by recrystallization from meth- 
anol as above.) An additional amount of nor- 
melicopiditie (0.38 Gin.) was obtained by crystalliza- 
tion of the acetone mother liquor from methanol. 

A flow diagram for the extraction scheme is pre- 
sented in Scheme I. 

Authentic samples of the alkaloids were not avail- 
able for direct comparison, and it was necessary to 
resort to data published in the literature cited. All 
physical data3 were in good agreement with those in 
the original references. As an additional aid to 
their identification, the infrared spectra of the indi- 
vidual alkaloids are presented in Fig. 1. NMR 
examination indicated that the integrated intensi- 
ties, chemical shifts, and splitting patterns were 
consistent with the structures shown. 

*Total weight = 169.0 Gm., but 100 Gm. reserved for 
chromatographic examination. 

3 Welting points were determiued on a Kofler ,microstage. 
IJltraviolet absorptiun spectra were obtained uslng a Cary 
model 14 spectrophotometer; infrared spectra with a Perkin- 
Elmer model 21 double beam recording infrared spectro- 
photometer; NMR spectra with a Varian Associates 60-Mc. 
spectrometer. A standard Norelco powder camera, 114.6 
mm. in diameter, was used in the X-ray examination. 

Me1icopine.-The base crystallizes from meth- 
anol as yellow orthorhombic blades elongated on the 
c crystallographic axis. Crystals show 100 and 010 
faces and occasionally the 110 face crystals show 
pale ycllow-dark yellow pleochroism, m.p. 179- 
181". 

Anal.-Calcd. for C17HljN05: C, 65.17; H, 
4.82; N, 4.47; 0, 25.53. Found: C, 64.62; H, 
4.96; K, 4.67; 0, 25.66. 

Amax. EtOH 270 111p (log E 4.74), 301 mp (log E 4.13). 
Acronycine.-Thc base crystallizes from meth- 

anol as opaque, yellow, porous particlcs of which 
neither the extinction positions nor crystal shape 

6 wio 5oc &.!am ,zm l l U i 3 0 9 x i  %-m" ax. 'Lu 7- "g I I E O U C M - I  CM-'! 

,-s'J'- ---+ 
\i 11 1 L q , ,  11 , MELICOPllllr .I 'I 

- . 
5 7 8 9 0 I/ R m i  81 $ - ,  

,w*o rna" '=  2"- ,'OCr(D,YO,M"~llOS_ILUolO~~ %3-8a yl ,n p,i' m, 

W*\ELENjT" ~u*mvs> 
FAEQULW" "M-,, 

~~ ~ y J l s  
B 0 /c 

*A"ELE&1* IMICRaMI 

O L  * a "  

Fig. 1.-Infrared spectra of the alkaloids. 
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TABLE ~.--EXY'EKIMENTAL TUMOR SPECTRUM OF ACKOSVCINE 
- .  _ _  ___. _ ~ _ _ _ _ _  

'rumol 

B-82 leukemia 
C-1498 leukemia 
P-1534 leukemia 
L-5178Y leiikemia 
AKR leukemia 
Bhrlich ascites 
Freund ascites 
5-180 ascites 
Taper hepatoma, ascites 
Sarcoma 180 
Mecca-I ymphosarcoma 
Kidgcway osteogenic sarcoma 
X-5.563 myeloma 
Adenocarcinoma 755 
Shionogi carcinoma 114 
High malignancy clone 
S-91 melanoma 

Av. Wt. 4 v .  Tumoi % No 
Host, 10 1.p. Dosage, Change. Size, rum. Av. Life. Takes, % 
Animals mg./Kg./Day Gm., T/C T, V TIC T/Cs Activity 

C58B1/6 
C57B1/6 
DBA/2 
DBA/B 
AKR 
c o x  std. 
CAF' 
CAF' 
SPF . N 114 
C A P  
AKR' 
AKK 
C3H 
C57M116 
ddis  (male) 
C3Hd 
DRA/l  

7 5 X l X 3  
37 5 x 1 x 7 
28 X 1 X 10 
30 x 1 x 10 
28 X 1 X 10 
28 x 1 x 10 
30 x 1 x 10 
48 X 1 X 10 
30 x 1 x 10 
48 x 1 x 10 
30 x 1 x 10 
3 O X l X 7  
4 8 X l X 9  
3 O X l X 8  
3 0  x 1 x 10 
3 6 X l X 9  
37 5 X 1 X 9 
3 6 X l X 9  

- 1.4/+0.4 
- 1.5,' +O.  8 
-0.2/ -0 .7  
+2.2/+3.2 
+ O .  1/+0.8 
+5.6/+7.8 
+2.6/+6.5 
+3.0 /  + 6.2 
+3.4/ +8.6 
+3.2/+6.0 
- 0 . 4 p 2 . 5  
- 0 . 6 / + 3  4 

- 0 . 5 / + 1 . 9  I + 1.4/+ 1.4 
+1.6/+6.5 
- 1.4/+0.1 

+0.1/+0.3 

. .  

. . .  

. .  

7.1/11.9 
6.2116.9 

Oj9.63 
019.1 

L1.9/19.7 
0/15.:3 
0/22 6 
n / i 4 . i  

2:3.7/14.6 
31.5/17.6 
16.5/18.2 
24,2115.0 
38.3/21 5 
21.8/18.4 
9 .8/14.5 

20.0/22.1 
17 7/14.8 

. . .  

. . .  

. . .  

. .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
o/o 

100/0 

o/o 

42/14 

100/13 

100/5 
100 j 0  
10010 

61 
79 (7 )  
0 

62 
78 ( 5 )  
0 ( 1 )  
0 
0 

20 
40 (9) 
63 (7) 

100 (10) 

40 (10 )  
100 (8) 

100 (7) 
100 ( 5 )  
100 ( I )  

Zeros or "no takes" are also indicative of activity, as no "no takes" in the control animals and 1007, in the test animals art. 
The number in parentheses indicates survivors on solid tumors, indefinite survivors at 45 
I. Seven animals. 

interpreted as 100% inhibition. 
days on leukemia or ascitic tests. Five animals. 

could be determined, from ethanol as ycllow clear 
needles in fan-shaped clumps, the long crystals of 
which cxhibited extinction valucs of approximately 
18" from the elongation axis. Also in evidence 
wcrc some short, thick crystals (almost cubic) that 
had parallel extinction to one side of the crystal, 
from acctone as monoclinic rods, having an extinc- 
tion angle of approximately 22". There were also a 
number of crystals twinned on thc n and c axes, 
1n.p. 174-176". 

And-Calcd. for CmH19NO8: C, 74.74; H, 5.96; 
N, 4.36; 0, 14.94. Found: C, 74.76; H, 6.19; 
N, 4.29; 0, 15.01. 

A",',:: 280 m p  (log E 4.60), 291 nip (log E 4.54), 304 
mp (log 4.28), 392 m p  (log E 3.84). 

Norme1icopidine.-The base crystallizes from 
cithcr methanol or acctone as rcd, equant mono- 
clinic prisms in which occasional elongated forms 
are seen. The crystals show pronounced yellow-red 
to dark red pleochroism, m.p. 210-211'. 

And-Calcd. for ClsHtaNOa: C, 64.21; H,  4.37; 
N, 4.68; 0, 26.73. Found: C, 64.29; H, 4.55; 
N, 4.74; 0, 26.46. 

X",:H 218 mp (log E 4.175), 282 m p  (log c 4.53); 
shoulders at 251 mp (log 4.353, 304 rnp (log s 
4.088); in alkaline solution a typical phenolic shift 
was seen: AE2H 250 m p  (log c 4.358), 284 mp (log E 

4.448), 312 mp (log E 3.968). 

BIOLOGICAL PKOPEKTIES 

Acronycine possesses the broadest antitumor spec- 
trum (Table I )  of any alkaloid isolated to date in 
these laboratories. The two systems of choice for 
assaying its activity are the C-1498 myelogenous 
leukemia and the X-5563 plasma cell myeloma. 

Bath of these experimental neoplasms are unique 
in some characteristics: the C-1498 leukemia does 
not respond to any of the known clinically active 
chcrnotherapeutic agents presently available, while 
the X-5563 myeloma presents most of the same fea- 
tures that are associated with multiplc myeloma in 
man. Also of special interest is the activity against 
the Shionogi carcinoma 115, an mdrogeri-dependent 

tumor which might be of value in predicting clinical 
activity against prostatic cancer. 

Methodology.-Procedures for animal tumor 
testing in these laboratories have prcviously been 
described (12) but consist essentially of subcu- 
taneous trocar implantation of solid tumors in the 
axilliary region and intraperitoneal inoculation of 
ascitic and leukemic cells with standard ccll inocula. 
Treatment is usually initiated 24 hr. later, excep- 
tions being made with thc X-5563 myeloma, 
Shionogi carcinoma 115, and the S-91 melanoma. 
In the CdSe of the X-5563, treatment was initiated 3 
days after transplantation, while with the other two 
it was begun 5 days after transplantation. Activity 
of a compound is defined in terms of per cent inhibi- 
tion, using treated versus controls (T/C) whcn tcst- 
ing against the solid tumors and in terms of per cent 
prolongation of life, using treated veysus controls 
(T/C) when tcsting against the leukemias and 
ascites systems. 

Preparation of Acronycine for Testing.-The 
relative insolubility of this alkaloid has obviously 
not precluded its being tested. A suitable suspen- 
sion was prepared by grinding the compound with 
small volumes of a nonionic dispersant4 to obtain a 
uniform suspension and diluting with this diluent to 
the desired volume. (The dispersant is a polyoxy- 
cthylated fatty acid that is HzO-miscible and non- 
toxic when diluted to the proper concentration of 
1 : 10 with either sterile distilled H20 or sterile 
physiological saline solution.) Acronycine was 
neither soluble in, nor were satisfactory suspensions 
obtained with carboxymethylcellulose, saline, sesame 
oil, olive oil, or acacia solution. 

ANTITUMOR ACTIVITY OF ACRONYCINE 

I n  this laboratory acrotiycine has been shown to 
bc a potent antitumor agcnt against a multiplicity of 
mouse neoplasms, significant activity having been 
demonstrated against 12 of 17 tumors tested with a 
wide rangc of dose lcvcls. Not only is it broad 

'Marketed as Emulphor by General Aniline and Film 
Corp., Melrose Park. Ill. 

~~ 
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T A B L E  II.-Ak12TIVITk' OF i \ C R O N Y C I N E  V W S ' I 4 S  c-1498 LEUKEMIA \'rARIOUS KCJUTES OF . \ D M I ? i I S r R A ~ l I O N  ~ ~ _ _ _  - ~ ~ 

- ~- 

Dosage, mg./ Av. Wt. Change, Indefinite 
Route Kg. X 1 X 10 Gm., T/C Av. Life, T/C % Prolongation Survivors 

1 ntraperitoiiral 15 - 0.8/+0.8 25.9/17.6 47 . .  
20 -1 ,1/+0.8 29.O/17.6 6 5 G 
24 - 1,9 /+0 .8  31.6/17.6 80 3 
28 -1.5/+0.8 31.5/17.6 79 
30 - 1.2/+0.8 31.0/17.6 76 3 
75 --2.8/-0.2 23.0/13.3 72 . .  

n 

80 -3.1)+0.1 24.oj i f i . i  

100 --2.0/+0.1 19.6/16.1 
90 -2.7/+0.1 29.2/16.1 

49 
81 
'1 

125 -2.4/-0.2 14.6j13.3 0 
150 -2,5/  -0 .2  13.0/13.3 0 
175 - 1,0/-0.  2 12.4/13.3 0 

Oral 30 -1.1/+0.4 23.6/17.9 3 1 
76 

60 - 1.8/+0.4 31.3/17.9 I a 
-1.4/+0.4 24.4/17.9 37 

80 --2.1/+0.4 18.7/17.9 0 
Subcutalleclus 15 -0.8/+0.4 19.9/18.5 0 

20 - 1 .5/ + O  .4 20.4/18.5 0 
24 - 1.1/+0 . 4  22.8/18.5 2s 
28 -1.8/+0.4 27.8/18.5 57 

-- 45 - 1.4/+0.4 31.4/17.8 
-- 
l i )  

30 - 1.8/+0.4 27.3/18.5 48 

5 
2 
7 
. .  
. .  
. .  
. .  
5 
7 
5 
6 
. .  
. .  
. .  
. .  
1 

'I 'ABLE I [ I .~  --A4CTIVITY OF z%CRONYCINE V W S U S  C-14Y8 LEUKEMIA W I T H  3 - U A Y  1)ELAYED 1 ' R E A T M E N T  

Dosage, mg./ Av. Wt. Change, 
Route Kg. X 1 X 10 Gm.. T /C  Av. Life, T/C 70 Prolongation 

I iitrapcritoneal 1.5 --0.1/+1.6 23.3/16.2 43 

28 - 1.0/+1.6 26.1/16.2 61 
30 -0.8/+1.6 25.6/16.2 58 

Oral 30 - 1.4/+0.4 21.4/16.6 29 

20 --0.3/+1.6 25.1/16.2 55 
24 -1.2/+1.6 26.0/16.2 61 

45 - 1.6/+0.4 27.1/16.6 64 
60 -2 .3 /+0 .4  26.8/16.6 61 
75 -0. 8/+0.  4 30.6/16.6 85 
80 -2.0/+0.4 28.8/16.6 73 

Subcutaiicous 15 
20 
24 
28 
30 

3 . 7 5  
7 . 5  

10 

+0.8)+1.1 

-0.2/+1.1 
+0.9/+1.1 

+0.5/+1.1 
--0.5/+1.1 

+0.6/+0.7 
-0.4/+0.7 
-1.6/+0.7 

18.7j16.8 
19.1/16.8 
20. 3/16.8 

19.7/16.8 
17.8/15 G 
18.4/15.6 
20.2/15.6 

19.7/16.8 

0 
0 

21 
0 
0 
0 
0 

29 

Route 

Iritraperitoneal 

Oral 

-~ ~~ ~- 

Dosage, mg./ Av Wt. Change, 
Kg X 1 X 10 G m  I TIC Av Life, T/C yo Prolongation 

15 
20 
24 
28 
30 
30 
45 
60 

80 
15 
20 
24 
28 
30 

-- 
I 3  

3.75 
7 . 5  

10 

- 1,7/-2.1 
- 3 .  o/-2.1 
-3.o/-2.1 
- 2.3/--2.1 
-2 .8/  - 2 . 1  
-2.0/0 
-2.6/0 
-3.4/0 
-3 .3/0 
-3.0/0 
- 1 .O /+O.  6 
- l . l / + O .  6 
-0 .9/+0.6 
- 1.8/+0.6 
- 1.4/+0.6 
--0.4/0 
-0.4/0 
-1.0/0 

19 .0/15.8 
21.8/15.8 
20.6/15.8 
24.0/15.8 
23.0/15.8 
18.7/16.2 
19.6/16.2 
19.9/16.2 
26.7/16.3 
22 7/16.2 
1 7 . 4 m . 2  
18.2/16.2 
1 7 . 9 p 6 . 2  
18,5/16.2 
18.7/16.2 
17.8/16.4 

19.0/16.4 
18.2/16.4 

21) 
34 
"7 
51 
45 
0 

'1 
23 
6 5 
33 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE V.--ACTIVITY OF ACRON YCINE Veuus X-5563 MYELOMA 

Dosage, mg./ Av. Wt. Change. Av. Tumor Size, % KoZ2kes. 
Roil t e Kg. X 1 X 8 Cm., T / C  mm., T/C “/o Inhibitionb 

Intraperitoneal 24 -0 .6 /+0 .3  0/9.1 100/13 100 (8) 
28 T I  ..?/t0.:1 0/9 . I  100/13 100 (6)  
a 0 + O  . 1 / +O . 3  0/9.1 100/13 100 ( 8 )  
36 $2. S/+O . 3  0/9.1 100/13 100 ( 3 )  
45 - 1.4 /+0 .3  0/9.1 100/13 100 ( 2 )  

-. ~- 
Zeros 01- “no takes” are also indicative of activity, as  no “no takes” in the  control animals and 100% in the  test animals a r ~  

interpreted as  100Yo inhihition. The numher in parentheses indicates survivors. 

Uosage, mg./ 
Route Kg. X 1 X 10 

Intraperitoneal 15 
20 
24 
28 
3u 
30 
45 

Av. Wt. Change, 
Gm., T/C 

- 3 . 8 /  - 0. (5 
- 1.4/ -0.  t i  
+ O .  l / - O . f i  
-1.2/-0.6 
--2,5/ -0 , (3 

-/+0.Y 
- /+0 .9  
- / + 0 . 9  

- l . l / + 0 . 9  
- 2.9/ - 0 . .i 
- 1 .6/  - 0 . 3  
--3.5/--0..5 
-2 .4 / -0 .5  
- 3 . O /  -0.  3 

-3 .5/+0.9 

Av. Tumor Size 
mm., T/C 
I .  9/10.8 
0.7/10.8 

0 i l 0 .  8 
0/10.8 
0/10.8 

1 . 3 j i 3 . 3  
-/13.3 
--/13.3 
- /13.3 
0/13.3 

i .9/14.6 
4.9/34 6 
5.5/14 6 
6 5j14.6 
7 0/14.6 

‘70 Nu Takes, 
T/CU 
55/6 
55/G 

100/6 
100/6 
100/6 
6i/0 
- /0 
- /0 
- /o 

1 00/0 
11/o 
22/0 
oj0 

11/0 
11/0 

% Inhihition” 

82 (8)  
94 i6 )  

100 (4j 
100 ( 6 )  
100 ( 2 )  

N.S.; 
N . S  
K . S .  
100 (1 1 
46 (8) 
65 (9) 
62 is i  

a Zeros or “no takes” are also indicaliue of activity as no “nu takes” in the  cunLrol animals and 100c~b in the test animal5 
are interpreted as 100% inhibition. The  number in’ parenthesec indicates survivors. No survivors. 

I .  1 A B L E  v1 I --ACTIVITY OF ;\CRONYCISE I’t‘/’SU,T x-5563 hfVEI.OMA TVITH &DAY D E L A Y E D  T R E A T M E S T  
_ _ _ _ _ _ ~ ~ ~  . - ~~ 

Dosage, mg., Av. Wi. Change, Av. Tumor Size % No Takes, % 
Route Kg. X 1 X 10 Gm.. T / C  mm., T/C T / P  InhibiLion* 

Intraperitoneal 15 +O.A/i-3.9 13.4/18.3 O / i  28 (7) 
20 -0.8/ t 3 . B  10.3/18.3 14/7 43 (3) 
‘74 $0 .9/ 1-3 . 9 13 7/18.3 O / i  25 (4) 
28 +2.6/+3.9 16 5/18.3 0/7 0 

55 ( 2 )  
35 (5) 

30 - 1.8/+3.9 8.2/18.3 0/? 
30 -2.1/+3.5 10.2/15.7 14/r 
45 -1 .2 /+3 .5  16 0/15.7 O / l  0 
60 
7.5 
so 

Subcutaneous 15 

- 2 . 7 j f 3 . 5  
- /+3.5 

-3 .0/+3.5 
+ O .  7 /+5 .4  

20 +o . ij +5.4  
24 +o .2/ + 5.4  
28 -:3.5/ + 5.4 
30 - 1.8/+5.4 

Intravenous 3.75 +2.8/ +5.2 
5 + l.O/i-5.2 
7.5 +l. 9/+5.2 

16 9/18 4 0 / i  0 
15 0/18 4 0/i 0 

14 1/18 4 017 0 
16 9/24 4 o/o 30 (7) 

19 3/24 4 o/o 0 

13 2/18 4 14/7 28 (6:  

15 1/24 4 14/(1 38 (7) 

Zeros or ‘*no takes” are also indicativc of activity. as nu “no takes” in the  conLrol animals and 100% in the  test animals a r r  
intcipretcd as 100% inhibition. The  tiumber in  parentheses indicates survivors. No SUIVIV~I-S .  

spcctrum in character, but it is also effective by 
various routes of administration, The oral and 
subcutaneous activities are of special intcrcst since 
most of the clinically provcd oncolytic agents pres- 
ently used arc incffcctive orally and elicit intolerable 
sidc cfferts when administered subcutaneously. 

When tested axainst the adenocarcinoma i55, 
C-1498 leukemia, and the X-5563 myeloua, acrony- 
cinc also displayed significant activity by both the 
oral and subcutaneous routes. Furthermore, there 
was 110 evidence of skin irritation or alopecia when 
administered subcutaneously. 

Only minimum activity w:is ohserved when thc 

alkaloid was administered intravenously. In  a11 
probability- this is attributable to its insolubility, 
sufficiently high blood levels not being attained. 
In several instances blockage of the circulatory sys- 
tem v\ as evidenced, autopsy revealing an actual 
aortic block by the compound itself. 

In determining the efficacy of a potential clinically 
useful compound it is always of interest to determine 
its effect under conditions which simulate, to the 
bebt of one’s ability, the human situation, i e., its 
cffectivencss against a well-established neoplasm. 
This condition can be achieved experimentally by 
implantinq the mice with the tumors and withhold- 



Ilosage, 4 Animals, c % on Day of Sampling 
tng./Kg. X 1 X 10 Serum Fraction 0 7 12 19 

Salinc controls 

y-like 
B 

A41buniin 
Protcine 
y-like 
B 
A1 burnin 
Protein& 
7-likc 
B 

Albumin 
Protein" 
y-like 
B 

ff 

ff 

(Y 

18 24 
23 24 
11 13 
50 39 

53 43 
130 96 

18 24 
21 21 
11 15 
50 60 

119 100 
18 22 
23 20 

17 
19 
13 
50 
87 
18 
21 
14 
47 
84 
20 
15 
14 
5 1 .~ 

70 
21 
18 

31 
19 
7 

53 
64 
18 
22 
7 

53 
58 
1 5 h  
17" 
o* 

68" 
X3" 
32 
17 

a 11 13 11 9 
i\lbumin 48 45 50 42 
Proteina 148 89 85 84 

a Total count of Aaalytrol integrator teeth under each protein fraction peak. The numbet of teeth would he dilectly pro- 
poltional to the density of the dyed protein band on the actual electrophoretic strip. One animal only. 

ing trcatnicnt until the neoplasm is ravaging its 
host. It should be noted that animals inoculated 
with the C-1498 leukemia at a known cell concen- 
tration normally livc for a period of 14-18 days. 
Therefore, a delay of 6 days after inoculation before 
initiating therapy has without question allowed the 
tumor to become well established. 

.4cronycinc also has the demonstrable ability to 
produce "cures" or indefinite survivors of animals 
inoculatcd with the C-1498 leukemia. An indefinite 
survivor is defined as one which survives 45 days or 
longer after inoculation, having undergone the 
usual 9- or 10-day regimen of daily treatmcnt. 
Furtherniore, it has demonstrated the ability to 
inhibit the growth of several neoplasms. These 
phenomena are detailed in the tables and summaries 
which follow. 

Activity Against the C-1498 Leukemia.-As 
stated earlier, this neoplasm is singularly non- 
responsive to chemotherapeutic agents. Table I1 
summarizes the dose-response relationships for the 
various routes of administration, while Tables 111 
and IV give the results of 3- and 6-day delayed 
therapy via various routes. It is readily seen that 
acronycine is effective when administered by any of 
several routes and even when trcatmcnt is delayed, 
the neoplasm having become well established. 

Activity Against the X-5563 Plasma Cell Myeloma 
(Tables V, VI, and VII).-This neoplasm is intended 
to serve as a model for human multiple myeloma. 
In both the animal and human situations an ab- 
normal protein is evidenced in the y-globulin area 
of the blood serum! The presence of this abnormal 
protein seems to increase with the progressive growth 
of the tumor in both hosts. The depression of this 
protein has been observed in patients responding to 
active chemotherapeutic agents, and this has also 
been seen in the serum of these experimental animals 
(Table VIII, Figs. 2 and 3 ) .  

6 Beckman model R paper electrophoresis system, uslng 
Spinco procedure A, a method for serum proteins utilizing 
bromphenol blue dye in aqueous solution. The procedure is 
described in "Technical Bulletin 6095A," Spinco Division, 
Reckman Instruments, Inc., Stanford Industrial Park, Palo 
Alto. Calif. 

It should be noted, licwvver, that in man it has 
been possible to witness a regression of the tumor 
mass without a deprcssion of this protein. In mice 
bearing the X-5563 neoplasm and responding to 
treatment with acronycine, regression of the tumor 
has always been accompanied by a drop in this ab- 
normal protein. This technique, therefore, provides 
one with an interesting correlative tool in working 
with a compound active against this particular 
tumor. 

Activity Against the Shionogi Carcinoma 115.-Of 
special interest in the tumor spectrum is the activity 
against this neoplasm. This is an androgen-de- 
pendent system which may be of value in serving 
as a model for activity against prostatic cancer in 
man. While this tumor originally arose in females, 
it will not grow in female mice, castrated males, or 
males treated with progesterone, estradiol, or other 
female sex hormones. Dose-response relationships 
are presentcd in Table IX. 

Activity Against the Adenocarcinoma 755.--The 
activity of acronycine against this neoplasm by 
various routes of administration (Table X) i s  ari- 
other feature which distinguishes it from the alka- 
loids of Catharanthm roseus G. Don (Vincn rosea 
Linn.) 

OTHEK BIOLOGICAL PROPERTIES 

Electrophoretic Patterns and Leukopenk-Thc 
methodology involved in these determinations is 
herein described. Sixteen C3H mice6 were ran- 
domly set up in small hanging cages with four ani- 
mals in each cage and one group serving as saline 
controls. The first blccding was done on day zero, 
by the orbital technique, to establish both the nor- 
mal white blood cell counts and the normal electro- 
phoretic patterns for each group. After the blood 
samples were taken, all of the animals were im- 
planted subcutaneously with the X-5563 tumor. 
Food and water were supplied ad libitum for the 
___- 

0 Supplied by Microbiological Associates Laboratory, 
Rethesda, Md. 
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Dsyr A ' t ~ r  Implnnlation 

Fig. 2.-Electrophoretic patterns of X-.5363 tnmor- 
bearing, acronycine-treated mice 

n 4 B 12 1 6  2u 

Fig. 3.-Additional parameters of electrophoresis 
WBC experiment. 

next 6 days. On day 7 another bleeding was done, 
tumor measurements werc made, and all animals 
were weighed. Intraperitoneal treatment was then 
initiated, three groups of mice receiving acronycine, 
one group receiving only saline for a total of 10 
injections. Similar bleedings were done on day 12, 
after five injections, and on day 19, the day after the 
tenth and final injection. On day 19 all animals 
were weighed, tumor measurements were made, and 
the experiment was terminated (Table XI). 

The electrophoresis was carried out in the follow- 
ing manner: 10 MI. of mouse plasma was uyed on 
each strip with Reckinan B2 barbital' buffer, pH 
8.6, having a 0.075 M strength. A 16-hr. run at  
room temperature was made, employing a constant 
current of 5 ma./cell. At the end of this period, the 
strips were stained by the Beckman method, 
scanned, and evaluated with a Beckman Analytrol. 

Some leukopenia was cvidenccd a t  all dose levels. 
The method used to determine the white count was 
as follows: 20 pl. of whole blood was taken from 
each of the treated and control mice by the orbital 
technique. The fresh whole blood was then diluted 
with 10 ml. of particlc-free physiological saline. 
Hemolysis of the red cells was achieved by adding a 
small amount of 2% saponin solution, allowing all 
of the intact white cells to be enumerated. Counts 
were made using a Coulter counter, the instrument 

Marketed as Verona1 by Winthrop Laboratories, Inc., 
New York, N. Y .  

being set to correlate with wnnts done by the hemo- 
cytometcr method. 

I t  should be noted that mice are somewhat limited 
in the amount of stress that can be tolerated, and 
that those on the electrophoresis-white blood cell 
count experiment were subjected to a great deal of 
stress because of a combination of factors-treat- 
merit with the alkaloid, several Meedings, the 
amount of blood withdrawn, and daily handling. 
The drug-treated animals were apparently unable to 
replenish the protein removed by the blood sam- 
plings under the conditions of daily therapy. This 
factor could be partly responsible for some deaths 
occurring during the experiments. 

Mitotic Studies.-Acronycine was compared with 
vincaleukoblastinc sulfate in several tissue culture 
cell lines for its ability to exert metaphase arrest. 
The procedures and mcthods have been described 
in detail elsewhere (13) but may be briefly sum- 
marized. 

T w o  different cell lines were used, a diploid 
Chinese hamstcr lung and the polyploid HeLa cell. 
The alkaloid was dissolved in undcnaturcd ethanol, 
sterile-filtercd, and diluted in the appropriate tissue 
culture medium to a maximum concentration of 25 
mcg./ml. in 0.25y0 ethanol. Log-phase cnlturcs 
were exposed to the compounds for 4 and 24 hr. 
The cells were prepared according to two different 
methods-a hematoxylin-eosin stain (H and E) 
and a chromosome preparation according to the 
method of Puck (13). 

No differences in effect were seen in the two cell 
lines and there was no apparent mitotic arrest 
associated with acronycine. A t  concentrations of 
25 mcg./ml., acronycinc exerted a very rapid cyto- 
toxicity to cells which was produced in less than 3 
hr.; yet a t  10 mcg./ml. there was apparently no 
cytological effcct. The TCDa0 had previously been 
established at  13 nicg./ml. The results of a typical 
experiment are shown in Table XII. 

Adrenal Apoplexy.-Acronycine exhibited signif- 
icant activity in blocking the apoplcxy effcct of 7,12- 
dimethylbcnz(a)anthracene (7,12-DMBAk) when 
administered orally a t  40 and 80 mg./rat in a single 
fccding 24 hr. prior to the oral administration of the 
7,lZ-DMBh. Huggins el al. (14) orally adminis- 
tered 20 mg. of 7,12-DMBA to 50-day-old virgin 
female Sprague-l)awley rats and on nccropsy found 
that the adrcnals were completely engorged with 
blood and greatly hypertrophied. The same inves- 
tigators further found that this effect couId be 
blocked by certain other polycyclic hydrocarbons 
such as 3-methyl cholanthreiie. 

The strain, age, and sex of the animal are impor- 
tant factors in inducing this phenomenon. There is 
apparently some interrelationship between the 
female hormones being produced a t  this age, the role 
of the pituitary and that of the adrenal cortex, but 
it is not yet completely understood. 

The same effects have been seen in these labora- 
tories arid the assay was performed in the following 
manner. Sprague-Dawley virgin female rats were 
received at  43 days of age. They were given food 
and water ad libitum until day 49. On this day 
they w-ere weighed and dosed orally with the test 
compound, the controls receiving only saline. 
Twenty-four hours later they received the 7,12- 
DMBB, along with food and water ad libitum. On 
day 53 all of the animals were sacrificed by decapita- 
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TABLE Ix.-L%CTIVITY OF LkCROXYCINE Vel’sZlS SHIUNUCI  CARCINOMA 115 
~ 

~ 

‘7. 
Inhibition* 

Dosage, mg./ Av. Wt. Change, Av. Tumor Size, 
Route Kg. X 1 X 9 Gm., TIC mm., T I C  

Intraperitoneal 36 +1.4/+1.4 0/15.3 100/?J 100 (7) 
4 5 -0.  X / + 1 .  4 0/ l5  3 100/5 100 (4) 
50 -0.4/  + 1 . 4  0/16.3 100/6 100 (1 ) 
ti0 - /+1 .4  - /15.3 - /,i r\-.S.” 

Zeros 09- “ n o  takes” at-r also indicativc of activity as no “no takes” in the control animals and 100% in the test animals ate 
interpreted as 100% inhibition. The number in parentheses indicates survivors. ‘ N o  sui-vivoi-s. 

TABLE X: -ACTIVITY OF :~CROSVCIXE Versus AC-755 L:iu I’ARIOUS ROUTES OF ADMIXISTRATION 
~~ . 

~ 

Dosage, mg./ Av. Wt. Change, Av. Tumor Sizr. 7” No Takes, r, 
Route Kg. X 1 X 10 Gm.. TIC mtu , T I C  T/C” Inhibitionb 

Intraperitoneal 15 +0 .3 /+1.9 15.7/19.7 0/0 0 
20 + O .  2/+1.9 14.4/19.7 0/0 27 (10) 

36 (10) 
38 (10) 
40 (10) 

24 - 1.2/+1.9 12.6/19.7 0/0 
28 -0.3/+1.9 12.3/19.7 0/0 
30 -0 5/+1 9 11 9/19.; 0 /0 

i I  
~ -, ,~ - -. 

7s --0.1/+2.0 ii . 3 j i  5. 6 o io  0 
80 -2.3/+2.0 13 .8/24.1 10/0 42 (10) 
90 - 2.2/+2.0 11.1/24.1 10/0 54 (10) 

100 +o 6/+2 0 14 0/24 1 10/0 42 (10) 

1 -50 - / + 2  0 - / 1 R  A - /0 N S C  
125 +0 3 /+2  0 8 0/15 6 10/0 49 (3) 

Oral 
175 -)+2 0 -)I5 6 - j o  N S  

46 (10) 
48 (10) 

30 -1 6/+0 9 11 1/20 4 0/0 
45 -2 5/+0 9 10 6/21) 4 0/0 
60 -3 .9 /+0 .9  9.7/20.4 0/0 52 (9) 
7s --6.1/+0.9 7.6/20.4 0/0 63 (10) 

68 (10) 
34 (10) 

80 -4 .2 /+0 .9  6 5/20.4 0/0 

38 (10) 
Subcutancous 15 +1,0 /+2 .7  13 9/20.9 0/0 

20 -0 .1 /+2 .7  13.0/20.9 0/0 
24 -0 .3 /+2 .7  11. i / 2 0 . 9  o/o 44 (10)  

50 (7) 
38 (10) 

28 -0.8/+2.7 10. ,5/2O .I) 0/0 
30 -0.8/+2.7 13.0/20.9 0/0 

a Zeros or “no takes” are also indicative of activity as no “no takes” in the control animals and lOOY, in the test animals are 
interpreted as 100% inhibition. The number in paientheses indicates survivors. No survivot-s. 

tion and exsanguiiiated. The adreiials were then 
removed arid weighed. 

Determinations of hemoglobin were not done, the 
adrenals instead having been observed macro- 
scopically and rated according to the degree of 
apoplexy present. With an active blocking agent 
the adrenals appeared yellowish in color as in normal 
untreated rats and weighcd lcss than those of thc 
controls. Pcr cent activity of a compound in prc- 
venting apoplexy was carried by the following 
arbitrary protocol: 

4+ : total apoplexy (inactive compound) 
3+ = 30% absence of apoplexy 
2+ = 60% absence of apoplexy 
I + = 80% absence of apoplexy 
0 = 100% absence of apoplexy 

In assaying acronycine in the preceding tiiaiiner 72 
and 92yo blncking effects were observed a t  40 aiid 
80-mg. doses per rat, respectively. 

Effect of Topical Application.-Acronycine was 
suspended in thc nonionic dispersant4 as previously 
dcscribcd and a suspcnsion of 3 mg./ml. was applied 
daily to the skin of iiorinal SPF. NU4 mice for a 
total of 22 applications. There was no evidence of 
skin irritation, epilation, or hypcrplasia. 

Algae, Protozoa, and Mammalian Cell Studies.- 
A dose response of acroriycirie was run against six 
algal and protozoan agar-diffusion type assays by 
thc mcthod of Johnson et nl. (15). Thc systcms in- 
volved wcrc Chlorella vulgaris, Scenedesmus basilien- 

sis, Tetvahymena pyrifovmis, Ochromonas wzallu- 
mensis, 0. danice, and Euglena gracilis. Trace 
activities were seen against the S. basiliensis and T. 
pyriformis, while significant measurable zones of 
inhibition were observed against both of the Ochro- 
moms sp. from paper disks dipped into a11 ethanol 
solution coiitainiiig 500 mcg./ml. of the alkaloid. 

Acronycine was further found to be inactive 
against the bacterial agar diffusion systems of 
Clostridium feser i  and Lactobacillus casei. How- 
ever, significant activity was observed in the tissue 
culture bioautograph systems employing the HeLa 
human epidermoid cancer cells and thc ATiz human 
amniotic cells. While several dose levels were used, 
the lowest dose level employed to give significant 
zones of activity was 500 mcg./ml. 

Thcsc data are summarized in Table XIII. 
Tetrahymena Motility.- -Tetrnhymena pyrifovmis 

is an actively motile protozoan cell. The ciliate’s 
powerful switnniiiig ability allows it to rcmain in 
suspension for long periods despite its almost 
macroscopic size. Any compound exerting a gross 
cellular toxicity in gcncral or a ncurotoxic eEcct in 
particular would disrupt the ciliary apparatus 
causing sedimentation of the immobilized ccll. 
The cffect of acronycine upon Tetrahymena motility 
was studied by comparing the scdimcntation rate of 
alkaloid-treated cell suspeiisions with untreatcd 
controls. Significant biological response in this 
system would suggcst a rapid and economical 
method for comparison of structural modifications 
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TAHLE XI -\IT B c AT \7ARIOUS T I M E  INTERVALS DURING TREATMENT OF 1;-5563 TUMOR-BE.4RING MICE 
WITH ACRONYCINE 

~~~ - 
~~ - 

Mean Tumor 
Iliani , mm., 

Measurement Inhibi- 
Dosage, 4 Count/ Day of L% 

~ g .  x 1' x 10 o (Northal) 7 12 19 0 7 12 19 i 19 rioo 
Animals mg./ mm. * Day of Sampling Av. Wt. of Animals, Day of Sampling 

20 4900 6000 8200 2300 15 6 16 9 19 3 20 0 4 1 14 5 34 
28 4700 621x1 6nnn 2 . m  14 7 16 3 1; 5 18 3 4 1 R 5 57 -. .... ..... ~... . ~. - ~. 

36 4800 fi200 6300 2300 13.7 11.0 15.0 i5.0 2 . 3  '7.0 68 
Salinecontrols 5500 6100 9400 14800 15.0 16.6 19.9 23.9 2 . 2  21.9 . . .  

TADLE XII.-EFFECT OF ACRONPCINE ON HELA CELLS, 24-hr. ~ ' : X P O S U R E - ~ H K O M O S U M M  PREPARATIOS 
~~ 

Comyd. Concn., incg./ml. No. Mitosis Total No. Cells Connted yo Mitoses 
Acronycine 25 Too cytotosic . . .  . . .  

10 28 712 3 . 9 
5 24 650 8 . 7 
1 1 1  496 2 8  

EtOIl control 
0 .5  
0.25% 

I -  

VI,B sulfate 0 . 5  
Control . . .  

_ _  
27 
16 

120 
30 

~. . 

72 5 
422 
725 
830 

3.7 
3 . 8  

16.6 
3 6 

TADLE ~ I I I . - A ~ G A ~ - D I ~ F U ~ I O N  P A P E R - D I S K  'I'YPE k 3 S A Y S  OF .\CRONYCITE ON -1LGAE.  PROTOZOA, AND 
MAMMALIAN CELLS 

-~ 
~ -~ ~~~~ 

- 
Concn.. System 

mcg./mI.' c .u .~  S.b. T . p .  0.m. 0.d. E.g.  C.f. L.L.  H r L a  AVz 
2000 . . .  H, Tr Tr H,  20 H, 22 . . .  . . .  . . .  21 16 
1000 . . .  H, T r  T r  H ,  18 H, 21 . . .  . . .  . . .  18 15 

. . .  . . .  . . .  . . .  12 14 500 . . .  . . .  H, 17 H, T r  
2 50 . . .  . . .  . . .  H, 15 H, Tr . . .  . . .  . . .  10 T r  

~~ -. 
Figures represent mm. inhibitory zone diameter; . . .  , inactive; Tr zone less than  10 mm.; H, hazy zone. C.a'., Chlorelln 

d g a v i s ;  S.h., Scenedesnzus basiliensis; T . p . ,  Tetvahymena pyriformis; ' O.m., Ochromonas malhamensis; O.d.. 0. dunica; E.g., 
Euglena gvacilis;  C,f., Clostridium fereri; L . G . ~  Laclobacillus casei; HeLa, human epidcrmoid cancel- cells; AVx, human amnio- 
tic cells. 

of the compound and as an additional tool for future 
mechanism of action studies. Other workers have 
utilized Telrahynzena to study the effect of the 
phenotliiazine tranquilizers (16) and the neuro- 
muscular blocking action of some mcthonium com- 
pounds (17). This is not to say that these protozoa 
will detect all neurologically active agents-~ curare 
and lcurocristine sulfate show 110 toxic effect upon 
motility of the organism. These motility studies 
reprcsent a relatively simple method of observing 
thc biological effect of a compound. The import of 
thcsc observations depends upon possible correla- 
tion to the biological effects seen in drug-treated 
animals. 

Ililutc suspcnsions of viable Tetvuhynzenu cells 
were prepared in particle-free saline. Acronycine 
was freshly dissolved in undendtured ethanol and 
added to the test suspension a t  zero time. The final 
drug concentration in  the cell suspension was 50 
mcg./ml., the final ethauol coriceutration being I yo 
(v/v) .  A similar volume of ethanol was added to  
the cell control. Thc sedimentation rate uf the 
protozoa was measured by carefully inserting the 
counting stylus of the Coulter counter, an electronic 
particle counter, into the upper third of the sus- 
peusioti and countiug the swimming cells a t  timcd 
intervals. Rate of sedimentation would be  rc- 
flcctcd by the decreasing cell counts with time. 
Cell couuts were obtaincd by utilizing three dif- 
ferent threshold settirigs on the instrument to give a 
size distribution of the viable population at each 

countiug interval. The protozoa were separated 
into three size groups: small, large, and very largc, 
and the relative sedimentation rates were obtained 
for each group. 

The line graph (Fig. 4) shows the profound toxic 
effect of acronycine upon the motility of the total 
cell population. The bar graphs (Fig. 5) illus- 
trate the relative sedimentation rates ol the sized 
cells. It is iuteresting to note that the rdtc and 
dcgree of cell immobilizatiori is less with the very 
large cells than in the largc and small groups. No 
firm explanation can be given for this phenomenon 
at this timc. 

SUMMARY 

Acronycine has been shown to be a very potent 
alkaloid against a multiplicity of mouse neoplasms. 

\ 

Fig. 4.-Tetrahynicna motility studies. Key : 
upper curve with control c 170 EtOH; lower 
curve, acronycine, 50 rzicg./ml. 
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relative weight loss associated with leukopenia was 
not in evidence. 

No apparent mitotic arrest was seen in tissue cul- 
ture studies utilizing either diploid Chinese hamster 
lung cells or the polyploid HeLa cells. This 
observation can be construed as lending credence to 
the theory that metaphase arrest is not a necessary 
fuuction of an active oncolytic agent. 

Acronycine, being an N-methyl acridone, possesses 
structural features unrelated to the Catheranthus 
roseus alkaloids or to any of the other presently 
known antitumor agents. Therefore, it represents 
a new lead toward chemotherapeutic managemcnt 
of a variety of neoplasms. 

Studies are continuing in an attempt to ascertain 
as thoroughly as possible the character of the 
isolatable ingredients of this plant. The prepara- 
tion of various derivatives and the determination of 
their biological activities, in an attempt to establish 
structure-activity relationships, are currently under 
way, and tlie results of these efforts will be reported 
at  a later date. 

very Large Cells Acronycme B 50 mcglml 
TETRAHYMENA MOTILITY T E S T  

T = TEST 

C = CELL CONTROL 

ggl Large C.11. 

smal l  C ~ I I ~  

45 60 120 
Minutes 

Fig. 5.-Tetrahymena motility test 

It possesses tlie broadest antitumor spectrum of any 
alkaloid isolated to date in these laboratories, being 
significantly active against 12 of 17 experimental 
neoplasms. Furthermore, it is not only effective 
when administered by a variety of routes, but it has 
demonstrated significant activity in delayed therapy 
experiments. 

Unlike the alkaloids derived from Catharanthus 
roseus G. Don ( Vinca rosaa Linn.) (18), whose most 
striking experimental feature is their activity 
against the P-1534 leukemia in DBA/2 mice, 
acronycinc is inactive against this neoplasm. Those 
systems of special interest which are responsive to 
this alkaloid are: the X-5563 plasma cell myeloma, a 
model system of multiple myeloma in man; the 
Shionogi carcinoma 115, an androgen-dependent 
tumor, potentially a model system for prostatic 
cancer; the C-1498 myelogenous leukemia which is 
nonresponsive to any of the clinically useful chemo- 
therapeutic agents. 

Other biological parameters include activity 
against certain protozoa and tissue culture activity 
against human epidermoid cancer cells and human 
amniotic cells. Acronycine has been shown to be 
an effective agent in blocking DMBA-induced 
adrenal apoplexy. Although some degree of leuko- 
pcnia has been seen in certain experiments, the cor- 
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Biphasic Elimination of Noscapine 
By MILO GIBALDI* and NORMAN D. WEINER 

Published data concerning the elimination of noscapine from various species were 
critically re-examined. It would appear that noscapine is distributed into a third 
compartment prior to  exponential elimination. An analogy between the pharmaco- 

dynamics of noscapine and the barbiturate, thiopental, is considered. 

OSCAPINE, an isoquinoline alkaloid of opium, N is an antitussive agent which depresses the 
medullary centers and suppresses the cough re- 
flex. Pharmacological and clinical investigations 
have confirmed the value of noscapine as a potent 
nonaddictive cough suppressant (I). 

Despite the antiquity of this opium derivative, 
little is known concerning its absorption, distribu- 
tion, and elimination in the body. In 1961, 
Vedso (2) studied the absorption and excretion of 
noscapine in man. More recently, Nayak et al. 
(3) investigated the rate of metabolism, urinary 
excretion, and organ distribution of noscapine in 
laboratory animals. 

Vedso concluded that  the rapid disappearance 
of noscapine from the blood is attributable to 
rapid and cumulative tissue uptake. Conversely, 
Nayak and co-workers claimed that cumulation of 
the drug in  the various tissues does not occur. 
These investigators indicated tha t  the rapid 
disappearance of noscapine from the plasma and 
tissues is due t o  a rapid, first-order biotransformd- 
tion. A further consideration of the data  of both 
Vedso (2) and Nayak et al. (3) strongly suggests 
that the elimination of noscapine involves a more 
complex niechanism than those postulated in 
either study. 

DISCUSSION 

Representative log tissuc concentration versus time 
plots of noscapine, after intravenous administration 
of drug to  rats, are shown in Fig. 1. These plots 
were constructed by utilizing litcrature data (3). 
As may be observed in Fig. 1, thc blood, kidney, and 
skeletal muscle data demonstrate linearity after a 
lag of about 8 min. It is, therefore, apparent that 
after 8 min., the drug is clirninated from both thc 
tissues and blood in a first-order fashion. In accord 
with Teorell’s model for drug distribution and alim- 
ination (4), the rate of elimination of noscapirie froin 
the blood is in good agreement with the elimination 
rate found in the tissues. The half-lives for the 
climination of noscapine from the blood, kidney, and 
muscle were calculated by the method of least 
squares and were found to he 12, 13, and 15 min., 
respcctively. 

Rapid first-order elimination of noscapine has been 
observed in a number of species. Nayak et al. (3) 
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report that the first-order disappearance of noscapine 
from the blood of both mice and rabbits has a half- 
life of about 9 min. Vedso (2), who contended that 
biotransformation was not involved in the elimina- 
tion of noscapine, did not attempt to quantify the 
elimination rate in man. However, his data provide 
suficient evidence to indicate that the plasma con- 
centration-timc curve contains a postabsorptive 
semilogarithmic phase. Representative semilog 
plots are presented in Fig. 2. Contrary to Vedso’s 
conclusions, the elimination of a significant portion 
of the rioscapine from human plasma follows first- 
order kinetics with a half-life, according to our cal- 
culations, of about 40 niin. 

Further examination of the plots presented in Fig. 
1 reveals an interesting phenomenon. Each of the 
plots is biphasic, consisting of a very rapid initial 
elimination component and a significantly slower 
elimination component; the latter phase is observ- 
able about 8 min. after administration. Biphasic 
elimination of noscapine also appears to occur in the 
rat brain and livcr (3). To interpret the significance 
of these phenomena i t  is relevant to consider the 
pharmacokinctics of distribution after intravenous 
administration. 

Theoretical Considerations of Drug Distribution.-- 
Numerous studies have shown that a semilog plot of 
plasma concentration versus time, after rapid 
intravenous injections of various substances, demon- 
strates linearity only after a certain time has 
elapsed ( 5 ) .  The initial rapid fall in blood con- 
centration is generally attributable to the dif- 
fusion of drug from the blood to other body fluids 
and tissues. The start of thc linear portion of the 
plot is considered to coincide with the steady state of 
distribution whcrc the apparent volume of distribu- 
tion has reached a maximum and, thereafter, re- 
mains constant. The duration of this initial phasc 
of elimination from the plasma is a function of the 
drug properties. -4 highly water-soluble substance, 
restrictcd to the extracellular fluid, will rapidly 
attain steady-state conditions. Drugs which can 
penetrate to dccpcr tissues will generally show a more 
proloqed initial phase prior to exponential elitnina- 
tion. 

After intravenous administration, in a two-corn- 
partment model system, tissue concentration in- 
creases continually to a maximum and, thereafter, 
dcclines in a first-order fashion a t  a rate equivalent 
to the rate of decline of drug in the plasma. Accord- 
ing to the stcady-state approximation, the time re- 
quired for maximum tissue concentration coincides 
with the time lag before the initiation of exponential 
elimination of drug from the plasma (5,6). Further- 
more, in the idealized two-compartment system, the 
fraction of drug in each compartment is independent 
of amount of drug in the body. Thus, plasma con- 
centration is directly proportional to the amount of 
drug in the body. For compounds which adhere to  
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Although the various tissues studied constitute a 
compartment separate from the plasma, the rate of 
distribution between compaxtments is apparently so 
rapid that thc defincd system is kinctically indis- 
tinguishable from a one-compartment system. 

Despite the fact that noscapinc is very quickly 
distributed into a relatively large volume, it is evi- 
dent from the data in Fig. l that, a t  the time of 
maximal tissue level, noscapine has not yet achieved 
its ultimate apparent volume of distribution. If the 
initial rapid loss of iioscapine from the plasma is 
simply due to rapid uptake by thc tissues studied, thc 
Steady-state approximation could be applied a t  the 
first minute, and each of the drug concentration-time 
plots in Fig. 1 could be describcd by a siniple expo- 
nential expression. Quite to the contrary, each set 
of data in Fig. 1 was found to he fitted by an equation 
which is the sum of two exponentials. Using the 
method of least squares, the following equations were 
calculated: 

(Eq. 1) 

(Eq. 2) 

(Eq. 3) 

Cs = Q - O . 8 O t  + 17e-0.057?t 

c.hl = ,50e-1.221 + 18e-0.0"il 

CK = 700e-1.33t + 37e-0.056' 

where c ' ~ ,  CM,  and CK refer to the Concentrations of 
noscaphe, a t  time t ,  in the blood, skeletal muscle, and 
kidneys, respectively. 

At this point, it is reasonable to consider why such 
data arc unusual. It is quite possible that many 
drugs really occupy a three-compartment model and 
distribution from the plasma into each compartment 
occurs a t  a somewhat different rate. Furthermorc, 
sampling may be so spaced that the initial phase or 
phases of elimination from the plasma is not ob- 
served. For example, if Nayak et ul. (3)  had sam- 
pled a t  10-min. intervals. only a single exponential 
elimination would be manifest. This interpretation 
of the noscapine data is in accord with Tcorcll's 
model but still leaves two unanswered questions. 

First, since the pharmacokinetic evaluation has 
suggested thc existence of a third compartment (real 
or hypothetical) what is the nature of this cornpart- 
ment? Second, as noted above, since a three-com- 
partment model is not a t  variance with Teorell's 
model, one would expect a rectilinear relationship 
between plasma lcvcl and dose. However, as re- 
ported by Vedso ( 2 ) ,  noscapine plasma concentra- 
tion, 2 hr. after oral administration of the drug, ill- 
creased in a hyperbolic fashion as a function of dose 
(Fig. 3). 

An explicit explanation for the pharrnacokirietic 
behavior of noscapine is not possible without 
more extensive distribution and metabolisni studies. 
However, the pharmacodynamic properties mani- 
fested by the barbiturate thiopcntal (7) arc suffi- 
ciently analogous to consider in explaining the 
noscapine data. 

Thiopental, like noscayine, is rapidly eliminated 
from the plasma and reaches maximal tissue levels 
in a number of organs, including the brain, liver, and 
muscle, almost immediately after administration. 
Nevertheless, plasma concentration continues to 
decline rapidly for a prolonged period ol tiinc after 
maximal tissue levels are achieved. Although drug 
concentration is maximal in a number of organs a few 
minutes after administration of thiopental, steady- 
state kinetics are not observed for a significant time 
thereafter (7). After a single 400-mg. dose of the 
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Fig. 1.-Scmilog plots for the disappearance of 
noscapine from various tissues after intravenous 
administration of 25 mg./Kg. in rats. Plots were 
constructed with data taken from Reference 3. 
Key: 0, kidney; 0 ,  muscle; X ,  blood. 
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Fig. 2.-Seniilog plots for the disappcarance of 
noscapinc from tlic plasma of three humans aftcr 
oral administration of 250-300 mg. of noscapine 
chloride. Plots wcrc constructed with data taken 
from H e j ' m x r e  2. 

Teorcll's model for distribution and elimination, a 
plot of plasma level, a t  time t ,  after intravenous 
administration versus dose, will be rectilinear ( 5 ) .  

Pharmacokmetic Interpretation of Noscapine 
Data.-Nayak et (11. (3)  state that there is a rapid 
disappearance of noscapinc from the blood con- 
comitant with a rapid uptake by organs perfused by 
a rich vascular supply. This is evidenced by the 
fact that drug conccntration is maximal, within 1 
min. aftcr administration, in the brain, kidncys, 
lungs, liver, and skeletal muscle. However, as shown 
in Fig. 1, plasma concmtration continues to dcclinc 
rapidly until about 8 rnin. after admini5tration. If 
uptake, by the tissues studied, was responsible for 
the very rapid iriitial elimination of noscapine from 
the plasma, drug concentration in each organ should 
be maximal a t  about 8 min. This is obviously not 
the case. 
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drug (9). An excellent indication of the comparable 
lipid characteristics of these drugs is provided by a 
consideration of transport across the blood-brain 
boundary, a process which is quite dcpcndcnt on the 
lipid solubility of the perineatiug molecule. On the 
basis of distribution studies, both thiopental and 
noscapine show rate constants for entry into the 
central nervous system of about 0.8-1 .0 min. - I ,  

significantly higher than rate constants observed for 
such drugs as pentobarbital (about 0.2 miri.-I), 
barbital (about 0.05 min-l) ,  arid salicylic acid 
(0.006 min.-’) (3,  10). In view of the similar prop- 
erties of noscapine and thiopental, it is not surprising 
that both drugs act in the central nervous system, 
and both show extrcmcly prompt, but very fleeting, 
therapeutic activity. 

Unfortunately, one. piece of data docs not fit well 
into the over-all scheme. Vedso (2) has claimed the 
existence of a hyperbolic relationship between plasma 
lcvcl of noscapine and dose. Indirect evidence 
based on repetitive dosing leads one to believe that 
the hyperbolic relationship does not exist in the case 
of thiopental. For example, a dog can be anes- 
thetized with a given dose of thiopental, then be 
allowed to  recover, and this procedure can be re- 
pcatcd a number of times without having to reduce 
the dose to  obtain the same depth of anesthesia. 
Each time, the rccovcry o f  the animal is due al- 
most entirely to localization in fat, whicli acts as a 
seemingly infinite reservoir (7  j .  

The third compartment proposed for noscapine, 
be i t  a fat compartment or not, does not share the 
ability of the fat compartment for thiopental, to 
function as a sink. Whether this difference is 
qualitative or simply a quantitative distinction 
remains to be determined. 

The proposed model, based on fat distribution, 
is by no means the only possiblc way to  explain 
the pharrridcodyriamics of noscapine. ‘I’here are a 
number of other models which may be proposed to 
account for the data (11 j ,  including other compart- 
mcnts and complex biotransforrriatiori processes. 
Although these other models are mathcmdticdlly 
correct, they do not appear to be as reasoilable 
from physiologic and pharmacologic viewpoints. 
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barbiturate to man, plasma levels fall abruptly and 
subjects awaken in about 10 min. Subsequently, 
the plasma level declines slowly, 10-15%,/hr. (8). 
This ratc reflects the true rate of metabolism of 
thiopental. 
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Theoretical Analysis of Comparative Studies of 
Complex Formation 

Solubility, Spectral, and Kinetic Techniques 

By KENNETH A. CONNORS and JOSEPH A. MOLLICA, JR. 

The ssoichiometric ratios and the equilibrium constants describing the extent of 
formation of complexes are the basic information required in studies of complex 
formation between two species. Some of this information can be obtained by meas- 
uring the apparent solubility, the absorption spectrum, or the reactivity of one 
species (the substrate) as a function of the concentration of the other species (the 
ligand). The stability constant evaluated by these methods, assuming that a single 
complex of 1 : 1 substrateligand~ratio is present, can be related to the actual con- 
stants of the system. Analyses of some of the complex systems most like\y to be 
encountered show that the three experimental approaches may not always yield the 
same numerical result and that comparative studies with several techniques may 
yield valuable information concerning the natures of the complexes. The solu- 
bility, spectral, and kinetic methods for studying complexes are, in general, subject 
to about the same degree of nonselectivity in their responses to multiple complexes 

and interactions. 

HE CONCEPT of complex formation has been 
Tadopted as a simple hypothesis that  can 
account for nonadditive behavior in the physical 
and chemical properties of solutions of two or 
more species. With this hypothesis i t  becomes 
possible to utilize quantitative measures of these 
properties to describe the extent of interaction 
between the species and to  investigate the nature 
of the interaction product, or complex. Many 
definitions of “a complex” have been proposed, 
but  for the purpose of this papcr i t  will not be 
necessary t o  limit sharply the chemical nature of 
the species, and the techniques to be discussed 
may be applicable to  the study of reactions that  
may not  he accepted aq complexation reactions. 
Throughout this paper complex formation is 
considered to  be a reversible chemical reaction 
in which the rate of attainment of equilibrium is 
much greater than any rates involved in the 
measuring processes. The system is, therefore, 
considered to  be at equilibrium. 

The basic purpose of studies of complex forma- 
tion is to  provide a comprehension of the prop- 
erties of complexes, including their structure and 
reactivity. Since the reversibility of complex 
formation is the fundamental aspect relating all 
of these processes, thc general reaction may be 
written 

mS + nL %L,, 

where S represents the substrate and L is the 
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ligand. (The substrate is the compound whose 
apparent properties are measured.) Given ade- 
quate evidence that  a complex is present in a 
system, the first information to be sought is its 
stoichiometry, i . e . ,  the values of m and n. It is 
probable that  in many (perhaps most) systems 
more than one complex is formed, and the stoi- 
chiometries of all species are desired. Note also 
that i t  is entirely conceivable that two or more 
complexes may co-exist with the same stoichiom- 
etry but  different structures (1). (A single 
complex species will possess a unique average 
molecular and electronic configuration.) 

The strength or stability of a complex is specified 
in terms of its stability (association, formation) 
constant. The over-all stability constant K,, for 
the complex formation rcaction is written 

where brackets signify molar concentrations, and 
K,, is the constant applicable to the solvent system 
and temperature employed. Thc standard state of 
the solute is taken to be the infinitely dilute solution 
in the experimental solvent. Often the concentra- 
tions of S and L are sufficiently low that they do not 
affect the value of the stability constant. An 
alternative description of the stability of S,L, is 
available in the step stability constant; the assump- 
tion is that S,L, is formed from S,“L<*-I) by re- 
action with one L, or from S(m-l)Ln by reaction with 
one S. Rossotti and Rossotti (2) review methods 
for the determination of stability constants. 

Most of the molecules of pharmaceutical and 
biological interest are of complicated structure and 
contain numerous functional groupings. Such 
molecules will, therefore, possess multiple inter- 
action sites for complex formation. A given system 
of substrate, ligand, and solvent can be described 
as a member of one of the following two classes 

( a )  Only one complex species is formed. This 
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complex may be a resultant of multiple interactions. 
The possibility is admitted that the complex con- 
tains only substrate or only ligand molecules. 

( b )  Two or more complex species are formed. The 
several complexes may be formed by means of dif- 
ferent types of interaction forces or by the same 
interactions differently oriented. 

In thc studies of complexation equilibria and their 
relation to enzyme specificity behavior from these 
laboratories, solubility mcasurcmcnts, absorption 
spectroscopy, and rate nieasurements for the deter- 
mination of complex stability have bccn employed. 
These are all well-known techniques, but lew inves- 
tigators have systematically applied more than onc 
of them to a complexation system (3-5). The three 
methods do not always yield tlie same numerical rc- 
sult (taking into account the expected experimental 
uncertainty), and the authors’ analysis of these 
diffcrcnccs may be of value to others. 

The usual procedure is to assume that a singlc 
complex of one-to-one stoichiomctry is responsible 
fur the observed effects. If the data suggest that 
this simple assumption is untenable, another Will 
of course be made in its place, but the observations 
are not always susceptible to such an interpretation. 
The problem, therefore, is to find the relationship 
between the apparent 1:l stability constant (as 
evaluated by each of the cxpcrimental methods) and 
the actual parameters of the system. This analysis 
will be carried out for each tcchnique as applied to 
the systems most likely to be encountered. A com- 
parison of thc three methods will then be given. 

ONE COMPLEX PRESENT 

Solubility Method.-2 : I  Complex.-The theory 
and practice of the solubility method have recently 
been reviewed in detail (6), and only a brief out- 
line will bc given here. The experimental opera- 
tion entails the addition of an equal weight (in ex- 
cess of its normal solubility) of the slightly soluble 
substrate into each of several vials. A constant 
amount of solvent is added to each container, 
then successively increasing portions of the relatively 
soluble ligand are added to these vessels, which are 
closed and brought to solubility equilibrium a t  
constant temperature. The solution phases are 
analyzed for their total conccntration of S, no 
matter what its molecular state may be. A phase 
diagram is constructed by plotting, on the vertical 
axis, the total molar conccntration of S found in 
the solution, St,  against the total molar concentra- 
tion of L added, Lt. Here only the formation of 
solublc complexes is considered; these produce a 
phase diagram consisting of a smooth curve with a 
positive slopc. In general, if the solution contains 
but one complex, S,L,, the concentrations at any 
point on the curve can be expressed (see Appendix 
for an cxplanation of the symbols) : 

IS1 = Sa 
[S,L,I (St  - S ) / m  
[L] = L* - n[S,L,J (Eq. 2) 

since the concentration of free S is maintained con- 
stant by the presence of solid substrate. Consider 
the case in which m = n = 1. Then Eq. 1 for K11 

is combined with Eq. 2 to give 
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showing that the plot of St weYJus Lt is a straight 
line with intercept So on the vertical axis; the slope 
of this line is K&/( 1 + KIISO),  leading to 

(Eq. 3 )  k’llSOL1 + so 
S t  = 1 + Kl& 

In general, the apparent 1: 1 stability constant is 
evaluated from solubility measurcmcnts by mcans 
of Eq. 4; if a single 1: 1 complex is present, the 
apparent K1l (symbolized K’ll) dctcrmincd in this 
manner is equal’ to the actual K11. 

(Eq. 4) 
slope 

K1l’ = intercept ( 1  - slope) 

2 : 1  Complex.-If, morc generally, 71 = 1 but 
m assumes any value, Eqs. 1 and 2 give 

Thc phase diagram is linear a5 long as the complex 
contains only 1 molecule of L If the slopc is 
grcatcr than unity, then a t  least one species must 
be present in which m is greater than 1, for i t  is 
clearly impossible for 1 mole of L to take more than 
1 mole of S into solution if thc complex is of the 1 : 1 
type. On the other hand, a dope smaller than 1 
does not necessarily mcan that a 1: 1 complex is 
formed, though this assumption is usually madc 
More definite statemcnts concerning tlie order with 
respect to  S cannot usually be made since thc prcs- 
ence of solid substrate is responsible for maintaining 
a constant activity of S in the system. 

If a single 2: 1 complex is prcsent, thc slopc is 
given by Eq. 6. 

If this quantity is less than 1, the system will be 
interpreted as a probable 1:l complex, and an 
apparent K‘n will be calculated from Eq. 4. The 
actual nature of this quantity is found by combining 
Eqs. 4 and 6, 

where Kll’ is the apparent 1 : 1 stability constant. 
(If the true stoichiometry were known, it would be 
a simple matter to evaluate the correct constant, 
K21,  but this information will seldom be available.) 

This discussion has ignored the route of formation 
of SzL. This can conceivably occur in three ways: 
2s + L = S2L; S2 + L = s2L; SL + s = SZL. 
The first of these has been employed in the preceding 
discussion. The other possibilities require the 
presence of another complex, and can be treated 
with methods devclopcd latcr for these more com- 
plicated systems. 
1 : 2 Complex.-When a complex is present that 

is second-order in L, the solubility diagram will not 
be linear hut will show a positive curvature (6). 
Such a curvature would be recognized and would 
prevent evaluation of an apparent Kn’. If, how- 
ever, the system contains both 1:1 and 1:2 com- 

1 This is not exactly true, of course, for the general solvent 
effect of S and L on the constmt has been neglected; these 
relatively minor effects may he  responsible for small differ- 
ences, but can be ignored as long as St  and Lt remain fairly 
small. The “statistical” or “contact” complexes formed 
as a result of random distribution of the molecules have also 
been neglected (7. 8). 
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plexes, the deviation from linearity may be un- 
noticed and misinterpretation may result. This 
systcm will be analyzed in a later section. 

Substrate Diem.-Suppose S undergoes reaction 
to form the dimer S1 with dirncrization constant 
Kss. Then the total concentration St = [ S ]  + 
2[S5] ,  or S t  = So + 2KssSo2. Obviously thc apparcnt 
complexation constant evaluated from the phase 
diagram will be zero, but the intercept will give Su + ~ K s s S O ~  rather than So. No solubility experiment 
will reveal this anomaly, however. 

Spectral Method.-1 :1 CumpZex.-If the molar 
absorptivitics of the complex and the substratc diffcr 
a t  the same wavelength, it may be possible to de- 
termine the stability constant spectrophotometri- 
cally. I t  is assumed that Beer’s law is follow-ed by 
all spccics. Then at a concentration S t  of substrate, 
in the absence of ligdnd, the solution absorbance is 

Ao = aabSt (Eq. 8) 

In the presence of ligand at  total concentration Lt, 
thc absorbance of the solution containing the samc 
total substrate concentration is 

Ar.  = ash[Sl + a ~ b [ L l  + aiib[SLl 

which, combined with the material balance on S, 
gives 

AT, = asbSt + aLbLt + Aab[SL]  

where Aa = all - as - UL. By measuring the 
solution absorbance against a reference containing 
ligand a t  concentration L,, the measured absorbance 
becomes 

41.’ = asbSt + A ab[SL]  (Eq. 9)  

Combining Eqs. 8 and 9 with the stability constant 
definition leads to 

AA / h  1 K ~ I A U [ S ]  [L]  

where A A =  AL’ - A,,. Utilizing the cxprrssion 
[S] = &/(I + KII [ L ] ) ,  this becomes 
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large, it  is essential to hold S t  to a small valuc if 
Eq. 11 is to be applied. 

As noted above, Eq. 11 is exact, but its use re- 
quires an approximation. It is possible to introduce 
the approximation during the derivation (2 ) ,  leading 
to the equation 

b L t / A A  = (St + Lt) /AaSt  + l/AaKiiSi 

I t  can be shown that the application of this equation 
requires conditions that are similar to those adopted 
in the use of Eq. 11. Throughout this paper the 
spcctral mcthod w-ill be discussed in terms of Eq. 11. 

2:l Complex.-In this system the equation corre- 
sponding to Eq. 9 is written 

AT,‘ ~ s h S t  + AabISL] 

whcrc Aa = - 2as - a[,. The concentration of 
free substrate is given by 

This equation can be put into several lincar forms, 
one of these being Eq. 11, which is similar to the 
equation used by Benesi and Hildebrand (9, 10) to 
determine stability constants spcctrophoto- 
metrically. 

b / A A  = l /K11St&~[L]  + 1/SiAa (Eq. 11) 
If [L]  can be approximated by Lt, a plot of b / A A  
versus 1/Lt will be linear. The stability constant 
KII is taken as the ratio interceptlslope of this plot. 
This is the operational definition of thc spcctrally 
measured 1 : 1 stability constant. Note that the 
types of interaction or their distribution in the 
complex are irrclevant, the  only requirement in the 
application of the method being that Aa is not equal 
to zero. 

No approximations have been introduced in the 
derivation of Eq. 11: but i t  is necessary to assume 
[L] = I,t in its application. This assumption is 
cquivalent to supposing that 1 + KI1 [S] = 1, 
bccduse of the relationship Lt = [L] (1 + Kll Is]). 
The assumed equality [L] = Lt is, therefore, sensi- 
tive to the magnitude of the stability constant and 
to the substrate concentration. If Kll is quite 

= 1 + 2K*,[Sl St [Ll 

The resulting equation in its reciprocal form is 

b / A A  = I / K ~ S ~ A U [ S ] [ L ]  + 2/StAa (Eq. 12) 

so the apparent spectral constant is 

Kn‘ = 2Kzi[SI (Eq. 13) 

Note, however, that the plot should not theoretically 
be lincar, since thr slope is a function of IS]. This 
complication will be trcatcd in more detail in later 
sections dealing with multiple complexes. 

Substrate Dimer.-If S dimerizes with a change in 
spectrum, the quantity A A  will bc indcpcndcnt of 
Lt. The apparent stability constant will be zero. 
Beer’s law will not be followed by the substrate if 
the dimer’s molar absorptivity is not twice that of 
the monomer. 

Kinetic Method.-1:l Cumplex.-The kinetic 
method, as it has been most frequently applied, 
utilizes a reduction in rate of a reaction of S when L 
is present to obtain information about the nature 
of the complex; the basic assumption is that the 
decreased reactivity is the result of complexation, 
the complexed S being less reactive than free S. 
Thc kinetic scheme can be represented 

Kl1 

S + L = S L  
ks 

S + R --f products 

k.1 
S L  + R -f products 

If, as is usually the case, a reagent R is involvcd in 
the reaction, k s  is the second-order rate constant 
(often determined under pseudo first-order condi- 
tions with reagent in excess). I t  is assumed that R 
does not form coniplexes with S or L. The tlieoreti- 
cal rate equation is 

= ks[Sl IR1 + kiiISL1 [Rl (EY. 14) 

and thc cxpcrimental rate equation is 

D = kutm.S, (Eq. 15) 

whrrr bobs. is the pseudo first-order rate constant. 
Setting Eqs. 11 arid 1.5 equa1 and dividing through 
by 1Rl and St, 
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ks' = ksfe + kiifii (Eq. 16) 

where kg' is the apparent second-order rate con- 
stant, fa is the fraction of S in thc uncomplexed 
forin, and f l l  is the fraction present as SL. The 
stability constant K1l is combined with the defini- 
tions of these fractions, giving Eq. 17. 

In  the special case that k11 = 0, Eq. 
expressed in the forms Eqs. 18 and 19. 

ks' = ksfs 

k's/k's = Kli[L] + 1 

According to Eq. 18, a plot of ks' versus fs is linear, 
passing through the origin, with slope ks. Prior 
knowlcdgc of Kl1 is required to calculatefs. Equation 
19, however, can be plotted without this knowledge 
if the equality [L] = Lt may be made. Then thc 
slope of the plot of ks/ks' versus L, gives A-11. 

If kll # 0, the general Eq. 16 must be used. Since + f l ,  = 1, this can be written 

ks -ks' = fil(ks - kll)  (Eq. 20) 

Introducing the definitions i i l  = kll/ks and yll = 1 
~- r11 permits Eq. 20 to be transformed to Eq. 21. 

ks - ks' = qiiksfn 0%. 21) 

or 

Equation 22 can be placed in the following three 
forms amenable to linear graphing: 

Throughout this paper the kinetic method will bc 
treated in terms of Eq. 23, which predicts that a 
plot of l/(ks - ks'), or of kg/(ks - ks'), versus 
1/ [L] should be linear. The kinetically determined 
1:l stability constant is then dcfined as the ratio 
intercept/slope of this plot. From the interccpt 
value the quantity yll, and ultiinately k l l ,  can bc 
evaluated. 

Equation 19 has frequently been employed for the 
estimation of stability constants from rate measure- 
ments. This procedure is not recommended, how- 
ever, for the reason made evident in Fig. l .  In this 
figure Eq. 19 is plotted for three hypothetical sys- 
tcms having p l ~  values of 0.5, 0.9, and 1.0; in each 
instance the true Kit = 25.0 h - l .  Only the topmost 
h e  should be straight, since Eq. 19 is valid only 
when qll = 1.0 and in fact the other lines do exhibit 
a slight negative curvature. But if these were 
experimental points based on ordinary rate data, 
rather than calculated theoretical points, it is 
probable that these curves would bc interpreted as 
straight lines.% The slopes of these lines, which are 

2 As K I L  is made larger. the curvature in these plots be- 
comes more evident. 

~ -- 
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Fig. 1.-Plots of Eq. 19 for systems containing 
a singlc 1: 1 complex with stability constant KII = 
25.0 A4-I and the q values shown. 

J/(L) ~ ' 1  

Fig. 2.--Plots of thc data shown in Fig. 1 according 
to  Eq. 23. 

the apparent 1 : I stability constants according to 
Eq. 19, are 25 (for ql, = 1.0), 18 (lor q l l  = O.Y), and 
5.4 (for yll = 0.5). I t  is suggested that Eqs. 23, 24, 
or 25 be used in analyzing kinetic data. The samc 
data plotted in Fig. 1 have been rcplotted in Fig. 2 
according to Eq. 23; the apparent I:1 stability 
constant is 25 M-I in each case. 

2 : I  Complex.-In dealing with this systcm it 
becomes necessary to take into account various 
possible fates of the complex S?L. I t  map undergo 
reaction with R to give products from one S mole- 
cule, releasing the other unreacted. or both S molc- 
cules may react, or 2 molecules of R may be re- 
quired, etc. The simplest assntnption will bc 
adopted, that k21 = 0, recognizing that this places 
a limit on the applicability of the result. Then thc 
basic equation, corresponding to Eq. 16, is 

ks' ksfs (Eq. 26) 

The fractionffi = [S]/Sl, while St = IS] 4- 2[S,L]. 
Combining these equations with the definition of 
KQI gives 

fs = 1/(1 C 2K211Sl[Ll) 

which, with Eq. 26, leads to 

ks' - ks/(l  $- 2K21[S][L]) (Eq. 27) 

Equation 27 shows that ks', a t  a given ligand co~i- 
centration, is a function of substrate concentration; 
in other words, the apparent rate constant will vary 
with time as the reaction proceeds. If ineasurcmcnts 
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are made for only a small portion of the total re- 
action time, it is quite possible (taking into account 
ordinary experimental uncertainties) to overlook 
the variability of iks‘ and to interpret the system as 
belonging to the 1 : 1 class. Equation 27 can be 
converted to the usual plotting form: 

l / ’ (ks  - ks‘ )  = 1/2ksKzi[S][L] + l / k s  (Eq. 28) 

The kinetically evaluated K11’ is equal to the ratio 
interceptlslope, or 

Kii’ = 2Kn[S] (Eq. 29) 

Substrate Dirner.-If S dimerizes, and the dimeric 
form is essentially unrcactive, the apparent constant 
ks’ will be related to the substrate concentration by 
the equation ks‘ = ks( 1 + 2Kss[S] ). The apparent 
constant will, therefore, vary with time during a 
reaction. Since ks’ is not dependent upon tlie ligand 
concentration, however, the apparent 1 : 1 stability 
constant will be zero. 
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1 :I and 1 : 2 Complexes.-Combining the step 
constants KII and K(lz) with the material balance 
equations gives 

TWO COMPLEXES PRESENT 

Solubility Method.-Two 1:l Complexes.-It is 
possible that two complexes of 1 : 1 stoichiomctry 
but different structures may co-exist. If one dis- 
tinguishes between these by representing them 
as SL and LS, the solubility conservation equations 
may be written 

so = [SI 

st = [SI + [SLI + [LSI 

Lt = [Ll + [SLI + [LSI 

These are combined with the stability constants to 
give 

which has the same form as Eq. 3 for a single 1 : 1 
complex. Applying Eq. 4 shows that 

Kll’ = KSL + KLS (Eq. 31) 

Thus the apparent 1 : 1 stability constant evaluated 
by solubility measurements gives the sum of the 
individual constants. This can be generalized to 
any number of 1 : 1 complexes. Note that the slope 
of the phase diagram cannot excccd unity as long 
as only 1 : 1 complexes are present. 

1 : 1 and 2 :  1 Complexes.-Thr step stability 
constants are defined as 

A-11 = [SLI/[SI [Ll 
Kp1, = [SLLI /[Sl [SLI 

The development follows the lines already indicated. 
The equation of the phase diagram is 

Combining the slope of this plot with Eq. 4: 

That a mathematically equivalent expression would 
be obtained if the over-all stability constant had 
been employed can be seen from the equality KZI  

. .  . . 

which, with Eq. 4, leads to 

According to Eq. 34 the phase diagram should show 
a positive curvature; but if the 1 : 1 complexing is 
much more extensive than the 1 : 2 type, this non- 
linearity may not be noticed. Methods are available 
to analyze this system, when i t  is recognized, to 
obtain the individual stability constants (6). 

1 :1 Complex and Ligand Dimer.-The equation of 
the phase diagram is easily developed as before: 

K1lSoLt + So (Eq. 36) 
S t  = 1 + KllSo + ZKLLWI 

where KLL = [L2]/[LI2. The phase diagram will 
exhibit a negative curvature, but if the curve is 
mistaken for a straight line the apparent 1:l 
stability constant that will be evaluated is given 
by Eq. 37. 

1 : 1 Complex and Substrate Darner.--In this case 
the equation of the phase solubility diagram is 

The slope of the straight line is the same as that 
which would be observed in the abscnce of dimer for- 
mation, but the intercept is different. The apparent 
constant is 

Spectral Method.-Two 1 : I  Complexes.--If the 
two complexes SL and LS are formed and at least 
one of them possesses a molar absorptivity different 
from free S, a spectral change will be observed. 
The analysis follows that given for a single 1 : 1 com- 
plex. The concentration of free substrate is related 
to the other system variables by Eq. 39. 

The reciprocal form of the equation for this system is 

(where A ~ S L  = USL - as - aL and AULS = aLs 
- - aL), showing that the apparent 1: 1 stability 
constant is given by 

Kn’ = KSL + K L S  (Eq. 41) 
This result has been pointed out by several authors 
(1). Even if one of the complexes has an absorption 

= KiiKrzi,. spectrum identical with that of the free substrate, 
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K1l‘ will be given by Eq. 41. This may be intui- 
tively pictured as the result of a dcplction of free S 
by formation of this second complex, even though 
it is not spectrally distinctivc. 

1 : 1 and 2: I Complexes.-This system should not, 
theoretically, yield a linear reciprocal plot; yet, as 
Johnson and Bowcn have shown, the experimental 
plots may well appear to be linear (11). Thc 
analysis may be conducted as in earlier examples, 
leading to 

A A / b  = Kii[S1[Ll(Aa + Ae’K(zi)[S]) 

wherc Au = a11 - U S  - U L  and Aa’ = azl - 2as 
- U L .  For the present purpose the substrate 
concentration is written as 
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constant may vary with the wavelength a t  which 
the absorbance measurements are made. 
1 : 1 Complex and Ligand Dimer.-This situation is 

made rather complicated because the assumption 
that Lt = [I,], made hitherto in the spectral analysis, 
is not valid; a very appreciable fraction of the UII- 
complexed ligand may exist as the dimer. This 
system does not appear to be amenable to a useful 
treatment according to the manner of the earlier 
examples. 
1 ; 1 Conzplex and Substrate Dimer.--This system 

does not lead to a useful analysis. The extent of 
dinierization will depend upon the ligand concentra- 
tion (unlike the case, discussed earlier, where B 
was the only coniplex present) because the free 
substrate concentration is a function of ligand 
concentration. 

Kinetic Method.-Two 1 : 1 Complexes.-Proceed- 
ing as for a singlc complex, this basic equation is 
obtained 

ks‘ = ksfs + k s L f s L  t- kr,sfr.~ 

which, sincefs + ~ S L  + f1.s = 1, leads to 

k s  - ks‘ = qsLk8fsL + ~ L S ~ S ~ L S  

(Eq. 47) 

(Eq. 48) 

whcrc thc p’s are defined as before. Expressions for 
the fractional compositions are found by combina- 
tion of the material balance and stability constant 
equations, 

[ S ]  = St 
1 + K11 L I ( 1  + 2KW IS1 1 

’I’hcsc cquatioris are combined to give 

from which it is seen that the apparent spectrally 
measured constant is 

Kll’ = K11 + 2KllK(zl)[Sl (Eq. 43) 

This conclusion is not always valid, however; a 
fuller discussion is given under the next system. 

1 :l  and 1 :2 Complexes.-Again it is evident that 
the plot should be nonlinear, but Johnson and 
Bowen (11) have found that the curvature way be 
overlooked. The development of the appropriate 
equation is similar to that in the preceding example; 
the equation is 

where AUII = all - as - UL and Aalz = U H  - as 
- U L .  The apparent stability constant is 

Kii’ = Ku + KnK(12)[Ll (Hq 45) 

That Eq. 44 is not the equation of a straight line 
must be kept in mind, however, and i t  may be 
expected that the range of ligand concentration over 
which the system is studied may affect the results. 
Suppose the ligand concentration is made very 
large, so that AalzK(n)[L] >> Aan; then Eq. 44 
becomes 

b/AA = l/Aai&d(1z) [LIZ + I/AalzSt 

2nd the apparent constant is 

K11’ = RllK(I*)[Ll (Eq 46) 

The necessary condition for Eq. 46 to be approached 
is a function not only of [L], but also of the quanti- 
ties hall, AUIZ, and K(12). This conclusion agrees with 
the calculations of Johnson and Bowen (l l) ,  who 
designed hypothetical systems to demonstrate these 
effects. (These remarks apply also to the system 
described by Eq. 42, which is, however, not as 
sensitive to these effects because [S] is usually much 
smaller than [L].) Thus, the apparent stability 

where K = K ~ L  + KLS. Substituting these into 
Eq. 48 and rearranging gives the linear form 

1 
- - t   SIXST ST, + PI~&I,s)[LI 

1 
k s  - ks‘ 

showing that K11‘ is givrn by Eq. 50. 

Kn‘ = K ~ L  + KLY (Eq. 50) 

This result will be obtained evrn if one ol the com- 
plexes has a reactivity equal to that of the free 
substrate (Le . ,  if onc of thc 4’s cquals zero). 
1:l and 2 : l  Complexes.-Suppose that the S?L 

complex is unreactive. Then the basic equation of 
the system is 

ks’ = k s f s  + kllfll 

But the fractions fs and fll are functions of [S] , so 
ks’ will vary during the course of the reaction, as 
pointed out in conncction with Eq. 27. If this 
variability should not be evident, the usual kinetic 
treatment will be made. The above rquation is 
transformed into 

k s  - ks’ = kdyiifi i  + f z i )  

where fll = [SL]/S, and .fil = Z[SpLJ/St. This 
leads finally to Eq. 51. 

This is not the equation of a straight line, but, if 
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calculated monomer concentration taking the place 
of total concentration in constructing the graph. 
This procedure uses the approximation Lt = [L] + ~ [ L z ] ;  i.e., consumption of ligand by formation 
of SL is ignored. 

1 :1 Complex and Substrate Dimei.-Thc cxperi- 
mental rate constant is a function of [S] and, 
therefore, varies during the reaction. This system 
cannot be conveniently analyzed. 

ks’ appears to be constant during a reaction (perhaps 
because only a few per cent of total substrate is 
allowcd to rcact during the observation pcriod), 
then Eq. 51 will be essentially linear. The apparent 
stability constant will be 

KII‘ = KII + ZKiikr(ti)[SI (Eq. 52) 

If, howevcr, 2K,,,)[S] >> 1, the apparent constant 
will be K11’ = %K11K<?1) [S] . 

1 : 1 and 1 : 2 Complexes.-The basic cquation is 

which can bc transformed to 

k s  - ks‘ = qiiksfii + PiPksJit 

By mcans of thc stability constant definitions and 
the material balance on SL,  this is converted to 

This is not the equation of a Straight line, but under 
many circumstances i t  will probably yield an 
essentially linear plot. Equation 54 has thc same 
form as Eq. 41 for the spectral treatment of this 
system, and the earlier comments apply. The 
apparent stability constant can range from 

K I ~ ’  = KII + KiiK(i~)[Ll (Eq. 55) 

to 

K I ~ ’  = KiiK(i2)[Ll (Eq. 56) 

depending on the relative magnitudes of q11 and 
qlzK(1~) [L] ; thus, the value of KII’ may be dependent 
upon thc quantities qll and q12. 

I : 1  Complex and Ligand Dimer.-As in the 
spectral method, this systcm docs not give a simple 
analytical solution. If such a system is detected, 
perhaps thebcst way to trcat it  would he to determine 
by an independent method the ligarid dimerizatiorl 
constant, then to calculate [L] as a function of Lt ,  
and finally to  treat the system as containing the 
single 1:l complcx (thus using Eq. 23) ,  with the 

DISCUSSION 

Criteria for System Classification.-The opera- 
tional definitions of the apparent 1 : 1 stability con- 
stants may be summarized as follows: 

Solubility.-Plot S t  versus Lt; then 

slope 
~ - 1 1 ’  = intercept (1 - slope) 

Spectral.-Plot b / A A  ueysus l/LL; then 

KIil = intercept/slope 

Kinetic.-Plot 1/( ks - Es’) I ~ ~ Y S U S  l /Lt;  then 

KIl’ = intercept/slope 

The results of the preceding analyses, giving KI1’ 
in tcrms of stability constants and concentrations, 
are gathered in Table I. The earlier discussion 
should bc consulted for details concerning as- 
sumptions, approximations, and limits of ap- 
plicability of these relationships. With their aid. 
it would be appropriate to consider how the com- 
parative study of complexation systems with several 
techniques may yield information inaccessible with a 
single probc. 

The usual order of investigation of a complex 
system will be ( a )  the determination of the stoichiom- 
etrics of all complexes present in significant coil- 
centrations or proportions, ( b )  the evaluation of 
stability constants for these complexes, (c)  ulti- 
mately the determination of the structure and 
chcmical and physical properties of each complex. 
Several criteria can be suggested to help in establish- 
ing stoichiometries and stability constatits. 

TABLE ~.-THEURETICAL EQUIVALENTS OF APPARENT STABILITY CONSTAXTS DETERMIXED ASSUMING 1.1 
COMPLEXATION 

Complexes KII‘ as Found from- -- 
Present Solubility Spectra Kinetics 

None 0 0 0 
LZ 0 0 0 
SZ 0 0 0 
SL 

S2L 

SL + LS 

SL + s2L 

SL + SLZ 

SL + Lt 

SL + s, 
a Variable; see text for discussion. See text. 
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Relative Values of KII’ by the Solubility, Spectral, 
and Kinetic Techniques.-Table 1 shows the rationale 
for this criterion. If a finite value of K,,‘ is obtained 
(concerning this point see the later discussion), its 
relative value by the three methods may allow a 
partial assignment of stoichiometric types. Thus, 
if all three methods yield the samc numerical value, 
the system probably contains only 1 : 1 complexes. 
The possibility exists, however, that idcntical values 
can be observcd with two methods by a coincidental 
combination of constant and conccntrations. This 
can easily be detected as pointed out below. 

Dependence of K11’ on Initial Total Substrate 
Concentration by the Spectral and Kinetic Techniques. 
-Whcn a complex S,L, is present for which m is 
greater than 1, KI1’ by the spectral and kinetic 
methods will be a function of substrate concentra- 
tion. Kll’ should be determined with a t  least two 
appreciably different initial substrate concentra- 
tions. h significant dependence of Kll’ on substrate 
concentration means that a t  lcast one complex is 
present with m larger than 1. The functional form of 
this dependence may yield further information. 
Because of this dependence, the substrate conccntra- 
tion should be specificd whcn complex stability 
constants arc reported. 

Dependence of Kll’ on Ligand Concentration by the 
Solzibility 2’echnique.-In cach of the three tecli- 
niques the ligand concentration is the independent 
variable. As noted earlier, linear spectral plots may 
be observcd cven though a curve is theoretically 
to be expected, and similar results will apply in the 
kinetic mcthod. The solubility inethod offcrs the 
best chance to detect a dependence of K11’ on ligand 
concentration. If a positive curvature is noted in 
the phase diagram a t  lcast one complex is present 
of thc form SL,, where n is greater than 1. Negative 
curvature may indicate dimerization (or highcr 
aggregate formation) of the ligand, as in the system 
SL $- L2. A linear phase diagram does not prove 
that there are 110 complexes of thcse types, for 
certain combinations, as, for example, the system 
SL + S b  + I,?, may give risc to a11 essentially 
linear CUNC over wide ranges of ligand conccntra- 
tion (12). 

Dependence of ks’ on Time.-When a comples is 
present with two or more S molecules per complex 
molecule, the apparent rate constant should vary 
with time. In order to detect this variation it may 
be necessary to follow the reaction for a t  least two 
half-lives. If variability of ks‘ is not observed the 
conclusion cannot be positive that all complexes 
contain only one S molecule, because of thc assump- 
tions made concerning the fate of the higher order 
complex, but this is a reasonable tentative infcrcncc. 

Dependence of KI1’ on Wavelength in the Spectral 
Technique.-This criterion has bccn emphasized by 
Johnson and Boweu (11 ) .  If Kn‘ varies with the 
wavelength, a t  least one higher order complcx is 
present. The thcorctical reason for this dependence 
was pointed out in conncction with Eq. 46. 

Independent Eoidence Relating to Stoichiometry and 
Stability.--Scrme of these additional sources are : 
estimate of stoichiometry from isolable complexes 
or from the solubility phase diagram (6),  Beer’s 
law behavior of pure substrate and ligand, liquid- 
liquid partition studies of substrate and ligand to 
detect and measure the extent of self-aggregation 
PI ncesses, and spectral studies leading to stoichio- 
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metric ratios (e.g.. the method of continuous varia- 
tions). 

These criteria will obviously not be capable of 
defining the naturc of all complcxation systems, but 
they should help considerably in this problem. 
The possibility that systems may be encountered 
that are more complicated than those in Table I is 
very real and must be kept in mind. 

It is most important to realize that when thc 
spectral K,,‘ is smaller than cithcr the solubility or 
the kinetic constant this does not constitute evidence 
that only the charge-transfer portion of the complex 
interactions is being measured. If only 1 : 1 com- 
plcxes are present, the three methods will yield the 
same apparent stability constant no matter what 
the distribution of forces responsible for maintaining 
the complexes. A4s long as one of thcsc complexes 
possesses a changed absorption spectrum this will 
be true, cvcn if the other complexes cause no spec- 
tral change. The same kind of argument applies to 
the kinetically determinedKll’, if only 1 : 1 complexes 
exist, and a t  least one of these has an altered re- 
activity, the apparent K1l’ will be equal to the sum 
of all the true 1 : 1 constants. Thc gcncral statement 
may bc made that if reliable KII’ values for a system 
differ when determined by the thrcc rncthods, some 
complcxcs are present other than 1 : 1 cornbitiations 
of substrate and ligand. 

Thc reliability of stability constants evaluated 
spectrophotometrically as cvidcncc for the existence 
of complexes has been explored by Person (13). who 
suggests that as a practical guide a 1: 1 stability 
constant must be equal to or greater than O.1/Lmax.’ 
where Lmr,,’ is the highest ligand concentration used 
in thc study, in order for the constant to bc con- 
sidered significantly different from zero. Suppose, 
fur example, that the upper limit of ligand concentra- 
tion in a spectral study is 0.2 M ;  then the borderline 
value of Kll’ is 0.5 iL-1. A value smaller than this 
cannot be taken as evidence for complexing. Similar 
guides could be forrnulatcd for other techniques. 
Throughout this paper the authors have supposed 
that nonzero valucs of stability constants can be 
demonstrated. 

Capabilities of the Solubility, Spectral, and Kinetic 
Metbods.--’rhc solubility method is considered by 
many to possess the disadvantage of nonsclectivity 
in that it measures the results of all types of inter- 
actions. But the foregoing analysis shows that the 
Spectral arid kinetic methods are also subjcct to this 
type or nonselectivity, and, in thc mathematical 
tcrms 01 the atialysis a s  represented in Table I, it 
may be held that the solubility method is actually 
more sclcctive than the other techniques. The 
solubility method possesses two real drambarks: 
it is primarily limited to slightly soluble solid 
substrates, and thc substrate concentration cannot 
be varied. In those systems where thc Iigand is not 
too soluble the second disadvantage may be elimi- 
nated by reversing the system, treating S as L arid 
vice versa. I t  is of course not possible to extrapolate 
a solublity krl1’ to zero concentration of substrate. 

Solubility studies arc carricd out at constarit IS], 
and spectral studies are a t  constant S1. Part of the 
difficulty in analyzing spectral data follows from this 
difference, but the capability of varying St when 
desired is an advantage of the spectral method. 
( I t  is possible to perform some spectral complcxation 
studies a t  solubility ecjuilibriuin, thus setting [S]  
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= So and letting St vary throughout the run; this 
may simplify some analyses.) The great disadvan- 
tage of the spectrophotonietric method is of course 
that a spectral change must occur upon complexa- 
tion, but when a change is observed the method is 
very convenicnt, especially since it provides wave- 
length as an additional variable. In a general sense, 
thc spcctrdl technique is neither more nor less 
selective, when applicable. than are other methods. 
The mathe~natics developed for spectral studies can 
be applied to any othcr physical property that is 
directly proportional to a species concentration; 
examples are refractive indcx (14), optical rotation 
(15), and fluorescence intensity. 

The kinetic mcthod is carried out with neither [S] 
nor St  held constant (though if initial rates were 
measurcd S, could be considered the constant factor). 
Mathematically i t  is similar to the spectral method ; 
but it possesses the advantage that i t  is applicable 
even if no spectral change occurs, and the disadvan- 
tagc that it does not include a convenient variable 
corresponding to wavelength. (The parallel to 
wavclcngth is complex reactivity, but this cannot 
easily be altered without changing the system.) 
Throughout this paper the inhibition of rates by 
complex formation has been taken as the basis for 
the analysis, but the complex may in some systems 
exhibit an enhanced reactivity, and this phenomenon 
also can serve for study of the complex equilibrium 
(16, 17). The outstanding potential advantage of 
the kinetic technique is its capability for providing 
information about the reactivity, and thus the 
structure, of the complex. This capability has not 
yet been exploited, although some attempts have 
been made to utilize it (5), and further studies in 
the chemistry of organic compleses may find its 
application valuable. 

Conclusions.-Thc application of more than one 
experimental technique is advisable in the study of 
complexation systems. By comparing the apparent 
stability constants evaluated by the several methods 
on the basis of an assumed 1: 1 stoichiometry be- 
tween substrate and ligand, it may be possible to 
establish, in part, the stoichiometries of the com- 
plexes present. If the solubility, spectral, and 
kinetic techniques yield essentially identical values 
for the apparent 1 : l  stability constant (and if 
certain other criteria suggested in this paper are 
satisfied), it may be concluded that only 1 : 1 com- 
plexes betwecn substratc and ligdnd are present. 
If the three techniques do not give the same value, 
the manner in  which they differ and their de- 
pendence on variables of the system may permit a 
further classification. On the basis of the mathe- 
matical analysis it is concluded that the solubility, 
spectral, and kinetic methods for studying complex 
formation are about equally nonsclcctive in their 
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responses to multiple complexes, with the solubility 
method perhaps possessing a slight advantage in 
specificity. 

APPENDIX 

S, substrate molecule 
L, ligand molecule 
S&,, gcneral formula for complex 
SL, total (formal) concentration of S 
Lt,  total (formal) conccntration of L 
&,, equilibrium molar solubility of substrate mono- 

[i], molar concentration of species i 
j8  = [S] / S t ,  fraction of S in uncomplexed form 
jm, = m[SmL,]/St ,  fraction of S in form of S,L, 
Krnn = [S,L,]/[S]m[L]n, over-all stability constant 

mer in absence of L 

K ’ ~ ~ ,  - apparent stability constant assuming I : I 

ks ,  specific rate constant for a reaction of S 
k‘s, apparent rate constant for S in presence of L 
k,, specific rate constant for a reaction of S,L, 
rmn = k,,/ks, relative reactivity of S,L, 
qnm = 1 - Tmn 
6 ,  cell path length 
as, molar absorptivity of S 
am,,, molar absorptivity of S,L, 
A ,  absorbance 

stoichiometry 
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Determination of Acetylsalicylic Acid and 
Barbiturate Corn binations by Differentiating 

Nonaqueous Titration 
By SONG-LING LIN* a n d  MARTIN I. BLAKE 

Acetylsalicylic acid and barbiturate mixtures are determined by differentiating non- 
aqueous titration. The titration solvent is methyl isobutyl ketone, the titrant is so- 
dium methoxide in benzene-methanol, and the electrode system consists of the glass- 
calomel or antimony-calomel electrode pair. Satisfactory end points were realized 
when the acetylsalicylic acid-to-barbiturate ratio was as high as 14 to 1. Tetra- 
butylammonium hydroxide proved unsuitable as a differentiating titrant. Differen- 
tiation was not possible when dimethylformamide was the titration solvent. The 
barbiturates studied included phenobarbital, amobarbital, barbital, allylisobutyl- 

barbituric acid, pentobarbital, and secobarbital. 

VARIETY of techniques have been proposed A for the analysis of acetylsalicylic acid and 
barbiturates when used individually. These 
methods involve titrimetry, chromatography, 
colorimetry, and spectrophotornetry. They have 
been reviewed by Zimmer and Huyck ( I )  and 
Connors (2). Titrimetric procedures in aqueous 
and nonaqueous media have been reviewed by 
Ashworth (3). 

Since acetylsalicylic acid and the barbiturates 
are weakly acidic and since they differ signifi- 
cantly in their ionization constants, it  seems 
appropriate that a suitable differentiating titra- 
tion procedure can be developed by the proper 
selection of titration solvent, titrant, and elec- 
trode system. It was the purpose of this study 
to develop such a procedure. 

A number of solvents have been employed in 
differentiating acids and bases. These have in- 
cluded acetone (4, 5), mcthyl cthyl ketone (6-8), 
methyl isobutyl ketone (9, lo), acetonitrilc (11), 
isopropanol (8), tert-butyl alcohol (12, 13), nitro- 
benzene (14), dimethylforniamide (10, 13), N,N- 
dimethyl fatty amides (13), pyridine ( 5 ,  13, IG), 
and ethylenediarriine (1 7). 

In the present report combinations of acetyl- 
salicylic acid with a variety of barbiturates are 
determined by differentiating nonaqueous titra- 
tion. The titration solvent is methyl isobutyl 
ketone arid the titrant is sodium methoxidc in 
benzene-methanol. Titration is effected poten- 
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tiometrically using a glass-calomel or antimony- 
calomel electrode system. 

EXPERIMENTAL 

Apparatus.-All titrations were performed poten- 
tiometrically with a Fisher titrimeter, model 35. 
The following electrodes were employed : glass 
electrode (Beckmau No. 40495). slceve-type calomel 
electrode (Beckman A-0. 41240), antimony elec- 
trodc (Beckman No. 39027), and silver-silver chlo- 
ride electrode (Beckman h'o. 41236). The calomel 
electrode was used as such unless otherwise iiidi- 
cated. 

Reagents and Solutions.-Acetylsalicylic acid 
U.S.P. (Mallinckrodt) was dried a t  60" for 4 hr. 
Analysis by U.S.P. assay indicatecl a purity of better 
than 99.5yG. Phenobarbital 1J.S.P. (Mallinck- 
rodt) was recrystallized from diluted ethanol and 
dried at 100" for 2 hr., m.p. 176-178". Analysis 
by U.S.P. assay indicated a purity of better than 
99.0%. ilmobarbital was recrystallized from di- 
luted alcohol and dried at 105" for 4 hr., m . ~ .  156- 
158". Analysis by U.S.P. assay indicated a purity 
of better than 99.0yo. Allylisobutylbarbituric acid 
was dried a t  105' for 2 hr., m.p. 138". Analysis by 
N.F. X method indicated a purity of better than 
99.5y0. Other chemicals and all solvents used in 
this study were reagent grade and were employed 
without further purification. 

Tenth norrtial sodium methoxidc in benzene-- 
methanol (10 : 1) was prepared and standardized as 
described by Fritz and Lisicki (18). 

Differentiating Titration of Acetylsalicylic Acid 
and Phenobarbital.-About 0.70 mcq. of acetyl- 
salicylic acid and 0.70 meq. phenobarbital, ac- 
curately weighed, wcrc dissolved in 70 nil. of solvent 
in a 150-1111. beaker. The solution. magnetically 
stirred, was titrated potentiometncally with 0.1 N 
sodium methoxide solution, using a sleeve-type 
calomel and glass electrode system. A blank titra- 
tion was performed. Titration curves were ob- 
tained by plotting potential reading (tnv.) eiersu.7 
volume (ml.) of titrant. The exact end point was 
determined by plotting A E / A v  versus i d .  The titra- 
tion solvents in this study included dimethylform- 
amide, acetonitrile, acetone, methyl ethyl ketone, 
mcthyl isobutyI ketone, isopropanol, and tert-butyl 
alcohol. 
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IN VARIOUS SOLVENTS 
T A B L E   DIFFERENTIATING TITRATION OF ACETYLSALICYLIC iY2cID AND PHENOBAXBITAL 

.~ - ~~~ ~ 

~~~~~~~~~ ___ . - ~ _ _ _ _ _  
- Recovery. Yo ----------. ,- 

curve Ref." Solvent Acetylsalicylic Acid Phenobarbital 
I Dimethylformamide One End Pointb 
2 Acetonitrile 99.25 =k 0.56c 100.49 f 0.95 
3 Acetone 1 0 0 . 8 2 f 0 . 9 1  99.32 ffro.82 
4 Methyl ethyl ketone 101.15 f 0.70 98.78&0.62 
5 Methyl isobutyl ketone 100.35 & 0.54 99 .89=t0 .69  
6 Isopropanol 100.64+0.92 100.58 iz O.@2 - 
i tert-Butyl alcohol 1 0 1 . 7 2 f 0 . 4 8  99.03 f O . 9 0  

" Numbers correspond to curves in Fig. 1 .  ' Corresponds to total acetylsalicylic acid and phenobarbital. Standard 
deviation based on at least 4 determinations. 

,000 ""1 f- 

2 4 6 B 1 O , P l i ( b  

Fig. 1 -Typical curves for differentiating titra- 
tioii of acetylsalicylic acid and phenobarbital in 
various solvents. The titrant was 0.1 N sodium 
methoxide in benzene-methanol (10: 1). The num- 
bers above the curves correspond to those in Table I. 

Mll l l i l far  O I N  Sodium Melho.de 

Electrode Systems.-About 0.60 meq. of acetyl- 
salicylic acid and 0.40 meq. of phenobarbital, ac- 
curately wcighcd, were dissolved in 50 ml. of methyl 
isobutyl ketone. Three electrode pairs were em- 
ployed, glass-calomel, antimony-calomcl, and glass- 
silver-silver chloride. The sleeve-type calomel 
electrode was used as such or was modified by re- 
placing the aqueous saturated potassium chloride 
solution in the bridge with a saturated solution of 
potassium chloride in methanol or with a saturated 
solution of potassium chloride in methyl isobutyl 
ketone. 

Variation of Acetylsalicylic Acid-to-Phenobar- 
bital Ratio.-A serics of differentiating t.itrations 
was performed in which the milliequivalent ratio of 
acetylsalicylic acid to phenobarbital was varied 

from 1 to 1 to greater than 30 to 1. Calculated 
amounts of acctylsalicylic acid and phenobarbital 
to give the desired milliequivalent ratio of con- 
ponents wcre accurately wcighed and dissolved in 
70 ml. of methyl isobutyl ketone. The solution 
was titrated potentiometrically with 0 1 AT sodium 
methoxide using the glass-calomel or antimony- 
calomel electrode system. Thc calomcl clectrodc 
was employed without modification. 

Analysis of Acetylsalicylic Acid Combinations 
with Various Barbiturates.-Accurately weighed 
quantities of acetylsalicylic acid and onc of a number 
of barbiturates wcre dissolved in 50 tnl. of methyl 
isobutyl ketone in a 150-iii1. beaker. The solution 
was titrated potentiometrically with 0.1 iV sodium 
methoxide using a glass-calomel or antimony- 
calomel clcctrodc system. The calomel electrode 
was used without modification. 

RESULTS AND DISCUSSION 

Although acetylsalicylic acid and phenobarbital, 
as iudividual components, can be readily detcr- 
mined by titration in nonaqueous media, the titri- 
metric analysis of mixtures of these compounds has 
not been reported. Sincc the pKa of acetyl- 
salicylic acid is 3.49 and the pKa of phenobarbital 
is 7.54, the differentiating titration of mixtures in a 
number of solvents is readily accomplished. The 
solvents examined in this investigation are listed 
in Table I, and typical titration curves arc shown 
in Fig. 1. Titrations were effected potentiomet- 
rically with 0.1 N sodium methoxide in benzene- 
mcthanol using a glass-calomel electrode system. 
Basic solvents such as dimethylformamide, while 
excellent for the individual components, do not 
permit differentiation in the case of mixtures. 
Figure 1 ,  curve 1, indicates a single end point 
corresponding to the total acid present whcn titra- 
tion is performed in dimcthylformamide. In 
preliminary studies similar results were obtained 
with ethylenediamine, butylamine, and pyridine. 

TABLE II.-EFFECT OF ELECTRODE COMBINATION OX DIFFERENTIATING TITRATION OF ACETYLSALICYLIC 
ACID AND PHENOBARBITAL 

Curve Electrolyte Bridge in 7-- Recovery, % ---:- 
Ref.a Electrode Combination Calomel Electrode Acetylsalicylic Acid Phenobarbital 

2 Antimon y-calomel Sat. KCl in methanol 98.97 100.29 
3 Antimony-calomel Sat. KC1 in MIK* 100.42 98.32 
4 Glass-calomel Sat. KC1 in water 99.83 98.69 
5 Glass-calomel Sat. KC1 in methanol 99.78 100.81 
6 Glass-calomel Sat. KC1 in MIK 100.35 100.46 

Glass-silver-silver chloride 101.70 99.77 

1 Antimony-calomel Sat. KCI in water 100.32c 101.09 

'I 

Numbers correspond to curves in Fig. 2. Methyl isobutyl ketone. Average of at least 3 determinations. 
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content and the second representing the pheno- 
barbital end point. Methyl isobutyl ketone COII- 

sistently produced the grcatcr potential breaks for 
both end points when comparison is madc with the 
other solvents tested. (See Fig. 1, curve 5.) Bruss 
and Wyld (9) found methyl isobutyl ketone an ex- 
cellent solvent for differentiating acids or bases 
because of the large potential range which i t  af- 
fords. 

Methyl isobutyl ketone was uscd as thc titration 
solvent for subsequent studies reported in this ill- 

vestigatinn. The effect of electrode combination on 
the resolution of acetylsalicylic acid and pheno- 
barbital mixtures was explored. Thc electrode sys- 
tems and their modifications are listed in Table I I .  
Typical titration curves arc shown in Fig. 2. The 
most satisfactory results were realized with the 
antimony-calomel electrode pair. A comparisun 
of the titration curves indicates that for acetyl- 
salicylic acid the potential break was doubled and 
for phcnobarbital the potential break was increased 
about ninefold when the antimony-calomel electrode 
pair replaced the glass-calomel electrode system. 
Little or no effect was notcd when the supporting 
electrolyte in the calomel electrode was modified. 
In preliminary studies a number of other electrode 
systems were tested. The platinum-calomel and 
glass-antimony pairs gave poorly defined and u ~ i -  
predictable potential breaks corresponding to the 
first end point, although the second cncl point 

,200 llo"l C 
2 700 

600 

500 

400 

300 

i k i d I 0  I; 14 

MtlliIiterr O I N  SodiumMelhoxide 

Fig. 2.-Effect of electrode combination on sensi- 
tivity of differentiating titration of acetylsalicylic 
acid and phenobarbital dissolved in methyl isobutyl 
kctonc. The numbers above the curves correspond 
t o  those in Table TI. 

I t  is apparent that  acetylsalicylic acid and pheno- 
barbital are leveled to tlic same strength in these 
solvents and this precludes their differentiation. 
Acetonitrile and the ketones and alcohols listed 
in Table I did permit satisfactory differentiation. 
The curves in Fig. 1 show two distinct inflections, 
the first corrcsponding to the acetylsalicylic acid 

TABLE III.-EFFEcT OF ACETYLSALICYLIC ACID-TO-PHEXOBARBITAL KATIO ON SENSITIVITY OF 
DIFFERENTIATING TITRATION 

~~~ ~ -~ ~ - _ _ _ _ ~ ~ ~  _-_ __ ~~ 

Recovely, yo __ ___-_--- Amt. Weighed, meq. 
Acetyl- 

Curve salicylic Pheno- --- Glass-Calomel Electrodes -- -- - Antimony-Calomel Electrodes -- 
Ref.a Acid barbital Acetylsalicylic Acid Phenobarbital Acetylsalicylic Acid Phenobarbital 

1 1.00 1.00 100.46 rt 0.63* 100.06 + 0.88 100.35 f 0.54 99.X9 i 0.69 
Y 1.00 0.75 99.42ztO.78 99.98=t0.39 1 0 0 . 1 4 f 0 . 6 3  98.99xt0.46 
3 1.00 0.40 9 9 . 1 8 f 0 . 4 7  1 0 1 . 2 3 f 0 . 4 9  1 0 0 . 9 7 f 0 . 4 9  1 0 1 . 0 2 i O . 6 6  
4 1.00 0.30 99.04 f 0 . 8 1  9 9 . 5 1 f 0 . 6 2  99 .77+0.28  1 0 0 . Y O i O . 3 4  
,5 1.00 0.25 7 0 0 . 9 3 f 0 . 9 4  9 8 . 3 8 f 0 . 4 8  9 8 . 6 2 f O . 2 1  101.06=k0.29 
6 1.00 0.20 9 8 . 7 5 f 0 . 7 2  9 9 . 8 3 f 0 . 7 9  1 0 1 . 7 8 f 0 . 4 2  9 9 . 7 9 3 ~ 0 . 5 0  
1 1.00 0.15 101.82 i 0.66 99.89 f 0.96 99.97 f 0.28 98.90 f 0.63 
8 1.00 0.10 One end point' 9 8 . 9 G f 0 . 4 8  1 0 1 . 8 5 f 0 . 3 1  
9 1.00 0.07 Onc end point 1 0 1 . 2 5 f 0 . G i  99.06 jz0 .97  

0 

- 

10 1.00 0.03 Onc end point One end point 

' I  Numbers correspond to curves in Figs. 3 and 4. Standard deviation based on at least 4 determinations. ' Corresponds 
to  acetylsalicylic acid plus phenobarbital. 

"-1 '""k sm 

M1lIM14rs C I N  Sodium Melhoxidr 

Fig. 3.--Bffect of acetylsalicylic acid-to-pheno- 
barbital ratio on sensitivity of differentiating titra- 
tion of acetylsalicylic acid and phenobarbital dis- 
solved in methyl isobutyl ketone. The glass-calomel 
electrode system was employed. The numbers 
above the curves correspond to  those in Table 111, 

Fig. 4.-Ef 
frct of acetyl- 
salicylic acid 
to-phcnobarbit'tl 
ratio on sensi- 
tivity of difler 
cntiuting titra- 
tion of acetyl- 
salicylic acid 
and phenobarbi- 
tal dissolved in 
methyl isobutyl 
ketone. The 
antimony-calo- 
me1 electrode 
system was em- 
ployed The 
numbers above 
the curves cor- 
respond t o  those 
in Table 111. 
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TABLE 117.-DIFFERENTIATING TITRATIOS OF ACETYLSALICYLIC ACID AND BARBITURATE COMBINATIONS 
~- 

n -, ,--GlassCalomel Electrodes--.-Antimonv-Calomel Electrodes- 

Mixture 

_ U L _  

Weighed, (g) Recovery, % (“g) mar, Recovery, yo 
pKa meq. mar. 

Acetylsalicylic acid 3.49(21)* 0.50 80 99.81 f 0 . 6 3 ( 1 0 ) *  80 99.72 + 0 . 5 7 ( 1 0 )  
Allylisobutylbarbituricacid 7.68(22)  0 .25 140 100.14 f 0 .55 (10 )  250 100.28 f 0.68(10)  
Acetylsalicylic acid 0.50 60 W.81 j=0.62(9) 65 100.32 i 0.75(9) 
Amobarbit a1 8.02i23) 0.33 75 100.13*0.56(9)  150 98.90+0.48(9)  
Acetylsalicylic acid 0 .40  80 99.40 2z 0.44(4) 80 99.32 f 0.48(4) 
Barbital 8.0&(23) 0 . 4 0  50 100.48 xk 0 .60(4 )  340 98.84 f O.62(4) 
Acetylsalicylic acid 0 . 6 0  85 9 9 . 3 8 f 0 . 4 9 ( 5 )  95 100.40 f 0 . 3 7 ( 5 )  
Pentobarbital 8.17i23) 0 .30  60 9 8 . 9 7 * 0 . 5 0 ( 5 )  300 99.86 + 0 . 6 2 ( 5 )  
Acetylsalicylic acid 0.50 60 99 .82f0 .47(10)  90 1 0 0 . 9 1 f 0 . 5 6 ( 1 0 )  
Phenobarbital 7.54623) 0 . 3 3  55 100.09 f 0.73(10)  520 100.34 f 0.71 (10) 
Acetylsalicylic acid 0.50 70 98.93 f 0 .53(4 )  85 99.88 f 0.49(5) 
Secobarbital S.08i22) 0.40 60 101 .08+0 .62(4 )  110 1 0 0 . 0 9 f t 0 . 8 2 ( 5 )  

~ .- ______ .._____ 
a 1.iterature reference. * Standard deviation based on the number of determinations indicated in parenthesis, 

representing total acid was satisfactory. Discern- 
ible cnd points were not obtained with the glass- 
platinum or antimony-platinum clectrode systems. 

Since in dosage forms there is usually a con- 
siderably greater amount of acetylsalicylic acid 
than phenobarbital, the effect of varying the ratio 
of concentrations of the components on the sen- 
sitivity of the differentiating titration was studied. 
The data for a series of titrations in which the 
milliequivalent ratio of acetylsalicylic acid to  
phenobarbital was varied from 1 to 1 to about 30 
to 1 are reported in Table 111. Typical titration 
curves arc shown in Figs. 3 and 4. In one series of 
titrations (Fig. 3) the glass-calomel clcctrode pair 
was used, while in a second series of titrations 
(Fig. 4) the antimony-calomel electrode system was 
employed. With the glass-calomel electrodes two 
inflections in the titration curve were obtained 
when the milliequivalent ratio of acetylsalicylic 
acid to phenobarbital was not greater than about 
7 to 1. When the ratio was greater than this, only 
one end point corresponding to the total acid was 
realized. The family of curves in Fig. 3 demon- 
strates ckarly the effect of the ratio on the resolu- 
tion of the two end points. With the antimony- 
calomel electrode pair the acetylsalicylic acid end 
point is well defined when the ratio of components 
was as high as 14 to 1 .  In Fig. 4, curvc 9, two end 
points are clearly defined. However, in curve 10, 
only one end point is discernible. In general, both 
inflections in the curves shown in Fig. 4 are more 
satisfactory than those in Pig. 3 .  

Tetrabutylammonium hydroxide has been shown 
(4, 8, 9,  19, 20) to  be extremely useful as a titrant 
for determining weak acids. This titratit in ben- 
zene-methanol (10: 1)  was prepared and standard- 
ized as described by Curidiff and Markunas (19). 
Some preliminary studies were conducted to eval- 
uate this titrant in differentiating mixtures of 
acetylsalicylic acid and phenobarbital. Methyl iso- 
butyl ketone was used as the titration solvent. In all 
cases only a single end point was obtained cor- 
responding to the total acid present. When the 
individual components were titrated excellent re- 
sults were obtained with distinct and reproducible 
end points. The unsuccessful differentiation with 
this titrant cannot be explaincd a t  this titiie. 

The proposed procedures were applied to com- 
binations of acetylsalicylic acid with a variety of 

barbiturates Thc data are reported in Table IX’. 
All titrations were performed with sodium methoxide 
as the titrant and methyl isobutyl ketone as the 
titration solvent. Both the glass-calomel and the 
antimony-calomel clectrode pairs were employed. 
The maximum potential change per unit volume of 
titrant addcd is shown for each combination. While 
cxcellent results were obtained for all combinations, 
the antimony-calomel electrode system produced 
greater potential changes for the barbiturate end 
point than did the glass-calomel electrode pair. 

The proposed procedures make possible the simple 
and accurate determination of combinations of 
acetylsalicylic acid and a variety of barbiturates 
without preliminary extraction of the components. 
The technique is applicable evcn when there is a 
disproportionate concentration of the acetylsali- 
cylic acid which is the usual situation when these 
combinations are used therapeutically. 
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Adsorption of Phenothiazine Derivatives 
by Solid Adsorbents 

By DONALD L. SORBY, ELMER M. PLEIN*, and JOSEPH D. BENMAMAN 

In simple aqueous media, the extent of adsorption of various phenothiazine deriva- 
tives by kaolin, talc, and activated charcoal is significant. Adsorption by talc and 
kaolin is dependent upon pH of the medium, while adsorption by activated charcoal 
is less affected by pH. Adsorption of promazine hydrochloride by all three adsor- 
bents is sensitive to the electrolyte concentration of the medium. A variety of evi- 
dence suggests that adsorption of the phenothiazine derivatives by activated charcoal 
is a result of physical forces related to the tendency of the solute to accumulate at the 
air-water interface. Adsorption of these compounds by talc and kaolin occurs 
through more complex mechanisms which cannot be completely elucidated from 
knowledge obtained in this experiment. The effects of pH and electrolyte concentra- 
tion may be important to the previously observed action of adsorbents in modifying 

absorption of promazine from the gastrointestinal tract. 

PREVIOUS publication (1) presented a partial A report of results obtained in this experiment. 
Various medicinally active phenothiazinc deriva- 
tives were found to  be adsorbed to a significant 
extent by kaolin, talc, and activated charcoal. 
The purpose of this report is to describc various 
aspects of the adsorption process in further detail 
and to  present results of studies concerned with 
attempts to elucidate the mechanisms of the ad- 
sorption interaction. In addition, there is in- 
terest in adsorption as a potential mcans of alter- 
ing drug absorption from the gastrointestinal 
tract (2, 3). Certain factors have been studied 
for their ability to produce release of the absorbed 
material from the surface of the adsorbate coin- 
plex. In viwo experiments have involved the use 
of promazine hydrochloride, Thus, several ex- 
periments reported here feature this cornpound. 
Results obtained for promazine hydrochloride 
should be qualitatively similar for other pheno- 
thiazine derivatives. 

EXPERIMENTAL 

Preparation of Compounds for Study.--The 
phenothiazine derivatives uscd in this study wcrc 
obtained from various sources of supply.' Each 
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compound was recrystallized from an appropriate 
solvent until the melting point agreed with the 
accepted value.2 The 15 compounds studied during 
various phases of t h e  cxperimcnt are listed in Table I. 

All adsorption studies were performed using com- 
pounds in the form of their hydrochloride salts. 
Compounds not available as the hydrochloride salt, 
viz., methoxypromazine malcate, acepromazine 
maleate, trimeprazine tartrate, and prochlorperazine 
ethanedisulfonatc, were converted to the hydro- 
chloride form by passing 1.1 X A4 solutions 
through an ion exchange column charged with a 
strongly basic polystyrene quaternary amine type 
ion-exchange resin3 in the chloride cycle. The non- 
aqueous titration procedure described below was uscd 
to determine the exact concentration of the solution 
recovered from the ion-exchange column. The 
effluent solutions wcre tcsted for completeness of 
anion exchange by a paper chromatographic pro- 
cedure (4). Ethanedisulfonate could not be de- 
tected by this method. For other compounds men- 
tioned, no evidence of the original acid anion could 
be found in the efflucnt from the ion exchange col- 
umns. Conversion to the hydrochloride salt form 
was considcred to be complete in all cases. 

Preparation of Adsorbents for Study.-Adsorbent 
materials were procured from commercial sources. 
Activated charcoal4 was obtained from the American 
Norit Co., Jacksonville, Fla. 

Average screen analysis data, supplied by the 
manufacturer, showed that 98y0 is passed through 
a 100-mesh U. S. standard screen, 90% through a 
200-mcsh, and 85% through a 300-mesh screen. 
Talc was U.S.P. grade, 99.5% passcs a 100-mesh 
screen. Kaolin was N.F. grade, Y9.5yO passes a 325- 
mesh screen. 

The total content of commercial packages of each 
adsorbent was blended in a twin shell blendcr, dried 
at 120" for 5 hr., and stored in air-tight bottles until 
used. The total amount of each adsorbent used in 
this study came from one single production lot of 
material. 

Aqueous extracts of the kaolin and talc adsorbents 
.____ 

a Melting point data were furnished by the supplier of each 
compound. Isopropanol was used as  the recrystallizing sol- 
vent for all compounds except acepromazine maleate and 
prochlorperazine ethanedisulfonate. Ethyl acetate was used 
for the former and water-ethanol for the latter. Ethopro- 
pazine hydrochloride and thioridazine dihydrochloride were 
not recrystallized. 

8 Marketed as Amberlite IRA-400 by Rohm & Haas Co. 
Philadelphia, Pa. 

Marketed as  Norit A. 

785 
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TABLE I.-PHENOTHIAZINE DERIVATIVES INCLUDED I N  THIS RESEARCH 

- 

Compd. No. 2 Substituent (R2) No. 10 Substituent (KM) 
Promazine Hydrogen 3- Dimethylaminopropyl 
Mepazine Hydrogen (N-Methyl-piperidy1)-methyl 
Trimeprazine Hydrogen 3-Dimethylamino-2-methylpropyl 
Promethazine Hydrogen 2-Dimethylamino-2-methylethyl 
Ethopropazirie Hydrogen 2-Diethylamino-2-methylethyl 
Pyrathiazine Hydrogen 2-( 1 -Pyrrolidyl)-ethyl 
Chlorpromazine Chlorine 3-Dimethylaminopropyl 
Methoxypromazine Methoxy 3- Llimethylaniinopropyl 
Triflupromazine Trifluoromethyl 3-Dimethylaminopropyl 
Acepromazine Acetyl 3-Dimethylaminopropyl 
Prochlorperazine Chlorine 3-( l-Methyl-4-pipcrazinyl)-propyl 
Thiopropazate Chlorine 3- [ 1 -( 2-Acetoxyethyl)-4-piperazinyl] -propyl 
Trifluoperazine Trifluoromethyl 34 l-Methyl-4-piperazinyl)-propyl 
Fluphenazine Trifluoromcthyl 3-( Z-Hydroxyethyl-4-piperazinyl)-propyl 
Thioridazinc Mcthylmercapto 2-( 1-Methyl-2-piperidy1)ethyl 

~- 

contained small amounts of ultraviolet absorbing 
impurities. The magnitude of this absorption was 
small, however, and was nearly constant in the range 
of the ultraviolet absorption spectrum wherc the 
phenothiazine derivatives show absorption maxima. 
The aqueous extracts showed a negative potassium 
ferrocyanide test for ferric ion. 

Analytical Methods.-Two analytical methods 
were employed in this rescarch. 

Nonaqueous Titration Procedure.-The concen- 
tration of all stock solutions of phenothiazine de- 
rivatives was confirmed by a nonaqueous titration 
procedure adapted from the method of Milne et al. 
( 5 ,  6). Bqueous solutions containing a particular 
phenothiazine derivative were made strongly basic 
with sodium hydroxide and then wcre extractedG 
with four 20-ml. portions of n-hexane. Suficient 
acetone was added to  the extract to make a solvent 
containing a 2 : l  ratio of hesane to acetone. This 
solution was titrated with pcrchloric acid, 0.05 N in 
dioxane. The end point was determined poten- 
tiometrically using a Leeds & Northrup pH indi- 
cator equipped with glass indicator and calomel 
reference electrodes. The end point was taken as the 
point of maximum inflection of a curve rcprescnting 
observed E.M.F. plotted against volume of titrant 
added. A blank correction was made for a similar 
system containing no phenothiazine derivative. 
The method was uscd for all phenothiazine deriva- 
tives listed in Table I except ethopropazinc. Ac- 
curacy of the method was within a range of f3yo 
of theoretical a t  the 1 X M concentration 
level. Quantitative recovery of thiopropazate could 
not be obtained using this procedure. 

Spectrophotometric Procedure.-The nonaqueous 
titration procedure lacked sufficient sensitivity to  be 
used a t  the concentration ranges employed in ex- 
periments which measure adsorption isotherms. 

5 A benzene-dinitr-omethane solvent was recommended ( 5 )  
for extracting dibasic compounds. Personal communication 
with the author indicated that the hexdne-acetone mixture 
also worked well with dibasic compounds. Results obtained 
during this research have confirmed the hexane-acetone sol- 
vent as being suitable for  extracting both monobasic and 
dibasic compounds. 

In such cases, an ultraviolet spectrophotometric 
procedure was used to measure equilibrium conceri- 
trations of the phenothiazine derivatives. The 
method was adapted from a background canccllation 
technique proposcd by Flanagan et al. (7) for chlor- 
promazine. A Reckman DU spectrophotometcr 
was used to measure absorbance of the samples a t  
three different wavelengths. dbsorbance a t  the 
wavclength of maximum absorbance ( A,zmx.) was 
always measured. The other two absorbance meas- 
urcmcnts were made at wavelengths where the 
sample absorbed less strongly. One measurement 
was always made at a shorter wavelength (Ashor*) 

than X,,,, and one a t  a longer wavelength (Along).  

Corrections for background absorbance were made 
in the fashion described by Flanagan et al. (7). 
However, they were calculated algebraically. 

The following expressions illustrate this method of 
correcting for “background” interference in samples. 
Background correction (B.C.) = 

AS hhigh + 

Corrected absorbance ( A s * )  = measured A s  a t  
Amax. - B C. 

A “corrected” molar absorption coefficient was 
calculated for each compound from the “corrected” 
absorbance of samples of known concentrations 
measured in the absence of adsorbent. The concen- 
tration of solutc in test samples was calculated from 
the relationship 

where, As* is the corrected absorbance of the sample 
a t  hmax , 1 is the path length of the solution, and e* 
is the “corrected” molar absorption coefficient for 
the compound. Table I1 lists the wavelengths used 
in determining As* and the values of e* for com- 
pounds studied in this experimcnt. The range of 
usefulness of this method of assay is 5 X 1 0 - 6  1Z.i 
to 4 x 10-5 M. 
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TABLE II.-wAVELENGTHS VSED FOR AkNALYSIS 
A N D  T H E  CORRECTED MOLAR ABSORPTION COEFFI- 
CIENTS FOR v A R I O U S  PHENOTHIAZINE DERIVATIVES 

Wavelengths foi "Cori-ected" 
Absorption molar 

I ---Measurernents~-- Absorption 
hion, Xmnr., h i g h ,  Coefficient 

Compd." mp mp m p  X 10-5 
hletl~oxypromaziiir 232 251 2'70 0.155 
Pyrathiazine 230 250 260 0.174 
Trifluprornazine 230 256 270 0.209 
Acepromazinc 230 242 290 0.099 
Trifluoperazine 237 257 267 0.179 

Thiopropazate 230 254 266 0.214 
Chlorprornazine 236 255 265 0.196 
Promethazine 225 250 260 0.188 
Promazine 230 238 262 0.182 
Prochlorpcrazine 234 255 266 0.213 
Fluplienazine 234 256 268 0.200 
Mepazine 234 253 262 0.188 
Thioridazine 246 262 278 0.232 
Ethopropazine 230 249 258 0.156 

Tritneprazine 226 251 262 0.179 

All compounds were studied as thc hydrochloride salt. 
A11 solutions also contained 0.Olc7, sodium bisulfite. 

O r -  
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CONCENTRATION. M I L x l O '  

Fig. 1.-Surface 
tension lowering- 
concentration rcla- 
tionships. Key: A, 
promazine hydro- 
chloride; B, mep- 
azine hydrochlo- 
ride; C ,  thiorid- 
azine hydrochlo- 
ride; D, trifluo- 
perazine; E, thio- 
propazate dihydro- 
chloride; F, tri- 
flupromazine hy- 
drochloride. 

' O r -  I 

Fig. 2.--Appar- 
ent pKa as a func- 
tion of ethanol con- 
centration. Key : 
A, promazine hydro- 
chloride; ., pyra- 
thiazinr hydro- 
chloride. 

ITMACIOL CONCENTRATION. 9. V / V  

Preparation of Solutions.-Stock solutions of each 
compound were prepared on the day the adsorption 
isotherm was determined. Each solution was pre- 
pared to contain a 1 X lo-? M concentration of the 
particular compound under study. Each solution 
also contained 0.01 yo sodium bisulfite. 

Determination of Adsorption Isotherms.-The 
procedure for determining adsorption isotherms was 
reported elsewhere (1). Except where specified, all 
adsorption experiments were made at 20.0". 

Surface Tension Lowering Measurements.--The 
change in  surfa.ce tension with conccntration was 
mcasurcti for six phenothiazine derivatives. Dilu- 
tions of each compound in distilled water, ranging 
betwcen ,5 X lo-' M and 1 x M ,  were pre- 
pared. Surface tensions of the solutions were mcas- 
ured at 20 f 1" with a Cenco-DuXoiiy interfacial 
tensiometer, precision direct reading model. Fresh 
surfaccs were prcparcd by flooding a small glass dish 
with solution, arid two readings of the surface tension 
were immediately taken. This procedure was re- 
peated until a total of six readings had been obtained 
a t  each concentration tested. The mean value was 
calculated from the six readings. A value for thc 
surface tension of water was measured in a similar 
fashion, Figure 1 shows the variation of surfacc 
tension lowering with concentration for the com- 
pounds tested. 

Determination of Apparent pKa.-Apparent pKa 
values for several compounds werc measurcd by a 
titrimetric procedure similar to one employed by 
Marshall (8). Hydroalcohol solutions of the hydro- 
chloride form of the appropriate phenothiazinc 
derivative were prepared a t  a concentration of 1 X 
10-3 M .  These solutions were titrated with stand- 
ard sodium hydroxide solution, 0.0500 N ,  at 20.0' 
under a nitrogen atmosphere. After each addition 
of t i trant,  the yH was measured with the instrument 
mentioned under Nonagueous Titration Procedure. 
The apparent pKa was calculated a t  each pH read. 
ing on the titration curve using the relationship 

pKa - pH - log -CRzN- 
C R ~ N H +  

where C R ~ N  is the concentration of amine base, and 
C R a ~ ~ +  is the concentration of the protondtcd 
species present at thc particular pH value. Values 
for C R ~ N  and CR~NH-C were calculated from the 
amount of amine salt initially present and the 
amount of titrant added. An average of thc several 
pKa values calculated in this fashion was taken as 
the apparent p K a  for the compound in thc partic- 
ular hydroalcohol solvent. Titrations and apparent 
pKa calculations were made in duplicate for each 
compound a t  each alcohol strength, usually 10, 20, 
30, 40, and 50% by volume ethanol. 

The apparent pI(a values measured for each con-  
pound in the various hydroalcohol solutions were 
plotted against alcohol concentration. The zero 
alcohol concentration intercept, calculated from the 
linear portion of the curve by the method of least 
squares, yielded the apparent pKa of the compound 
in water. Figure 2 shows a plot of apparent pKa 
ziersus alcohol concentration for pyrathiazine hydro- 
chloride and cllorpromazine liydrochloridc and is 
typical of the over-all results. 

In  certain cases, the aminc base began to pre- 
cipitate from the hydroalcohol system before a com- 
plete titration curve could be obtained. I n  such 
cases, the apparent pr<a was calculated by assuming 
the conceritration of the aiiiiue base actually in solu- 
tion to  be constant after the point where precipita- 
tion first occurred. The Concentration of free base 
present a t  the point of precipitation was estimated 
from the amount theoretically present a t  the cloud 
point when a sample of identical concentration with 
respect to both alcohol arid drug was titrated with a 
more dilute titrant solution. Using this method, 
apparent pKa values could be determined for most 
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TABT,E III.-APPARE~-T pKa VALUES FOR VARIOUS 
PHENOTHIAZIKE DERIVATIVES 

pKa 

Compd. pKa in Lit 
Promaziiie hydrochloride 9.39 9.52 
Mepazine hydrochloride 9.25 . . .  
Chlorproniazine hydrochloride 9.21 9 .30  

Pyrathiazine hydrochloride 9.36 8.96 
Fluphenazinc dihydrochlorideb 8.05  . . . 
Trifluoperazine dihydrochloridcb 8.36 . . . 
Promethazine hydrochloride . . .  9.08  
Etliopropazine hydrochloride . . .  9.50  

Measured Reportei 

Thioridazine hydrochloride 9.45 . . .  

Journal of Pharmaceutical Sciences 

The experimental data were plotted according to 
the following form of the Langmuir equation : 

Values reported by Marshall (8).  * These values are for 
dissociation of the second basic group. For PKL, values of 
3.90 and 4.10 were obtained for flupbenazine and trifluoper- 
azine, respectively. 

of the compounds in hydroalcohol solutions contain- 
ing as little as 10% v/v alcohol. Where calculations 
could be made from data collected both before and 
after the point of precipitation, good agreement 
was obtained betwccn apparent p Ka values. 

Values of the apparent pKa for several compounds 
are reported in Table 111. 

Adsorption at Constant pH.-Adsorption of 
promazine hydrochloride and fluphenazine dihydro- 
chloride was studied a t  pH 2.5 and 6.5. Phosphate 
buffers were prepared to contain 0.03 M total phos- 
phate. For the pH 6.5 buffer, 4.23 Gm. of dibasic 
sodium phosphate and 2.0 ml. of hydrochloric acid 
were made to a volume of 1000 ml. with carbonate- 
frec distillcd water. For pH 2.5 buffer, 4.13 Gm. of 
monobasic sodium phosphate and 1.0 ml. of hydro- 
chloric acid were made to 1000 ml. with carbonate- 
free distilled water. The pH of each buffer was 
brought cxactly to the desired values, by addition of 
acid or base, before adjustment to volume. Stock 
solutions of each phenothiazine derivative in the 
appropriate buffer were prcparcd, and the isotherms 
were determined by the procedure described pre- 
viously (1). The mcthod cmployed here differed 
only with respect to the fact that buffer was used 
as the solvent for all systcms. Limited adsorption 
experiments carried out in varying concentrations of 
phosphate buffcr showed that the obscrvcd effects on 
adsorption were not due to competition between the 
buffer componcnts and the phenothiazine derivative 
for sites on the adsorbcnt surface. 

Effect of Electrolyte on Adsorption.-Adsorption 
of promazine by the various adsorbents was meas- 
ured in the presence of 0.01 and 0.10 N sodium chlo- 
ride. Stock solutions were prepared by dissolving 
prornazine hydrochloride in the appropriate sodium 
chloride solution. Isotherms were determined in a 
manner similar to that described previously ( I )  
except the appropriate sodium chloride solution was 
used as the solvent in place of distilled water. The 
pH of all samples was measured at the time of 
analysis with a Beckman model G pH meter equipped 
with glass indicator and calomel referencc clcctrodes. 

Effect of Temperature on Adsorption.-Adsorp- 
tion was measured at  37.0" for chlorproniazine hy- 
drochloride and thiopropazate dihydrochloride by 
the method described previously (1). 

RESULTS AND DISCUSSION 

-411 of the phenothiazine derivatives were adsorbcd 
to a significant extent by the adsorbeiits tested. 

where CEQ is the concentration of the phenothiazine 
derivative remaining in solution at equilibrium, x / m  
is defined as the amount of compound adsorbed by 
the quantity of adsorbent used: 1.00 Gm. for kaolin 
and talc, 0.100 Gm. for activated charcoal, and kl 
and kz are constants. The constant k l  is sometimes 
callcd the adsorption coefficient and is related to the 
force of the interaction between the adsorbent and 
the bound molecules. The value of kz gives the maxi- 
mum amount of compound which can be adsorbed 
by the weight of adsorbent used in the experiment. 
It must be assumed that only a mo~iomolecular layer 
of solute molecules can be found in order to correctly 
apply the Langmuir equation. 

The best straight line through the experimental 
data was calculated by the method of least squares. 
The values of the constants, kl and ks, were obtained 
from the reciprocals of the slope and intercept values 
of the regression equation calculated from the experi- 
mental data. In each case, linear conformity of the 
data to the Langmuir equation was checked by 
graphic plots before calculating the regression equa- 
tion. In most cases, the data could be expressed in 
linear form by the Langmuir equation. Values of 
the Langmuir constant, k p ,  are summarized in Table 
IV. Figure 3 shows the Langmuir isotherms ob- 
tained for promazine hydrochloride and fluphenazine 
dihydrochloride which arc typical of the over-all 
results. 

Values of kz show that in unbuffered media, kaolin 
has the weakest adsorbent capacity. Talc possesses 
adsorbent capacity which is similar to kaolin, al- 
though approximately twice as great for any given 
compound. The similarity in adsorbent capacity 
betwem kaolin and talc is not especially surprising 
since both are basic aluminosilicates although they 
do differ with respect to physical structure and ex- 
changabk cations. Adsorption of all compounds 
by activated charcoal is much greater in magnitude. 
Compared on a weight basis, the adsorbent power of 
charcoal ranges from 20 to 80 times that of kaolin 
and talc. 

Values for the adsorption coefficient, k l ,  are not 
shown in Table IV. In most cases, adsorption 
approached surface saturation a t  very low concentra- 
tion ranges. As a result, due to the lack of data a t  
low degrees of surface saturation, calculation of k ,  
values from intercept values of the Langmuir equa- 
tion is potentially subject to some error. A pro- 
cedure recommended by Finger et aE. (9) is equally 
unsatisfactory for dctermining kl values from these 
data. The values of kl were foutid to increase from 
kaolin to talc to charcoal and were generally of a 
similar order of magnitude within a particular ad- 
sorbent series. 

The intercept value of the Langrnuir equation may 
also be used for comparing affinities between adsorb- 
cnts and the phenothiazine derivatives. .4t the 

8 Since r / m  is determined from concentration difference 
measurements it  is actually the apparent amount adsorbed. 
Adsorption of'solvent by the adsorbent may also alter the 
solute concentration and hence produce some uncertainty in 
the value obtained for x / m .  Due to the relatively large ratio 
of solvent to adsorbent in the test systems, the effect of 
solvent adsorption should be minimal and the values of r / m  
are considered to he subject to little error from this effect. 
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TABLE IV.-\TALUES OF LAXGMUIR CONSTANTS EXPRESSING A4DSORPTION O F  VARIOUS PHENOTHIAZINE 
DERIVATIVES BY KAOLIX, TALC, AND ACTIVATED CHARCOAL AT 20" 

___ ~~ 

~~ 

-Kaolin Adsorbent- -Talc Adsorbent- - ---Charcoal Adsoi-bent- 
Compd. kz X 10, kikz X 10-3 kz X 101 kik2 X 10-3  k2 X 103 kik2 X 10-8 

Promazine 21.9 0.299 49.5 1.00 116. 4.08 
Mepazine 26.2 0.119 52.9 10.3 91.7 4.76 
Trimeprazine 23.0 0.175 47.8 1.15 91.7 2.53 
Promethazinc 22.4 0.227 44.8 1.11 103. 1 86 
Ethopropazine 24.0 0.098 . . .  . . .  . . .  . . .  
Pyrathiazine 18.9 0.267 39.7 1.09 101 4 24 
Chlorproniazine 24.0 0.194 51.8 0.744 102. 4.18 
Methoxypromazine 12.0 -2.09 21.0 - .48F TS.2 -3.65 
Triflupromazine 19.3 1.39 6 1 . 3  2.07 80 . ( I  18.9 
Acepromazinc 21.8 0.476 35.2 0.825 90.9 1.93 

h . . .  h 58.5 2.29 
Prochlorperazine 15.2 0.478 
Thiopropazate 14.1 0.452 . . .  
Tr ifluoperazin e 14.5 1.07 . . .  
Fluphenazine 15.1 0.239 . . .  
Thioridazine 35.9 2.61 74.1 3.31 72.5 3 . 5 3  

n 

b . . .  h 81.3  6.37 

b . . .  b (i5.8 1 .58 
b . . .  b 84.9 3.32 

. . .  

- 
Evidence indicated a decomposition of the sample with these adsorbents. ' Data plotted according to the J,angmuir 

equation produced a nonlinear curve, hence the value of the constants kl and kz could not he determined. 

a o c  /" I 
70 - 

40- 

40- 

C 

I I ! I I _  
20 40 60 80 100 1272 I40 

icEQi lo5 

Fig. 3.-Langmuir plots for adsorption in simple 
aqueous media. Key: 0, proinazine hydrochloride ; 
A, fluphenazine dihydrochloride; K,  kaolin; T, 
talc; C, activated charcoal. With exception of the 
curve expressing adsorption of fluphenazine di- 
hydrochloride by talc, the various curves represent 
rcgression lines calculatcd by method of least 
squares. 

lower equilibrium concentrations, viz., a t  infinite 
dilution, the Langmuir equation reduces to 

X / * k  = kike CEQ 
The product, klkz,  would be the initial slopc of the 
adsorption isotherm and would, in a sensc, he an 
equilibrium constant for adsorption of pheno- 
thiaziiie derivatives in systems well below satura- 
tion of the adsorbent surface. Thus, the k l k z  values 
should be useful in comparing the relative strength 
of interaction between the adsorbents and the vari- 
ous phenothiazine derivatives. Values of klkz taken 
from the reciprocals of intercept values of the Lang- 
muir equations expressing cxperimental data are 
shown in Table IV. These values are subject to 
some of the uncertainty discussed for kl values, and 
i t  is seen that occasionally unexpectedly large varia- 
tions within a particular adsorbent series are en- 
countered. On the other hand, for a particular 
adsorbent, the Rrkz values are relatively similar and 
probably reflect essentially similar adsorption affini- 
ties. The values generally increase from kaolin to 
talc to charcoal, It must be remembered, however, 

that thc k,kz value only tells that the three adsorb- 
ents have different affinity for the compounds, and 
one cannot assume much about the mechanism of 
the interaction from thesr values. 

Adsorption may occur as a result of sevcral possi- 
ble mechanisms (10-13). Certain mechanisms may 
involve a specific interaction bctwccn the surface of 
the solid and the adsorbed niolecule. On the other 
hand, solutes which exhibit surface tension lowering 
properties are often strongly adsorbed by a widc 
variety of solids since thcsc solutes often tend to 
accumulate at the solid-liquid interface as readily as 
a t  the solution-air interface (10, 12). Phenothiazine 
derivatives have been shown to exhibit surface ten- 
sion lowering properties (14-16). Figure 4 presents 
plots of surface tension lowering versus extent of 
adsorption for the phenothiazine compounds shown 
in Fig. 1. The coefficient of correlation between ex- 
tent of adsorption by activated charcoal and surface 
terision lowering is -0.843. This value is significant 
a t  the P = 0.05 level. Such correlation docs not 
exist for kaolin and talc adsorbents. This suggests 
that the ability to accumulate at the solid-solution 
interface may be responsible for the charcoal-solute 
interaction. Such a condition is favored by the very 
large surfacc area of activated charcoal which offers 
an extensive interface to the solution phase.? The 
failut-e of talc and kaolin to exhibit adsorptive prop- 
erties which corrclate to surface tension lowering can 
be interpreted as indicating that the tendency of 
solute molecules to  accumulate a t  an interface is not 
the sole reason why adsorption onto thcsc substances 
takcs place. Since surface areas of kaolin and talc 
arc generally much smaller than for activated char- 
coal, a smaller interfacc is offered for accumulatiou 
of surface-active solute molecules. Adsorption by 
interfacial effects cannot be entirely ruled out for 
kaolin and talc, however, as it is possible that some 
adsorption occurs via this mechanism, but it is ob- 
scured by the effects of other factors also facilitating 
adsorption a t  the same time. 

If adsorption of solute by charcoal is mediated 
primarily through ability of the solute to accumulate 

7 Cassidy reports (10) surface areas in the range of 15 
rM.2,'Gm. for kaolin, and 500-1700 -M.Z/Grn. for activated 
charcoal. Talc could be expected to have a surface area 
somewere in the range below. 50 M.'/Gm. While surface 
areas were not measured for the specific adsorbents used in 
this study, they would probably be of a similar order of 
mag-nitude. 
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Siiice the pheiiothiazine derivatives studied are 
capable of existence entirely or a t  least partially it] a 
prototiated form a t  the pH ranges of this experiment, 
it  is possible that, in somc cdscs, adsorption may be 
mediated by ion-exchange interactions. Both kaolin 
and talc particles would be expcctcd to carry a nega- 
tive charge ( 10) on their surface due to deficiencies 
in certain cations within the crystal structurc of these 
substances. The negative charges are neutralized 
by exchangeable cations such as sodium a n d  
potassium. I t  is a well-established fact (10-13) 
that high molecular weight organic cations can dis- 
place these inorganic catiotis arid preferentially ad- 
sorb to the particle surfaces. Such mcchanisms 
would not account for thc high adsorptive capacity of 
activated charcoal. Although certain charcoals can 
have some ion-exchange abilities ( lo) ,  this caniiot 
account for the high affinity of charcoal for solute 
molecules in the system under study. 

The effect of electrolyte on promazine adsorption 

I 4 O 7  

A 

5.0 15.0 25.0 
SURFACE TENSION LOWERING 

(dyne cm-1) 

Fig. 4.-Limiting adsorptive capacity as a func- 
tion of surface tension lowering produced by 1 X 
10-2 iM solutions of various phcnothiazinc deriva- 
tives. Key: A, charcoal adsorbent; e, talc adsorb- 
ent; A, kaolin adsorbent. 

120 
0 

P 

SURFACE AREA OF MOLECULE.$I~ 

Fig. 5.-Litnititig adsorptive capacity as a fune- 
tion of planar surface area of various phenothiazine 
derivatives adsorbed by activated charcoal. 

at the solid-solution interface, a rclationship might 
be expected to exist betwccn the mawiniutn extent 
of adsorption and thc area occupied by the molecules 
in the interface. Figure 5 shows the apparent rela- 
tionship betwccn molecular surface area of the var- 
ious phetiothiazine derivatives and the Langmuir 
constant k2.* The coefficicnt of correlation for the 
relationship in Fig. 5 is -0.861 atid is significant a t  
the P = 0.001 level. A coelIiciemt of correlation 
equal to -0.886, significant at the P = 0.01 lcvel, 
was obtained when kp values wcrc compared to 
molecular volumcs of the solutes. The total surface 
area of adsorbcd molecules corresponds well with 
surface areas cotunionly encountered for activated 
charcoals. I n  the case of promazine, thewtotal sur- 
face area of the moleculcs adsorbed atfsaturatiori 
of the adsorbcnt surface is 690 M 2//Gm.;activated 
charcoal. 

8 Space-filling atomic models were used in calculating ap- 
proximate surface areas of solute molecules. Areas were 
calculated on the basis of the smallest trapezoid which would 
contain the model. Molecular volumes were calculated as 
the smallest truncated pyramid which would contain the 
model. 
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Fig. 6.--Isotherms for adsorption of promnzine by 
Key: 0, distilled water; A ,  0.01 N sodium kaolin. 

chloride; 0, 0.10 iV sodium chloride. 

--I 

20 60 100 141 

EQUILIBRIUM CONCENTRATION 
MIL x 105 

Fig. 7.-Isotherms for adsorption of promazine by 
talc. Key: 0, distilled water; A ,  0.01 N sodium 
chloricle; 0, 0.10 Nsodium chloride. 
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I 1  1 
10 50 100 I50 

EQUILIBRIUM CONCENTRATION 
MAX lo5 

Fig. 8.-Isotherms for adsorption of prornazitic 
by activated charcoal. Key: 0, distilled watw; 
A, 0.01 N sodium chloride; 0 ,  0.10 N sodium chlo- 
ride. 

EQUllllRlLW CONCENTRAlION. MIL X I O '  

Fig. 9 -Adsorption of promazine hydrochloride 
I---) and fluphenazine dihydrochloride ( -  - - - -1 
by kaolin a t  pH 2.5 (0 )  and pH 0.5 (A). 

I 1 . 
,/' 

30 

I0 50 100 

EQU'IIBRIIIM CONCENTRATION, M/L I 10' 

Fig. l0.---Xdsorptior1 o f  prornazine hydr~~cl~lor ide 
, (~ --) and kluphenazine dihydrochloride ( -  - - - -) 
,by talc at,fl;2.5 ( 0 )  and p H  6.5 (A). 

so 100 150 

EQUIIIBPIUM CONCENRATION.MIL 1 10' 

Fig. 11 -Adsorption ol prornazirie hydrochloride 
(--) and fluphenazine dihydrochloride ( -  - - - -) by 
activated charcoal a t  pH 2.5 (0 )  and p H  6.5 (A). 

is shown in Figs. 6,  7, and 8. It is seen that  iri- 
creasing the electrolyte conccntration increases thc 
adsorptive capacity of the a d ~ n r b e n t . ~  In addition, 
at any given solute conccntration below that  ncccs- 
sary to achieve apparent saturation of the adsorbent 
snrfacc, the extent of adsorption is increased. Meas- 
urements showed that  pH remained unchanged in 
the presence of increasing amounts of sodium chlo- 
ride. Sodium ion, as well as othcr electrolyte species, 
would be expected to compete with the protonated 
amine for anionic sites on the particle surface or fo r  
positions in the electrical double layer around the 
particles. Hence, addition of large amounts of 
sodium ion might be expected to decrcase the extent 
of adsorption of the protonated species of thc amine 
if ion-exchange mechanisms were responsible for 
adsorption (12, 13). Failure of sodium ion to dis- 
place the organic cation suggests that  adsoi-ption of 
t h e  phenothiazine derivative is mediated through 
other than simple ion-exchange mechanisms d o ~ e  
or that  even in great excess, sodium ion caritlot dis- 
place the aniine from thc adsorption sites. The fact 
that  adsorption of the phenothiazinc derivative is 
actually increased by the sodiurn ion supports thc 
idea that  ion-exchange is not the sole mecliariism for 
ndsorptioii. Even if the sodium ion could not dis- 
place the solute, it should not increase adsorption if 
ion-exchange was solely responsible for adsorption of 
the phenothiazine derivativc. Sodium chloride may 
be exerting its action through effects on solubility 
and other physical properties of the phenothiazine 
derivative. The apparent result is an increasinl: 
tendency of the phenothiazine derivative to  accumu- 
late at the solution-solid interfacc. Electrolyte may 
affect physical properties of the adsorbent as well. 

'Thc effect of 0.01 N sodium chloride on adsorption 
of promazine hydrochloride by kaolin is of interest. 
It may be possible to explain this effect on the basis 
that  at  low promazine hydrochloride concentrations, 
there is competition for exchangc sites which leads 
to decreased adsorption. A t  higher proniazine 
hydrochloride concentrations, tile sodium ion is dis- 
placed. Increased adsorption a t  high concentrations 
of promazine hydrochloride may be due to effects of 

~~ ~ 

'J It may be noted that data presented in Figs. 8, 7,  and 8 
differ from Table IV. These experiments were carried out at 
a later date usiug different adsorbent to solvent ratios. It 
has been pointed out (10) that limiting adsorptive capacities 
niay vary somewhat when measured at diffet-ent adsorbent- 
solvent ratios. Data presented in Figs, §, 7, and 8 should be 
considered SeyWr~ately from Table !V, 



792 

TABLE V.-pH OF VARIOUS UNBUFFERED 
ADSORBENT-SOLUTE MIXTURES" 

- 
pH of System yH of System 

at Max.  at Min. 
Equilibrium Equilibrium 

System Solute Solute 
Adsorbent-Solute Concn. of Concn. of 

Kaolin-promazine 4 . 6  5.0 
Talc-promazine 7 . 6  8 . 6  
Charcoal-promazine 4 . 0  4 . 2  
Kaolin-fluphenazine 3 . 6  4 . 2  
Talc-fluphenazine 4 . 1  7 . 8  
Charcoal-fluphenazine 3 . 3  3 .4  

Journal of Pharmaceutical Sciences 

of pH effects on adsorption. Adsorption of proma- 
zine by talc is greatest from unbuffered solution. 
The reason for this becomes apparent if one con- 
siders the pH of the unbuffered systems containing 
talc (Table 17). The pH of unbuffered suspensions 
containing talc is usually greater than pH 6.5, and, 
hence, it is not surprising that absorption from un- 
buffered mcdia is cven greater than from the pH 6.5 
system. When Figs. 9 and 10 are compared, it is 
seen that under conditions of controllcd pH, kaolin 
is actually a better adsorbent than is talc. Data 
in Table IV, which show talc to be a stronger adsorb- 
cnt in unbuffered media, are primarily a result of the 
more alkaline pH of the talc systems. It appears 
that a t  a given fixed pH, thcrc is actually not much 
difference between talc and kaolin with respect to 
adsorbent capacity. 

The talc-fluphenazine dihydrochloride system 
shows interesting pH effects (Fig. 12). In unbuf- 
fcred solutions, the more acidic proton on the 
fluphenazine, pKa 3.90, causes production of a 
relatively low pH a t  higher solute concentrations, 
and the fluphenazine is adsorbed less strongly as a 
result. In fact, in systems containing talc, adsorp 
tion of fluphenazine from unbuffered solutions a t  the 
higher concentration ranges is very nearly identical 
to adsorption from buffered solution a t  pH 2.5. Due 
to the pH effcct, isotherms for fluphenazine in un- 
buffered talc systems, as well as for other dibasic 
phenothiazine derivatives, pass through a maximum 
with increasing solute concentration (Fig. 13). 
Monobasic phenothiazine derivatives such as 
promazine, pKa 9.38, are unable to lower the pH of 
talc systems to  an extent that similar pH cffects are 
observed in unbuffered media. 

The fact that the ionic charge on the fluphcnazinc 
moleculc is approximately doubled a t  pH 2.5, as 
compared to pH 6.5, must also be considered when 
explaining pH effects on adsorption of the dibasic 
compounds. If ionic interactions are responsible for 

The pH values for adsorbent suspensions containing no 
solute were kaolin. 4.3: talc, 8.4: and charcoal. 5.9. 

sodium chloride on solubility, etc., as discussed. On 
the basis of prescnt data, it  does not appear possible 
to either prove or disprove inn-exchange as an i n -  
portant mechanism in adsorption of the pheno- 
thiazine derivative by kaolin and talc. 

Results of adsorption studies a t  constant pH are 
presented in Figs. 9, 10, and 11. In all cases, ad- 
sorption is seen to be greater a t  pH 6 5 than a t  pH 
2.5. A possible cxplanation for this pH effect could 
be involved with changes which occur in the rela- 
tive amounts of protonated and nonprotonated 
amine present as pH increases. If the nonpro- 
tonated form of the phenothiazine derivative is 
better adsorbed as is often the case for systems of 
this type (10,12), then adsorption would be expected 
to be greater at thc higher pH. Inspection of pKa 
values in Table I11 shows that even a t  pH 6.5, only 
a relatively small portion of the total ainine is in the 
nonprotonated form since this pH is several units 
below the apparent pKa. It is difficult to conceive 
that there would be enough free base present a t  pH 
6.5 to exert a significantly greater driving force for 
adsorption as compared to lower pH levels. On 
the other hand, the equilibrium between protonated 
and nonprotonated forms is dynamic. As free base 
is removcd by adsorption, it will be replaced from the 
large reservoir of protonated material. Adsorption 
could thus continue until equilibrium is established 
between the adsorbent surface and the free base in 
solution. The free base concentration is indeed 
many times greater a t  pH 6.5 than at the lower pH. 
It is not impossible that this difference may account 
for the greater adsorption at  higher pH values. 

A second possible explanation for the effect of pH 
might lie in the possibility that hydrogen ions and 
the protonated amine may compete for anionic 
sites on the adsorbcnt surfaec of, for positions in, the 
electrical double layer existing around the adsorbent 
particles. 

As compared to kaolin and talc, adsorption of 
phenothiazine derivatives by charcoal is less strongly 
influenced by hydrogcn-ion concentration, although 
some charcoals have a moderate electrostatic charge 
and some affinity for hydrogen ions (10) It is prob- 
able that the observed pH effects for charcoal result 
from increases in the amount of nonprotonated form 
of the phenothiazine derivative present a t  the higher 
pH levels. The nonprotonatcd forms of the pheno- 
thiazine derivatives have low water solubility and 
hence would have a greater tendency to accumulate 
a t  the solid-solution interface than would the pro- 
tonated form. 

Adsorption of solute by talc is further illustrative 

50 100 
EQUILIBRIUM CONCENTRATIC 

M/L  x lo5 

0'  

Fig. l2.-Relationship between the extent of 
adsorption of fluphenazine dihydrochloride by talc 
(0) and suspension pH (A).  
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siderable extent. Adsorption of solute by kaolin 
and talc is probably mediated through a combina- 
tion of mechanisms. 

Increasing temperature generally decreases the 
extent of adsorption. However, it is not uncom- 
mon to find that adsorption incrcascs with tcmpera- 
ture in certain systems (11, 12). Temperature can 
affect several properties of thc solute molcculcs and 
the adsorbent (Table VI), as well as the adsorption 
interaction per se. The mechanism by which tem- 
perature increases adsorption in the systems under 
study is not known. Further investigations of the 
temperature effects are planned. 

The effect of electrolyte and hydrogen-ion con- 
centration is interesting with respect to potential 
implications regarding the effect of adsorption on thc 
availability of certain drugs for absorption from 
the gastrointestinal tract. It has already been 
established (2) for a similar clay-type adsorbent 
and activated charcoal that adsorbents may alter 
the availability of promazine for absorption from the 
gastrointestinal tract. Within the stomach, the 
presence of hydrogen ion may cause desorption, thus 
favoring absorption of the drug. The electrolyte 
environment existing throughout the gastrointestinal 
tract would probably favor absorption and retard 
release of adsorbed drug to the fluids at the absorp- 
tion site. It should be noted that the effect of 
electrolyte on promazine adsorption was predicted 
incorrectly (2). While this does not alter the 
validity of the research, statements made previously 
regarding the probable effect of electrolyte on release 
of promazine should be reconsidered. 

It is also important that electrolyte not only 
changes the maximum amount of drug which can be 
adsorbed, but also increases the amount adsorbed 
a t  any given concentration below that which achieves 
surface saturation. Thus, for talc and activated 
charcoal, thc plateau region corresponding to surface 
saturation is achieved a t  a much lower solute con- 
centration. In terms of potential in vivo effects, this 
may be quite important. According to hypotheses 
prcscntcd previously ( 2 ) ,  the amount of drug which 
can exist free in equilibrium with a given amount of 
adsorbate may be a determinant factor in modifying 
drug uptake from the gastrointestinal tract when 
adsorbents are present. These effects will bear 
further investigation. The reader should refer to  
Reference 2 for additional discussions concerning the 
effects of adsorption on drug availability. 

SUMMARY 
It can be stated t.hat the adsorption interaction 

between medicinally active phenothiazine deriva- 
tives and charcoal occurs to a significant extent in all 
cases studied. The mechanisms of the interaction 
cannot he completely defined from data obtained in 
experiments described in this paper. Adsorption 
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Fig. 13.-Isotherms for adsorption by talc in 
unbuffered media. Key: 0 ,  prochlorperazine di- 
hydrochloride; e, trifluoperazine dihydrochloride; 
A, fluphenazine dihydrochloride; A, thiopropazate 
dihydrochloride. 

adsorption, the compounds could potentially neu- 
tralize twice as many sites on the adsorbent surface 
at the lower pH and hence adsorption would be 
reduced to about 0.5 its value a t  the higher pH 
range. Inspection of the data shows that adsorp- 
tion is decreased by a much greatcr factor a t  the 
lower pH. The adsorption of monobasic com- 
pounds is also decreased a t  low pH, even though 
there could be no change in the charge of the solute 
molecule. Thus, changes in total charge on the 
solute molecule do not appear to cause the observed 
pH effect on adsorption. 

The relationship between pH and the extent of 
adsorption by talc lends support to the idea that the 
pH effect is due to changes in the amount of free 
base present. At pH 8.0, the midrange of the talc 
systems, 4y0 of the total amine content is in the 
base form. At pH 6.5, only about 0.1370 exists in 
this form. 

If adsorption is strongly influenced by the amount 
of frcc base present in the system, a correlation might 
be expected to exist betwcn pKa and adsorption 
Plots of apparent pKa versus the Langmuir constant, 
k2, failed to show any correlation between these 
parameters. Likewise, apparent pKa and values for 
klk2 could not be correlated. The lack of correla- 
tion is not surprising in view of the relatively slight 
differences between apparent pKa values for the 
compounds tested (Table 111). 

It is not possible to state on the basis of informa- 
tion obtaitied from these pH studies whether thr 
observed effects are due to one specific certain 
mechanism. The fact that considcrable adsorption 
occurs at pH 2.5 supports the hypothesis that ad- 
sorption of the protonated form also occurs to a con- 

TABLE VI.-EFFECT OF TEMPERATURE ON ADSORPTION OF CHLORPROMAZINE HYDROCIILoRIDE AND 
THIOPROPAZATE DIHYDROCHLORIDE 

---Limiting Adsorption Capacity of Adsorbent m M  X 103- 
--Kaolin- - , - Talc---- -Activated Charcoal--. 

Compd. 200 370 200 370 200 37" 
70.4 102 110 

58 .5  80.0 
Chlorpromazine hydrochloride 24.0 27.1 51.8 
Thiopropazate dihydrochloride 14.1 33.9 . . .  . . .  
a The Langmuir plots for adsorption of thiopropazate dihydrochloride by talc were nonlinear and hence a limiting adsorptive 

The effect of temperature appeared to be negligible in this case, however, and the two iso- capacity could not be calculated. 
therms were virtually identical. 
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by charcoal appears to bc mediated primarily by 
physical forces and probably occurs as a result of the 
tendency of the solute to accumulate at solution- 
solid interfaces. This tendency to accumulate a t  
the solution-solid interface is similar to the demon- 
strated surface tcnsion lowering effects of the 
phenothiazine derivatives. 

Adsorption of phenothiazinc derivatives by clay- 
type materials such as kaolin and talc is more com- 
plex in nature and is probably mediated through 
scvcral different mechanisms simultaneously. 
Mechanisms based on simple electrostatic charge 
interactions cannot alonc explain the process. 
Molecular size and interfacial properties of the solute 
do not appear to correlate with adsorption in systems 
containing kaolin or talc in simple aqueous media. 

The results of this experiment show that adsorp- 
tion of phenothiazinc derivatives is dependent upon 
both hydrogen-ion and electrolyte concentration. 
Hydrogcn-ion concentration is inversely related to 
the extent of adsorption. The effect of hydrogen- 
ion may bc cithcr to determine the amount of non- 
protonated form which is present or t o  compcte 
with the protonated form for adsorption sites. It is 
probable that adsorption of phenothiazine deriva- 
tives by talc and kaolin is subject to both of these 
effects. The presence of sodium chloride gcncrally 
increases adsorption. This is probably due to 
effects on various physical properties of the solute 
which increase its tendency to accumulate a t  the 
solution-solid interface. The failure of sodium 
chloride to depress adsorption tends to discount 
simple ion-exchange as a major mechanism of ad- 
sorption. 

Joztmul of Phavmtrceuticnl Sciences 

The effects of pH arid electrolyte concentration 
have important implications with respect to thc 
effect of adsorbents in altering availability of 
prornazine for absorption from the gastrointestinal 
tract. 

The results of these experiments will be useful 
in further studies of the effcct of adsorbents on drug 
availability. They should also be of use in inter- 
pretation of drug-adsorbent intcractions in gcn- 
era1 
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Inositol N.F. 
New Excipient for Chewable Tablets 

By S .  S .  NASIR and L. 0. WILKEN, JR. 

An investigation of the suitability of inositol as a base for chewable tablets has been 
conducted by studying and comparing pertinent properties of inositol, mannitol, 
lactose, and a lactose-sucrose mixture (9: 1). The amounts of moisture absorbed 
by the finely powdered materials, granulations made from these powders with the 
aid of selected binders, and tablets compressed from some of the granulations were 
determined (Karl Fischer method or difference in weight) before and after storage 
at selected relative humidities for specified periods of time. Tablets of similar 
weights and volumes were prepared from inositol as well as mannitol granulations 
and evaluated for hardness and dissolution times before and after aging and com- 
pared. Kepresentative chewable tablets utilizing mannitol and inositol as bases 
were prepared for vitamins, antacids, and for acetylsalicylic acid and evaluated for 
compressability, hardness, dissolution, taste, and appearance. The experimental 
data indicate that inositol, due to its nonhygroscopic nature, chemical inertness, 
nontoxicity, physical stability, superior mouthfeel, and texture can be beneficially 

employed as the base for the formulation of chewable tablets. 

NE OF the recent modifications in tablet the chewable tablet, a compressed dosage form, 0 dosage forms has led to the development of convenientlv carried and self-administered, which - 
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by charcoal appears to bc mediated primarily by 
physical forces and probably occurs as a result of the 
tendency of the solute to accumulate at solution- 
solid interfaces. This tendency to accumulate a t  
the solution-solid interface is similar to the demon- 
strated surface tcnsion lowering effects of the 
phenothiazine derivatives. 

Adsorption of phenothiazinc derivatives by clay- 
type materials such as kaolin and talc is more com- 
plex in nature and is probably mediated through 
scvcral different mechanisms simultaneously. 
Mechanisms based on simple electrostatic charge 
interactions cannot alonc explain the process. 
Molecular size and interfacial properties of the solute 
do not appear to correlate with adsorption in systems 
containing kaolin or talc in simple aqueous media. 

The results of this experiment show that adsorp- 
tion of phenothiazinc derivatives is dependent upon 
both hydrogen-ion and electrolyte concentration. 
Hydrogcn-ion concentration is inversely related to 
the extent of adsorption. The effect of hydrogen- 
ion may bc cithcr to determine the amount of non- 
protonated form which is present or t o  compcte 
with the protonated form for adsorption sites. It is 
probable that adsorption of phenothiazine deriva- 
tives by talc and kaolin is subject to both of these 
effects. The presence of sodium chloride gcncrally 
increases adsorption. This is probably due to 
effects on various physical properties of the solute 
which increase its tendency to accumulate a t  the 
solution-solid interface. The failure of sodium 
chloride to depress adsorption tends to discount 
simple ion-exchange as a major mechanism of ad- 
sorption. 

Joztmul of Phavmtrceuticnl Sciences 

The effects of pH arid electrolyte concentration 
have important implications with respect to thc 
effect of adsorbents in altering availability of 
prornazine for absorption from the gastrointestinal 
tract. 

The results of these experiments will be useful 
in further studies of the effcct of adsorbents on drug 
availability. They should also be of use in inter- 
pretation of drug-adsorbent intcractions in gcn- 
era1 
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An investigation of the suitability of inositol as a base for chewable tablets has been 
conducted by studying and comparing pertinent properties of inositol, mannitol, 
lactose, and a lactose-sucrose mixture (9: 1). The amounts of moisture absorbed 
by the finely powdered materials, granulations made from these powders with the 
aid of selected binders, and tablets compressed from some of the granulations were 
determined (Karl Fischer method or difference in weight) before and after storage 
at selected relative humidities for specified periods of time. Tablets of similar 
weights and volumes were prepared from inositol as well as mannitol granulations 
and evaluated for hardness and dissolution times before and after aging and com- 
pared. Kepresentative chewable tablets utilizing mannitol and inositol as bases 
were prepared for vitamins, antacids, and for acetylsalicylic acid and evaluated for 
compressability, hardness, dissolution, taste, and appearance. The experimental 
data indicate that inositol, due to its nonhygroscopic nature, chemical inertness, 
nontoxicity, physical stability, superior mouthfeel, and texture can be beneficially 
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must disintegrate smoothly a t  a satisfactory rate, 
have a pleasant taste and mouthfeel, and leave 
no unpleasant aftertaste. 

Since the excipient constitutes usually a large 
proportion of the substance of the tablet, the 
physical characteristics of the dosage form are 
necessarily influenced by those of the excipient, 
although not all to the same degree. 

Extensive studies (1, 3) have been conducted 
on sugars and sugar alcohols in order to determine 
their suitability as bases for chewable tablets 
with the results indicating that mannitol pos- 
sesses all the desirable characteristics of the 
“preferred excipient.” No evaluation has been 
reported on the use of cyclic polyhydroxic al- 
cohols for this purpose, although it was noted that 
inositol possesses many of the same desirable 
characteristics and properties (4-6). Inositol 
N.F. is an odorless, nonhygroscopic, chemically 
stable, sweet-tasting, white, crystalline material 
having a negative heat of solution (7 )  and is 
soluble to the extent of 1 Gm. in 5.7 ml. of water 
at 25’. This cyclic alcohol is widely distributed 
in nature being found in nearly all living cells 
investigated (8) and has demonstrated no tox- 
icity. 

With this information in mind and with the 
intent of possibly improving a well-accepted 
dosage form while, at the same time, extending 
the usefulness of an abundant natural product, a 
study was undertaken to determine the suitabil- 
ity of a cyclic polyhydroxic alcohol, inositol 
N.F., as a base for chewable tablets. The in- 
vestigation included a comparison of some or 
the more pertinent properties of inositol, granula- 
tions of inositol, and tablets made from inositol 
with those corresponding properties of some ac 
cepted cxcipicnts. 

EXPERIMENTAL 

Materials.-The mannitol N.F. and inositol 
N.F. were obtained in powdered form from Mann 
Research Laboratories and the lactose U.S.P. was 
purchased from City Chemical Corp. Other mate- 
rials used included sucrose U.S.P., gclatin U.S.P., 
potato starch,’ acacia U.S.P., methylcellulose 
U.S.1’. (1500 cps.), alcohol U.S.P., magnesium 
stearatc 1J.S. P., nragnesiuni trisilicate U .S. P., 
aluminum hydroxide,’ aspirin U.S.P., liquid glucose 
U.S.P., and sodium saccharin N.F. The vitamins 
used in the prcparation of the multivitamin tablets 
were U.S.P. grade as obtaincd from Mann Research 
Laboratories. 

Preparation of Powders.-The finely powdered 
mannitol, inositol, aud lactose wcrc passed through 
a 60 mcsh screen in preparation for the moisture 
absorption studies and prior to the prcparation o f  
the various granulations. 

N. J. 

- ._ 
1 Obtained from J. T. Baker Chemical Co., Phillipsburg, 
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Preparation of Granulations.-Four series of 
granulations were prepared using mannitol, inositol, 
lactose, and lactose-sucrose (9: 1) as bases accord- 
ing to the following formula: hasc, 993 Gm.; 
sodium saccharin, 7 Gm.; binder solution, as re- 
quired. 

Five granulations wcrc prepared from each of the 
four bases utilizing purified water, 10% acacia 
solution, 10% gelatin solution, 10% starch paste, 
and diluted alcohol U.S.P. as the binder solutions. 
The volumes of granulating solutions required for 
the granulation of 500 Gm. of each base are shown 
in Table I. 

The dry and previously mixed materials were 
moistened with the binder solutions arid kneaded 
by hand until masses were formed. The wcttcd 
masses were then passed through an Erweka F.G.S. 
granulator fitted with a screen having 1.5 mm. 
openings (approximately 14 mcsh). The resulting 
wet granules were dricd in a Glatt TK-2 fluidized 
bed dryer a t  40” with a gate. opcning of 2.5 for a 
period of 30 min. for the niarinitol and inositol 
granulations, and for 50 miti. for thosc granulations 
contaiuing lactose and thc lactose-sucrose mixture. 
Thc increased drying times for the lactose and 
lactosesucrose granulations were necessary in 
order t o  reduce thc moisture content t o  an acccpt- 
able level as determined by the Karl Fischer 
method. Thc moisture content of each of the dried 
granulations expressed as averages of triplicate 
determinations is shown in Table I. After drying, 
the granules were passed through a No. 18 screen 
and stored in airtight containers for future use. 

Additional series of granulations were prepared 
both from mannitol and from inositol, but using the 
No. 14 sieve as the final size in order to obtaiu larger 
granules. Similar granulations were prepared with 
2yo liquid glucose added as an additional binder 
solution. These granulations also were reserved 
for further study. 

Compression of Granulations.-Portions (1000 
Gin.) of each of the prepared granulations were 
mixed with portions (10 Gm.) of magnesium stearate 
as lubricant with the aicl of an Erwtka cube mixer. 
The granulations were then compressed into tablets 
on a Colton model 204 four-station rotary press 
equipped with a model 205 induced die fcedcr and 
0.5 in. Rat-faced, beveled-edged punches. The 
representative weight, hardness, thickness, and dis- 
solution times of thc rcsulting tablets are shown in 
Table 11. The dissolution times were determined 
with the aid of a U.S.P. apparatus and taken a t  the 
time when all of the tablet passed through the 
screen of the apparatus. 

Hygroscopicity Studies.-Powdered ikfatwia1s.- 
Accurately weighed samples (approximately 100 
mg. each) of the powdered inositol, the powdcrcd 
mannitol, and the powdered lactose were placed in 
open wide-mouth glass vials and stored for 96 hr. in 
relativc humidities of approximatcly 65 and 100‘,%. 
Previous expcrimcnts indicated that similar samples 
of the inositol reached maximum moisture conceir- 
tration in less than 72 hr. The controlled humidity 
chambers were prcpared using desiccators containing 
saturated solutions of suitable salts (9) and main- 
taining the trmpcraturc at 24” f 2’ with relative 
humidities of approximately 10, 51, 65, 84, 95, and 
100$& being produced. 

The moisture contents of the powdrred materials 
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TABLE I .-PROPERTIES OF %ME GRANULATIONS PREPARED WITH DIFFERENT BINDERS AND BASES 

Binder Base 
Acacia, 10% soln. lnositol 

Mannitol 
Lactose 
Lactose + sucrose (9 :  1) 

Gelatin, 1092 solii. Inositol 
Mannitol 
Lactose 
Lactose + sucrosc (9:  1) 

Starch, lo'$; soln. Inositol 
Mannitol 
Lactose 
Lactose + sucrose (9:  1) 

Diluted alcohol U . S . P .  Iuositol 
Mannitol 
Lactose 
Lactose + sucrose (9: 1) 

Water Inositol 
Mannitol 
Lactose 
Lactose + sucrose (9 : 1 ) 

Vol. of Binder 
Soln. Csed, 
m1./500 Gm. 

110 
125 
107 
80 

105 
112 
100 
74 

130 
140 
100 
75 

155 
170 
126 
86 

1.10 
155 
112 
63 

'% Moisture 
After Drying 

3.3" 
3.7" 
7.46 
7.76 
3 .6"  
3.5" 
6.4h 
6.6" 
2.3" 

3.0" 
2.1a 
6 . 4 h  
5.7h 
2.5" 
3.0" 
8.26 
7.4b 

Hardness of 
Granules 

Hard 
Hard 
Hard 
Hard 
Hard 
Hard 
Hard 
Hard 
Fairly hard 
Fairly hard 
Hard 
Hard 
Soft 
Very soft 
Soft 
Fairly hard 
Very soft 
Very soft 
Soft 
Fairly hard 

Peirentage 
Fines' 
20 .o 
20.0 
12.5 
13 . 0  
13.1 
17.1 
15.1 
13 .o 
13.0 
20.0 
17 . 0  
15.5 
28.0 
38.0 
21.3 
23.0 
32.0 
41.0 
49.0 
38.0 

a Drying time, 30 min.; Glatt TR-2 dryer; temp., 40'; gate opening, 2.5. * Drying time, 50 min.; Glatt TK-2 dryer; temp., 
40'; gate opening, 2.5. Amount of material passing through a No. 40 sieve. 

TABLE II.-SOME PHYSICAL PROPERTIES OF TABLETS~ PREPARED FROM GRANULATIONS OF INOSITOL OR 
MANNITOL 

~- 

-Hardness of Tablets 
Dissolution (Kg. Stokes)- 

Binder, Tablet, Wt., Thickness. Time, --Aged -- 
lOyo Soin. Base Gm. f S.U. mm. i S.D. min. =t S.D. Initial 2 Mo, 6 Mo. 
Acacia Inositol 0.620 f 0.013 3.77 f 0.02 26.6 f 1.0 5.0 6 . 8  13.5 

Mannitol 0.623 f 0.010 3.76 =!z 0.01 30.0 f 1.6 5.0 8.0 11.0 
Gelatin Inositol 0.565 f 0 . 0 1 8  3.88 f 0.07 36.6 f 2.0 6 . 5  9 . 2  13.5 

Mannitol 0.567 3~ 0.017 3.89 f 0.01 40.6 f 2 . 0  7 .5  10.4 13.0 
Starch Inositol 0.590 f 0.017 3.70 f 0.07 41.6 f 2 . 0  2 . 5  7.6 11.0 

Mannitol 0.583 f 0.024 3.75 f 0.06 46.1 f 1.0 3 .0  4 .0  6 . 5  
~ _ _ _  

a Compressed using 0.5 in. beveled edge punches (6at-faced). 

TABLE III.-MOISTURE CONTENT (yo) in POWDERS~ 
AFTER  STORAGE^ AT SELECTED RELATIVE HUMIDITIES 

Relative Humidity 
65% 100% 

Base 
Inositol 
Mannitol 
Lactose 

1 .oo 2.93 
0.99 2.66 
5.16 5.13 

~ ~ 

a Sample size approximately 100 mg. of finely divided ma- 
terial. Stored for 96 hr. at  2 4 O  * 2". 

so treated were determined by the Karl Fischer 
method (10) with the aid of a Lab Industries 
aquametry apparatus. The results, averages of 
triplicate determinations, are shown in Table 111. 

Granulations.-Each of the granulations was 
analyzed for moisture content when freshly prc- 
pared (Table I) and after storage for 96 hr. in the 
controllcd humidity chambers (Table IV). Thc 
moisture contents of powders and granulations were 
determined by the Karl Fischer method with minor 
modifications. A measured portion of anhydrous 
methanol (60 ml.) was titratcd to the Karl Fischer 
end point, after which 10 ml. of this solution was 
removed and retained in a pipet. The sample 
for analysis was then washed with this 10 ml. of 
solution through a funnel into the receiver of the 
aquametry apparatus. The mixture was stirred 

magnetically for 2 min., after which it was titrated 
to a Karl Fischer end point which remained stable 
for 30 sec. 

Z'ublets.-The extent of moisture absorption or 
desorption by tablets was determined by the dif- 
ferences in weights observed before and after storage 
for 20 days in the controlled humidity chambers. 

The tablets of mannitol and inositol prepared 
using selected binder solutions were accurately 
weighed, stored for 20 days in the previously de- 
scribed controlled humidity chambers, then rc- 
weighed. The percentage by weight of moisture 
absorbed or desorbed was calculated from the 
change in weight of the VdbktS. The results are 
shown in Tablc V. 

Preparation of Representative Tablets.-Three 
differeut types of tablets, antacid, multivitamin, and 
aspirin tablcts, were prepared using inositol and 
mannitol as bases. The formula (11) for the antacid 
tablets was modified by the use of gelatin solution as 
the binder and the omission of the disintegrator. I n  
one batch of the antacid tablets inositol was used in 
place of mannitol; batches of both types of tablets 
wcre prepared, compared, and evaluated. The re- 
sults are shown in Table VI. 

Aspirin tablets were prepared according to a 
published formula (12) modified by the use of 10% 
gelatin solution as the binder and the omission of a 
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disintegrator. Batches of tablets were prepared 
with both inositol and mannitol as bases and wcre 
compared and evaluated. The results are shown in 
Table VI. 

Two batches of multivitamin kdblcts were pre- 
pared with mannitol as the base in one and with 
iriositol as the base in the other. The published 
formula (11) was modified tlirough iise of 10% 
gelatin solution as the binder and the omission of 
the disintegrator. The prepared tablets were 
cornpared and evaluated with the results being 
shown in Table VI. 

DISCUSSION AND RESULTS 

In order to limit the maximum particlc size and 
minimum spccific surfaces for the powders examined 
for their hygroscopic nature, thc materials were 
passed through a 60-mesh sieve. This procedure 
was considered advisable to ensure more uniform 

and complete moisture absorptioii by the powdered 
materials. In order to reducc the time requircd 
for maximum absorption of moistme the weights 
of the samples exposed a t  the various relative 
humidities were limited to approximately 100 mg. 
each, which were spread in thin layers. 

The results of the cxpcrimcnt, as shown in Table 
111, indicate that for the range of relative humidities 
studied, the hygroscopic nature of inositol is very 
similar to that of maiiuitol, the hygroscopicity of 
both being much less than that of lactose. 

A comparison of the physical properties of the 
various granulations (Table I) shows that the 
inositol granulations required less binder solution 
tlian did the rnannitol granulations and that both 
oI these rrquired significantly more binder solution 
than did the others tcsted. The hardness of the 
granules and the percentages of fines in the granula- 
tions indicated that a strong binding material must 
be used to make satisfactory granulations from 

TABLE 1%' -MOISTURE CONTEXT OF GRANWAIIONS AFTEK STORAGE FOR 96 hr. AT SELECTED RELATIVE 
HUMIDITIES (yo f S.D.) 

-_ ~~ 

Binder, 
10% 
Soln. Base 

Acacia Inositol 
Mannitol 
Lactose 
Lactose + sucrose 

(9:l) 
Gelatin Inositol 

Mannitol 
Lactose 
Lactose + sucrose 

(9: 1) 
Starch Inositol 

Mannitol 
Lactose 
Lactose + sucrose 

9: 1 

--- 
10% 

1.51 f 0.17 
1.83=!=0.19 
9.68 f 0.37 
8.20 f 0.40 

2.61 f 0.38 
2.17 5 0.10 
7.90 f 0.31 
8.30 =k 0.22 

2 . 7 5 j l 0 . 1 0  
2 . 6 0 f 0 . 1 0  
7.98 f 0.28 
8.00 * 0.28 

51% 

1.64 &: 0. 17 
2 . 0 0 ~ 0 . 1 6  
9.96 A: 0.19 
9.20 f 0.25 

3.80 3: 0.26 
3 . 7 3 i 0 . 3 6  
8.20 3: 0.24 
8.98 3: 0.38 

3.84 4. 0.30 
5.01 &: 0.60 
8.14 4: 0.34 
8.06 f 0.23 

__ Relative Humidity- 

65% 84% 

1.70 f 0.21 
3.75 L 0.20 

9.40 =k 0.30 

4.02 f 0.40 
5.03 f 0.28 
8.90 f 0.15 

10.40 f 0.32 

2.16 =!= 0.25 
3.85 -5 0.32 

1 0 . 3 0 i  0.10 11.30 0.10 
9.61 & 0.36 

4.08 f 0.19 
5.20 =t 0.36 
9.20 f 0.23 

11.20 f 0.33 

5.80f0.36 5.87 f 0 . 3 6  
6.10 f 0.44 7.22 f 0.37 
8.15 f 0.35 8.64 f 0.20 
8 . 4 7 f 0 . 3 7  9 .68+0 .22  

Y5% 

3.83 + 0.30 
5.03 i 0.16 

12.20 d- 0.36 
11.80 f 0.23 

4.09 * 0.28 
8.31 f 0.22 

11.20 f 0.17 
12.80 zt 0.32 

5.89 f 0.33 
7.35 f 0.33 
11.90 f 0.44 
13.62 & 0.31 

300% 

10.10 * 0.29 
11.40 i 0.47 
1 3 . 2 i l f  0.20 

X" 

13.20 f 0.42 
16.51 f 0.19 
13.00 f 0.29 

XU 

12.50 f 0.10 
16.50 f 0.11 
17.18 f 0.42 

X" 

- ~~ 

X ,  liquifaction. 

TABLE V-GAIN OR Loss OF MOISTURE OF TABLETS AFTER STORAGE- AT SELECTED RELATIVE HUMIDITIES 
EXPRESSED AS PER CENT OF WEIGHT OF FRESHLY PREPARED TABLET 

1~~~ Relative Humidity - 
Binder, 10% 51 70 65% 84 547 957" 

10% Soln. Base . -  
Acacia Tnositol (0.18)h 0.30 0.95 1.56 2.90 

Mannitol (0.23) 0.16 0.70 1.50 2.50 
Gelatin Inositol (0.10) 0.2,5 1 .05 2.00 3.27 

Mannitol (0.40 0.23 1 .u0 1.60 3.30 
Starch Inositol (0.lOj 0.13 0.60 1.19 1.60 

Mannitol (0.13) 0.13 0.61 0.90 1.70 

Equals 20 days at 24" =t 2O. = Values in patentheces signify loss in uveight. 

Tmm VI .-SOME PHYSICAL PROPERTIES OF REPRESENTATIVE TABLETS 
-~ .. .. _ _  

Hardness, 
Dissolution -Kg. Stokes-. wt., Thickness, Time, Aged 

Type Base Gm. f S.D. mm. & S.D. min. dz S.D. Initial 2 Mo. 
Antacid Tnositol 0 . 6 8 0 1 0 . 0 2 5  4.22Ik0.02 4 5 . 0 3 ~ 1 . 6  6 .0  6 . 5  

Mannitol 0 . 6 8 i f 0 . 0 3 6  4.67 Ik0.01 5 2 . 0 f  1 .7  6 .0  7 . 5  
Aspirin Inositol 0 . 7 9 1 f 0 . 0 3 2  4 . 7 2 f 0 . 0 2  6 1 . 0 f 0 . 7  6 .0  6.0 

Mannitol 0.788 f 0.041 4.88 f 0.02 65.0 f 1 . 3  7 . 0  7.5 
Multivitamin Inositol 0 . 3 4 1 f 0 . 0 1 1  4 . 0 3 f 0 . 0 1  1 5 . 0 1 0 . 2  1 . 5  1 . 0  

Marinitol 0 336 f 0.017 4.20 f 0.01 22.0 f 0 . 3  2 . 0  1 . 5  
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inositol and mannitol. The data of Table I also 
reveal that the inositol and mannitol granulations 
are dried more easily and thoroughly than the others 
cxamined. 

The studies of the absorption of moisture were 
conducted on those granulations prepared with 
stronger binding solutions with the results (Table 
IV) showing that thc inositol granulations generally 
absorbed less moisture than did those others tested. 
‘rhc inositol and mannitol granulations both showed 
little tendency to absorb moisture even a t  957& 
rclative humidity, with the inositol granulations 
demonstrating significantly less absorption of 
moisture a t  all thc higher relative humidities. It 
should be noted that both of these granulations 
showed a sharp increase in moisture content and 
that the lactose-sucrose (9 : 1) granulation liquified 
at  lOOYc relative humidity. This demonstrated that 
low degree of hygroscopicity can be expected to 
enhance the stability of solid dosagc forms preparcd 
from the inositol granulations. 

The compression of the inositol and mannitol 
granulations into tablets was accompanied by 
considerable capping. Attempts to modify the 
granulations by dccrcasing the percentage of fines 
arid by increasing the granulation size to 14 mesh 
produced no significant improvement in compressi- 
bility. Although the compression characteristics 
of both granulations were greatly improved by the 
addition of 2’3, liquid glucosc as an auxiliary binder, 
the tablets prepared by these granulations were not 
studicd because of thc known and undesirable 
hygroscopic nature of liquid glucose. Suitable 
tablets were prepared from the origiual granulation 
(18 mesh) but with reduced hardness as measurcd 
by a Stokes hardness tester. 

The hardness of these tablets increased considcr- 
ably on aging, as indicated in Table 11. The dissolu- 
tion times of the prcparcd tablets show that those 
prepared from the inositol granulations dissolved 
in a shorter pcriod of time than did those prepared 
from the rnannitol granulations. This quality, 
although not too important in “chewable tablets,” 
does deserve mention. 

The period of time that the tablets prepared with 
iuositol and tnannitol as excipicnts were storcd a t  
controlled relative humidities was limitcd by mold 
growth to 20 days. The behavior of the tablets in 
respect to moisture absorption compares very 
closely, with each series demonstrating almost identi- 
cal absorption as shown in Table V. 

The problem of capping did not occur during the 
compression of representative tablets in which the 
bases, inositol and mannitol, wcrc diluted with the 
therapeutically active substances. Excellent ant- 
acid and aspirin tablets were easily prepared having 
smooth, glossy surfaces and having equally elegant 
appearances, but the multivitamin tablets could 
not be compressed to a hardness above 2.0 Kg. 
Wheu special granulations using methylcellulose 
arid alcohol as binders were prepared and cotn- 
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pressed, the niaxirriuni hardness achieved was 2.5  
Kg. as measured by the Stokes hardness tester. 
All of the vitamin tablets had sufficient surface 
hardncss such that chipping, powdering, and break- 
ing did not occur. 

The dissolution times of these representative 
tablets prepared with inusitol as thc base wcrc 
consistently less than the corresponding tablets 
prepared with the mannitol. 

One of the important qualities of maririitol which 
contributes to its utility as a base for chewable 
tablets is the ability to mask the unpleasant tastes 
of some drugs. I t  was noted that inositol possesses 
this same characteristic as reported by randomly 
selected and untrained subjects. In  addition, 
inositol has a mouthfcel as comparably pleasant 
and cool as that described for rnannitol. 

CONCLUSIONS 

1. Inositol N.F. possesses those properties de- 
scribed as characteristic of the ideal excipient for 
chewable and other compressed tablets. 

2. Granulations prepared from inositol N.F. 
generally absorbed less moisture from varied en- 
vironmental conditions than did granulations prc- 
pared from niaiiuitol N.F. and other excipients. 

Tablets prepared from inositol granulations 
compare favorably with those prepared from 
mannitol granulations in respect to appearance, 
taste, dissolution times, low degree of moisture 
absorption, and hardness. 

The results of the study indicate that further 
evaluation of tablets prepared from granulations 
of inositol X.F. in order to determine stability, 
drug release characteristics, and drug availability is 
warranted. 

In view of the results of this study, iriositol 
N.F. should be seriously considcrcd as an cxcipicnt 
for chewable arid other compressed tablets. 

3. 

4. 

5.  
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Production of Pantothenic Acid and Inositol by 
Chlorellu vzllgaris and C. pyrenoidosu 

By ROBERTSON PRATT and EVELYN JOHNSON 
Two unicellular green algae, Chlorella vulgaris and C. pyrenoidosa, were compared 
with respect to pantothenic acid and inositol content at different times during a 3- 
week culture cycle. Pantothenic acid was found in the cells and in the external 
medium at all times: the concentration in the cells (mmcg./mg. dry weight) de- 
creased sharply toward the end of the first week and then less abruptly through most 
of the remaining 2 weeks. However, due to increase in the cell mass, the absolute 
yield (mmcg./ml. harvested culture) increased. The concentration in the external 
medium, after a relatively small decline during the first week, rose substantially and 
at the end of the culture period far exceeded that in the cells. Inositol content of 
the cells increased slowly throughout the culture period. N o  extracellular inositol 
was detected at any time. C. pyrenoidosa excels C. vulgaris as a source of both com- 

pounds. 

REVIOUS investigations have revealed that  
the unicellular green algae, Chlorella vulgaris 

and I,’. pyrenoidosn, compare favorably with 
conventional vegetable dietary sources of several 
important vitamins, e.g., biotin, folic acid, niacin, 
pyridoxine, riboflavin, and thiamine (1, 2). hlori- 
mura has reported consistent variations in vita- 
min content at different stages during the division 
and reproduction cycle of C. ellipsoidea grown in 
synchronous culture for short periods (3). and 
others have found that  the vitamin content of 
C. vulgaris and of C. pyrenoidosa changes during 
3 weeks of iiorinal nonsynchronous growth (1, 2). 
Under the latter conditions, the content of biotin, 
folic acid, riboflavin, and thiamine (relative to 
dry weight of the cells) rises to  a maxiniuni and 
then declines during the 3-weck culture period 
while the content of niacin and pyridoxine de- 
creases continuously. However, because of the 
16- to 17-fold gain in total cell mass, the absolute 
yield (mncg./ml. of harvested culture) of all 
thcsc vitamins, except folk acid, increases 
throughout the 3 weeks. Thc absolute yield of 
folic acid tends to decrease during the later por- 
tion of the culture period. 

Of the six vitamins above, only riboflavin 
occurs in substantial quantities in the supernatant 
culture medium, the amount sometimes equaling 
or exceeding that  in the cell mass after 3 weeks. 
The folk acid and the niacin content of the super- 
natant may be approximately SY0 of that in the 
cells; the corresponding figure for pyridoxine 
may approximate 2070’,. Neither thiamine nor 
biotin appears in the supernatant in concentra- 
tions detectable by the microbiologic assay 
methods that  were employed. 

The present report deals with the pantothcnic 
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acid and inositol content of Chlorella. The ration- 
ale for pursuing this line of investigation has been 
reviewed by the authors (1, 2, 1) and others (5, 
6). The view has been expressed that the vita- 
min content of Clzlorella is sufficient to give the 
alga “premium value . , . as human or animal 
food” but is insufficient to render the plants 
suitable for recovery of vitamin concentrates 
(7). ITowever, the latter point, being merely a 
matter of technology and of the economics of 
supply and demand. could well be subject lo  
revision in the future. 

EXPERIMENTAL 

Chlorella Cultures and Procedures 
The pedigree of the strains of C. vulgaris and of 

C. byrenodoxu employed and the procedures 
adopted as standard for working with them in this 
laboratory have been described in detail elsewhere 
(4). In brief, cxpcrirnental cultures were inocu- 
lated with a sufficient number of  organisms from a 
M a y  liquid culture (inoculated from the most re- 
cent of a series of at least six k l a y  cultures) to 
give an initial population of 100 cells/~nm.~ 
(100,00O/ml.) ; light was supplied continuously 
from a Mazda source (intensity 600 f.c. at the 
position of the culture vessels); aeration was 
provided by a mixture consisting of 5r/; COI and 
95yo air continuously passcd through the cultures in 
finely dispersed hubhles; and the temperature was 
20.5 +C 0.5”.  The specific source of illumination 
and the grometry of the culture vessels have been 
described (4). The culture medium consisted of 

0.018 X; FeSOa.7H20, 5 X M ;  potassium 
citrate, A X M; Zn (as ZnSOI”iH~O) ,  0.4 
p.p.ni.; Cu (as CuS01,5H~0), 0.004 p.p.tn.; Mn 
(as MnS04.4H20), 0.4 p.p.m.; and B (as HIBO~) .  
0.02 p.p.m. 

Microbiologic Assays 
Pantothenic Acid.-Harvested Chlorella cells 

were steamed for 30 min. in 0.1 M sodium acetate 
buffer at pH 6.8 and enzymatically digested by 
exposure for 4 hr. at 37” to a chicken liver extract’ 

KNOa, 0.035 Ad; MgS01.7H20, 0.02 M; KHzPOI, 

-~ 
’ Prepared as described by Nielands and Strong ( 8 )  
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T m L E  I.-€'ANTOTHENIC ACID AXD INOSITOL CONTENT IN C. vulgaris AND C. pyrenoidosa 

C.  vulgaris 
Days 5 7 11 14 18 21 

Vitamin A. Content Expressed as mmcg./mg. Dry Wt. 
Panto. ac., cells 27.79 13.18 3.76 2.71 1.51 3.09 
Panto. ac., supnt. 12.64 8.89 10.06 12.05 12.35 14.72 
Panto. ac.. total 40.43 22.07 13.82 14.76 13.86 17.81 
Inositol 1,550 1,860 1,640 1,680 2,090 2,290 

Days 
Vitamin 

Panto. ac., cells 
Panto. ac., supnt. 
Panto. ac., total 
Inositol 

Days 
Vitamin 

Panto. ac., cells 
Panto. ac., supnt. 
Panto. ac., total 
Inositol 

Days 
Vitamin 

Panto ac., cells 
Panto. ac., supnt. 
Panto. ac., total 
Inositol 

C .  pyrcnoidosa - 
5 7 11 14 18 21 

A. Content Expressed as mmcg./mg. Dry Wt. 
16.09 9.20 2.85 2.35 3 .13  3.16 
15.21 10.03 14.19 15.62 22.21 26.32 
31.30 19.23 17.04 17.97 25.34 29.48 

2,030 1,950 1,880 2,300 2,140 2,370 
c. vulgaris-- 

5 7 11 14 18 21 

9 .89  10.47 8.11 7.46 6 .82  13.30 
4.66 7.40 21.80 33.04 44.58 73.22 

14.55 17.87 29.91 40.50 51.40 86.52 

B. Content Expressed as mmcg./ml. of Culture 

650 1,510 3,620 5,170 7,610 9,510 

5 7 11 14 18 21 
Content Expressed as mmcg./ml. of Culture 

6.89 8.30 7.12 7.65 14.90 16.88 
6 .49  10.55 33.15 49.75 101.40 135.50 

13.38 18.85 40.27 57.40 116.30 152.38 

- C .  pyvenoidosa - 

B. 

890 1,870 4,810 7,550 9,680 12,250 

TABLE II.-PANTOTHENIC ACID AND INOSITOL CONTENT OF C. vulgaris RELATIVE TO THAT OF C. pyrenoidosa 

Days - 
AT DIFFERENT HARVEST TIMES 

I A. mmcg./mg. Dry Wt. ---- B. mmcg./ml. Culture - 
Vitamin 5 7 11 14 18 21 5 7 11 14 18 21 

Pantothenic ac., cells 1.73 1.43 1.32 1.15 0.48 0.98 1.44 1.26 1.14 0 .98  0.46 0.79 
Pantothenicac.,supnt. 0 .83  0.89 0.71 0.77 0.56 0.55 0 .72  0.70 0.66 0 .66  0.44 0.54 
Pantothenic ac., total 1.29 1.15 0.81 0 .82  0.55 0 .60  1.09 0.96 0.74 0.71 0.44 0.57 
Inositol 0.76 0 .95  0.87 0 .73  0.98 0.97 0.73 0.81 0 .75  0.68 0.79 0.78 

and alkaline phosphatase.2 Cellular debris was 
removed by filtration and the residual extract was 
assayed for pantothenic acid, using Lactobudlus 
plantarum ATCC 8014 as thc test organism in bacto- 
pantothenate medium U.S.P. (9).  

Inosito1.-Inositol was extracted according to the 
method of Wooley as modified by Snell (10). This 
involved refluxing the cells in 18yo HCl for 6 hr., 
evaporating in vrc~cz1.0 to near dryness, and neu- 
tralizing. After filtration, the extract was assayed 
for inositol, using Succhuromyces carlsbergensis 
ATCC 9080 as the test organism in bacto-inositol 
assay mcdium (11). 

Reliability of the Assays.-Two extracts were 
prepared from each sample at each harvest time, 
and each extract was assayed (in duplicate) a t  two 
levels. The S.D. for each such set of eight values 
was determined. All values for gantothenic acid 
were within the range =tl07, of the mean. All 
inositol assay values for any given single extract 
were within the same range but to  include all S.D. 
values from multiple extracts the range was =t15~o. 

RESULTS AND DISCUSSION 
The over-all data, averaged from results of three 

successive experiments, are presented in Table I. 
Inositol was found only in the cell mass. At none 
of the six harvest times spaced over the 3-week cul- 

* Obtained from the Mann Research T.aboratories, New 
York, N. Y. 

ture period could it be detected, by the microbio- 
logic assay technique employed, in the culture fluid. 
In this respect, its pattern of distribution is similar 
to that found previously for biotin and thiamine (2).  
In contrast substantial amounts of pantothenic acid 
occurred in the culture milieu, and during the latter 
half of the growth period the concentration in the 
medium was several times that in the cells, whether 
results were expressed relative to the dry weight of 
the cell mass (Table I, A) or in terms of absolute 
yield (Table I, B). 

Examination of Table I ,  A, reveals a distinct dif- 
ference in the patterns of pantothenic acid and of 
inositol content of the cells, relative to dry weight, 
in both species of Chlorella. Pantothenic acid is 
present in relatively high concentrations during the 
early phases of the culture period, and then the 
concentration decreases sharply between the fifth 
and the seventh days after which it continues to 
decrease, although less abruptly, for about another 
week to week and a half when it tends to reach a 
minimum and then to rise slightly during the re- 
maining few days. 

Inositol displays much less variation in level, 
increasing less than 50% between days 5 and 21 in 
C. vulgaris and approximately 15y0 in C. pyrenoid- 
osa. These figures are in sharp contrast to the 
decrease of about 95y0 in pantothenic acid concen- 
tration between days 5 and 18 in C. vulgaris and of 
about 85'3, between days 5 and 14 in C. pyrenoidosa. 
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The concentration of paritothenic acid in the cul- 
ture milieu, expressed in relation to dry wcight of 
the cells, swings through a smaller range hut i t  too 
decreases (about 3OYc) between days 5 and 7, 
after which it rises slowly during the following 2 
weeks. At the end of the culture pcriod, i t  is sub- 
stantially higher than at day 5 and is from 5 to 8 
times higher than in the cells of C. vulzaris and of 
C. pyrenoidosa, respectively, at that time. 

Despite the decrease in pantothenic acid content 
and the relatively stable content of inositol in the 
cells, relative to dry weight of thc cells, the absolute 
yield of both compounds (Table 1, B) incrcases 
,during the 3-wcck growth period because of the 
Large (16- to 17-fotd) increase in total cell mass. 
‘This is true also for the total yield of pantothenic 
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CULTURE SOLUTION EXPRESSED AS PER CENT OF 
TABLE III.-PANTOTHENIC ACID I N  RESIDUAL 

THE TOTAL (CELLS + SUPERNATANT) CONTENT 

Harvest Day C. vulgaris C. gyrrnoidosa 
5 31.3 48.6 
7 40.1 52.2 

11 72.8 83.3 
14 81.6 86.9 
18 89.1 87.6 
21 82.6 89.3 

acid, i.e., content in cells plus that in supernatant 
(Table I, B). 

The data summarized above differ in two signif- 
icant respects from those found earlier for other 
vitamins. First, thc abrupt dccrease in concen- 
tration of pantothenic acid in the cells (Tablc 1, A) 
and in total production of pantotheriic acid (cells + 
supernatant), expressed relative to dry weight of 
cells, has not been observed in analyses for other 
vitamins. Changes in the concentration of other 
.vitamins, from high to low (or vice versa), during 
the culture period occur gradually arid more or less 
.uniformly over a period of several days (1, 2). 

Second, the high levels of pantothcnic acid in C. 
oulgaris relative to  those in C. pyrenoidosa during 
the early days of growth seem unique. In the 
authors’ studies of eight vitamins, only one other 
#(niacin) was found which occurs in higher conccn- 
tration in C. vulgaris than in C. pyrenoidosa. In 
that case thc difference in favor of the former species 
ranged from about 892 at 1 weck to about 47y0 after 
3 weeks, when results were calculated in tcrms of 
(dry weight, i.e., mmcg. of vitamin/mg. dry weight 
of cells, although when results were expressed in 
;absolute terms, i . e . ,  mmcg./ml. harvested culture, 
the yield from C. vulgavis exceeded that from C. 
pyrenoidom by 14 to 18%, irrespective of the time 
of harvest. In contrast, at day 5 the concentration 
of pantothenic acid in cells of C. vulgaris exceeds 
that in cells of C. pyrenoidosa by as much as 73% 
when expressed in terms of dry weight (Table 11, A) 
and by 4474 when calculated as absolute yield from 
the cells (Table 11, B ) .  This advantage of C. 
vulgar& dccreases during the next several days but 
the spccics still holds a 15%] lead a t  the end of the 
Tccond wcek (Table 11, A). However, by the end 
‘of the third week the two species are essentially 
‘equal in pantothenic acid content of the cells. 
Examination of Tables I and I1 revcals that the 
advantage C. vulgaris seems to hold over C. pyre-  
noidosa in pantothenic add  content of the cells stems 
in part from the fact that in cultures of the latter 
species relatively more of the total pantothenic 
acid contcnt is found in the external mcdium. 
This is shown inore spccifically by Table 111. 
Thus, except for the first m-eek of the growth period 
the total pantothenic acid (cells + supernatant) is 
substantially higher in cultures of C. pyrenoidosa 
than in those of C. vuZ,spvis, and the difference in 
favor of the former increases with time (Tables I 
and 11). At each harvest time (except one) the 
percentage of the total pantothenic acid found in 
the supernatant was greater in culturcs of C. 
pyrenoidosa than in those of C. vulgaris (Table 111). 

It is suggested that the high Concentration of 
cellular pantothenic acid in cultures of C. vulgaris 
relative to C. pyrenoidosa a t  day 5 followed by con- 
tinuous diminution of the apparent advantage of 
the former thereafter is essentially a syndrome that 
stems coincidentally from the culture conditions 
and the harvest times choscn. Others have shown 
that in cultures of C. ellipsoidea undergoing syn- 
chronous growth the cells arc largest during the 
“ripening and maturing” stage which precedes re- 
lease of daughter cells arid that this is a stage of 
development when pantotlienic acid content O F  
cells is greatest (3, 12). At that stage the cells 
have high respiratory activity, suggesting cn- 
hanccd formative nietabolism and an important 
role for pantothenic acid as a component of co- 
enzyme A (12). Concomitant with the increase in 
cell size and in pantothenic acid content, there is a 
striking decrease in the ratio of dry wcight/volume 
during the early ripening phasc, suggesting more 
active absorption of water by the algal cells during 
that process (13). The accompanying decrease in 
glucosamine content of the cell wall (14) may indi- 
cate significant alteration in the permeability and 
other characteristics of the cell. 

I n  the present work it was observed that early 
harvests, in contrast to later ones, appeared to  con- 
tain a greater percentage of larger cells, perhaps 
comparable to the “ripening and maturing” stage 
of development reported by others to precede re- 
lease of daughter cells. Accordingly, a study was 
made of the size distribution and settling rates of 
cells harvested at different times. The results will 
he the subject of a later communication, and i t  will 
suffice for the present to mention that the per- 
centage of “large” cclls, i.e., 6 I.( or more in diametcr 
does indeed vary during thc growth period, increas- 
ing approximately threefold between the time of 
inoculation and the third day and ncarly fivefold 
in the first 5 days. By the seventh day post- 
inoculation, the pcrcentage (hut not the absolute 
number) of “large” cells has decreased to a value 
below that found in the inoculum. 

To determine rate of settling, cells were spun 
down, washed with 0.002 A4 KzS04, spun down 
again, and rcsuspended in 2y0 NaCI. Transmis- 
sion was determined with a Klett-Summerson 
colorimeter. (Initial Klett rcading of suspensions = 
200.) The decrcasc in Klctt values after 1 hr. for 
suspensions prepared from 3-, 4-, 7-, arid 11-day 
harvcsts was 140, 70, 41, and 20, respectivcly, and 
suggests that cclls from the younger cultures wcrc 
less dense, and thus remained in suspcnsion longer, 
than those from older cultures. This is consistent 
with thc observation of a dccrease in the ratio dry 
weiglit/volume during the “ripening” stage ( 13). 

In view of the foregoing observations of size dis- 
tribution and settling rates in our cultures con- 
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CONTENT OF Chlorella AND OF SOME CONVENTIONAL 
FOODS (mcg./100 Gm. OF EDIBLE PORTION)” 

TABLE IV.-PANTOTHENIC ACID AND INOSITOL 

Item Pantothenic Acid Inositol 

Journal of Pharmaceutical Sciences 

tion occurs during the phase preceding relcasc of 
daughter cells, it  may not be unreasonable to assume 
that upon release of the daughter cells some of the 
vitamin would also be released to the external 
medium. If such does in fact occur, since C. pym- 
noidosa cultures develop more rapidly than those of 
C. vulgaris, i t  could account for the highcr pcrccnt- 
age of the total pantothenic acid found in the 
external medium of the C. pyrenoidosa cultures 
(Table 111). 

Thc pantothenic acid and inositol content of the 
two Chlorella species and of several conventional 
dietary items is shown in Table I\’. In comparing 
Chlorella with the other items listed, it  should bc 
remcmbcred that data for Chlorella are for dried 
cells but that values of the other itcms (except lima 
beans, oats, dried peas, peanuts, and soy beans) are 
for fresh material. Therefore, since the water con- 
tent of Chlorella is about goy0, values expressed in 
terms of fresh weight would be about 10% of those 
recorded. 

SUMMARY 
In cultures of C. vulgaris and of C. pyvenoidnsa 

thc cellular content of inositol, expressed relative to 
dry weight of the cells, increased throughout the 21- 
day culture period-the increase being lcss than 
5076 between days 5 (first harvest) and 21 in c. 
vulgaris and about 15cjC in C. pyrenoidosa. The 
increase in total yield (mmcg./ml. of harvcstcd cul- 
ture) was approximately 14-fold during the same 
period in both species. At all harvest times, C. 
pyrenoidosa exceeded C. uulgaris in inositol content. 
At no harvest time was inositol detected in the 
cxtcrnal culture medium. 

In contrast, pantothenic acid was recovered from 
the cells and from the external culture solution at 
all harvest times. The concentration in the cells, 
relative to dry weight dccrcased sharply during the 
first wcck, then less abruptly for another week or 
week and a half. Except during the first week, 
when there was a decline, the conccntration in the 
external solution increased throughout the culture 
period, and at terminal harvcst the concentration 
in thc external rnediurn was sevcralfold that in the 
cells. 

During the first week postinoculation C. vulgaris 
excelled C. Byvenoidosa in yield of pantothenic acid, 
but after that initial period the relative positions of 
the two species as sources o f  the vitamin wcre re- 
versed. 
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C. vulgaris, dried 5- 
day harvest 

C. vulgaris, dried 7- 
day harvest 

C. vulguris, dricd 21- 
day harvest 

C. pyrenoidosa, dricd 
5-day harvest 

C. pyrenoidosa, dried 
7-day harvest 

C. pyrenoidosa, dried 
2 1 -day harvest 

Bcans, dried lima 
Beef, liver 
Beef, muscle 
Bread, whole wheat 
Broccoli 
Cabbage 
Cauliflower 

2,779 

1,318 

309 

1,609 

920 

316 
830 

5660-8,180 
1,100 
570 

1,400 
? 
920 

155,000 

186,000 

289,000 

203,000 

195,000 

237,000 
? 

340,000 
11,500 

64,400-103,000 
? 

95,000 
? 

Cheese 350-960 25,000 
E W  2,700 22,000 
Milk, whole 290 50,000 
Oats 1,300 100,000 
Oranges 340 2 10,000 
PCas, frcsh 600-1,040 162,000 
Beas, dried 2,800 ? 
Peanuts, roasted 2,500 180,000 

Soy beans 1,800 ? 

Potatoes, white 400-650 29,000 
Potatoes, sweet 940 66,000 
Salmon 66O-1,lOO 17,000 

Values for food from Sebrell, W. H.,  and Harris, R. S., 
“The Vitamins,” vol. 111, Academic Press Inc., New York, 
N. Y., 1954; and “Nutritional Data,” 5th en., H. J. Heinz, 
Pittsburgh, Pa., 1962. 

sidered in conjunction with the very detailed ob- 
servations on physical characteristics of cells a t  
different stagcs of development cited in the litera- 
ture (3, 12), it  seems reasonable to suggest that, 
under the conditions of the experiments in this 
laboratory (relatively small inoculuni, adaptation 
to new medium, different light intensity, etc.), 
there may be a tendency toward partial or sirnu- 
lated synchronized growth at the time of the first 
h a r v e s t 4 a y  5. Expressed another way, it may be 
plausible to suggest that a largcr percentage of cells 
of the total population divides about the third to 
fifth day postinoculation than at earlier or later 
times. Since C. pyrennzdosa develops more rapidly 
than C. vulgaris during the early phases of culture 
and enters the log phase and rcaches the stationary 
phase sooncr (1, 4), it is not unreasonable to assume 
that a t  the time of first harvest (day 5) cultures of 
C. vulgaris were just approaching or entering the 
critical time of the niajor burst of division (per- 
centagewise, although not in terms of total number 
of cells dividing or produced) and that culturcs of 
C. Pyrenoidosa had already passed that peak. 

Bearing in mind that pantothenic acid level is 
greatest in cells in the “ripening and maturing” 
stage of development (3, 12), the above hypothesis 
is consistent with the higher cell content of that 
constituent found in C. oulguvis in the first half of 
the culture period. It is interesting to note also 
that Morimura (3) reported formation of panto- 
thenic acid to be related primarily to the process of 
“ripening” rather than directly to the process of 
photosynthesis or “growing.” If greatest produc- 

(1963). 
(13) Yuhara T. and Hase E., ibrd .  7, 70(1961). 
(14) Mibara: S,,’ Plnnl Celi  Pkysiol . ’ ( I .okyo) ,  2, 2.5(1961). 



Mechanism of Action of Phenolic Disinfectants VII 
Factors Affecting Binding of Phenol Derivatives to Micrococczls 

lysodeikticus Cells 

By JOSEPH JUDIS 

Whole cells of Micrococcus Zysodeikticus ATCC 4698 bound approximately 2-4 per 
cent of phenol-14C (P-14C), 20 per cent of 2,4-di~hlorophenol-~~C (DCP-l4C),. and 30 
per cent of p-tert-amylphenol-14C (PTAP-14C) when exposed to the latter in trace 
amounts. Protoplasts bound approximately 20 per cent less, respectively, of each 
of the phenol derivatives. With increasing pH (from 4.9 to 9.6), whole cells 
bound decreasing amounts of DCP-14C, but binding of P-I4C and PTAP-14C was rela- 
tively constant over the same pH range. Human serum decreased binding of DCP- 
14C and PTAP-14C by M. lysodeikticm cells and a similar effect, although less marked, 
was found with crystalline human serum albumin. The decrease was proportional 
to protein concentration. Human serum y globulin in the same concentration as 
serum albumin did not reduce binding of the labeled phenols to the bacterial cells 
while a sonic disintegrate of M .  Zysodeikticus cells caused some reduction in binding. 

BASIC ASSUMPTION in previous work (1-6) A on the mechanism of action of phenol dis- 
infectants has been that the lipophilic properties 
of the latter lead to association of thcsc disinfec- 
tants with microbial lipids and exertion of bio- 
logical activity a t  such sites in which lipid is 
contained, e.g., the cell membrane. In  support of 
this assumption has been the work on uncoupling 
halophenols, the biological action of which has 
been correlated with lipid solubility (7, 8). How- 
ever, in the light of the recent work by Wcinbach 
and Garbus (9-11) on the restoration of halo- 
phenol-uncoupled oxidative phosphorylation by 
serum albumin and binding of halophenols by 
serum albumin and mitochondria1 protein, it 
seemed imperative to re-examine the role of 
proteins in the bactericidal effects of phenolic 
disinfectants. Organic mattrr, including serum 
(12, 13), has long been known to interfere with the 
activity of germicides. One of the features 
generally listed for the ideal disinfectant is ac- 
tivity in the presence of organic matter and in a 
number of the commonly used testing procedures, 
activity is determined in the presence of serum. 
Yet, very few studies have been made on possible 
associations between serum proteins and disin- 
fectants, especially phenolic disinfectants. 

The ability of proteins to bind chemical sub- 
stances was observed a number of years ago, and 
much of the work has centered on binding of 
small ions, dyes, fatty acids, and surface-active 
ions (14-18) by plasma albumin and studies 
have been carried out on the binding of thyroid 
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hormones, especially of thyroxine by serum pro 
teins (19). In previous studies (3), the bindin; 
of certain phenolic disinfectants by bacterial 
cells was demonstrated and the affinity of the 
latter for these disinfectants was related to anti- 
bacterial potency. This laboratory felt it would 
be useful to extend the studies to determine the 
extent to which several entities affect this binding 
process-namely, bacterial cell walls, human 
serum, human serum albumin, and pH. Micro- 
coccus Zysodeikticus was chosen as the test or- 
ganism because of its well-characterized cell wall 
(20,21) and the occurrence of lipid primarily in its 
cell membrane (22). 

MATERIALS AND METHODS 

Bacterial Culture.-M. Zysodeikticus hTCC 4698 
was used throughout arid was maintained on nu- 
trient agar. Cells for experimental use were grown 
on a medium with the following composition: yeast 
extract, 10 Gm.; bacto-tryptonc, 10 Gm.; dibasic 
potassium phosphate, 2 Gm.; distilled watcr, to 
make 1 L. Glucose was sterilized separately as a 
50% w/v solution and added aseptically at the time 
of inoculation. Cultures were started by inocukd- 
tion of 7 ml. of the culture medium, supplemented 
with 0.1 ml. of 5Oy0 glucose solution, and grown 
on a rotary shaker for 24 hr. All incubations were 
at 37". The same medium in 200-ml. quantities 
contained in 500-ml. conical flasks was inoculated 
with 0.5 ml. of the test tube culture and supple- 
mented with 0.5 ml. of 50% glucose solution. Thcsc 
cultures were shaken for 24 hr., the cells recovered by 
centrifugation, washed twice with distilled water, 
and resuspended in distilled water to a conccntra- 
tion equal to approximately 15 mg. dry weight per 
ml. Each reaction mixture Contained 0.6 rill. of 
this cell suspension. 

The radioactive derivatives used in this study 
were synthesized by New England Nuclear Corp., 
Boston, Mass., and had the following specific 
activities: phenol-14C, 50 pc./3.04 mg.; 2,4-di- 
chlorophenol-14C, 50 pc./12 mg.; and p-tert-amyl- 
phenol-t4C, 50 pc./30.4 mg. The label in all three 
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compounds was uniformly distributed in the rings. 
Phenol was used in aqueous solution while the other 
derivativcs wcrc dissolved in 0.1 To sodium hy- 
droxide and all qtock solutions contained 5 Wc./ml. 
Radioactivity was assayed in a Nuclear-Chicago 
liquid scintillation system. All radioactive samples 
were diluted to a totdl volume of 2 ml. with water 
and added to 13 ml. of scintillation solution of the 
following composition: naphthalene, 120 Gm. ; 
PPO (2,5-diphenyloxazolc), 7 Gm.; dimethyl 
POPOP (1,4-bis-2-4 methyl-5 phenyloxazolylben- 
zene), 50 mg. ; and p-dioxane to  make 1 L. Enough 
counts were accumulated t o  give a nine-tenth error 
of less than 5%. 

Preparation of Protop1asts.- Six-tcnths of a 
milliliter of ccll suspension was placed in a centri- 
fuge tube, the cells were scdimented by centrifuga- 
tion, and suspended in 0.9 i d .  of 1 2  M sucrose in 
0.01 M phosphate buffer (pH 6.8). Then 0.1 ml. 
of lysozyme solution, 1 mg./ml., was added and the 
mixture incubated for 30 min. a t  room temperature 
(24'). After centrifugation the protoplasts were 
suspended in the reaction mixtures described be- 
low. Whole cell suspensions were made up in the 
same reaction mixtures in thc controls comparing 
binding of phenol derivatives. A control to  deter- 
mine extent of protoplast formation consisted of 
cells treated with lysozyme in the absence of sucrose. 
Complete clearing of the cell suspension resulted. 

Experimental Procedure.-In the experiments 
involving comparison of binding of the phenol 
derivatives by whole cells and protoplasts, the reac- 
tion mixtures wcre prepared as follows: protoplasts 
were suspended in a mixture of 1.5 ml. of 82% w/v 
sucrose, 0.3 ml. of 0.1% sodium hydroxide, 0.9 rnl. 
of 0.067 M phosphate buffer, pH 6.7, and 0.2 ml. of 
radioactive phenol or phenol derivative. Stock 
solutions of the latter ( 5  pc./ml.) were diluted 1:20 
with distilled water before use. The reaction mix- 
tures were incubated for 20 min. a t  room tempera- 
ture, centrifuged for 5 min. a t  15,000 r.p.m., and 
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aliquots of the pellet and supernatant assayed for 
radioactivity. Whole cells were treated with the 
same reaction mixtures. Thc final pH value o f  t h c  
reaction mixtures was 7.2. 

In the studies on the effect of pH on binding of 
phenol derivatives to whole cells, the reaction mix- 
turcs consisted of 0.9 ml. of 0.067 M phosphate 
buffer, 0.6 ml. of cell suspension, 0.2 ml. of radio- 
active phenol derivative solution (stock solutions 
diluted 1 : l O  with distilled water), and 1.3 nil. of 
water. The pH values of the phosphate buffers 
wcrc chosen to give the desired final pH of the 
reaction mixtures. In those experiments in which 
human serum, human serum albumin, or other pro- 
teins were used, the solution of the latter replaced a 
corresponding volume of distilled water. Reaction 
mixturcs contained either 0.3 ml. of human serum, 
0.3 nil. of crystalline human serum albumin (42 
mg./ml.), or 0.3 ml. of y globulin (42 mg./ml.). 
The general experimental procedure was the same. 
Human serum was obtained from Difco Labora- 
tories or Grand Island Biological Co. (tissue culture 
grade), and human serum albumin (crystallized 
4X), y globulin, and lysozyme were products of 
Nutritional Biochcniicals Corp. The sonic dis- 
integrate was prepared by treating a suspension of 
bacterial cells with a Branson sonic disintegrator, 
model 125, for 15 min. a t  maximum energy output, 
followed by centrifugation at 15,000 r.p.ni. The 
supernatant contained 8 mg. of protein pcr ml. 
using crystalline human serum albumin as a stand- 
ard and the Folin-Ciocdlteau reagent for protein 
assay. Reaction mixtures contained 0.3 ml. of the 
sonic disintegrate in 3 ml. of total volume. 

RESULTS AND DISCUSSION 

In general, the same patterns of binding of phenol 
and the derivatives uscd wcrc obtained as with 
Escherichia coli (3) in that the more potent the 
phenol derivative as a germicide, the higher the 
proportion of the latter was found to be associatcd 
with the cells (Table I). Protoplasts bound some- 
what less of each of the phenol derivatives than 
whole cells, in all cases amounting to a decrease of 
approximately 2Oyo. This observation would sug- 
gest that ccll walls do bind a portion of the phenol 
derivatives and that the mucopeptide complex is 
capable of associating with these compounds. In 
Gram-positive bacteria, the cell wall constitutes 
approximately 20% of dry weight (22), correspond- 
ing to the proportion of radioactivity with which 
they apparently assoeiatcd. 

TABLE I.-BINDING OF PHENOL DERIVATIVES TO 
CELLS AND PROTOPLASTS OF M .  lysodeikticus 

~ 

-Radioactivity. yo- 
Derivative Added Cells Protoplasts 

Phenol Total  c.p.m. Associated with: 

Phenol-I4C 12,300 2.33 1 .?8 
2,4-Dichloro- 

oheno1-l4C 80.563 17.9 13.7 
$-tert- Amyl- 

phenol-14C 14,860 30.5 23.6 

TABLE II.-EFFECT O F  HUMAN SERUM ON BINDING OF 2,4-DICHLOROPHENOL-'4C AND p-tert-AMYLPHESOL- 
14C BY M .  lysodeikticus CELLS 

~- ~ 

-----Total c.p.m. Bound to  Cells 
Total  c.p.m. pH of Reaction Human Serum 

Phenol Derivative Added Mixture Control Added To of Control 

2,4-Di~hlorophcnol-~~C 158,266 4 . 9  34,773 14,504 41.8 
158,266 6 .1  34,090 14,358 42.1 

158,266 9 . 6  11,814 5,806 49.1 

142,093 6 .1  50,928 24,780 48.7 
142,093 7 .3  60,692 24,924 49.2 
142,093 9 . 3  48,088 23,486 48.8 
142,093 9.6 50,428 29,320 58.1 

158,266 7 . 3  30,152 11,852 39.3 
158,266 8 . 3  16,914 6,524 38.6 

p-lert-Amylphenol-'*C 142,093 4.9 49,766 26,346 52.9 
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TABLE 111.-EFFECT O F  CRYSTALLINE HUMAX SERUM ALBUMIN ON BINDING O F  2,4-DICHLoROPHENOL-'4C 
AND P - ~ ~ ~ ~ - A ~ M Y L P € I E N O L -  l4C B Y  M .  lysodeikticus CELLS 

7- Total c.p.m. Bound to Cells-------- 
Total c.p.m. pH of Reaction Serum Albumin 

Phenol Derivative Added Mixture Control Added yo of Control 

2,4- Dichlorophenol-llC 153,748 4.9 
153.748 ti. 1 
153 ; 748 7.3 
153.748 9.6 

Binding of 2,4di~hlorophenol-~~C was affected by 
changes in pH of the reaction mixture (Fig. l), 
while the othcr compounds were bound to  the Same 
extent between pH's of 4.9 to 9.6. These observa- 
tions suggest that the ionized form of a phenolic 
compound is bound considerably less than the 
unionized form. 2,4-Dichlorophenol has a Ka of 
7.08 X (23) while the other compounds have 
Ka values of about 10-'0 (24-26). Thus, the latter 
compounds would be unionized Over the rangc of pEI 
values used, while 2,4-diclilorophetiol would exist in 
the ionized lomi to a considerable extent above 
neutrality. Many organic compounds, especially 
weak acids, have been shown to posscss greater 
biological activity in the unionized form (13). In 
contrast, however, Weinbach and Garbus claim that 
the ionized form of uncoupliug halophenols pos- 
sesses thc greatest biological activity ( 10). 

From Table 11, it can be seen that human scrum 
dccreascd the binding of 2,4-~1ichlorophenol-~~C and 
p-tert-a~iiplphenol-~~C to M. lysodeikticus cclls. 
The effects of pH variation were similar in the pres- 
ence and absence of serum in the case of 2,4-dichloro- 
phen~l- '~C,  while pH had little effect on binding of 
P-tert-arnylph~nol-l~C in the absence or presence of 
human serum. It would thus appcar that pH 
changes affect the phenol derivative but not the 
binding potency of human serum proteins. At the 
highest pH value used, a slight, but consistcnt dc- 
crease was observed it1 the interference by human 
serum with binding of the two phenol derivatives. 
This may be due to the change in serum albumin 
structure found at extreme pH's (14), and in this al- 
tered form, perhaps scrum albumin is unable to asso- 
ciate with the phenol derivatives. Treatment of 
mitochondria with X M urea or guanidine, which 
caused protein denaturation, was found to cause re- 
lease of bound pentachlorophcnol, providing an ex- 
ample in which change in protein structurc changcd 
the latter's ability to associate with a phenol deriva- 
tive (9). 

The major protein in human serum is albumin, 
and thus it seemed appropriate to  determine whether 
albumin in the samc concentration in which it is 
normally found in human serum could duplicate the 
effects observed with the latter. From thc data in 
Table 111, it is clear that human serum albumin does 
interfere with the association of the two phenol 
derivatives tested and the bacterial cells, but the 
extent of interference is less than that found with 
whole serum. It is conceivable that other com- 
ponents of serum, such as lipids and lipoproteins 
with which phenolic compounds would tend to 
associate, might account for the effects of whole 
serum. The effects of pI-1 variation were also dif- 

33,912 20,974 61.8 

13.046 6.984 5 3 . 5  

32,180 14,382 44.7 
29,136 9,314 32.0 

44; 478 36 ; 486 82.0 
43,080 27,520 63.9 
44,352 25,120 56.6 
43,378 22,642 52.2 
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FINAL pH OF REACTION M I X T U R E  

Fig. 1.-The effect of pH on binding to &f. lyso- 
deikticus cells. Key: a, phen~l - '~C;  0, 2,4-di- 
chlorophenol-14CC; A ,  p-tert-aiiiylph~nol-'~C. 

ferent with human serum albuniin as compared to 
wholc serum in that increasing the pH caused a 
decrease in thc amount of p-tert-amylphcnol-'lC 
associated with the cells in the presence of albumin 
bcyond the cffect of the latter. This pH effect was 
not found with wholc scrum. Since the phenol 
derivative would be unlikely to ionize a t  any of the 
pH's used, thc cffcct thus must be on the albumin. 
Variation in pH was slionm to have 110 effect on 
binding of p-terf-ar~iylphenol-'~C to M .  lysodeiklicus 
cells (Fig. 1 ). 

In a preliminary fashion, the ability of proteins in 
general to intcrfcrc with thc association of phenol 
derivatives and cells was surveyed. In Tables 1V 
and V, human serum y globulin and a sonic dis- 
integrate of M. lysodeikticus cells were examined for 
their ability to duplicate the effects observed with 
human seruni and human serum albumin. y Glo- 
bulin, in a concentration equal to that of human 
serum albumin used in previous experiments, had 
no effect on the amounts of 2,4-di~hlorophenol-~~C 
or p-tert-amylphen~l-~~C associated with the cells. 
The sonic disintegrate, howevcr, did cause some de- 
crease in association of radioactivity with the cells. 
This suggests that certain bacterial proteins have an 
affinity for these phenol derivatives and in further 
work, specific bactcrial proteins, as isolated by elec- 
trophoresis, are being examined for thcir phenol 
derivative-binding properties. Weinbach and Gar- 
bus (11) surveyed a large number of proteins for 
ability to  associate with uncoupling phenols and 
found this effect limited to serum albumin and 
mitochondria1 protein. They found, further, that 
there was a definite relationship between the 
amounts of human serum @lbumin and that of 
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phenol derivative bound (11). In Table VI,  it can 
be seen that whilc not stoichiomctric, thcre is a 
definite relationship between concentration of 
human serum or human serum albumin and de- 
crease in radioactivity associated with the bacterial 
cells. 

At least two hypotheses suggest themselves as 
explanations for the ability of serum or serum 
albumin to decrease association of phcnol dcriva- 
tives with bacterial cells. It is possible that thc 
proteins compete with the bacterial cells for the 
phenol derivatives and the relative proportions of 
each determine how much of the phenol derivatives 
will be found in the cells. An alternative hypothesis 
would hold that the proteins coat the bactcrial cells, 
making a portion of the latter's surface unavailable 
for penetration by the phenol derivatives. The 
latter hypothesis was tested experimentally in a 
preliminary fashion by preparing the same reaction 
mixtures containing albumin at various pH's and 
adding radioiodinated ( l3lI) serum albumin. These 
reaction mixtures contained 2,4-di~hlorophenol-~~C 
only. With an increase in pH, as expected, there 
was a decrease in the amount of 14C associated with 
the cells in the presence or absence of serum or serum 
albumin. One would also expect, if the second hypo- 
thesis is valid, that the amount of 13lI associated 
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with the cells due to binding of albumin would be 
higher with higher pH values if it  were compcting 
with the phenol for the cell surface. The reverse, 
however, was found in that at the lowest pH tested 
(4.9), the cells contained the most lalI. The amount 
of lalI associated with the cells in all cases, was very 
low, equal approximately to  the same proportion 
that the pellet of cells constituted of the reaction 
mixtures, cxcept a t  pH 4.9, where it was about 3 
times as high. It would thus appear, that the most 
attractive hypothesis at this time is that serum 
albumin is able to bind phenol derivatives. 

Any general hypothesis for the mechanism of 
action of phenolic disinfectants would have to ex- 
plain the observations of the effect of pH on binding 
of the former. Weinbach and Garbus (10) con- 
cluded that thc ionic form of the halophenol un- 
coupling agents they studied was the active form 
and the interaction between the halophenol and the 
binding sites on the albumin molecule, amino 
groups, was an anion-anion interaction. Yet, 
phenol and p-tert-amylpheuol, especially the latter, 
are bound to whole cells and protoplasts a t  high pH's 
a t  which alkylated phenols would not ionizc to any 
considerable degree. 

Perhaps the suggestion by Davis and Dubos (27) 
that serum albumins associated with negatively 

TABLE IV.-EFFECT OF HUMAN SERUM y GLOBULIS AND hf. lysodeikticus SONIC DISINTEGRATE O N  
BINDING OF 2,4-DICHLOROPHENOL-'4C BY M. lysodeikticus CELLS 

Total c.p.m. pH of Reaction I- Total c.p.m. Bound to  Cells:---. 
Addition Added Mixture Control Protein Added % of Control 

Human serum y globulin 152,562 4.9 33,420 34,874 101.6 
6.1 32.484 33.664 

27 ; 352 24 ; 662 90.2 
9.6 17,094 13,836 80.9 

TABLE %'.-EFFECT OF HUMAN SERUM *J GLOBULIN AND M. lysodeikticus SONIC DISINTEGRATE O N  BINDING 
O F  P-tt?rt-AMYLPHENOL-'4C BY &f. lysodeikticus CELLS _ _ _ ~ _ _ _ ~ _ _  ~- 
Total c.p.m. p H  of Reaction ----- Total c.y.m. Bound to Cells:-----. 

Addition Added Mixture Control Protein Added yo of Control 
Human serum y globulin 108,422 4.9 37,122 38,004 102.3 

6 . 1  35,750 38,224 106.9 
7.3 38,035 38,446 101.0 
9.6 35,974 36,510 101.5 

Sonic disintegrate of 140,395 4 .9  39,084 31,546 80.7 
M .  lysodeikticus cells 6 . 1  38,740 31,352 80.4 

7 . 3  36,188 32,798 90.6 
9.6 39,732 32,240 81.1 

TABLE VI.-EPPECT OF IIIFFERENT CONCENTRATIOKS O F  HUMAN SERUM AND CRYSTALLINE HUMAN SERUM 
ALBUMIN ON BINDING OF 2,4-nICHLOROPHESOL-'4e AND P-tert-AMYLPHENOL-l~C TO M .  lysodeikticus CELLS 

~~~~ ___ 
---2,4-Di~hIorophenol-~~C~-- ---p-tert-Amylpheool.IrCe--. 

Total c.p.m. Total c.p.m. 
Addition" Bound to Cells Yo of Control Bound to Cells 7" of Control 

None 28,954 . . .  40,740 . . .  
Humau serum 

0 .1  ml. 
0 .3  ml. 

12,130 
6,040 

41.9 
20.9 

26,508 
15.460 

65.1 
37.9 

Crystalline human serum albumin 
4 .2  mg. 15,380 53.1 33,266 81.7 
8.4 mg. 10,944 37.8 27,534 67.6 

12.6 mg. 8,830 30.6 23,966 58.9 

a Per 3 mi. reaction mixture. Final PH was 7.3. ' A total of 162,163 c.p.m. was added to the reaction mixtures. A total 
of 153,846 c.p.m. was added to the reaction mixtures. 
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charged molecules due to the w amino groups in 
lgsinc rcsiducs and with lipophilic chains through 
the side chains of leucine residues should lead to the 
conclusion that this protein has not only different 
binding capacities for different compounds, but also 
different mechanisms by which it binds. If bac- 
terial proteins rather than lipids are the compounds 
with which phenolic disiiifectarits associate, it 
should be possible to demonstrate as much binding 
of the latter to bacterial protcins as to whole cells 
as was shown by Weinbach and Garbus (10, 11) 
with mitochondria and mitochondria1 protein it1 
their studies with uncoupling halophenois. Thesc 
possibilities arc currently being tested by examining 
reaction mixtures containing seruni proteins or bac- 
terial proteins and phenol derivatives for complexes 
using Sephadex chromatography, clcctrophoresis, 
density gradient ultracentrifugatioii, difference 
spectrophotometry, and reduction in bactericidal 
and bacteriostatic effects. It is felt that an inti- 
mate kuowledge of the reaction between phenol 
derivatives and organic matter such as serum pro- 
teins would be useful in the design of disinfectants, 
the activity of which would not be affected by 
organic matter. An uitirnate goal in these studies is 
a complete knowledge of thc site(s) of action of 
phenolic germicides in bacterial cells. 
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The electronic structure of the sydnone ring has been calculated from an w-HMO 
technique. Several new parameters for the calculation have been derived, in con- 
junction with previously used parameters. Charge densities derived have yielded 
accurate calculations of dipole moments. Energy levels have yielded values which 
correlate well with observed U.V. maxima. A general discussion of the calculated 

structures is presented. 

UR INTEREST in the medicinal chemical as- 0 pects of the mesoionic compounds known as 
the sydnones has reqiiired a further understand- 
ing of the chemistry of these aromatic hetero- 
cycles (1-6). Recent reviews of these coni- 
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pounds have summarized their chemical and phys- 
ical properties (7-10) but have not added much 
basic information concerning their electronic 
structure and the electronic changes involved in 
their reactions. This information is essential if 
the relationships between their structure and 
pharmacological activity is to he evaluated. 

A classical resonance theory or valence hond 
approach to the electronic picture of the sydnones 
is not illuminating since, embodied within the 
definition of a mesoionic compound is the require- 
ment that no covalent structure can be drawn for 
thesystem (11). Furthermore, ithasbeenshown 
that at least 20 polar structures can be drawn for 
phenylsydnone (12). The total number of such 
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thesystem (11). Furthermore, ithasbeenshown 
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phenylsydnone (12). The total number of such 
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TABLE 1.-PARAMETERS 

Atom h 
N (pyrrole type) 1 . 5  
HB (conjugated mcthyl) - 0 . 5  
-C- (conjugated methyl) -0.1 

TABLE 11.-DIPOLE MOMENTS 

Calcd. Exptl. 
Compd. P ( D )  P ( D )  Ref. 

Pyrrole 1.85 1.80 (25, 26) 
N-Methylpyrrole 2.16 1.92 (44) 
Toluene 0.38 0.39 (45) 
Furazan 3.10 3.38 (46) 
Isoxazole 2.79 2.76 (47, 48) 
N-Methylpyrazole 2.34 2 .28  (49) 
N-Phenylpyrazole 2.30 2.0  (49) 
3-Phenylsydnone 6.47 6 .48  (50) 
3-Methylsydnone 7.06 7 .  3lU . . .  

a This value was determined by the authors employing 
the method described by Smyth (51). Dielectric constants 
*ere determined on a General Radio Co-type No. 1610-A 
capacitance bridge 

structures arhich must be considered in a valence 
bond approach is many more, and the real prob- 
lem arises in weighting each structure in the over- 
all equation for the wave function of the  molecule. 
Thus, the valence bond or classical resonance 
theory approach to the electronic structure of 
sydnones presents immense difficulties. 

A more reasonable approach t o  the solution of 
the wave equation of the system is the LCAO- 
N O  (linear combination of atomic orbitals- 
molecular orbital) method. 

The approximations involved and the various 
techniques employed for solution of electronic 
structures have been adequately described (13- 
15). A number of studies of this type have been 
done on the sydnones, using simple Hiickel pro- 
cedures (16-18). The  results of these calcula- 
tions failed to  reproduce physical experience, 
such as dipole moment. This failure un- 
doubtedly was partly a result of a poor selection 
of heteroatom parameters, certainly unrefined at 
the time these calculations were made, and the 
failure of the simple Hiickel method to  consider 
electron correlation. 

In previous calculations performed in  this lab- 
oratory, the authors have empirically treated the 
the effect of electron correlation within the frame- 
work of the Huckel method (19, 20). This 
has been done by employing a disposable param- 
eter which serves to  alter the Coulomb integrals 
of the atoms as a function of the calculated 
charge densities, q, of the respective atoms (21). 
The procedure, known as the “w-technique,” 
produces new values of the Coulomb integral, 

Bond k 
C-R (pyrrole type) 0 . 8  
fi-0 0 .5  
fi-N 0 . 9  
Hs=C- (conjugated mcthyl) 2 . 8  

in terms of Do, the  standard resonance integral 
for the carbon-carbon bond in benzene (22). 

011 = 010 + 0 9% Po 
This technique involves iterating the calculation 

until self-consistency is achieved in the charge 
densities at each position in the molecule. The 
value of w used in this study was 1.4, which 
corresponds t o  the value used by several other 
authors (23, 24) and appears to  give results that  
correlate well with experimental data. 

PARAMETERS 
An essential feature for the successful use of this 

method of calculation is the choice of parameters for 
heteroatoms. The parameter uscd to modify thc 
Coulomb integral of a heteroatom, h,, must reflect 
its modified clectronegativity and electronic config- 
uration with respect to an aromatic carbon atom 
This modification is again made in terms of the 
standard resonance integral, PO 

az = 010 + hz Bo 
A second parameter, k,,, is employed to reflect the 
alteration in electron exchange between the hetero- 
atom in question and its neighbors with respect to 
an aromatic carbon-carbon bond : 

Pse = k z w h  

In previous work (19, 20) the authors have 
approached this problem with the desire to obtain 
ralculatcd values of eigcnfunctions and eigenvalues 
of heteroatom-containing molecules which would 
adequately approximate chemical and physical 
experience. These calculations have resulted in the 
close approximation of dipole moments from cigen- 
functions ( 19) and relative chemical reactivities 
from eigenvalues (20). The ability to produce 
these results from the same set of heteroatom 
parameters lends a measure of confidence in their 
values. 

In the present work, these same values have been 
used with only one modification. In the previous 
study on dipole moments (19) an experimental value 
of 1.54 D for pyrrole and a model for the nitrogen 
atom identical to that for the nitrogen of aniline 
were used It is now felt that the value of 1.80 D 
for pyrrole is a better experimental value (25, 26). 
Also, the model for the nitrogen atom must be rc- 
evaluated. The unshared electron pair on nitrogen 
of aniline is not in a pure p orbital; hence the 
Coulomb integral should reflect a greater electro- 
negativity than that of the nitrogen in pyrrole (27). 
Furthermore, since the pure p orbital of nitrogen in 
pyrrole is more available for delocalization, a higher 
resonance integral should be used for the, C-N 
bond. This improved model with the accompany- 
ing parameters has permitted us to calculate suc- 
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cessfully the dipole moments of pyrrole and N- 
methylpyrrole. (See Table I for paramcters and 
Table I1 for dipole moments.) 

Although the hetcroatom model has previously 
been used for the treatment of a methyl group on an 
aromatic ring (28), the authors felt that a more 
realistic model of this group is provided by thc con- 
jugative model (29) in which the electron distribution 
of both the hydrogens and the methyl carbon atom 
is specifically designated and the methyl hydrogens 
arc collected into a pseudo x orbital. Using the 
parameter values proposed by Coulsoii and Craw- 
ford (30) for this model, the authors have again 
successfully calculated the dipole moment of toluene. 

For the calculation of the electronic structure of 
the sydnone molecule, two new parameters had to be 
introduced, and their values had to be consistent 
with other parameters employed. The?? parameters 
were the resonance integral for the N-0  bond ( k k o )  
and the resonance integral for the N-N bond 
(krj- R). The value of 0.6 has been derived for krjt i  
for use in simple Hdckel calculations (18). The 
value of 0.5 was found to reproduce successfully the 
value of the dipole moments of furazan and isoxazole. 
For the parameter kfjg,  the value of 0.87 has been 
derived from a proportionality to overlap integrals 
(31). The value of 0.9 has been employed succcss- 
fully to calculate the dipole moments of N-niethyl- 
pyrazole and A'-phenylpyrazole. 

Fig. 1.-3-Phenylsydnone. Numbers shown are 
calculated *-bond orders and charge densities. 

- .ll9 . oeo 

Fig. 2.-3-Methylsydnone, Numbers shown are 
calculated r-bond orders and charge densities. 

CALCULATIONS 

The computations were made using tlic computer 
program previously described (20). Dne to the 
greater complexity of some of the sydnoncs, con- 
vergence of charge densities to self-consistency 
rcquircd a substantially larger number of iterations. 
The versatility of this program permitted this 
with no difficulty. The values from consecutive 
calculations of the charge dcnsitics were tcstcd 
until an increment no larger than 0.001 elec- 
tron existed between the final iteration and the 
average of all preceding calculations. The test 
was simultaneously applied to all atoms by the pro- 
gram. The calculated charge densities for the ring 
atoms are shown for 3-phenylsydnone in Fig. 1 and 
for 3-methylsydnone in Fig. 2. The *-bond order 
for each of these compounds was calculated from 
the eigenfunctioris and is shown for the appropriate 
bonds in Figs. 1 and 2. 

The dipole moments were calculated from charge 
densitie? as previously described (19) and are listcd 
in Table I1 along with experimental values. 

From the eigenvalues of the matrices the M,+ 
Mm+ transition energies were calculated. These 
are recorded in Table 111 along with the correspond- 
ing wavelengths for a scries of variously substituted 
sydnones. The energy levels in units of p for 3- 
phenylsydnone and 3-methylsydnone arc listed in 
Table IV. The values of AM, in units of p ,  are 
plotted against the corresponding frcquencics of 
maximum absorption in Fig. 3. 

DISCUSSION 

As can be sccn from Table 11, the agreement be- 
tween the calculated and experimental dipole mo- 
ments for the sydnones is excellent. This, in the 
authors' opinion, attests to the reasonableness of the 
values for the charge densities calculated (32). 

Several observations can be made from an inspec- 
tion of the charge densities and bond orders of 3- 
phenyl and 3-methylsydnonc (Figs. 1 and 2). The 
exocyclic oxygen atom in both compounds bears a 
high charge density, being over 0.15 electron highcr 
than what was calculated for butyrolactone (33). 
This clearly implies significant participation from 
all ring atoms, in the total dclocalization of the T- 

electrons. The number 3 nitrogen atom bears a 
high positive charge, particularly in the case of the 3- 
phenylsydnone. This observation, combined with 
the highest bond order calculated, between the car- 
bon atoms, indicates the substantial participation of 

TABLE III.-MAXIMUM U.V. ADSORPTION OF THE SYDNONE RING AND 
CALCULATED VALUES OF A M 

Compd. hrlu., mp Y ,  em.-' AM(B) Ref. 
1. 3-Methylsydnone 290 34483 0.481 (41) 

3. 3-(p-Toly1)-4-methylsydnone 307 32573 0.450 (41) 
4. 3-Phenylsydnone 310 32258 0.465 (41) 
5. 34 m-Toly1)sydnone 310 32258 0.465 (41) 
6. 3-(@-Pyridyl)sydnone 312 32051 0.461 (41) 
7. &(@-Naphthyl)sydnone 315 31746 0.457 (52) 

9. 3,4-Di-(p-tolyl)sydnone 338 29586 0.405 (4i) 

2. 3-Phenyl-4-ethylsydnone 307 32573 0.451 (41) 

8. 3-Phenyl-4-acetylsyd~~one 3260 30675 0.417 

10. 3,4-Di-phenylsydnone 340 29412 0.405 (52) 
c 

a The Amax. of this compound was determined by the authors on a Cary model 15 U.V. spectrophotometer in ethanol. 
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between nitrogen and oxygen (Fig. 1) is found 
in a comparison of bond lengths. An X-ray study 
of p-bromophcnyl sydnone has shown (38, 39) the 
length of the N-0 bond to be 1.34 A. The bond 
length of the N-0 single bond has been reported 
to bc 1.46 8. while that of an N==O double bond is 
1.14 b. (40). Thus, in general terms, the N-0 
bond in the sydnone ring is largely of a single bond 
nature which corresponds favorably with the rela- 
tively low r-bond order calculated for these com- 
pounds. 

To determine the reliability of the eigenvalues 
obtained from solution of the secular equations, an 
examination of the ultraviolet spectra of a number 
of substituted sydnones seemed appropriate. A 
single peak in the 290 to 350 mp region has been 
attributed to the sydnone ring (41). This maximum 
is quite intense ( E  > 4700) and experiences a batho- 
chromic shift from 3-alkyl to 3-aryl substitution in- 
dicating an extended interannular conjugation 
(Table 111) (42). Increase in delocalization also 
appears to be more effective with the aryl substitucnt 
in the 4-position of the sydnone ring than in the 3- 
position. This is expected from the increased ability 
of carbon r-orbitals to participate in electron delocal- 
ization compared to that of the nitrogen. 

Othcr bands in the spectra of aryl-substituted 
sydnones appear a t  lower wavelength and have 
been attributed to benzenoid K absorption (41). 

General considerations of ultraviolet spectra of 
aromatic compounds within the framework of mo- 
lecular orbital calculations have led to the general 
conclusion that the more intense peaks a t  longer 
wavelengths are due to transitions occurring between 
the highest filled energy level ( m )  and the lowest 
unoccupied level ( m f l )  (43). In  empirical LCAO- 
MO calculations, such as are presented here, the 
over-all elcctronic transition energy is considered to 
be larger than any energy differences due to config- 
uration interaction or singlet-triplet splitting (43). 
The transition is then taken to be the perpendicular 
Franck-Condon transition. The frequcncy of such 
a transition is given by 

hv = E* - E 
where E* is the energy of the excited state, and E is 
the energy of the ground state. 
m the total r-energy expressions from LCAO-MO 

calculations, the energy of the two states are given 
by 

E*r = n m  + M*P 
E ,  = nor + M,9 

difference in the coefficients of 8: 
Thus, the frequency should be proportional to the 

hv = (M* - M ) p  = AMP 

This operation is equivalent to taking the difference 
between M ,  and M,+ ,. 

Table 111 shows the Amax. and AM for a number of 
substituted sydnones, and Fig. 3 shows the relation- 
ship between the frequency in cm.-l and AM. 

The corre- 
lation coefficient of 0.931 indicates that about S6.670 
of the variance is accounted for. The maximum 
deviation of the experimental Amax. from that 
calculated by the correlation equation from Fix. 3 

u(cm.-L) = 60533 ( A M )  f 4794 

The correlation of these data is good. 

TABLE IV.-ENERGY LEVELS FOR 3-PHENYL AND 

- 3-METHYLSYDNONE IN UNITS OF 0 - 
8-Phenylsydnone 3-Meth?lsydnone 

-21025 
-1.268 
-1.040 
-0.996 
-0,060 

0.405 
0.951 
1.004 
1.380 
1.931 
2,802 
3.218 

-3.164 
-1.228 
-0.058 

0.423 
1.381 
2.101 
2.951 
3.294 

valence bond representation, I, in the total wave 
equation of the molecule, a conclusion also reached 
by dipole moment studies of Hill and Sutton (34). 

A comparison of the two calculated structures 
indicates that the phenyl group in the 3 position 
makes a greater mesomeric contribution of electrons 
to the sydnone ring than the 3-methyl group. The 
phenyl ring is deactivated a t  all positions by the 
sydnone ring; hence electrophilic attack on the ben- 
zene ring would be expected to be retarded. This is 
borne out by experiment (12, 35). This fact may 
in reality be the result of electron withdrawal by 
the sydnone ring rather than donation by the phenyl 
ring. The phenyl ring is known to be an electron 
withdrawing group in most systems (36). 

In the work cited previously (35), the sydnone 
ring was found to be comparable to the P-azoxy 
group (11), with respect to its activating effect on 
nucleophilic displacement reactions on p-chloro- 
phenyl derivatives. The proposed transition state 
in reactions of this type is stabilized by electron- 
withdrawing substituents (37). The comparison 
between these two substituents is also observed in 
electrophilic substitutions on benzene in which both 
groups are deactivating. This is not true for a- 
azoxy substituents (35). 

I 

This relationship between the sydnone ring and p- 
azoxy groups lends further support for the chargc 
distributions shown in Fig. 1. A larger bond order 
between the two nitrogens would also be required for 
conjugation with the phenyl ring leaving the bond 
order between nitrogen and oxygen somewhat de- 
ficient. This situation might also be expected from 
electronegativity considerations (35). 

Further support for the bond order calculated 
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is +7 mp, and the average deviation of points from 
the line is +0.010 A M  units. Thus, it  appcars that 
the relative energy levels calculated by the present 
method arc in good agreement with the major 
electronic transition energy of the substitutcd 
sydnone rings. 

The. dcviations from calculated values are not 
unexpected considering the empirical naturc of thc 
calculations. In  the w-HMO technique, no distinc- 
tion is made bctwccn the geometry of the ground 
and excited state or between singlet and triplet 
state. A perpendicular Franck-Condon transition is 
assumed which may involve a promotion to a higher 
level than the lowest available level in the cxcitcd 
state. 

Further error is involvcd with the nonexplicit 
consideration of electron repulsion. When the 
energy diffcrence between the ground arid excited 
state is small, the energy levels will interact. This 
repulsion will result in a larger separation between 
the levels. More sophisticated methods employing 
configuration interaction are required to take this 
phenomenon into account. 

Through an application of the o-HMO technique 
in conjunction with parametcrs prcviously derived 
(19) and parameters derived in this present work, 
the dipole moments of some representative hetero- 
cyclic systems including 3-methyl and 3-pl-renyl- 
sydnonc have becn successfully calculated (Table 11). 
These same parameters have also given relative 
rncrgy levels that correspond well with the maximuin 
ultraviolet absorptions of the variously substituted 
sydnone rings (Table I11 and Fig. 3). Thus,  the 
authors feel that the values of these parameters 
when employed in this type of an LCAO-MO cal- 
culation produce a reasonable electronic structure 
of the sydnones. 
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Gas Chromatographic Analysis of Trichloroethanol, 
Chloral Hydrate, Trichloroacetic Acid, and 

Trichloroethanol Glucuronide 
By EDWARD R. GARRETT and HOWARD J. LAMBERT* 

A sensitive and specific assay has been developed for trichloroethanol, chloral hy- 
drate, trichloroacetic acid, and trichloroethanol glucuronide utilizing gas chroma- 
tography and electron capture detection. Trichloroethanol and chloral hydrate are 
extracted from alkalinized water or urine with ether, and a portion of the ether ex- 
tract is assayedtwith chlorobutanol and chloroform as internal standards. Tri- 
chloroacetic acid and trichloroethanol glucuronide are not extracted under these 
conditions. The trichloroacetic acid is decarboxylated as the potassium salt and 
the resultant chloroform extracted into ether and assayed. The  trichloroethanol 
glucuronide is enzymatically hydrolyzed and the hydrolysate assayed for the tri- 
chloroethanol formed. Sensitivities obtained were 0.5 mcg. of trichloroethanol and 
chloral hydrate (3.3 and 3.02 mpmoles, moles, respectively), 1.0 mcg. of tri- 
chloroacetic acid (6.1 mpmoles) in 2.0 ml. of sample and 0.5 mcg. of trichloro- 
ethanol glucuronide (1.54 m c o l e s )  in  3.0 ml. of sample. Statistical analysis of 
assays on urinary mixtures of the four compounds demonstrates the reliability of 

the method. 

HERE ARE no sensitive specific assays for the 
Thypnotic drug trichloroethanol (TCE) , its 
precursor chloral hydrate (CH), or its detoxifica- 
tion products trichloroacetic acid (TCB) and 
trichloroethanol glucuronide (TCE-G), in the 
available literature. 

Extant methods (1-3) are mostly modifications 
of the colorimetric method of Fujiwara (4) and 
were not sufficiently sensitive or specific for a 
planned pharmacokinetic study of TCE in this 
laboratory. Fricdman and Cooper (2 )  obtained 
a sensitivity of 20 mpmoles of TCA and CH and 
100 mpmoles of TCE in mixtures but found 
that some tissue preparations interfered with 
chromophore production as much as 25’% and 
lessened the reliability of the Fujiwaxa procedure. 
Leibman and Hindnian (3) improved the assay 
sensitivity down to 5 mpnioles of TCA and CH 
and 15 mpmoles of TCE, but separation of the 
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components prior to reaction would be required 
as the procedure was nonspecific. A gas chroma- 
tographic separation of CH, TCA, and chlorobu- 
tanol, but not TCE, with a sensitivity of 306, 
302, and 281 mpmoles, respectively, has also 
been reported (5). This sensitivity of detection 
is not as good as the modified Fujiwara (2,3). 

The purpose of this investigation was to de- 
velop a specific procedure for the quantitative 
determination of TCE and its metaboIites sepa- 
rately and in mixtures with gas-liquid chromatog- 
raphy and the electron capture detector. If 
possible, this method would have greater sensi- 
tivity than those previously reported. 

EXPERIMENTAL 

Materials.-The TCE (Calbiochem, Inc.) used in 
the preparation of calibration curves and synthetic 
mixtures in water and urine was redistilled at 152” 
before use. 

Chloral hydrate U.S.P., chlorobutanol U.S.P., 
and TCA (reagent grade and 5% solution) were ob- 
tained from the Fisher Scientific Co. Ether (Baker) 
was redistilled over sodium before use. The 
purity of these components was verified chroma- 
tographically, and only one peak was observed. 

The sodium salt of trichloroethanol glucuronide 



812 
(42) Zuman, P., and Voaden, D. J., Tetrahedron, 16, 130 

(1961). 
(43). Daudel, R., LeFebvre, R., and Moser. C., “Quantum 

Chemtstry,” Interscience Publishers, Inc., New York, N. Y., 
1959, Chap. VIII; Streitwieser, A,, “Molecular Orbital The- 
ory for Organic Chemists,” John Wiley & Sons, Inc., New 
York, N. Y., 1961, Chap. 8. 
(44) Kofod, H., Sutton, L. E., and Jackson, J., J .  Chem. 

Soc., 1952, 1467. 
(45) Schaafs, a‘., Z. Physik. Chem., 196, 413(1951). 
(46) Saegebarth, E., and Cox, A. P., J. Chem. Phys., 43, 

166(1965). 

Journal of Pharmaceutical Sciences 

(47) Speroni, G.. and Pino, P., Gazz. Chim. Ital.,  80, 549 
(1950). 
(48) Speroni, G., and Mori, L., ibid., 82, 269(1952). 
(49) Hiller, S. A,, Mazeika, I. B., and Graudberg, I. I., 

Khim. Geferolsiklich Soed., 1965, 107. 
(50)  Hill, R. A. W., and Sutton, L. B., J. Chem. SOC., 1949, 

746. 
(51) Smyth, C. P., in “Technique of Organic Chemistry,” 

vol. 1, A. Weissberger, ed., Interscience Publishers, Inc., New 
York, N. Y., 1960, p. 2599. 

(52) Earl, J. C., LeFevre, R. J. W., and Wilson, I. R., J .  
Chem. SOC., 1949, S103. 

Gas Chromatographic Analysis of Trichloroethanol, 
Chloral Hydrate, Trichloroacetic Acid, and 

Trichloroethanol Glucuronide 
By EDWARD R. GARRETT and HOWARD J. LAMBERT* 

A sensitive and specific assay has been developed for trichloroethanol, chloral hy- 
drate, trichloroacetic acid, and trichloroethanol glucuronide utilizing gas chroma- 
tography and electron capture detection. Trichloroethanol and chloral hydrate are 
extracted from alkalinized water or urine with ether, and a portion of the ether ex- 
tract is assayedtwith chlorobutanol and chloroform as internal standards. Tri- 
chloroacetic acid and trichloroethanol glucuronide are not extracted under these 
conditions. The trichloroacetic acid is decarboxylated as the potassium salt and 
the resultant chloroform extracted into ether and assayed. The  trichloroethanol 
glucuronide is enzymatically hydrolyzed and the hydrolysate assayed for the tri- 
chloroethanol formed. Sensitivities obtained were 0.5 mcg. of trichloroethanol and 
chloral hydrate (3.3 and 3.02 mpmoles, moles, respectively), 1.0 mcg. of tri- 
chloroacetic acid (6.1 mpmoles) in 2.0 ml. of sample and 0.5 mcg. of trichloro- 
ethanol glucuronide (1.54 m c o l e s )  in  3.0 ml. of sample. Statistical analysis of 
assays on urinary mixtures of the four compounds demonstrates the reliability of 

the method. 

HERE ARE no sensitive specific assays for the 
Thypnotic drug trichloroethanol (TCE) , its 
precursor chloral hydrate (CH), or its detoxifica- 
tion products trichloroacetic acid (TCB) and 
trichloroethanol glucuronide (TCE-G), in the 
available literature. 

Extant methods (1-3) are mostly modifications 
of the colorimetric method of Fujiwara (4) and 
were not sufficiently sensitive or specific for a 
planned pharmacokinetic study of TCE in this 
laboratory. Fricdman and Cooper (2 )  obtained 
a sensitivity of 20 mpmoles of TCA and CH and 
100 mpmoles of TCE in mixtures but found 
that some tissue preparations interfered with 
chromophore production as much as 25’% and 
lessened the reliability of the Fujiwaxa procedure. 
Leibman and Hindnian (3) improved the assay 
sensitivity down to 5 mpnioles of TCA and CH 
and 15 mpmoles of TCE, but separation of the 

Received March 11, 1966, from the College of Pharmacy, 
University of Florida, Gainesville. 32603. 

Accepted for publication May 13, 1966. 
Resented t o  the Scientific Section. A.PH.A.. Detroit meet- 

ing, March 1965. 
This investigation was supported in part by an unrestricted 

research =ant from Smith Kline h French Laboratories. 
PhiladelpGa, Pa. 

Region 111, 1965. 
* Recipient of the Lunsford Richardson Pharmacy Award, 

components prior to reaction would be required 
as the procedure was nonspecific. A gas chroma- 
tographic separation of CH, TCA, and chlorobu- 
tanol, but not TCE, with a sensitivity of 306, 
302, and 281 mpmoles, respectively, has also 
been reported (5). This sensitivity of detection 
is not as good as the modified Fujiwara (2,3). 

The purpose of this investigation was to de- 
velop a specific procedure for the quantitative 
determination of TCE and its metaboIites sepa- 
rately and in mixtures with gas-liquid chromatog- 
raphy and the electron capture detector. If 
possible, this method would have greater sensi- 
tivity than those previously reported. 

EXPERIMENTAL 

Materials.-The TCE (Calbiochem, Inc.) used in 
the preparation of calibration curves and synthetic 
mixtures in water and urine was redistilled at 152” 
before use. 

Chloral hydrate U.S.P., chlorobutanol U.S.P., 
and TCA (reagent grade and 5% solution) were ob- 
tained from the Fisher Scientific Co. Ether (Baker) 
was redistilled over sodium before use. The 
purity of these components was verified chroma- 
tographically, and only one peak was observed. 

The sodium salt of trichloroethanol glucuronide 
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(hcredftcr referred to as TCE-G) was isolated from 
rabbit urine by the method of Seto and Schultze 
(6). 

Assay solutions of TCA wcrr prcparcd b y  rlilut- 
iiig the 5% stock solution and the final concentra- 
tion verified by titration. TCE,  CH, and TCE-G 
werc weighed to within 0.1 mg., transferred to  a 
clean 100-ml. volumetric flask, and brought to 
volume with water or urine. 

Apparatus.--- An F&M inudcl 700 gas cliroma- 
tograph with either a flatnc ionization or clcctron 
capture detector and equipped with a Minneapolis 
Honeywell recorder and disc integrator was uscd. 

Column.---The coluniti for calibration curvc 
dctcrminatiori and studies with rnisturcs was an  
8 ft. X '/4 in. stainless steel tube containing 20yo 
Carbowax 20 M on 60-80 mesh Chromosorb W. 
Other columns investigated but not chosen due to 
incomplete peak resolution or tailing were a 4 ft .  X 

in. stainless steel, 10% diethylcnc glycol suc- 
ciliate; a 4 f t .  X l / 4  in. glass, 552, Carbowax 90 M 
and a 4 ft. x in. glass, 594 Carbowas 80 1L1 plus 
2yo Hsp0.1, all on 80-100 Diatoport S. 

Flame Ionization Detector.-The tcmperalures 
used wcrc: injection port, 1%)'; column, 100'; 
and detector, 290'. The flow rate of the helium 
carrier gas was GO nil./niin. Hydrogen and air flow 
rates 60 and 500 ml./min. (20 p s i . ) ,  respectively. 

Electron Capture Detector.-The optimum tem- 
peratures were: injection port., 160"; column, 125' ; 
:and detector, 190". Carrier gas (helium) flow rate 
was  60 rnl./niin. while the purge gas (goyo argon- 
10% methane) was fixed at 140 ml./min. 
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spotted on a Silica Gel GFzan (Brinkmann Instru- 
ments) plate of 0.4-mm. thickness along with 
reference spots of I>-glucuronic acid, D-glucuronolac- 
tone, TCE, and TCE-G. The plates were then 
developed in 1-hutanol-acetic acid--water (4:5: 1) 
up to approximately 10 cni. The plates were then 
dried, spraycd with concentrated sulfuric acid, and 
heated until carbonization was complete. The 
hydrolysate was resolved into two spots with RI  
values corresponding to D-glucuronic acid (0.50) 
and a small amount of unhydrolyzed TCE-G (0.81). 
No ~-glucuronolactone (Rf = 0.71) was found. 
Thc volatility of T C E  prohibited i ts  visualization 
by this method. 

Trichloroacetic Acid.--A Chromatographic peak 
for TCA could iiot be resolved with the authors' 
columns. Alkaline decarbosylation produced chloro- 
form which was extracted with ether and assayed 
with the electron capture detector. One niilliliter 
of 0.1 M KOH was added to 1 ml. of water or urine 
containing TCA in a 10-ml. injectablc vial. Two 
milliliters of dicthyl ether (no internal standards 
present) was then added, the vial was scaled arid 
heated at 100" for esactly 30 min. The vial was 
then cooled in an ice bath, allowed to reach room 

Sample Assay 
Trichloroethanol and Chloral Hydrate.-Five- 

microliter aliquots of aqueous solutions of T C E  and 
1CI-I were injected directly on-column when the 
flame ionization dctector was used. For electron 
capture detection, 2 ml. of the solutiou w-as shaken 
,with 2 ml. of diethyl ether in a 10-ml. rubber-sealed 
iinjectable vial and 6 pl. of the ether extract was 
assayed. The ether contained 1.6 mg./100 d. of 
chlorobutanol and 0.004 mg./100 nil. of chloroform 
as internal standards. 

Trichloroethanol G1ucuronide.-One milliliter of 
,water or urine containing TCE-G was added to 1.0 
d. of pH 4.5acetate buffer (ionic strcngth = 0.1 M )  
containing 5 nig. of 8-glucuronidase (beef liver, 360 
Fishinan units/mg., Calbiochem). The mixture 
was scaled arid allowed to react at 37.5" overnight. 
'Two milliliters of diethyl ether (plus chlorobutanol) 
was then addcd, the mixture was shaken, and a 5- 
pl. aliquot of the cthcr extract assayed for TCE 
using thc electron capture detector. No analysis 
was run on TCE-G usiiig flarne ionization. 

To determine the purity of the TCE-G isolated. 1 
inl. of a 5.14 mg.jl00 nil. solution was hydrolyzed 
overnight at F(0" with 1 ml. of concentrated hydro- 
chloric acid. The T C E  Iormed was extractcd into 
2 ml. of ether, a 5-pI. aliquot ol the ether extract 
assayed, and the assay value compared with the 
theoretical yield. The stated enzymc cor~ccri tra- 
tion was optimum in that  it gave results equivalent 
to acid hydrolysis after overnight reaction at pH 

The identity of the glycone obtained by crizyniatic 
hydrolysis was vcrificd by thin-layer chromatog- 
raphy. Twenty microliters of the hydrolysate were 

4.5, 37". 
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Fig. 1.-Calibration curvrs for 4 .~1 .  aliquots of 
aqueous trichlorocthanol arid chloral hydrate solu- 
tious assayed with the flame ionization detector. 

TABLE  DISTRIBUTION COEFFICIENTS FOR THREE 
NONPOLAR SOLVENTS AND A ~ u s o u s  SOLUTIONS OF 

CHLORAL HYDRATE AND TRICHLOROETHANOL 

Diethvl 
Pentane/HnO Benzene/II%O Ether/HnO 

CH 0.003 0 .03  0.191 
TCE 0.34 3.5 22 
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Fig. 2.-A typical chroinatogram for a 5-pl. aliquot 
of a 1 : 1 ether extract of a solution of chloral hydrate 
and trichloroethanol (1.40 and 1.36 mg./100 ml., 
respectively). Pulse = 15. Sensitivity: 0.001 of 
maximum. 
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Fig. 3.-Calibration curves for chloral hydrate a t  
three pulse intervals. Sensitivity: 0.001 of maxi- 
mum. Insert shows the calibratiou curves for 
amounts of chloral hydrate up to 60 mcg./2 ml. 
sample. One microgram = 6.04 mpmoles. Key: 
0, pulse = 50; 0 ,  pulse = 15; 0,  pulse = 5 .  

temperature, and 5 pl. of thc ether extract assayed, 
using the electron capture detector for the chloru- 
form formed No analysis was run for TCA using 
flame ionization. 

Mixtures.-A 10-ml. sample of urine containiug 
TCE, CH, TCA, and TCE-G was brought to pH 
7 0 by dropwise addition of concentrated KOH 
Thc volume change was negligible. Two milliliters 
of this urine was removed and assayed for TCE and 
CH. A 2.0-ml. sample was then extracted with six 
10-ml. portions of ether to remove the TCE and CH, 
divided in half, and the 1-ml. portions assayed for 
TCA and TCE-G. 

Fig. 4.-Calibration curves for tricliloroethanol a t  
three pulsc intervals. Sensitivity: 0.001 of maxi- 
mum. Pulsc = 50, ordinate on left; pulse = 5 and 
15, ordiuate on right. One microgram = 6.6 
mpmoles. K:y: 0, pulsc = 50; a, pulse = 5; 
o, pulse = 15. 

Fig. 5.--Calibration curve for trichloroethariol 
glucuronide based on the assay of trichloroethanol 
obtained by enzymatic hydrolysis. Pulse = 15, 
scnsitivity: 0.001 of maximum. One microgram = 
3.08 mpmoles. 
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Fig. 6.-Effect of potassium hydroxide conccntra- 
tion on the amount of ether-extracted chloroform 
after trichloroacetic acid decarboxylation. 
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RESULTS AND DISCUSSION 

Flame Ionization Detector.--Thc calibration 
curves for TCE and CH obtained by injecting 4-p1. 
aqueous aliquots are seen as Fig. 1. The sensitivity 
of flamc ionization detection was only slightly 
greater than that obtained With the Friedman- 
Cooper assay. Therefore, this was not the method 
of choice. 

Electron Capture Detector-Chloral Hydrate and 
Trichloroethano1.-Since direct itijection of aqueous 
solutions gave poor peak reproducibility with elcc- 
tron capture detection, extraction with a nonpolar 
solvent was used. The distribution coefficients for 
several solvents are located in Table I. Figurc 2 is 
a typical chroniatogram of ether-extracted CH and 
TCE, with chloroform and chlorobutanol as internal 
standards. Better resolution of the CH and chloro- 
form peaks could be obtained by decreasing either 
the carrier gas flow rate or the column temperature, 
but only at  the expense of prolonging the retention 
time and increasing the width of the TCE and 
chlorobutanol peaks. 

The potential across the detector cell was applied 
by the square wave pulse technique. (7)  The 
intervals available between "4 psec. voltagc pulses 
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were 5, 15, 51). arid 150 pscc. An increased linear 
relationship between response and concentration 
was obtained by using shorter pulse intervals when 
high concentrations of CH or TCE were used. 
This is demonstrated in Figs. 3 and 4, the calibra- 
tion curves for CH and TCE, respectively. How- 
ever, greater scnsitivity was available whcn thc 
longer pulse intervals were used. These pulse inter- 
vals were morc advantageous at lower drug conccn- 
trations. Thus, the pulse interval used for assay 
would depend on the concentration or drug which 
is physiologically encountered. 

The assay parameter used for TCE and CH is 
peak hcight ratio (compound/intemal standard). 
Althougli peak area ratios are conventionally used 
lor compounds exhibiting broad peaks, peak height 
ratios gavc less error when calibration curvcs using 
the two parameters were compared. 

Trichloroethanol G1ucuronide.-The acid hy- 
drolysis yielded a TCE assay with peak hcight ratio 
of 6.0 a t  pulse = 16. Since this region of the pulse 
= 15 calibration curve (Fig. 4) showed a slight 
negative deviation from linearity, a second assay 
was run a t  pulse = 5,  and a peak height ratio of 9.0 
was obtained. These values corresponded to con- 
centrations of 19.2 and 22.4 mcg. of TCE in 2 nil. of 
solution (87.2 and 100.3yo of calculatcd theoretical 
yield) when compared with the calibration curves 
for TCE. Enzymatic hydrolysis a t  37", pH 4.5 
with varying amounts of enzyme gavc thc same 
yield with 5 mg. of p-glucuronidasc/2 ml.; 1.0 mg. 
of enzyme gave only 65.8% of theoretical yield. 

The calibration curve for TCE-G is in Fig. 5. A 
pulse interval of 15 pscc. was used because it gavc a 
linear response for physiological concentrations of 
TCE-G. 

Trichloroacetic Acid.-The cffect of KOH con- 
centration on the assay was checked by decar- 
boxylating a 1-ml. sample of 5 nig./100 ml. of TCA 
with 1.0 ml. of base ranging in concentration from 
O . t  to 10 M and assaying after 30 min. for chloro- 
form. The rcsults of this experiment arc depicted in 
Fig. 6. 

Coulometric titration with a Cotlove chloridom- 
eter (Laboratory Glass and Instrument Corp.) 
demonstrated an increase in ionic chloride con- 
comitant with the dccrcase of assayable chloroform 
from decarboxylation as the concentration of alkali 
was incrcascd. For KOH concentrations of 1.0, 
3.0, 5.0, and 10.0 M ,  the ionic chloride concentra- 
tions (and CHCl, peak heights) were 0.0296 (3.0), 
0.0866 (1.20), 0.1104 (0.65), and 0.1A26 meq./L. 

TCA/Zrnlr  501ultm 

Fig. 7.-Calibration curve for trichloroacetic acid 
based on the assay of ether-extracted chloroform 
after alkalinc (0.1 ,$.I KOH) decarboxylation. 
Sensitivity: 0.001 of maximum. One microgram = 
6.1 mpmoles. Key: 0, pulse = 50; e, pulse = 
15; u, pulse = 5. 

TABLE 11.- -ASSAY DATA FOR LEVELS OF CHLORAL HYDRATE I N  URINARY MIXTURES 
.. __ 

~ ~ . ___ -~ - 

CH/CHCla Peak Ht. Ratio 
TCE Level, TCA Level, --- CH, 0.14 mg./100 ml. __ --- CII, 1.40 mg./100 ml. -7 

ui.c.il00 ml. mg./100 ml. ,- Day 1 - .- Day 2 -- -- Day 1 - ,-- Day 2 - 
0 
0 
0 
0 
1.36 
1.36 
1.36 
1.36 

0 
5.00 
3.75 
1 .25  
0 
5.00 
3.75 
1.25 

. 270, ,270 
,259, ,270 
,250, ,270 
.293, . 2 5 i  
,261, .276 
,256 ,  .243 
.262, .268 
,270. ,261 

.270, 
,289, 
,270, 
,274, 
.2'79, 
,240, 
.282, 
,260. 

.283 
,260 
.289 
.260 
.282 
.259 
.260 
.278 

1 .025 , l .  025 
1 ,025 , l .  020 
1.010, 1.020 
1 , 0 1 0 , l .  025 
1.020, l .  010 
1.010,1.010 
1.010.1.020 
1.020.1.010 

1.010.1.025 
1.010; 1.010 
1.025,1.020 
1.030,1.020 
1,020, 1.030 
1.010,1.020 
1 . 0 2 0 , l  020 
1.010.1.010 

0.136 0 ,226; ,236 ,261; ,253 1.010,1.005 1 .010 , l .  005 
0.136 5.00 ,240, ,240 .258, ,253 1.003,1.016 1 .008,1.004 

0.136 1.25 ,245, ,251 ,269, ,269 1.020,1.004 1.005, l .  004 
0.136 3.75 ,240, ,247 .261, ,265 1.020,1.005 1.005, l .  002 
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(0.36), respectively. Thcse data can explain the 
decrease in assayable chloroform with increased 
concentrations of alkali. 

The first-order rate constants at the lowest KOH 
concentration (0.1 M )  were checked a t  three dif- 
ferent initial TCA concentrations. These rate 
constants were reasonably independent of the TCA 
concentrations, given in the parentheses, and were 
15.0 (0.75 X M ) ,  13.8 (1.5 X M ) ,  and 
14.3 X set.-' (3.0 X M ) .  These values 
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were in good agreement with the 13.2 X sec.-l 
reported by Fairclough (8). 

The 0.1 M KOH was used in the decarboxylation 
procedure since the greatest yield of chloroform was 
obtained in contrast to higher concentrations of 
alkali (Fig. 6). 

The calibration curve for TCA (chloroforni/ether 
peak height ratio versus concentration of TCA) is in 
Fig. 7. The use of the extraction solvent as an 
internal standard is deemed justifiable since the 

TABLE III.-ANALYSIS OF VARIANCE FOR TIIE  ASSAY^ OF Low LEVEL OR CHLORAL HYDRATE IN URIXARY 
MIXTURES 

Sources of Variation d.f. S.S. M.S. Components of Variance 
Davs ( D )  1 0.0014 0.0014 nu' + 2ava + 24an2 
TCE (-4 j 2 
TCA (B) 3 
TCE X TCA (AB) 6 
Expt. error ( E )  11 
Sampling error (S) 24 

0.00165 a> + 2 u 2  + 4uA2 1 6 ~ ~ '  0.0033 
0.007 
0.0013 
0.0011 
0.0026 0.0001 

0.00023 
0.00021 

US' f 2UEe + 4 a A B P  + 12uB2 
US2 + 2 U E 2  + 4UAB' 

0.0001 us2 + 2 a *  
US2 

Oi Assay data for chloral hydrate presented as CH/CHCls peak height ratios (Table 11). 

TABLE IV.-sUMMARY O F  SIGNIFICANT AND NONSIGNIFICANT EFFECTS ( F  TEST, 5% LEVEL) FOR ASSAYS OF 
CHLORAL HYDRATE, TRICHIBROETHANOL, AND TRICHLOROACETIC ACID I N  MIXTURES 

_ _ ~  
Significant Effects 

Drug Level Tested and F Values Nonsignificant Effects 
CH 0.14 mg./100 ml. Days, 14.0" TCA, levels, TCE X TCA, exptl. error 

CH 
TCE 0.136 mg./100 ml. Xone CH levels, TCA levels, CH X TCA, exptl. error, days 
TCE 1.36 mg./100 ml. None CH levels, TCA levels, CII X TCA, cxptl. error, days 
TCA 1.25 mg./100 ml. Kone Treatments: days, exptl. error 
'1'CA 3.75 mg./100 ml. Treatments,c 4.0d Days, exptl. error 
TCA 5.00 mg./100 ml. 3.33d Days, exptl. error 

TCE levels, 8.25b 
TCE levels, 22.1b 1.40 mg./100 ml. TCA levels, TCE levels, TCE X TCA, exptl. error, days 

'' Tabulated F (.05) = 4.84 for 1 and 11 d.f. * Tabulated F (.05) = 5.14 for 2 and 6 d.f. A missing piece of data for all 
levels of T C B  tested eliminated the isolation of the interactions for TCE levels. CH levels,dand TCE X CH from the treatment 
bum 01 squares. Tabulated F (.05) = 3.29 for 7 and 
9 d.f. 

The effect noted, therefore, is a pooled effect of all three of the above. 

TAHLE V.--lSOI.ATED COMPONENTS OF VARIANCE AND PER CENT STANDARD DEVIATION FOR ASSAYS OF 
CHLORAL HYDRATE, TRICHLOROETHANOL, AND TRICHLOROACETIC ACID 

- 
Drug Level Tested Components of Variance X 106 uZ4 X loan Xh S.D., 7Oc 
CH 0.14 mg./lOO ml. u2 days = 54.2 

u2TCE = 90.6 
a' TCE X TCA = 25.0 
u2 sampling = 100 16.4 0.262 6.25 

CH 1.4 mg./100 ml. u'TCE = 28.5 
uz error = 3.90 ~ .. 

ue sampling = 45.8 8.84 1.014 0.87 
TCE 0.136 mg./100 nil. u2 days = 5.4 

u2 CH = 46 
u2 CH X TCA = 84 
u2 sampling = 210.0 18.6 0.885 2.1 

TCE 1.36 mg./lOO ml. u2 days = 5340 
U'TCA = 650 
u'error = 5760 
u2 sampling = 25890 194.0 6.326 3 . 1  

a' sampling = 42.0 8.75 0.337 2.6 
TCA 1.25 mg./100 ml. u2 error = 1.5 

u2 treatments = 18.8 
TCA 3.75 mg./100 ml. u2 treatments = 79.5 13.6 0.574 2.36 

u2 sampling = 105 

uz treatments = 7.0 
u2 sampling = 12.5 5.04 0.762 0.66 

TCA 5.0 mg./100 ml. u2 error = 5.8 

~~~~ 

a uzii, the estimated standard deviation of a single assay. The square root of the sum of the isolated components of variance 
(or'ii). Presented ior TCE as the TCE/chloro- 
hutanol pea i  height ratio, for C H  k s  the CH/CHCla peak height ratio, and for TCA as the CHCIz/ether peak height ratio. 

the mean assay value over all treatments for a given level of a drug. 

Per cent standard deviation = utu X lOO/z. 



Vol. 55, No. 8, August 1966 817 

TABLE VI.-STATISTICAL ANALYSIS OF ASSAY DATA FOR MIXTURES OF TRICIILOROACETIC ACID AND 
TRICHLOROETHANOL GLUCURONIDE IN DOG URINE 

- - . .- 
Drug Assayed Components of Variance X 106 azii X 103' y d  S.D., 5%" 

0.99 0.76 u2 error = 50 7. t5 

d e r r o r  = 10430 111.0 4.11 2.70 

TCAa u'TCE-G = 8.0 

'TCE-G', uz TCA = 187U 

a TCA concentration = 7.0 mg./100 ml.; TCE-G concentrations = 5.14, 2.57, and 0.511 mg./100 ml. ' TCE-G concen- 
' o,%~, the estimated standard deviation 

X, the mean assay value over 
Presented for TCA as CIiCla/etherj,eak height ratio and for TCE-G as the TCE/chlorobutanol peak height 

tration = 5.14 mg./100 ml.; TCA concentrations = 7.0, 3.5. and 0.7 mg./100 ml. 
of a single assay. 
all treatments. 
ratio. 

The square root of the sum of the isolated components of variance (czzt,). 

Per cent standard deviation = ozi, X 100/X. 

assay conditions (sealed vials) prohibit volatiliza- 
tion and the ether peak height is proportional to the 
volume injected. 

Statistical Evaluation.-Thrcc levels of TCE ( 0 ,  
0.136, and 1.36 mg./100 ml.), thrce levels of CH ( 0 ,  
0.140, and 1.40, mg./100 ml.), and four levels of TCA 
(0 ,  1.25, 3.73, arid 5.0 mg./100 nil.) were combined in 
all possiblc mixturcs (a total of 36) in dog urine and 
assayed randomly with two assays of each com- 
poncnt per samplc on cach of two days. A typical 
series of results, those for 0.140 and 1.40 mg./100 
ml. CH, are listed in Table 11. Analyses of van- 
ance (9) of the assay data were obtained for each con- 
centration of drug in the presence of the various 
concentrations of the other drugs. Such analyses 
were run on thc raw assay data; for TCE, as TCE/ 
chlorobutanol peak height ratios and for TCA, as 
chloroform/ethcr peak height ratios. A typical 
analysis of variance, for 0.140 mg./100 ml. CH in 
mixtures of various concentrations of TCE and 
TCA, is given in Tablc 111. This analysis is based 
on data for this CH level given in Table 11. 

On each of the analyses of variance performed the 
presence of significant factors was determined by the 
F test a t  the 5% level (Table IV). The isolated 
components of variance are listcd in Table V along 
with uZij, the standard deviation of a single assay 
(which is the square root 01 the sum of the isolated 
components of variance, u2zii), the mean assay 
value over-all treatments x, and the pcr cent 
standard deviation of the assay (uzi, X 10O/x). 
From this table it was observed that the major 
source of variation for all components assayed m-as 
duc to sampling error. Experimental error was 
either absent or much smaller than that for sampling. 

The variance due to the presence of TCE in 
assays for CH was postulated to be a result of 
formation of a soluble chloral alcoholate ( 10) which 
was then irregularly distributed between ether arid 
urine. This could be corrected by running CH 
calibration curves in the prcscncc of varying con- 
centrations of TCE. 

If one excludes the variation due to days noted in 
thc assay of 0.140 mg./100 tnl. CH by assuming a 
weighing error during- Sample preparation, the per 
cent standard deviation for the remaining drug 
concentrations is never greater than 3.1%. Hence, 
the assay is both reliable and rcproducible. 

Two similar experiments, the first with 7.0 ing / 
100 Inl. TCA solution in the presence of 5.14, 2.57, 
and 0.514 mg./100 ml. TCE-G and the second with 
5.14 mg./100 rnl. TCE-G in the presence of 7.0, 3.5, 
and 0.70 mg./100 ml. TC4,  were also run. Analyses 
of variance were carried out on the assay data and 
the results arc found in Table VI. No significant 
effect was found for either the presence of TC.4 in 
TCG-G assays or the presence of TCE-G in TCA 
analyses. 

FiWdlly, to determine possiblc assay variation 
when different experimental animals were used, 
aiialy-ses of variance were run on assay data for 
TCE, CII, and TCA in aqucous solution and in the 
urine of three different dogs (four urine samples per 
dog per day on two different days) .  The design had 
unequal numbcrs of replicates which prohibited 
isolation of components of variatice. No significant 
difference was noted among diffcrcnt urines using 
the F test (5y0 level). 
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Application of Membrane Filtration to Antibiotic 
Quality Control Sterility Testing 

By FRANCES W. BOWMAN 

Membrane filtration procedures for antibiotic sterility testing as described in the 
recently amended Antibiotic Regulations of the Food and Drug Administration 

(FDA) offer an improved approach for determining the sterility of antibiotics. 

OR ALYOST 20 years the Antibiotic Regula- 
tions’ of the Food and Drug Administra- 

tion for the sterility testing of antibiotics required 
I0  containers irom each batch t o  be tested, six 
in thioglycollate broth for bacteria and four in 
Sabouraud fluid medium for molds and yeasts 
(1). In  testing penicillin preparations, the 
antibiotic was inactivated by the addition of 
penicillinase to  the thioglycollate medium. 
Since there were no suitable inactivators for the 
nonpenicillin antibiotics, no inactivator was 
added to  the medium used for testing them, and 
for the most part any organisms detected were 
those highly resistant to  the inhibitory action 
of the particular antibiotic. 

DISCUSSION 

To  improve the sterility test, sevcral possibilities 
were investigated. Serial dilution techniques to 
reduce the antibiotir to a subminimal inhibitory 
concentration were explored. This procedurc is 
unsatisfactory since it also dilutes the contaminat- 
ing organisms. Dilution of the antibiotic sample 
by largc initial volumes of culture media was found 
to be both cnstly and impractical. Finally, a filtra- 
tion procedure was dcvcloped cmploying a mem- 
brane filter composed of cellnlose esters (2). The 
antibiotic prcparatioris were first solubilized and 
the solution was filtercd through a circular mem- 
brane filter approximately 47 mm. in diameter, 
with a porosity of 0.43-0.47 p. Any organisms 
contaminating the preparation were trapped on the 
membrane, which was then washed with sterile 
water to remove any rcsidual antibiotic without 
affccting the organism. Portions of the washed 
filter disk were placed in sterile fluid thioglycollate 
for 5 days a t  32’. 

Research on the application of the membrane 
filtration technique to thc sterility testing of the 
antibiotic dnigs produced practical methods for 
solubilizing arid filtering each antibiotic prcparation. 
Modifications wcrc made to accommodate antibiotic 
powders and various formulations in which they 
are incorporated. 

IJse of thc filtration tcchnique for testing the 
tetracycline antibiotics eliminates two major prob- 
lems. The antibiotic which would inhibit the 
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Accepted for publication May 31, 1966. 
1 The Antibiotic Regulations are issued under Section 507 

or the Federal Food, Drug, and Cosmetic Art. 

growth of bacterial contamination, if present, is 
removed and degradation is avoided. When tctra- 
cyclines are added to thioglycollate medium, the 
breakdown producb produce acidity, turbidity, 
and discoloration of the medium. The acidity 
prevents growth of most contaminating micro- 
organisms, and the turbidity and dark color prevent 
visual observation of contamination. 

Sodium novobiocin and amphotericin B also 
prcsentcd problems in that the slight acidity of 
Sabouraud broth rendered thcse antibiotics insolu- 
ble, again interfering with visual detection of 
growth. Filtration eliminates this difficulty. The 
antibiotics are dissolved in O.IyO peptone solution, 
filtered, and washed three times. For practical 
purposes no antibiotic is transferred to  the Sabour- 
aud broth because none remains on the membrane. 

The procedures for the sterility testing for anti- 
biotics publishcd March 28, 1964 (3), gave mcm- 
brane filtration procedures official status and cul- 
minated years of cvaluating their merit. In addi- 
tion to increasing the sensitivity of the test by the 
use of filtration procedures, thc amended rcgula- 
tions increased the sample size to  20 representative 
units from each “filling operation” to be tested in 
both of the media previously mentioned. The 
term “filling operation” is defined as that period 
of time not longer than 24 consecutive hr. during 
which a homogeneous quantity of a drug is being 
filled continuously into market-size containers and 
during which no changes are rnadc in the equip- 
mcnt used for filling. Both the direct method and 
the membrane filtration procedure are described 
in detail in the regulations. The direct nletlmd 
is used for insoluble preparations and the membrane 
filtration for soluble preparations. The membrane 
filtration procedure specifies that 300 nig. of a solid 
drug or 1 ml. by volume of a liquid drug from each 
of 20 immediate containers bc aseptically trans- 
ferred to 200 ml. of 0.1% (w/v) peptone solution. 
Since bactcrial contamination is not related to  the 
dosage of the antibiotic tested, a constant amount 
(weight or volumc) of the antibiotic was selectcd 
for each sterility test. After complete solubiliza- 
tion, the antibiotic solution is filtered through a 
bacteriological membrane filter. All air entering 
the system is passed through air filters capable of 
removing microorganisms. Three 100-ml. portions 
of 0.170 peptone water are then filtered through the 
membrane to remove as much as possible of the 
residual antibiotic. A 17.5-mm. diameter disk is 
aseptically cut from the center of the filtering area 
and transferred to a sterile 38 X 200-mm. (outside 
dimensions) test tube containing approximately 90 
ml. of sterile thioglycollate medium. The remain- 
ing portion of the membrane is transferred to a 
second similar tube containing approximately 90 
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rnl. of fluid Sabouraud mcdium. l‘hc tubes arc 
incubated for 7 days a t  32” and 26”, respectively, 
and then examined for visible growth. The batch 
meets the requirements of the test if no tubc shows 
growth. If growth is observed in any tube, the 
t”st is reprated with twice thc number of containers, 
The batch meets the requirements if no tube on 
the repeat test shows growth. 

The regulations require that specific environ- 
mental tests to asscss thc suitability of the testing 
conditions be made frequently enough to assure the 
validity of the test results. The responsible head 
of each sterility testing laboratory must determine 
which methods are to be used for air analysis and 
what levels of microbial contamination of the air 
arc significant and tolerable. Special devices for 
sampling air to determine its microbial content arc. 
helpful in evaluating the conditions of thc areas 
in which the tests are performed. Some of the 
devices and techniques commonly used for the 
microbiological analysis of air are the settling plate 
technique, the sieve and slit-type samplers, and 
liquid impingement dcviccs. Although settling 
plates are easy to use, they yield a limited amount 
of information, since only particles of certain di- 
mensions will settle onto the plates. Another dis- 
advantage is that the volume of air sampled cannot 
be measured. The liquid impingement samplers, 
which force a definite quantity of air through an 
impingement fluid, recover all of thc airborne con- 
tamination in the volume of air sampled, thus giving 
more quantitative information. In addition to 
requiring tests to assess the area in which the sterility 
tests are performed, the regulations specify that 
tubes of thioglycollate to which penicillinase has 
been added must be tested for sterility, eithcr prior 
to use or a t  the time of the test. If the environ- 
mental or other tests show sufficient evidence that 
the results obtained in the first or second official 
sterility tests are not valid, additional tests may be 
performed. 

As previously noted, O.1Y0 peptone solution was 
chosen as the diluting fluid for the filtration pro- 
cedure. Sterile distilled water or physiological 
saline had been used for many years to dissolve 
antibiotics prior to transferring them to the media 
in the sterility tests (4). Thc deleterious effect of 
distilled water on some niicroorganisms has been 
well documented in thc literature (5). (Thc 
“British Pharmacopoeia” specifies sterile physiologi- 
cal saline for dissolving antibiotic powders, and 
U.S.P. XVII requires that a sterile dilucnt be used 
to dissolve solids for the general sterility test.) A 
diluting fluid which would minimize the destruction 
of small populations of vegetative cells during the 
pooling, solubilizing, and filtering of antibiotics was 
sought. A diluting fluid affording protcction to 
vegetative cells is a necessity when a large number 
of filtration sterility tests are performcd on thc same 
day because each tcst cannot be carried to comple- 
tion before another test is started. Therefore, the 
diluent must protect the vulnerable vegetative cells 
in an antibiotic milieu until they are safely separated 
from the antibiotic and transferred to the growth 
medium. 

Straka and Stokes (6) reported that destruction 
of vegetative bacteria can be minimized by the 
use of 0.1G/O peptone solution. Jane-Williams (7) 
studied the survival of bacteria in six different dilu- 
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Fir. 1. -Sterility test unit 

cnts and found t h a t  O.l(h peptone solution was the 
only one that did iiot kill one or more of the test 
organisms. 

EXPERIMENTAL 

Equipment.--To accornrriodate thc large number 
of samples tested daily for quality control by filtra- 
tion tcchniques, new equipment had to be desi#ned. 
The filtering apparatus used in developing the tech- 
nique has bcen assembled by a nianufacturing firm 
into a compact “sterility tcst unit” (as shown in Fig. 
1) consisting of six separate filtering devices 011 a 
manifold. This unit was designed expressly for 
sterility testing of antibiotics arid was produced to 
meet the specific requiremcnts dcscribcd in the Anti- 
biotic Regulations. 

The completely assembled unit is stcam sterilized 
a t  121’ for 20 miu., with stopcocks open and mem- 
branes in position in the funnels. It is brought into 
the filtering area where, after all stopcocks have been 
closed, the metal intake tube of the manifold is 
aseptically attached to an overhead bottle of sterile 
O.lyo peptonc solution. The mctal exhaust tube 
of the manifold is attached by means of a connecting 
hose to an empty bottle. The latter, in turn, is 
connected to a vacuum outlet. All exhaust valves 
are turned to an “off’ position. The vacuurn is 
then turned on, and the unit is ready for usc. 

Tests on Diluting Fluids.-The survival of organ- 
isms in antibiotics dissolved in O.lyo peptone soln- 
tion, distilled water, and 0.85% sodium chloride 
solution was compared. No attempt was made to 
adjust the pH of the distilled water or saline. How- 
cvcr, the pH ranged betwccn 6.5 and 6.9 before the 
addition of the antibiotic, and the pH of the 0.1% 
peptone solution was 7.0 + 1. Bacteriological pep- 
tone (Difco B 118) was used. Thc seed organisms 
were added to two flasks each containing 200 nil. 
of the given dilucnt in which the antibiotic powder 
was dissolved. Onc flask of each diluent was filtered 
immcdiately and the second flask was filtered after 
1 hr. After the solutions containing the organisms 
were filtered through a 47-mm. diameter membrane 
having a porosity of 0.45 ~.r, the membranes were 
washed three times with 100 ml. of the individual 
diluent. Each membrane was then aseptically 
moved to the surfnce of sterile nirtricnt agar in sterile 
Petri dishes (20 X 100 mm.). The plates were 
covered with sterile porcelain tops, glazcd on the 
outside, and incubated a t  38’ for 5 days. The 
colonics were counted and the survival was noted 
for each contact period, initially and after 1 hr. 
Thc amount of each antibiotic used was the amount 
required for the sterility tcst of that  particular 
antibiotic in the Antibiotic Kegulations. For ex- 
ample, 300 mg. of sodium penicillin G from 20 
imniediatc containrrs is thc amount pooled for a 
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TARLE 1 -\'IABILITY OF ORGANISMS RECOVERED FROM ANTIBIOTIC SOLUTIONS FILTERED IMMEDIATELY~ 
AND AFTER 1 hr. AT 25°C. _ _ _ _ _ ~ _  - , - - _ _ -  

Recovery After 5 Days at 32OC. 

01-ganism 
.s. ll.Ul,P2l.Y 

A l C C  6538P 
Sevrntin marce.s(-ens 

ATCC 14356 
Streptococcus pgogenecc 

ATCC 8668 
Bacillus subtilis 

(spores)b 
Aspergillus sp. 

(spores) 
S. nureus 

ATCC 6538P 
Escherichia coli 

ATCC 11699 

Antibiotic 
Tetracycline 

hydrochloride 
Tetracycline 

hydrochloridc 
'Ye tracycline 

hydrochloride 
Dihydrostrepto- 

mycin sulfate 
Polymyxin B' 

sulfate 
Sodium penicil- 

lin G 
Sodium penicil- 

lin G 

Amt., 
Gm. 

1.0  

1 . 0  

1 . 0  

6 .0  

6 .0  

6 .0 

6 .0  

Estimated 
No. Cells 

40 

20 

50 

55 

42 

30 

64 

Peptone. 

Ini. 1 hr. 
0.1% 

36 28 

18 16 

34 22 

50 48 

38 37 

20 28 

50 44 

Saline. 
0.85% 

Ini. 1 hr. 
28 2 

16 10 

2 0  

42 50 

40 38 

18 0 

44 0 

Distilled 
Water 

Ini. 1 hr. 
34 0 

18 14 

6 0  

52 48 

35 42 

12 4 

52 0 

Medium 
Peptone-casein 

agar 
Peptone-casein 

agar 
Pep tone-casein 

agar 
Pep tone-casein 

agar 
Sabouraud dex- 

trose agar . 
Pep tonc-casein 

agar 
Bacto E.M.B. agar 

~~ 

As snnn as the organisms were added. ATCC 8833 strain made resistant to dihydrostreptomycin. 

test. Therefore, 6-Gm. portions were dissolved in 
each of two flasks containing 200 ml. of each of the 
three diluents. As shown in Tablc I, the survival 
of spores of either bacteria or fungi was not affected 
either by the nature of the diluent or by the time 
of exposure to the antibiotic solution. However, the 
vegetative cells addcd to the antibiotic solutions and 
immediately filtered survived to approximately the 
same extent in each dilucnt. When the filtration 
wds delayed for 60 min., the survival rate was higher 
in 0.1% peptonc solution. 

Sodium Thioglyco1late.-The fluids for solubiliz- 
ing insoluble antibiotics should be nontoxic to micro- 
organisms. Although no stcrilc zinc bacitracin prod- 
ucts are in use, a11 aerosol spray can containing zinc 
bacitraciri for topical use is tested. The Antibiotic 
Regulations require this product to contain no more 
than 10 microorganisms pcr container. To preparc 
i t  for the test it must be filtered through a membrane 
filtcr in thc same way as samples tested for absolute 
sterility. Early attcmpts to solubilizc zinc baci- 
tracin (for sterility testing) were unsuccessful. For 
potency assay zinc bacitracin is dissolvcd in 0.1 N 
hydrochloric acid, but for sterility testing the acidic 
solution cannot he used. It was noted that zinc 
bacitracin is soluble in thioglycollate medium but 
not in Sabouraud medium. Investigation disclosed 
that the chelatiiig properties of sodium thioglycol- 
late. were responsiblc for the solubilization. Conse- 
quently, 0.05% sodium thioglycollate is added to the 
0.1 yu peptone solution to solubilize zinc bacitracin 
prior to filtration. Since the required concmtra- 
tion of sodium thioglycollate is the same as that in 
thioglycollatc medium, therc is no problem of toxic- 
ity tn microorganisms when it is used as a compo- 
nent of the diluting fluid. 

Po1ysorbate.-To ovcrcome filtration difficulties 
with a tetracycline aerosol contaiuing isopropyl 
myristate, 0.5% polysorbate 80 is added to the 0.1% 
peptonc water. (Aerosols to be tested for sterility 
by  using filtration procedures are sprayed into an 
empty sterile flask, and after the propellant evapo- 
rates, the residuc is dissolved.) 

Penicil1inase.-To solubilize procaine penicillin G 
alone or in combination with streptomycin, the 
enzyme penicillinasc is ascptically added to the pcp- 

tone diluting fluid. Bowman (8) reported that 
procaine penicillin G could be solubilized rapidly by 
using a high-titer pcnicillinase. I t  has been found 
that approximately 337,000 Levy units of penicil- 
linase will solubilizc 6 Gm. of procaine penicillin G 
for the membrane filtration sterility test. 

Isopropyl Myristate.-The use of isopropyl 
myristate as a diluent for petrolatum-based oint- 
ments was f i s t  suggested by Sokolski (9), who im- 
proved the recovery of viable cells from ointments by 
a filtration technique. Isopropyl myristate dis- 
solves certain sterile petrolatum-based antibiotic 
ointments so that these preparations can also be 
tested by membrane filtration. The Antibiotic 
Regulations have been amended (10) to include a 
sterility test for sterile ophthalmic ointments con- 
taining bacitracin, neomycin, and polymyxin. 
Portions of 0.1 Gm. from each of 10 immediate 
ointment containers are aseptically transfcrrcd to 
100 ml. of isopropyl myristate a t  47'. The process 
is then repeated with another 10 ointment contain- 
ers. After the ointment has dissolved, thc solutions 
arc filtered as described for the membrane filtration 
sterility test. Since it is difficult to wash residual 
antibiotics, especially neomycin, from membranes 
through which oleaginous preparations have been 
filtered, a rinse medium has been devised to help 
overcome this problem. The rinse medium contains 
bacteriological peptone and beef extract to protect 
the vegetative cells during the rinsing pcriod. 
(Each filtcr is rinsed five timcs with 100 ml. of the 
rinse medium.) Polysorbate 80 is included in the 
rinse medium to decrease thc filtration time, and 
sodium chloride 3% (w/v) is added to reverse the 
action of the neomycin which adheres to the mem- 
brane. 

RESULTS AND CONCLUSIONS 

As previously mentioned, the Antibiotic Regula- 
tions contain instructions for performing sterility 
tests by both membrane filtration and the direct 
method. Some antibiotics, sodium penicillin G 
for example, may be tested by either method. How- 
ever, if the direct method is used, the ability of the 
penicillinase to inactivate all the penicillin in the 
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sample under test is checked by adding the proper 
amount of penicillin to another tube of thioglycollate 
medium containing the penicillinase and inoculating 
it with I ml. of a 1:lOOO dilution of an 18-24 hr. 
culture of Staphylococcus aureus ATCC 6538P. 
Typical microbial growth must bc observable after 
24 hr. 

The regulations also include any exceptions re- 
quircd for testing specific antibiotics. When 200 
ml. of a 3% solution of an antibiotic cannot be 
filtered, as in the case of tetracyclines or chloram- 
phenicol, 50-mg. portions are uscd from each of 20 
containcrs instead of the 300 mg. required by the 
general method. 

Investigational studies and experience have shown 
that the filtration procedurc offers better assurance 
of the sterility of antibiotics. Bowman and 
Holdowsky (ll),  in a study of the survival of bac- 
teria in dihydrostrcptomycirl sulfate solutions, 
showed the superiority of the membrane filter 
method over the direct method in recovering organ- 
isms sensitive to dihydrostreptomycin. Dihydro- 
streptomycin solutions were artificially contaminated 
with 50,000 spores/ml. of six different bacteria whose 
vegetative cells wcrc sensitive to dihydrostrepto- 
mycin. When membrane filtration was uscd, organ- 
isms were consistently recovered a t  intervals up to 
3 months (the duration of the testing period). The 
same solutions gave negative results when tested 
by the direct method. 

Lightbown (12) reported 011 dihydrostreptomycin 
solution contaminated with up to  4000 viable parti- 
clcs per vial of a relatively resistant strain of 
Klebsiella pizeumoniae or a sensitive strain of S. 
aureus and examined by the “British Pharmaco- 
poeia” dilution method and by membrane filtration. 
With the resistant strain of K.  pneumonbe, 34 
samples out of 87 were found to  be contaminated 
by the filtration test, while the dilution tcst detected 
no contamination; with S. aureus 54 samples out 
of 93 werc found contaminated whcn tested by 
filtration, while the dilution test detected no con- 
tamination. He also reported that 7-year-old 
batches of dihydrostreptomycin sulfate tested by 
filtration procedures revealed the presence of COII- 
tarninating organisms which had survived in the 
dry powder. The contamination had not been 
revealed by earlier dilution tests. 

Twenty vials, each containing 10 ml. of a sus- 
pension of procaine penicillin G in dihydrostrepto- 
mycin sulfate solution, were tested in this laboratory 
and found contaminated by the filtration procedurc. 
An additional 40 vials were retested by both the 
filtration method and the direct method. The 
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membrane filtration method rccovercd the same 
Contaminant, a Gram-positive bacillus. The direct 
method showed no growth in 40 tubes of thioglycol- 
late or 40 tubes of Sabouraud medium after incuba- 
tion for 7 days a t  32” and 25”,  rcspcctivcly. 

In the first year after the uew sterility regulations 
became effective, a total of 8,190 sterility tests wcre 
performed. The meiribraue method was used for 
4,743 and the direct method for 3,447. The filtra- 
tion procedures were found to reduce the cost of 
sterility testing, the reduction being duc. primarily 
to significant savings of media and of manhours 
involved in the preparation of media. When a 
preparation was submitted for certification with 25 
“filling operations” from one batch, the bettcr 
coverage and the economy of the filtration method 
were apparent. Under the former regulatious, 10 
of these single-dosc containers would have been 
tested, whereas under the new regulations, 1,000 
were tested. Had this bcen a multiple dose COIF 

taincr, only 500 would have been required, since 
each containcr could be used to furnish a test dnse 
for both a thioglycollatr and a Sabouraud tube. 
In any event, the direct method would have re- 
quired 1,000 tubes of rriedia, while thc filtration 
method required only 50. 

The membrane filtration sterility tcst has been 
officially accepted by the United Kingdom arid the 
United States for antibiotic sterility testing. The 
“British Pharmacopoeia,” 1963, requires filtration 
tests for testing the sterility of parented prepara- 
tions of bacitracin, oxytetracycline, tetracycline, 
polymyxin, streptomycin, vancornycin, viomycin, 
and methicillin. For sterility tests of all antibiotics, 
U.S.P. XVII and N. F. XI1 refer to the Antibiotic 
Regulations of the Food and Drug Administration. 
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Mechanisms of Antithyroidal Activity of Methimazole 
By ROBERT E. BROCK and W. F. HEAD, JR. 

Methimazole produces a significant inhibition of iodide ion absorption by the intact 
thyroid which may account for the major portion of its antithyroidal action. The 
principal intrathyroidal effect of methimazole is shown to be due to its reactivity 
with elemental iodine. It neither inhibits nor serves as a competitive substrate for 
the hydrogen peroxide-peroxidase enzyme system. Thyroxine is displaced from its 
serum binding sites by methimazole; however, this mechanism is not considered to 

be clinically important. 

H m u R E . i  compounds, such as methimazole, 
Tare thought to  exert their antithyroidal effect 
by competing with tyrosine for elemental iodine 
or by inhibiting the oxidative enzyme system 
which converts iodide ion to iodine. In  either 
case, the formation of diiodotyrosine is prevented 
and the biosynthetic pathway to  the formation 
of thyroxine is blocked. 

In competing with tyrosine for iodine, the 
thiourea derivative is thought to  enolize to form 
a sulfhydryl g o u p  which is easily oxidized by 
iodine to  form a disulfide. Iodine is reduced to  
iodide ion which is incapable of iodinating tpro- 
sine. Since this reaction proceeds at a rate 
several hundred times faster than the iodination 
of tyrosyl groups, competition should be qnitc 
favorable for diversion of iodine from organic 
binding (I, 2). 

It has been concluded by Astwood (3) that 
inhibition of a peroxide-peroxidase enzyme sys- 
tem in the thyroid is the most likely mechanism 
of antithyroidal activity of the thiourea com- 
pounds. Alexander (4, 5)  recently demonstrated 
the existence, in thryoid homogenates, of such 
an enzyme system which can perform the iodide 
oxidation. Randall (6) has shown that  sulfhy- 
dry1 compounds are capable of reacting with 
hydrogen peroxide and that  the rates of reaction 
are accelerated in the presence of peroxidase. 
It was concluded that  sulfhydryl compounds 
do not inhibit peroxidase, but  rather serve as 
substrates, competing successfully with other 
substrates. It was not demonstrated that sulf- 
hydryl groups could successfully compete with 
iodide ion for the peroxide-peroxidase system. 

Others have studied the inhibition of secretion 
or activity of hormonal TSH (7, 8) and the 
inhibition of the utilization of thyroid hormones 
at the tissue level (I), 10). The controversial 
studies of the mechanisms of action ol thiourea 
antithyroid compounds have been reviewed by __ .~ 
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Pitt-Rivers (ll), Astwood (1). and Trotter 

The purpose of this study was to  determine 
the extent of contribution to antithyroidal 
activity by various possible mechanisms of action 
of methimazole, a typical thiourea derivative. 
The modes of action investigated included both 
extrathyroidal and intrathyroidal mechanisms. 

(12). 

EXPERIMENTAL 

Reaction of Iodine with Methimazole and Tyro- 
sine.-'rhe course of reaction between iodine and a 
niiiture of methimazole and tyrosine was deter- 
mined spcctrophotometrically. Iodinc was allowed 
to react with methimazole, tyrosine, and a mixture 
of thc two All reactions were performed a t  rooin 
temperature and completion noted by the discharge 
of the yellow iodine color. Each of the reactants 
was prepared in 0 001 A4 concentration in phosphate 
buffer, pH 7.4. 

A5 shown in Table I, the molar ratio of meth- 
imazole-tyrosine-iodine used was 4: 1 : 2 which pro- 
vides a stoichiometric quantity of iodine to the 
reactions. In the presence of a mixture of meth- 
imazole and tyrosine, iodine was added last to pro- 
vide a competitivc cffect and was present in suf- 
ficient quantity to react completely with only one 
component. 

After reaction, all samples were diluted to 500 id .  

with phosphate buffer and their ultraviolct absorp- 
tion spectra determincd from 275 to  215 m p  using a 
Beckman model DK-2A recording spectrophotorn- 
eter. 

The spectrum of the reaction product of iodine 
with a mixture of methimazolc and tyrosine (spec 
trum 3)  compares very closely with the spectrum of 
the reaction product of iodine with methimazole to 
which tyrosine was added after reaction (spectrum 
5 ) .  If iodine had reacted with tyrosinc to the ex- 

The results are shown in Fig. 1. 

TABLE I.-REACTION COMPONENTS 
- 

0.001 M 

imazole, Tyrosine, Iodine, Buffer, 
Meth- 0.001 M 0.001 M 

Sample ml. ml. ml. ml. 
1 0 2.5 5 10 
2 10 0 5 2.5 
3 10 2.5 5 0 
4 10' 2.5 5 0 
5 10 2.5b 5 0 

a Added after reaction of tyrosine with iodine was com- 
b added after reaction of methimazolc with iodine plete. 

was complete. 
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main chamber of the flask contained 1 ml. of either 
0.06 M potassium iodide, 0.06 M metliimazole, or 
both potassium iodide and methimazole in 0.06 M 
concentrations. To the flask were added 0.6 nil. of 
peroxidase (1 unit/rnl.) and 0.4 ml. phosphate 
buffer, pH 7.4. After temperature equilibration for 
10 min., 0.5 ml. of 0.06 M hydrogen peroxidc was 
added from o w  sidearm and the reaction allowed to 
continue for the desired period of time. Catalase, 
0.075 nig. contained in 0.5 nil., was added from the 
second sidearm to stop the reaction by decomposing 
the remaining hydrogen peroxide. Oxygen evolu- 
tion, directly proportional to the hydrogen peroxide 
remaining in the flask, was read directly from the 
manometer after 2 min. All solutions were pre- 
pared using phosphate buffer, pH 7.1. Pressures 
(1nn1. oxygen) reported are averages of a minimum 
of four determinations corrcctcd to a single manom- 
eter tube and corrected for barometric pressure 
changes. Reaction rates reported were all cal- 
culated using a first-order expression since the data 
obtained corresponded closely to this order. 

I n  the reaction of iodide ion with hydrogen per- 
oxide-pcroxidase, a steady evolution of oxygen was 
noted before the addition of catalase. This was 
due to the catalytic decomposition of hydrogen per- 
oxide by iodide ion as described by several inves- 
tigators (13-15). This effect began after a brief 
induction period and continued until the hydrogen 
perosidc was decomposed by the additiori of 
catalase. During the induction period, iodide ion is 
oxidized to a steady-state concentration of iodine. 
When this concentration is reached, hydrogen per- 
oxide decomposition begins with no further iodine 
generation. In measuring oxygen pressures a t  
given time intervals, it  was first necessary to dctcr- 
mine the catalytic oxygen pressure. The catalase 
solution was then added and the total oxygen pres- 
sure recorded after 2 min. 

The difference between the catalytic oxygen 
pressure at various time intervals and the original 
peroxide oxygen pressure which was shown to be 
constant over the timc involved is a rrieasure of the 
totdl theoretical oxygen remainiiig if no other reac- 
tions are occurring. From the resulting data, as 
shown in Fig. 2, the rate of the catalytic decom- 
position of hydrogen peroxide can be calculated. 
This rate, k = -0.112, is in good agreement with 
the literature value (13). 

-500 7 
.400 

W u z .300 
a 
m 
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2 .200 
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Fig. 1 .--Ultraviolet spectra of methimazole and 
tyrosine reaction products with iodine. Kcy: I ,  
tyrosine-iodine; 2.  methirnazole-iodine; 3, tyrosine 
and rnethimazole-iodine; 4 ,  tyrosine-iodine with 
added methirnazole; 5,  niethimazole-iodine with 
added tyrosine. 

1 
0 1 2 3 4 5 6 7 8 9 1 0  

TIME, rnin. 

oxide by iodide ion. 
Fig. 2.-Catalytic decomposition of hydrogen per- 

clusion of methimazole, an absorption spectrum 
similar to spectrum 4 would have resulted. A mix- 
ture of reaction products would have resulted in an 
absorption spectrum of interrnediate character. I t  
is apparent that iodine in the presence of a mixture 
of methimazole and tyrosine reacts almost cx- 
clusively with methimazole. 

To further verify that tyrosine failed to react 
with iodine in the presence of meth:mazolc, the 
conipetitive reaction, containing twice the quan- 
tity of tyrosine, was repeated. Ultraviolet spectra 
indicated that rnethimazole had completely utilized 
the available iodine. Chromatography of this 
sample on Whatman No. 1 paper in a descending 
n-butanol-acetic acid (9 : 1)-water system failed to 
separate mono- or diiodotyrosime using 0.2% nin- 
hydrin as detector. It was established that this 
system was capable of separating and detecting as 
little as 0.5yo of the theoretical quantity of diiodo- 
tyrosine which could have been formed. 

Interaction of Iodide Ion and Methimazole with 
Hydrogen Peroxide-Peroxidase Enzyme System.- 
The oxidation of iodide ion, methimazole, and a mix- 
ture of the two with hydrogen peroxide in the pres- 
ence of peroxidase was studied using the manometric 
technique of Randall (6).  All reactions were per- 
formed iri the Warburg apparatus a t  37.5'. The 

1 2u 0 1 2  3 4 5 6 7 8 9 10 

TIME, rnin. 

Fig. 3.-Oxidatiori ol iodide ion and catalytic dc- 
cornpositiori of hydrogen peroxide. 
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The samc ratio of reactants (methirnazole-iodide 
ion-peroxide = 2 : 2 : 1) a t  6 times the previous con- 
centration also failcd to display the catalytic per- 
oxide decomposition effect. The same result was 
obtained at  ratios of 2: 2 : 2 and 2 : 2 : 3. At ratios of 
2: 2 : 4, 2 : 2 : 5,  and 2 : 2 : 6, catalytic oxygen evolu- 
tion began after a 6 to 8-min. induction period. 

Further verification of iodine generation in a 
mixcd iodide-methimazole system was obtained 
spectrophotometrically. During the manomctric 
studies, a transient pale yellow color was noted in 
the first few minutes of reaction. Thc iodidc ion 
reaction and the iodide-methirnazole reaction with 
hydrogen peroxide-peroxidase were repeated as 
described and the absorbance at  400 mp measured 
using a Bausch & Lomb Spectronic 20 spectro- 
photometer. As shown in Fig. 5 ,  in the absence of 
methimazole, a steady-state concentration of iodinc 
is reached within 2 to 3 rnin. and remains through- 
out the period of observation. In the prcsencc of 
tnethimazole, iodine is produced; however, it never 
reaches a steady-statc concentration. It gradually 
decreases in concentration probably by reaction with 
rnethimazole. 

Inhibition of Thyroidal Absorption of Iodide Ion.- 
Methimazole has been observed to inhibit iodide ion 
accumulation in euthyroidal humans in doses 01 0.6 
mg. (16). Williams and Coker (17) have demon- 
strated that iodide ion absorption by surviving 
thyroid slices is completely inhibited upon incuba- 
tion for 2 hr. in a solution containing 5 mcg. of 
methimazole. The following study was performed 
to quantitate this effect in the intact thyroid. 

Sixteen male, white, Sprague-Dawley rats of thc 
same ages, weighing from 220 to  337 Gni. (average 
292 Gm.) were used for tests and controls. Eleven 
received 0.4 mg./Kg. of methimazole intraperi- 
toneally 12 hr. and again 3 hr. prior to the adminis- 
tration of approximately 7.4 pc. of sodium radio- 
iodide.' Five rats used as controls received only 
sodium radioiodide. Exactly 2 hr. after the 
administration of sodium radioiodide, the animals 
were exsanguinated under ether anesthesia. The 
thyroid glands were immediately removed, trans- 
ferred to  planchets, and counted for 5 min. using a 
Tracerlab Versamatic I1 scaler with a Tracerlab 
scintillation detector, P-ZO-D, and a 1 X 1.5 in. 
NaI ( T l )  crystal. All counts were corrected for 
background. The results, shown in Table 11, indi- 
cate an inhibition of thyroidal iodide ion absorption 
by methimazole of 80.9%. 

Displacement of Thyroxine from Serum Binding 
Sites.-Diplienylhydantoin has been shown to 
lower the serum-bound iodine in both epileptic and 
normal snbjccts (18). To determine if methimazole 
exhibits the same property, a dialysis procedure was 
employed. Test materials were sodium diphenylhy- 
dantoin, mcthimazole, and histamine phosphate. 
Histamine was used because of its similarity in sizc 
and ring structure to methimazole. All were used 
in equimolar concentrations. 

Four 5-ml. portions of fresh dog serum were 
placed in each of four preboiled 6-in. lengths of 
cellophane dialysis tubing which were tied at one 
end. To each was added 1.25 pc. of thyroxine-1311 
contained in 0.2 ml. The serum control tube was 
diluted with 5 ml. of phosphate buffer, pH 7.4. To 
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Fig. 4.-Reaction of hydrogen pcroxidc -pcroxi- 
dasc with methirnazole and methitnazole--iodide ion. 
Key: - .  - .  , methimazolr and hydrogen per- 
oxidc--pcroxidasc; ~. x ~- x , methimazole, iodide 
ion, and hydrogcn peroxide-peroxidase. 
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Fig. 5.-Iodine generation by hydrogen peroxidc- 
peroxidasc. Kcy: - x- X , iodide ion and hydro- 
gen peroxide-peroxidase; -. - . , iodide ion, 
methimazolc, and hydrogen peroxide-pcroxidase, 

The difference between the catalytic oxygen pres- 
sure and the total measured oxygcn pressure after 
addition of catalasc is equivalent to the actual per- 
oxide oxygen remaining. These data (Fig. 3) show 
the initial oxidation of iodide ion to iodine during 
the induction period ( k  = -0.210) and the catalytic 
decomposition effect (K = -0.112). Beyond the 
induction period, only catalytic decomposition is 
occurring as evidenced from the rate constant. 

Methimazole and iodide-Inethimazole substrates 
did not produce a catalytic peroxide decomposition. 
The rates of these reactions could be followed by 
direct measurcment of residual oxygen pressure a t  a 
given time as shown in Fig. 4. Methimazole reacts 
with the hydrogen peroxide-peroxidase system at  a 
slower rate ( k  = -0.139) than a mixed iodide- 
Inethimazole substrate. The rate constant of the 
latter reaction is the sane as that calculated for the 
oxidation of iodide ion to a steady-state conccntra- 
tion of iodine. Since no catalytic decomposition 
was observed and the reaction rate was uniform 
over the time period measured, i t  would seem likely 
that the primary reaction is the oxidation of iodide 
ion in an attempt to  gain a steady-statc concentra- 
tion of iodine which, in the presence of methimazole, 
cannot be attained. ' Oriodide. Abbott Laboratories, Radiopharmaceuticals 

Division, Oak Ridge, Tenn. 
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TABLE 11 -THYROIDAL IODIDE I O N  ABSORPTION BY CONTROL AND MElHIMAZol.a-'~REATh,o RATS 

Rats IxlI, c p m Adrnrnisterid Mean f Q 'ZII, c p m Absorption 7" f c '2'1 Absoiptron 
_ _  - --.__ ~ _ _ _ ~ _  

Controls 1 68 X lob 57,104+12,941 3 4 f 0  77 
Methirnazole-treated 1 68 X lo6 10,941+3,270 0 6 5 r t O  02 

TABLE III.-DISPLACEMENT OF THYROXINE FROM 
DOG SERUM BINDING SITES 

Dialysis I- Serum Sample - -- 7 

Time, Meth- Diphenyl- 
hr. Control imazole hydantoin Histamine 

1 2 .0% 2.2% 2 .6% 2.0% 
4 2 . 8  3.7 4.0 2 . 1  
8 5 . 1  29 .0  33 .7  4 .0  

12 10.2 75 .0  83.2 5 .1  

the remaining three tubes were added 25 mcg. of 
methimazole, 60 mcg. of sodium diphenylhydantoin, 
and the equivalent of 24.3 mcg. of histamine, respec- 
tively, each in 5-nil. volume. This quantity of 
methimazole approximates physiological conccn- 
trations. The tubes were tied and each placed in 
separ:iir capped jars containing 20 ml. of phosphate 
buffcr, pH 7.4. The jars were agitated in a Dubnoff 
iiicubator a t  37.5'. One hundred-microliter samples 
of the buffer were removed at 1, 4 ,  8, and 12-hr. 
intervals, placed in planchets, and counted using a 
scintillation detector. 

Only if thyroxine is displaced from its protein 
binding sites will it dialyze into thc phosphate buffer 
medium. The per cent displacement can be cal- 
culated from the count rate in the external buffer 
a t  a givcn interval and the known activity added to 
the serum. The results in Table 111 indicate that 
thyroxine is displaced by methimazole and so- 
dium diphenylhydantoin. Histamine did not show 
this effect, perhaps indicating that a urea or thio- 
urea moiety is required. 

DISCUSSION 

Xlethimazole has been shown to compete with 
tyrosine for elemental iodine so effcctively that 
detectable levels of iodinated tyrosine derivativcs 
are not formed. It neither inhibits nor serves as a 
preferential substrate for the hydrogen peroxide- 
peroxidase enzyme system. Iodide ion in the 

presence of mcthimazolc and the enzyme systeni is 
converted to elemental iodine which apparcntly 
reacts with methimazole as it is formed. These 
data indicate that the avidity of methimazole for 
elemental iodine is the prime basis for its intra- 
thyroidal activity. 

It was found that a reduction in the uptake of 
iodide ion on the order of 80% by the intact thyroid 
followed the administration of rnethimazole. Sincc 
iodide ion absorption is thc first step leading t o  the 
biosynthesis of thyroxine, this mechanism of action 
must be considered very significant and probably 
more important than the intrathyroidal effects. 

In physiological concentrations, methirnazole and 
sodium diphenylhydantoin wcrc shown to displace 
thyroxine froni its seruni binding- sites. Although 
sodium diphenylhydantoin causes a reduction in 
serurn-protein bound iodine, it does not producc a 
clinical hypothyroidism. Therefore, it would ap- 
pear unlikely that rnethirnazolc exerts a significant 
portion of its antithyroidal effect a t  this level of 
thyroid function. 
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Kinetics of Nitrous Acid Induced 
Reserpine Fluorescence 

By R. P. HAYCOCK, P. B. SHETH*, T. HIGUCHIt, W. J. MADER, 
and G. J. PAPARIELLO 

The kinetics of the reaction of reserpine with nitrous acid has been studied. The 
results show a two-step process with nitrous acid reacting with protonated reserpine 
to form an intermediate complex which under the influence of hydrogen ions forms 
a colored fluorescent product, identified as 3-dehydroreserpine. A rate expression 

was derived and reaction rates computed. 

ANY CHEMICAL reactions used for the pro- 
duction of chromogenic or fluorogenic 

products in  organic analysis are never studied 
beyond the point of practical utilization. Yet, 
further knowledge of their chemistry is desirable 
t o  extend their use. 

The reaction of reserpine with nitrous acid to  
produce a fluorogcnic-colored product has a long 
history of effective analytical service. It was 
first reported on by  Szalkowski and Mader (I), 
who utilized its chromogenic characteristics for 
the determination of reserpine in pharmaceutical 
preparations. The procedure was later modified 
by Banes et al. ( 2 4 )  and subsequently approved 
as the  official method (5) for pharmaceutical prep- 
arations. Since fluorornetric techniques are ex- 
tremely sensitive, a procedure which considered 
this property of the reaction was adopted by  the 
Association of Official Agricultural Chemists 
for the microdetermination of reserpine in feeds 
(6-8). Although there is a wealth of published 
data  on its analytical applications, there seem to 
have been no earlier attempts to ascertain the 
mechanism and kinetics of the reaction. In the 
present investigation, the fluorescent method has 
been used to  study the kinetics involyed in treat- 
ing reserpine with nitrous acid 

EXPERIMENTAL 

All fluorescent measurements were made on an 
Aminco-Bowman spectrophotofluorometer. As pre- 
viously reported (6), the excitation maximum 
for the nitrous acid induced reserpine fluorescence 
is 390 mp and the fluorescent maximum is 510 mp. 

In studying the effect of nitrous acid on the 
reaction rate, the initial concentrations of reserpine 
and of hydrochloric acid in the reaction flask were 
kept constant a t  3.16 X lo' moles L.-l and 0.24 
mole L. - l ,  respectively. However, the concen- 
tration of the nitrous acid was varied from 1.74 X 
10-3 t o  5.80 X 10P moles L.-'. All reactions were 
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run and all measurements were taken a t  room 
temperature. 

Pipet 15 ml. of a 60% chloroform40% methanol 
solution containing 4.8 mcg. of reserpine into a 251111. 
volumetric flask. Add several milliliters of meth- 
anol. Mix well. Add 0.5 ml. of hydrochloric acid 
and the desired number of milliliters of sodium 
nitrite solution (0.1% in 50% methanol-50% 
water). Dilute to  mark with methanol and shake 
well. Measure the fluorescent development as a 
function of time. 

In studying the effect of hydrochloric acid on the 
reaction rate the initial concentration of reserpine 
and nitrous acid in the reaction flask were kept 
constant at 3.16 X lW7 moles L.-I and 2.9 X 
moles L.-I, respectively. However, the concentra- 
tion of the hydrochloric acid was varied from 4.8 X 
10-2 t o  4.8 X 10-1 moles L.-l. The procedure as 
described above was followed with the exception 
that the milliliters of hydrochloric acid added were 
varied while the milliliters of sodium nitrite solution 
added were kept constant. 

The procedure was as follows. 

RESULTS AND DISCUSSION 

Postulated Reaction.-It is suggested that the 
reaction which takes place when one induces 
fluorescence in reserpine by use of nitrous acid is 
a two-step reaction which can be expressed as 
follows: 

protonated + HONO $ 
reserpine 

--l 
k i '  

[protonated : HoNo]  I__, 

k2 reserpine 

3-dehydroreserpine 
(fluorescent product) 

That only the protonated reserpine species is 
involved in the reaction is quite obvious when one 
considers that the pKa of reserpine is 6.6 (9) and 
the reaction flask pH never evcceds 1 5. 

3-Dehydroreserpine is considered to  be thc 
fluorescent product and the following evidence has 
been gathered to  support this contention ( A )  The 
wavelengths for excitation and fluorescence, oiz , 
390 m p  and 510 mp, are common to the nitrous 
acid induced reserpine fluorogen and the natural 
fluorogen of 3-dehydroreserpine. (B) The fluor- 
escent yields a t  the above conditions are almost 
exactly the same for 3-dehydroreserpinc and the 
reaction fluorophor. (C) On different paper chro- 
matographic systems, k., ( a )  mobile phase, 10% 
pyridine-90yo chloroform, immobile phase, 1 % 
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benzoic acid in formamide; ( b )  mobile phase, 
chloroform saturated with formamidc, immobile 
phase, 1% benzoic acid in fortnamide, the Rf  
value for the product of the reaction mixture wa5 
the same as that for 3-dehydroreserpine. 

Nitrous Acid Effects.-Figure 1 is a logarithmic 
plot of the concentration of unreacted reserpine, 
expressed as the final fluorescence (F,) minus the 
fluorescence a t  any time, t ,  ( F L )  versus time. This 
plot demonstrates that a t  all nitrous acid concentra- 
tions a linear relationship is obtained Thus, this 
reaction is an apparent first-order reactioti with 
respect t o  reserpine concentration, i F , 

827 
~ 

1 
::"pL\h< 1.. 

-1. 

--1, 1 
i5r + s - k - J 4  A ?  A, 3 i B  4 ' 0  ; +  3 ; )  A'  

2 sot 

-' I 
N l i R r U P  LC 0 C O N C E N  P d l  O Y  I b L L  L t Y  i 

Flg 3 -suppression of fluorescent yield as a 
function of nitrous acid concentration 

It should be noted that one can use an expression 
such as F, - Ft ,  because the final fluorescent in- 
tensity has been determined to  be a certain value 
which is indepcndent of nitrous acid concentration 
over a wide concentration range. Figure 2 dem- 
onstrates the relationship between the rate of 

Fig. 1.---First-order plot for loss of reserpine in 
induced fluorescence reaction at various nitrous acid 
concentrations. 

i t l D R 0 G L N  , O N  : " N C l l r R T I I O N  M C L E . L I l i 3  ' X I I I Z  

Fig. 4.-Rclationship bctwccn observed rate 
constant and hydrogen ion concentration. 

fluorescent formation and nitrous acid concentra- 
7- 

0- 

proach the same final value. 
However, if one extends this study to  nitrous 

acid concentrations greater than 2.90 X moles 
I,.-* it  is observed that there is a suppression of the 
fluorescence. The suppression of maximum fluo- 
rescence by the higher concentrations of nitrous acid 
is evident in Fig. 3. This straight line plot indicates 
that under the expcrimental conditions used in this 
study the limiting fluoresccnt yield is approximately 
90 in the absence of the quenching effect of the 

ao- 

I' 

9' 

P' 

the activating energy, or sotne of the fluorescent 
Bpparently the excess nitrous acid absorbs Some Of 

z 3 3 -  

T ME m HlNUTES 

Fig. Z.-R&tionship between rate of fluorophor 
forniatiori and nitrous acid conccntratiou. 
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rate constant versus the hydrogen-ion concentration 
a straight line which passes through the origin and 
whose slope is equal to keKl [HONO]/l + K1 
[HONO]. Such a linear relationship is obtained 
as shown in Fig. 4. It is possible to mathematically 
manipulate Eq. 6 to  give the following expression 

energy, or both, thus reducing the amount of 
fluorescent energy reaching the measuring unit. 

Rate Expression.-It was observed rather early 
in this work that both hydrogen ions and nitrous 
acid had an effect on the rate of fluorescent forma- 
tion. Thus, it  is obvious that the observed rate 
constant, Kobe , consists of a number of component 
parts which can be resolved experimcntally. If i t  
is assumed that the first step in the reaction, that 
is the formation of the intermediate complex, is 
quite rapid, the rate-determining step is the second 
step, and the over-all rate of reaction is equal to  
ke multiplied t y  the product of the concentration 
of the intermediate complex and the hydrogen-ion 
concentration, i.e., 

d(R) ~ k2[R:HONO] [H+] (Eq. 2) 

If [R,] equals the initial concentration of protonated 
reserpine present in the reaction mixture and 
[R: HONO] the concentration of the intermediate 
complex, then [Rt] - [R:HONO] is equal to  thc 
concentration of free protonated reserpine remaining. 
Thus 

dt 

[R:HONO] 
K1 = ( [Rt] - [R:HONO]) [HONO] (Eq‘ 3, 

or 

K1 [ R t l  FHoNO1 ( E ~ .  4) 
1 + Ki [HONO] [R:HONO] = 

By substituting Eq. 4 into Eq. 2 one obtains 

d(R) - ke [H+I Ki[Rtl [HONOI 
(Eq. 5 )  

If the right hand side of Eq. 5 is substituted into 
Eq. 1 the following expression for kobs. is obtained 

dt 1 +  Ki [HONO] 

If the assumptions made thus far have been correct, 
then o m  should obtain by plotting the observed 

The above expression states that, if the original 
contentions are correct, a plot of the reciprocal 
nitrous acid concentration versus the reciprocal ob- 
served rate constant should yield a straight line 
whose intercept is equal to l /kz  [H ‘1 and whose 
slope is equal t o  l /kzK~[H+]. Figure 5 is such a 
plot, and i t  is indeed linear. Using the above plot 
one is able t o  determine that the equilibrium con- 
stant Kl is equal t o  690 L. mole-‘ and kz is equal 
to  2.2 L. molee1 min.-l a t  a hydrogen-ion concen- 
tration of 0.24 mole L.-l and 25“. 

The data presented above support the proposed 
general mechanism. However, the authors are a t  
present unable to  delineate in any great devail the 
nature of the nitrous acid-reserpine addition 
product. It appareutly forms with great ease and 
is always in equilibrium with the unreacted alkaloid. 
Establishment of its chemical structure would be 
most interesting. 
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Technical Articles 

Zeta Potential in the DeveloDment of 
I 

Pharmaceutical Suspensions 

By ROBERT A. NASH and BRUCE E. HAEGER 

A discussion of a microelectrophoretic mobility apparatus (Zeta-Meter) is pre- 
sented in connection with some prerequisite studies with a model dispersed system. 
The limitations of the fundamental Helmholtz-Smoluchowski formula for calculating 
zeta potential as it applies to a study of real pharmaceutical systems is presented. A 
description of the apparatus, including a discussion of the advantages of the dark- 
field stereoscopic microscope, molybdenum-platinum electrode system, cylindrical, 
tube-type, plastic electrophoresis cell, and the automatic sample-transfer device is 
also presented. The usefulness of zeta potential in developing pharmaceutically 
stable, flocculated suspensions is illustrated with three different examples: (a)  an 
adrenocorticoid in which flocculation was directly achieved by varying the concen- 
tration of electrolyte added; ( b )  a system in which flocculation was initially induced 
in the absence of an electrolyte; (c) the developmenr of a diagnostic system for 

blood-cell agglutination testing based upon the principles of zeta potential. 

LTHOUGH the zeta potential (ZP) concept as i t  A relates to particles in suspension has been 
known to colloid chemists for more than 40 years 
(1-3), only reccntly, with the introduction of new 
techniques for measuring electrophoretic mo- 
bility (EM), have industrial and pharmaceutical 
applications of its principles been possible (4-6, 
15). Haines and Martin (7),  studying the elec- 
trokinetic behavior of insoluble drug particles in 
dispersion, were able to correlate the magnitude 
of ZP to the caking tendencies of pharmaceutical 
suspensions. Since then little has been reported 
in the pharmaceutical literature concerning ZP. 
Even though the debate over the physicochemical 
meaning of ZP continues in the general literature 
(8,9), the electrokinetic behavior of dispersed 
systems can still be investigated in terms of an 
observable quantity, the EM value. 

The processes involT-ed in the formation of 
pharmaceutical suspensions and the concept of 
ZP as i t  applies to a study of such systems have 
been reviewed recently (10). 

The ZP of a particle in suspension can be 
calculated approximately from EM with the aid 
of the simple Helmholtz-Smoluchowski Eq. 1. 
’Where ZP represents the zeta potential of the 
rjuspensoid in millivolts, 4 ?r 

ZP = 4 r  9 X l o 3 .  ’l_ . EM (Eq. 1) 
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is the Smoluchowski factor, the factor 9 X lo3 
converts electrostatic units to practical electrical 
units and microns to centimeters, 7 is the viscosity- 
of the suspending liquid in poise, E represents the 
dielectric constant of the suspending liquid, and 
EM represents the electrophoretic mobility of 
the suspensoid in p/sec./v./cm. 

For suspensions in water a t  25’ Eq. 1 is re- 
duced to 

ZP = 12.869 . EM (Eq. 2) 

Calculation oE so-called “true ZP values” in 
terms of the physical meaning of the system 
under study involves refinement of the 4% multi- 
plication factor ( ! I ) .  Its  magnitude, which is 
related to the thickness of the electrical double 
layer surrounding the particle, is dependent upon 
particle size and shape, the type and concentra- 
tion of electrolyte in the bulk liquid, the distor- 
tion of the electric field by the suspended particle 
(electrophoretic retardation effect), the surface 
conductance of the electrical double layer, and 
ZP itself. 

A series of multiplication factors for system\ 
containing a typical 1 : 1 electrolyte (potassium 
chloride), which takes into account the influence 
of some of these systematic variables, have been 
calculated and summarized in Table I An 
inspection of these values reveals that when the 
size of the electrical double layer is small with 
respect to  the particle, i e . ,  in suspensions with 
moderate to high concentrations of electrolyte, 
the Smoluchowski 4% factor can be employed with 
sufficient accuracy. 
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TABLE I.-FACTORS FOR A 1 : 1 ELECTROLYTE TO BE USED IN THE 
HELMHOLTZ-SMOLUCHOWSKI FORMULA I N  PLACE OF THE 4u FACTOR - 

a, Particle Radius = 1 p 
KCI 

Concn. 
’% w/v  

Specific 
Conductance, 
umhos./cm. ra“ 

~ 

0 
__ 

70 
1.0  x 100 1.775 x 104 1203. 4 . 0 0 ~  4. OOT 4 . 0 0 ~  4.0OT 
I .0  x 10-1 1.820 X lo3 380. 4 . 0 4 ~  4.0% 4.0% 4 . 1 2 ~  
1.0 x 1 0 - 2  1.905 x 1 0 2  120.3 4.16s 4.20T 4 . 2 4 ~  4.32r 
1.0  x lo-:’ 3.04 x 10‘ 38. 4.40T 4 . 4 8 ~  4 . 6 4 ~  4 . 8 8 ~  
1.  0 x 10 - 4  2.2 x 100 12. 4.8471. 5 . m s  5.36T 6 . 1 2 r  

a ,  Particle 
Kadius, u 0 25 50 70 

1 . 0  x 10-5 
1.0 x 10-3 
1.0 x 10-3 

1 .o 1.40~ 4.48s 4.64s 4.88s 
2.0 4.20~ 4.24s 4.39T 4 . 5 2 ~  
4.0 4.12~ 4 . 1 6 ~  4 . 1 6 ~  4.2% 

na represrots Lhe ratio between the radius uf lhe particle and the extension of the electrical double layer. 

DISCUSSION 

However, when the electrical double layer is 
extended, ie., in suspensions which contain little or 
no electrolyte, thcn thc factor approaches Henry’s 
GT value (1 1). It is also well to point out that the 
concentration of ions (charge density) in the elec- 
trical double layer bears an inverse relationship to 
the size of the double layer itself. 

The use of the Helmholtz-Smoluchowski formula 
is further complicated by the fact that the viscosity 
term in Bq. 1 exerts a more pronounced effect upon 
Z P  than does the dielectric constant. For example, 
in calculating the ZP  for particles dispersed in 50% 
syrup (sucrose in water) where the viscosity of the 
suspcnding vehiclc a t  25” is 0.125 poise and the di- 
electric constaut is 64.2, the EM of the particle 
would have to bc reduced by a factor of to give a 
ZP equivalent to that in water a t  the same tempera- 
ture. The rcason is that the viscosity of syrup is 
14 times greater than that of water, while the E of 
syrup is only of the value for watcr. With 
water systems thickened with a small amount of a 
hydrophilic colloid such as carboxymethylcellulose 
U.S.P. or methylcellulose U.S.P. (where the E is 
essentially equal to that of water) the viscosity effect 
mould be even greater. Therefore, it  would seem 
plausible that the 7 term in Eq. 1, which in essence 
represents the shear stress between tlie electrical 
double layer and thc bulk of tlie liquid, is only 
applicable to simple liquids. The use of non- 
Newtonian liquids and vehicles with viscosities 
greater than several centipoise units will scriously 
limit the usefulness of the basic Helmholtz-Smolu- 
chowski expression. 

EM is equal to thc particle velocity per unit field 
strength arid is expressed in ./sec./v./cm. Particle 
velvcity is determined microscopically by multiply- 
ing the divisions traveled per p per eyepiece division 
and dividing the result by the time traveled in 
seconds. If a circular tube-type electrophoresis 
cell is employed, then the circle of zero endo- 
osmotic flow is situated at a depth which is 14.7% 
of the tube diametcr. Since the over-all flow of 
the suspending liquid is zero a t  this point, the net 
motion is that of the particles themselves.’ EM can 
be calculated from either the effective length of the 
electrophoresis cell, I ,  in cm. 

1 The electrophoresis cell of the apparatus is so designed as 
to make this critical depth coincide with the counting line 
on the eyepiece of the stereoscopic microscope. 

Fig. 1.-The instrument for measuring electro- 
phoretic mobility of drug particles in suspension. 
Detailed instruction for its operation and calibra- 
tion are provided with the equipment. 

v . l  EM = - E 

or from the cross-sectional area of the cell, q, in CIII.~, 

where v equals particle velocity in p/sec., E is the 
applicd voltage in practical volts, L is the specific 
conductance of the cell, and I is the current flow 
through the cell in amperes. In the authors’ work 
both Eqs. 3 and 4 were used to calculate EM. 

APPARATUS 

A new device2 measures the microelectrophoretic 
mobility of particles in aqueous suspension. The 
term “Zeta-Meter” is a misnomer since the instru- 
ment neither measures nor determines directly the 
ZP or effective surface charge of dispersed particles. 
The equipment is shown in Fig. 1. 

The apparatus offers the following advantages. 
( a )  Availability of a ready-to-use complete re- 

search system for determining the EM values of 
colloids and small dispersed particles in essentially 
aqueous su~pension.~ 

( b )  Since the anode chamber of the Zeta-Meter 
electrophoresis cell is closed and the cathode cham- 
ber is open, when electric current passes through 

2 Zeta-Meter. Marketed by Zeta-Meter, Inc., New York, 
N. Y. 

J The authors are unable t o  comment about the capability 
of the instrument with respect to its use in connection with 
essentially nunaqueous systems because of their lack of 
familiarity with this particular field of study. 
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systems with a high concentration of electrolyte, 
apprcciablc amounts of oxygcn can be produced a t  
the anode, due to electrolysis. Such gas formatioil 
will interfere with the performance of the ccll by 
inducing liquid movement and false particle migra- 
tion. The use of a readily oxidizable molybdenum 
anodc, which forms a tight film of oxide on its sur- 
face, prevents gaseous imbalance from creating a 
condition of liquid flow in the cell. A platinum strip 
cathode, a t  which hydrogen is evolved, does not 
induce false migration as the gas passes freely into 
the atmosphere. However, a t  low clectrolyte con- 
ccntrations, electrolysis is not a problcm and a pair 
of platinum electrodes can bc uscd. The solid 
molybdenum-platinum electrodes, which are pro- 
vided with the uuit, arc more convenient than a solid- 
liquid, copper-saturatc copper sulfate coupling, with 
porous plaster of paris plugs which have been prc- 
viously employed to prevcnt gasification (12). 

(c )  The use of a stereoscopic microscope of suffi- 
cient magnification (120 to ISOX) with bounced- 
beam illumination permits indirect viewing of colloids 
below 1 p by reflected light emanating from the 
particle’s surface. The technique is commonly rc- 
ferred to as thc “dark-field effect.” Effective view 
of particles extends from 0.05 to 0.02 p. However, 
the lower limit of view depends upon particlc shape. 

( d )  The cylindrical, tube-type plastic electro- 
phoresis cell utilized offers several obvious advan- 
tages over the convcntional Briggs flat thin-glass 
ccll which for years has been considered a standard 
for EM measurerncnt (13). The over-all depth of a 
Briggs cell (0.6 to 1.0 mm.) limits its ability to 
handle particle flocs greater than 0.1 iiim. Such sus- 
pensions can be measured quite easily with the Zeta- 
Meter cell. In addition, thc rugged construction of 
the plastic cell is in sharp contrast to the fragility of 
thc glass Briggs cell. 

( e )  A new automatic sample-transfer device, also 
available with the basic unit, is shown in Fig. 2. 
This devicc rapidly clears the cell reintroducing 
fresh sample between measurcmcnts, and thereby 
eliminates the problcm of particle drift due to the 
convcctiou currents by maintaining a condition of 
isnthermality in the cell. The problem of particle 
drift arid thermal overturn i s  especially acute in 
flocculated or partially flocculated systems where 
EM is extremely slow and electrolytc concentration 
is high. In  a.ddition, the use of this auxiliary 
equipment permits an increasc in the number of 
EM mcasurernents that can bc made with the basic 
unit, thereby enabling the equipmcnt to be used as 
an EM or ZP  titrimeter for particle adsorption and 
desorption study. 

(f)  In addition to thtsc, basic features, the elec- 
trophoresis cell can function as a conductivity cell 
once it is calibrated in the usual manner with a stand- 
ard potassium chloride solution. Specific conduc- 
tance values thus obtained are of sufficient accuracy 
and can be determined during the course of a.n EM 
measurement. 

However, Schmut (14) lists sevcral disadvantages 
for the apparatus in a paper concerning Z P  applica- 
tions in the paper industry. The most serious draw- 
back he found is its sensitivity to vibration. The 
problem is especially acute when the electrophoresis 
cell is conncctcd to the automatic sample-transfcr 
device. Nevertheless, the condition can be alle- 
viated somewhat by the use of coarse nylon screens 
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Fig. 2.-Instrumentation required to perform 
EM or Z P  titrations, including the automatic 
sample-transfer device, Beckman modcl G pH- 
meter, and Zeta-Meter. 

in the inlct and outlet tubes leading to the cell. The 
screen apparently disrupts eddy currcnts that are 
set in motion by the oscillation of the automatic 
pinch-clamp. 

The authors have found that poor reproducibility 
of experimental results and meaningless EM values 
can be attributed to the limitation of the ZP theory 
to explain the significance of such data rather than 
instruiiient failure itself. Furthermore, problems 
of particle settling during measuremcnt and false 
migration in diilicult systems can be greatly dimin- 
ished by the use of the automatic sample-transfer 
device. 

STUDIES WITH PURIFIED SILICA 

Purified silica4 was selected as a modcl dispersed 
systcm for study. Such studies are important both 
as a prerequisite for work with more difficult pharma- 
ccutical systems and to enable the investigator to 
become more familiar with the equipmcnt and tech- 
niques involved in EM measurcrnent. The mate- 
rial consists of high-purity, microcrystalline silica 
containing 99.9% silicon dioxide. Silica approaches 
an ideal solid for study sincc the material is relatively 
inert, suspensions of it are essentially neutral, and 
complications associated with surface ion-exchange 
are negligible (15). An additional advantage is that 
the mdtcridl is easily wetted and simple aqueous dis- 
persions can be conveniently prepared with low- 
shear equipment. 

Dispersing Silica with Surfactants.-With a 
standard 0.01 (% suspension of purified silica. in fresh 
nitrogen-sparged distilled water, a srries of disper- 
sion curves were developed with thrce typical sur- 
face-active agents (more commonly referred to as 
surfactants). They included an anionic surfactant 
(dioctyl sodium sulfosuccinate N.F.), a cationic 
surfactant (benzalkoiiium chloride U .S.P .), and a 
iionionic smfactant (polysorbate 80 U.S.P.). Sur- 
factants are primarily used as wetting agents for 
hydrophobic particles, which act in this capacity by 
lowering the iriterfacial tension between suspensoid 
and vehicle. They can, however, also function as 
dispersing agents, e.g., by being adsorbed on the sur- 
face of silica particles. Adsorption of a negatively 
charged, polymeric anionic surfactant increases the 
negative ZP of dispersed suspensoid particles, while 
convcrsely, adsorption of a positively charged, 
-___ 

4 Purified crystalline silica was supplied by the Pennsyl- 
vania Glass Sand Corp. under the trademark 5-p Min-U- 
Sil; 98% of this material has a diameter less than 5 p. The 
surface area of the sample is 20,600 cm.Z/Gm. with an aver- 
age particle size of 1.1 @. 
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cationic specie reduces the existing negative ZP on 
silica particles. Addition of more cationic surfactant 
eventually produces particles that are positively 
charged. Since in both instances these agents 
are ionic in nature, there are enough dissociated 
counterions in the bulk liquid to induce adsorption. 

Adsorption curves showing the influence of an 
anionic surfactant (dioctyl sodium sulfosuccinate 
N.F.) and a cationic surfactant (benzalkonium 
chloride U.S.P.) on the %P of a O . O l ~ o  purified silica 
dispersion are given in Fig. 3. Z P  of the suspensoid 
apparently increases linearly as increasing amounts 
of dispersant (surfactant) are added to the system. 
A point of maximum particle dispersion is reached 
which corresponds to the point of maximum ZP, 
either negative or positive dcpending upon the sur- 
factant under study. In an adsorption process 
(which will be briefly discussed later) this also corre- 
sponds to the formation of a monolayer of adsorbed 
surfactant. Further addition of surfactant beyond 
this critical point produces no additional change 
in ZP  which is reflected in no further adsorption of 
dispersant. The region of maximum ZP for these 
dispersants is also apparcntly very closc to the crit- 
ical micelle concentration (CMC) of the surfactants 
the.mse1ves.j Since thc shapes of interfacial tension 
curves for determining the CMC of surfactants are 
also quitc similar to the dispersion curves shown 
in Fig. 3 ,  and since both parameters are manifesta- 
tions of a more basic adsorption process, it  is con- 
ceivable that a ZP  technique, such as the one de- 
scribed above, can also be used to determine the 
CMC of surfactants. 

With nonionic surfactants (Fig. 4), since the poly- 
mer supplies no appreciable ionic species to induce 
adsorption, the addition of an electrolyte, such as 
potassium chloride, is rcquired. In essence, the 
presence of ail electrolyte alone is all that is required 
to disperse silica particles. The addition of a nonionic 
surfactant merely decreases the concentration of 
electrolyte required for dispersion. However, the 
prcscnce of a nonionic surfactant such as polysorbate 
80 U.S.P. also apparently dccreases the ZP required 
for complete dispersion and thus interferes w-ith 
the establishment of a strong elcctrical double layer, 
probably through steric hindrance of adsorbed, 
bulky, surfactant molecules. Therefore, nonionic 
surfactants are probably less eflicient dispersing 
agents for silica and other suspensoids than are their 
ionic counterparts. 

Influence of Various Polyvalent Anions on Puri- 
fied Silica Dispersions.--,4s was previously pointed 
out, electrolytes alone can be used to disperse silica 
particles in suspension. A series of dispersion 
curves, in which the addition of various sodium 
salts (chloride, sulfate, citrate, and pyrophosphatc) 
were used to disperse a standard O . O l ~ o  silica sus- 
pension, are shown in Fig. 5. The salts show an 
increasing order of dispersing efficiency as poly- 
valent anions. On a molar basis, approximately 3 
times more citrate ion, approximately 6.6 times more 
sulfate ion, and 10.6 times more chloride ion is re- 
quired to achieve the same degree of dispersion as 
with the quadrivalent pyrophosphate ion. 

The magnitude of the ZP of dispersed silica par- 
ticles is also increased when polyvalent ions are used 
to aid dispersion. In all cases, however, the addi- 

5 Determined cxperirnentally by the surface tension 
method (lG). 

Owl 001 01 
DISPERSANT CONCENTRATION (%w/v) 

Fig. 3.-The influence of two ionic surfactants on 
the ZP  of a 0.01% purified silica suspension. Key: 
top curve, benzalkonium chloride U.S.P. (cationic 
type); bottom curve, dioctyl sodium sulfosuccinate 
N.F. (anionic type). 

tion of excess electrolyte well beyond the point of 
maximum dispersion causes a reduction in ZP  which 
has been described as the “bulk stress effect” (17). 
The phenomenon is probably caused by the collapse 
of the electrical double layer by the proximity of 
large numbcrs of counterions in the vicinity of the 
particle. With particles that are coated with 
adsorbed colloids or polyelectrolytes, bulk stress may 
induce a “salting out” of colloid, which alone is 
suflicient to decrease ZP. 

Quantitative treatment of the efficicncy with 
which polyvalent electrolytes disperse silica is com- 
plicated by the ionization, in solution, of the various 
polyprotic acids (sulfuric, citric, and pyrophosphoric) 
which produce these salts. No attempt was made 
in this study to work a t  a constant pH value, nor 
was therc any attempt to consider the contribution 
of lower valence anions in the dispersion process. 

In addition to their ability to increase the efi- 
ciency of particle dispersion, the size and type of 
both anions and catious are also important in the 
flocculation of suspended particles (18). 

Dispersion as an Adsorption Process.--Another 
basic study of silica was concerned with determining 
the amount of dispersant required for maximum 
dispersion. Dispersion curves wcrc constructed for 
a series of concentrated silica suspensions. Sodium 
hexametaphosphate was selected as a dispersing 
agent.6 Increasing amounts of the dispersant were 
added to each suspension in order to determinc, 
graphically, the amount of reagent required to reach 
the point of maximum ZP. This particular value is 
associated with the adsorption of a monolayer of 
dispersant on the silica particles. The amount of 
dispersant rcquired in the bulk liquid to initiate 
adsorption was readily det~rmincd by prcparing a 
very dilute 0,001 yo silica suspension. Since the 
concentration of silica was extremely small ( 10 
p.p.m.) EM measurements were made directly on 
the suspension. I n  determining the EM values for 
the more concentrated silica slurries (5, 10, 20, and 
50%), after a calculated amount of dispersant was 
added during each step in thc construction of the 
dispersion curve, a sample of the slurry was filtcred 
through a medium porosity, cellulose nitrate-mem- 
brane filter to obtain a clear filtratc of equilibrated 
bulk liquid. A small amount of concentrated 
residue was added to  permit maximum visibility of 
silica particles for measurement. Samples prepared 

6 The sodium hexametaphosphate used in this study was a 
sample supplied by the Olin Mathieson Chemical Corp. 
under the product designation Sodium Polyphos Ground. 
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Fig. 4.-The influence 
of a nonionic surfactant 
on the ZP of a O.Ol?$o 
purified silica suspension. 
Key: 0, polysorbate 80 
(nonionic type); 0 ,  poly- 
sorbate 80 + KCl; (3, 
KCl (neutral electrolyte). 

in this manner gave E M  values that were repre- 
sentative of the concentrated slurry from which they 
were prepared. In this manner, a series of disprr- 
sion curves werc constructed for highly concentrated 
slurries of silica which could not be measured in the 
electrophoresis cell directly. The resulting dis- 
persion curves are presented in Fig. 6 .  

The relationship between the amount of dis- 
persant adsorbed and its concentration in the 
suspending vchiclc may be represented by the 
adsorption equation of Langmuir (19), which is 
based upon a supposition that dispersion is funda- 
mentally an adsorption process. A plot of concen- 
tration of dispersant per ZP versus concentration of 
dispersant yields a straight line whose slope is equal 
to some conversion constant multiplied by the 
Langmuir factor @/a and an intercept equal to l / a .  
The Langmuir equation diffcrs from other adsorp- 

tion isotherms in that adsorption approaches a finite 
limit (the point of maximum ZP) as the concentm- 
tioii of dispersant added is increased. However, be- 
yond thc point of maximum dispersion no further ad- 
sorption takes place (Figs. 3-6). The relative con- 
stancy in Z P  beyond the point of maximum disper- 
sion is further proof that these particular dispersions 
conform to a Langmuir adsorption process. 

In Fig. 6, the average amount of sodium lexa- 
metaphosphatr adsorbed per gram of silica was found 
to be 0.655 mg./Gm. and the amount of dispersant 
in the bulk liquid required to initiate adsorption was 
0.052 mg./ml. Since sodium hexametaphosphate is 
a water-soluble, glassy, condensed polymeric phos- 
phate of indefinite composition, no attempt war 
made to determine the surface area of dispcrsdnt 
for motlolayer adsorption. Nevertheless, the 
amount of dispersant required for complete disper- 
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Fig. 6.-Dispersion 
curves'for dilute and COII- 
centrated silica suspen- 
sions prepared with 
sodium hexametaphos- 
phate. Key: o, O . O O l ~ o  
silica; 0, 5%; 0 ,  loyo, 
c), 20%; .,5O%. 

Fig. 7.-Desorption 
curves of a flocculated 
adrenocorticoid suspended 
in various partial vehicles. 
Key: 0 ,  partial vehicles 
containing NaCl; .---., 
diluted with salt-free 
vehicle. Cum-c shows 
differential desorp tion ; 
-0, diluted with water. 

Fig. 8.-Flocculation 
curve for a drug suspen- 
sion which was initially 
partially flocculated with 
nonelectrolytes. Key: 
___-.- , desorption curve; 
__ , adsorption curve. 
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sion for any given slurry concentration of silica can 
be calculated according to the method of Riddick 
(20) from the two values reported above. 

Attempts to determine the amount of an anionic 
or cationic surfactant required to completely dis- 
perse silica or any other suspensoid, arc complicated 
by the fact that a portion of surfactant added to 
such systems usually is involved in micclle formation, 
which apparently is a competitive physical phe- 
nomenon. 

APPLICATION OF ZETA POTENTIAL IN 
PHARMACEUTICAL PRODUCT 

DEVELOPMENT 

The following thrcc examples wcrc choscii to 
illustrate how Z P  can be used to develop pharma- 
ceutically stable, flocculated suspensions. 

Influence of Electrolyte in Altering 2P.--A 
formulation for a parenteral suspension of an 
adrenocorticoid was developed empirically without 
the use of the apparatus. The system consisted of 
4y0 micronized steroid suspended iu an aqueous 
vehicle composed of a wetting agent (polysorbate 
80 U.S.P.) to dispcrsc thc drug, a prcscrvative 
(benzyl alcohol), an electrolyte (sodiuiii chloride) to 
adjust tonicity, and a small concentration of an 
adjuvant polymer (polyethylene glycol 4000 U.S.P.) 
to provide a pharmaceutically stable, “noncaking” 
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Fig. 10.-Photomicrograph of a partially floccu- 
lated suspension after the addition of the non- 
electrolyte. The width of each scale division equals 
96 p. 

suspcnsion. It was assumed that “stable floc” 
formation was brought about by the presence of a 
critical amount of nonionic surfactant acting in 
combination with the polymer and electrolyte. In 
succeeding batches of the formula, the degree of over- 
flocculation incrcascd resulting in a suspension with 
poor drainage characteristics. The basic suspension 
was examined with thc apparatus in order to dctcr- 
mine the agent or agents actually responsible for 
flocculation. 

A series of desorption curves were run using a l/w 
dilution of the 4y0 suspension in additional suspend- 
ing vehicle. Further dilutions ( I / a ,  l / 4 ,  l/g, l/16, etc.) 
were made by replacing half of thc total volume in 
each step with an equal volume of either distilled 
water or a series of different partial vehicles. The 
partial vehicles consisted nf the complete vehicle 
formula minus one of the components, such as 
sodium chloridc or polysorbatc 80. The results arc 
summarized graphically in Fig. 7. 

Suspensions diluted with partial vehicles that coii- 
tained sodium chloride did not deflocculate. These 
systcms werc all fully flocculated aiid maintained a 
zero ZP throughout the range of dilution. Dilution 
with water produced a smooth deflocculation or de- 
sorption curve after the third dilution step. Dilu- 
tion of the suspension with a salt-frcc vehicle con- 

~ i ~ .  g.-photomicrograph of a deflocculated taining all vehicle components minus sodium 
suspension prior to the addition of a critical ConceIL. chloride also produced a desorption curve. In this 
tration of a nonelectrolyte. The width of each system, deflocculation was also initiated after the 
scale division equals 96 p .  third dilution step when the salt concentration was 
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Fig. ll.-Phototnicrograph of the suspension 
completely flocculated with the required concentra- 
tion of McIlvaine buffer. The width of each scale 
division equals 96 ~ 1 .  

reduccd bclow 0.106YG. However, the sigmoidal 
shape of the deflocculation curve in the region bc- 
tween 0.016 and 0.0137, sodium chloride was ap- 
parently the result of a differential desorption. 

In differential desorption, as the concentration of 
electrolyte and surfactant polymcr is rcduccd, some 
suspensoid particles may begin to develop their own 
integral electrical double layer, a manifestation of 
which is the increase in ZP  while other particles 
rcmain cithcr partially or fully flocculated. The 
differencc in the rate of desorption between smaller 
ions and larger polymer molecules apparcntly pro- 
duces this effect. 
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In  analyzing the desorption curves in Fig. 7, i t  is 
clear that the presence of a small concentration of 
electrolyte provided the necessary driving force to 
produce particle flocculation. However, i t  is not 
readily apparent in this study of desorption whether 
this is accomplished by destroying the integrity of 
the particles coated with adsorbed surfactant-poly- 
nier through a salting out process with electrolyte, or 
forcing interparticle bridging with polpmer-surfact- 
ant and electrolyte. In any casc, rcducing the 
concentration of electrolyte in the formula improved 
drainage and the physical stability of the over-all 
suspension. These results also showed that an 
exccss of salt was not rcquircd to produce “stable 
floe” formation. 

Flocculation in the Absence of an Electrolyte.-In 
another example, primary flocculation was initiated 
in thc abscncc of an electrolyte. Nonionic sur- 
factants, such as polysorbate 80, acting in combi- 
nation with certain other nonelectrolytes a t  a criti- 
cal ratio of surfactant to nonclcctrolytc, have the 
ability to produce partially or fully flocculated 
suspensions. However, with respect to ZP, sincc 
these systems are hydrophobic drug particles, some 
source of ions is required in the environment of the 
particle to establish a surface charge and/or elec- 
trical double layer. Therefore calculated ZP  values 
of minus 10, 20, or 30 mv. have little or no practical 
significance for systems composed of neutral drug 
particles, nonelectrolytes, and nonionic surfactants. 
However, with the introduction of electrolyte, a dc- 
gree of stability with respect to the ZP of the sus- 
pensoid is rcalized and a trend toward either dc- 
flocculation or flocculation can be ascertained. 

Figure 8 shows complete adsorption and desorp- 
tion curves for a drug suspension that was partially 
flocculated with a combination of a lionionic surfact- 
ant and a nonelectrolyte. “Stable-floe” formation 
was initiated with thc addition of 0.03 ml. of 0.5 144 
McIlvaine buffer and completed when a total of 40 
or 50 nil. of thc same buffer had been addcd. Photo- 
micrographs of suspensions are presented in Figs. 
9-11, respectively, that show ( a )  the condition of 
deflocculation before the critical concentration of 
nonelectrolyte was added, ( b )  partial flocculation 
after the addition of the nonelectrolyte, and (c)  com- 
plete flocculation when the buffer was added. The 
addition of electrolyte to the system in the absence 
of the required nonelectrolyte produccs a dispersed 
or deflocculated system. Visual and photomicro- 
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scopic inspection of these three suspensions were 
used to  confirm thc authors’ findings with the 
apparatus. 

Therefore, a physically stable suspension of the 
drug was developed usiug a calculated amount of 
buffer to maintain pH control and insure complete 
floc formation. 

Flocculation with Anti-D Sera Using Purified 
Silica.-The final example is drawn from experi- 
ences with a biological application in dctcrmining 
the flocculating efficiency of several anti-D sera, 
available as diagnostic reagents for Rh blood typing. 
I t  was felt that a suitdbic product could he de- 
veloped with the proper ZP  for agglutination testing. 
Purificd silica was chosen as a substitute for red 
blood cells (RBC’s) because of the difficulties in- 
volved in working with blood dispe 

Apprositnately 500 nil. of a 0.01 
dispersion in 0,45y0 sodium chlori 
prepared. The Z P  of such a system (approximately 
-30 mv.) is comparable to thc value for human blood 
dispersions in saline solution (22). Incre 
l/lo0 dilution of anti-D serum in  0.45 
chloride solution were addcd to each pur 
dispersion. The EM of the system was determined 
after each addition of reageut. After a total of 
0.0253 serum rcagent had bccn added. undiluted 
portions of serum wcre used to complete each ZP 
titration. 

‘Thc results of this study are presented in Fig. 12. 
The flocculating cKiciency of the improved formula 
A was found to bc greater than a control system B or 
the original formula C. Kecom~~ienclatioris lor prod- 
uct improvcmcnt werc madc on the basis of :i prc- 
vious study of the original formula C. The amount 
of anti-D serum required to obtain complete floccula- 
tion was based upon an extrapolation of linear por- 
tions of each test curve to the isoelectric point 
(zcro ZP).  The length of the coiicentration-induc- 

tion period before flocculation began was also related 
to the cfficicncy of the diagnostic rcagent. Thc 
ranking of the three anti-D sera according to floc- 
culating efficiency for purified 4 i c a  correlated very 
well with results of blood-test agglutination with 
human RBC’s. 
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2Nntes 

Method for the Direct Measurement of Acetylsalicylic Acid 
in Human Blood 

By V. F. COTTY and H. M. EDEKMA 

A procedure was developed for directly determining acetylsalicylic acid in human 
blood specimens. The method instantly stops enzymatic hydrolysis, removes sali- 
cylic acid and conjugates of salicylic acid by reaction with ceric ammonium nitrate, 
automatically hydrolyzes acetylsalicylic acid, and determines the resulting salicylic 
acid fluorometrically. It sensitively measures acetylsalicylic acid in the presence 
of salicylic acid, salicylamide, salicyluric acid and salicylic acid ether glucuronide 

(0-carboxyphenyl glucuronide). 

EVERAL recent publications have reported acetyl- of hu~nans following the ingestion of ASA-containing S salicylic acid (ASA) concentrations in the blood proprietary preparations (1-3:). In each case, 
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h S A  was calculated as the diffCrenCC between the 
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scopic inspection of these three suspensions were 
used to  confirm thc authors’ findings with the 
apparatus. 

Therefore, a physically stable suspension of the 
drug was developed usiug a calculated amount of 
buffer to maintain pH control and insure complete 
floc formation. 

Flocculation with Anti-D Sera Using Purified 
Silica.-The final example is drawn from experi- 
ences with a biological application in dctcrmining 
the flocculating efficiency of several anti-D sera, 
available as diagnostic reagents for Rh blood typing. 
I t  was felt that a suitdbic product could he de- 
veloped with the proper ZP  for agglutination testing. 
Purificd silica was chosen as a substitute for red 
blood cells (RBC’s) because of the difficulties in- 
volved in working with blood dispe 

Apprositnately 500 nil. of a 0.01 
dispersion in 0,45y0 sodium chlori 
prepared. The Z P  of such a system (approximately 
-30 mv.) is comparable to thc value for human blood 
dispersions in saline solution (22). Incre 
l/lo0 dilution of anti-D serum in  0.45 
chloride solution were addcd to each pur 
dispersion. The EM of the system was determined 
after each addition of reageut. After a total of 
0.0253 serum rcagent had bccn added. undiluted 
portions of serum wcre used to complete each ZP 
titration. 

‘Thc results of this study are presented in Fig. 12. 
The flocculating cKiciency of the improved formula 
A was found to bc greater than a control system B or 
the original formula C. Kecom~~ienclatioris lor prod- 
uct improvcmcnt werc madc on the basis of :i prc- 
vious study of the original formula C. The amount 
of anti-D serum required to obtain complete floccula- 
tion was based upon an extrapolation of linear por- 
tions of each test curve to the isoelectric point 
(zcro ZP).  The length of the coiicentration-induc- 

tion period before flocculation began was also related 
to the cfficicncy of the diagnostic rcagent. Thc 
ranking of the three anti-D sera according to floc- 
culating efficiency for purified 4 i c a  correlated very 
well with results of blood-test agglutination with 
human RBC’s. 
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2Nntes 

Method for the Direct Measurement of Acetylsalicylic Acid 
in Human Blood 

By V. F. COTTY and H. M. EDEKMA 

A procedure was developed for directly determining acetylsalicylic acid in human 
blood specimens. The method instantly stops enzymatic hydrolysis, removes sali- 
cylic acid and conjugates of salicylic acid by reaction with ceric ammonium nitrate, 
automatically hydrolyzes acetylsalicylic acid, and determines the resulting salicylic 
acid fluorometrically. It sensitively measures acetylsalicylic acid in the presence 
of salicylic acid, salicylamide, salicyluric acid and salicylic acid ether glucuronide 

(0-carboxyphenyl glucuronide). 

EVERAL recent publications have reported acetyl- of hu~nans following the ingestion of ASA-containing S salicylic acid (ASA) concentrations in the blood proprietary preparations (1-3:). In each case, 
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h S A  was calculated as the diffCrenCC between the 
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ASA 
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0.5 
0.8 
1.3 
1 .3  
1.8 
2.1 
2.6 
2.6 
3.9 
4.4 
6.0 
7.0 
9.1 
9 .1  
9.6 

11.7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 . 3  
2.6 
5.2 

10.4 
1 . 3  
2.6 
5.2 

10.4 
0 

0 

1.3 

2.6 

5.2 

10.4 

ASA Found 

0.5 
0.7 
1.4 
1.0 
2.1 
2 .5  
3 .4  
3.6 
3 .9  
4.3 
5.7 
7.0 
9.1 

10.0 
9.5 

11.6 
0 
0 
0 
0 
0.1 
0 .1  
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0 .3  
0.0 
1 .4  
2.4 
5 .1  
10.3 
1.6 
2 .5  
5.5 

10.6 
0 

0 

1.6 

2 .5  

5.4  

10.3 

Other Compd. Added 

... 
30 SA 
50 SA 
. . .  
. . .  
20 SA 
40 SA 
10 SA 

. . .  

. . .  

. . .  
70 SA 
60 SA 

100 SA 
in0 SA _ _ _  
100 SA 
100 SA 
100 SA 
100 SA 
70.7 Salicyluric acid 
70.7 Salicyluric acid 

141.3 Salicyluric acid 
141.3 Salicyluric acid 
49.7 Salicylamide 
49.7 Salicylamide 
99.3 Salicylamide 
99.3 Salicykdmide 
141.3 Salicyluric acid 
141.3 Salicyluric acid 
141.3 Salicyluric acid 
141.3 Salicyluric acid 
99.3 Salicylamide 
99.3 Salicylamide 
99.3 Salicylamide 
99.3 Salicylamide 

227.5 Salicylic acid 
ether glucuronide 

227.5 Salicylic acid 
ether glucuronide 

227.5 Salicylic acid 
ether glucuronide 

227.5 Salicylic acid 
ether glucuronide 

327.5 Salicylic acid 
ether glucuronide 

227.5 Salicylic acid 
ether glucuronide 

ASA and related compounds were added to whole pooled 
Concentrations human blood and ASA was then determined. 

in mcg/ml. 

0 10 20 30 40 so 80 

TIME, min. 

Fig. 2.-Blood levels of ASA obtained by the 
difference method ( 0 )  and by the direct method (H) 
following the ingestion of ASA. In each of the 
three studies, analytical blood specimens were 
drawn immediately before and at the indicated 
times after each subject ingested 2 tablets (10 gr.) 
of buffered aspirin. Analyses were performed by 
either the difference or the direct procedure. 

accumulated errors which may become particularly 
serious when a small diffcrcnce exists between large 
analytical values. Thus, it  is difficult to measure 
low concentrations of ASA in the presence of 
relatively high concentrations of SA by these 
methods. A second problem is that the difference 
method may not distinguish between ASA and 
conjugates of SA. The purpose of the present com- 
munication is to present a semiautomated direct 
procedure for the determination of ASA in human 
blood which is not interfered with by SA, salicyl- 
amide, salicyluric acid, or salicylic acid ether 
glucuronide (0-carboxyphenyl glucuronide). 

EXPERIMENTAL 

Determination of ASA.-Blood specimens are 
initially inactivated and extracted as described by 
Cotty et al. (3) in the following manner. Five 
milliliters of whole blood, immediately upon with- 
drawal, are measured into a bottle containing 0.5 ml. 
of 6 NHC1 and 50 mI. of ethylene dichlonde (EDC). 
The bottle is capped with a polyethylene snap cap 
aud then immediately shaken vigorously by hand 
until the blood becomes a brown color. The bottle 
is then shaken on a mechanical shaker for 10 min. 
The EDC is separated from the precipitated blood 
by filtering through dry filter paper (Whatman No. 
42). The EDC extract is placed in a bottle con- 
taining 0.1 ml. of an aqueous solution of 40% cenc 
ammonium nitrateand 5.9 ml. of distilled water. The 
bottle is then capped and shaken on a mechanical 
shaker for 1 hr, The EDC is separated from the 
aqueous layer in a separator and filtered through a 
dry Whatman No. 42 filter paper. Thirty milliliters 
of the filtered EDC is transferred to a bottle con- 
taining 4 ml. of 1% NaHC03. This bottle is capped 
and shaken vigorously on a mechanical shakcr for 
10 min. Upon separation, the aqueous layer is 
transferred into a polystyrene sample cup which is 
placcd in the sampler of a system' consisting of a 
special salicylatc manifold, proportioning pump, 
heating bath, fluorometer, and recorder. (See Fig. 
1.) As i t  traverses this system, the sample is mixed - ~~ ~ 

1 AotoAnalyzer, Technicon Instruments Corp., Chauncey, 
h-. Y. 
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TABLE 11.-COMPARISON OF DIFFERENCE AND DIRECT METHODS OP ANALYSIS WHEN EMPLOYSD LN CLINICAL 
STUDIES~ 

Blood Levels, mcg. ASA/d.- 
- Difference Method - --Direct Method--. 

min. X S.E. n X S.E. n a S.E. n 
Time, 

10 4 . 6  0.51 38 5 . 3  0.77 39 
20 6 . 8  0 .44  38 6 . 3  1.24 39 7 .9  0.66 40 
40 4 . 6  1.28 38 4 .8  0.27 40 
60 1 . 9  1.40 39 2 . 7  0.17 40 

@ Each subject ingested 2 tablets of proprietory br?ffered ASA <lo gr.) after the initial (blank) blood specimen was drawn. 
The resultc of two studies employing the difference Other specimens were drawn for analysis at the time intervals indicated. 

method and one the direct procedure are shown in the table. 

with air and 1 N NaOH in a double mixing coil. 
The sample then passes through a heating bath a t  
37.5” where aspirin hydrolysis is completed. The 
analytical sample is then mixed with 5 iV NaOH arid 
passed through the fluorometcr flow cell. The 
range selector of the fluorometer is set a t  30X with a 
No. 4 light shield slit and interference filters of 385 
and 405 mp. Thc results are recorded on a linear 
recorder. A reagent baseline is established a t  about 
15% transmission with a lY0 NaHCOs solution in 
the place of the sample. The sampler is set a t  60 
samples per hour and saniples are placed in alternate 
holes on the turntable. Ethylenc dichloridc (EDC) 
used for the extractions was specially prepared 
by the Fisher Scientific Corp., Fairlawn, N. J. 
Ceric Ammonium Nitrate was manufactured by the 
G. F. Smith Co., Columbus, Ohio. Pure salicyluric 
acid (4) and salicylic acid ether glucuronide (O- 
carboxyphenyl glucnronide) (5,6) were synthesized.* 
These compounds yielded satisfactory clcmcntal 
analyses and produced single spots when subjected 
to thin-layer chromatography. Salicylamide and 
aspirin were U.S.P., and all other chemicals were of 
reagent grade. Standard curvcs are prcparcd by 
adding 1 to 10 mcg. of aspirin per ml. of freshly drawn 
blood and then carrying out the proccdurc as dc- 
scribed above. ASA concentrations are plotted 
against peak heights. 

Results.-Table I lists the amount of ASA found 
when analyses were performed upon blood to which 
known amounts of ASA had been added. The addi- 
tion of related substances (salicylic acid, salicyl- 
amide, salicyluric acid, and salicylic acid ether glu- 
curonide) does not affect precision because the 
discrepancies between added and found amounts of 
ASA are small and not increascd over those ob- 
tained when ASA alone is present. 

A practical comparison of the difference and 
direct methods was made in the following manncr. 
Data collected from two absorption studies in which 
the difference method (3) was used were compared 
with a study in which the direct method was em- 
ployed. 

Each subject received two tablets (total 10 gr. 
ASA) of proprietary aspirina and blood specimens 
were collcctcd immcdiately before and a t  10, 20, 40, 
and 60 min. after administration. 

One study employing the “difference” method 
measured ASA blood levels a t  10 and 20 min. has 
been reported previously (3). The second measured 
ASA blood levels at 20, 40, and 60 min. The single 
study employing the direct procedure measured 
ASA levels a t  10, 20, 40, and 60 min. Thirty-eight 

2 The assistance of Mr. Leonard Weintraub and Mr. 

Marketed as Bufferin by Bristol-Myers Products, Hill- 
Stanley Oles in performing the syntheses is  acknowledged. 

side, N. J. 

to 40 pcrsons were employed in each study. In  
most cases the subjects were the same for all studies. 
The analytical data of all studies are plotted in Fig. 
2. The arithmetic means and standard errors are 
tabulated in Tablc 11. Note the general agreement 
between results obtained with the two different 
analytical procedures. Thcrc are no significant 
differcnccs between corresponding values. 

DISCUSSION 
Previous attempts to develop chemical procedures 

for the direct determination of ASA have been 
frustrated by its lack of a suitable characteristic 
group which easily reacts with appropriate reagents. 
The present methodology makes use of this situation, 
for it employs a reagent, ceric ammonium nitrate, 
which reacts with compounds possessing the phc- 
nolic or aliphatic hydroxyl group, as do the metabol- 
ites of ASA. The use of this reagent resulted from a 
screening of a number of reagents which were 
known to react with phenols. The fortnation of 
complexes with phenols and their subscqucnt oxida- 
tion by ceric salts has been described by Duke and 
Smith (8) and Sharma and Mehrotra (7). Thus, 
acetylation “protects” the phenolic group in ASA 
and this substance remains in solution in the organic 
solvent. 

The high sensitivity and specificity of the pro- 
cedure described above should make i t  a useful tool 
in investigations into the nature of the pharmacologi- 
cal responses prvduced by the ingestion of ASA as 
well as other salicylates. Much present day re- 
search on salicylates involves the relative roles of 
ASA and SA in the analgesic, antipyretic, and anti- 
inflammatory responses to salicylate therapy. 
These can be tested more reliably with the use of the 
procedure described above. 

SUMMARY 
A direct, semiautomated mcthod for the deter- 

mination of ASA in human blood has been de- 
scribed which is sensitive, reproducible, and specific. 
Results obtained during absorptivn studies of ASA 
in which this method was employed yielded results 
similar to those obtained in studies employing a 
“differcnce” method. 
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Some Factors Affecting the Release of a Water-Soluble Drug 
from a Compressed Hydrophilic Matrix 

By HERBERT LAPIDUS* and NICHOLAS G. LORD1 

A number of factors controlling the rate of drug release from a hydrophilic matrix 
were investigated. The  release of chlorpheniramine maleate from a hydrated 
methylcellulose matrix was found to be controlled largely by drug diffusivity rather 
than dissolution of polymer and water penetrability. The release pattern ob- 
tained appears to follow the theoretical relationships previously proposed for solid 

drugs dispersed in solid matrices. 

HIS STUDY has been undertaken in an effort to T quantitatively describe the mechanism of drug 
release from a prolonged action tablet previously 
patented ( l ) ,  more recently described in the litera- 
ture (2), and currently providing the basis for several 
pharmaceuticals. This tablet utilizes a hydrophilic 
polymer as a matrix in order to inhibit thc rclcasc of 
water-soluble and slightly water-soluble active ingre- 
dients so as to afford continuous release of said 
medication. 

The release pattern obtained from such a tablet, 
when measured under idealized conditions, appears 
to follow the theoretical relationships proposed by 
Higuchi in his equation dealing with the rate of re- 
lease of solid drugs suspcnded in ointment bascs (3) 
and subsequently applied to solid drugs dispersed in 
solid matrices (4). The equation describing drug 
release from the single face of a tablet is 

Q = [- D€C, (2A - C C ~ ) ~ ] ' ' ~  (Eq. 1) 

where Q is the amount of drug released per unit sur- 
face after time, t ,  D is the diflusion cocfficicnt of the 
drug in the release medium, is the porosity of the 
tablet, T is the tortuosity of the tablet, C, is the 
solubility of the drug in the release medium, and A 
is the concentration of the drug in the tablet. 

Desai et al. (5) have recently reported an experi- 
mental study of factors influencing drug release from 
tableted insoluble plastic matrices to which Eq. 1 
was applied. This report deals with release from a 
matrix that reacts with the release medium, a case 
which was excluded in the derivation of Eq. 1. 

EXPERIMENTAL 

The tablets used in this study were prepared by 
riiixing chlorpheniramine maleate U.S.P. with a 
gydroxypropyl methylcellulose ether1 and granulat- 
ing with U.S.P. ethanol. The granulation was dricd 
and screened through a 20 mesh sieve. A '/16 in. 
dat face tablet was made from this granulation using 
a Carver press a t  a force of 3000 Ib. Each granula- 
tion was assayed by dispersing i t  in water to effect 
solution of the  drug and measuring the absorbance of 
the resulting solution a t  262 mr. 

Chlorpheniramine maleate was selected as an 
exaniple of a soluble drug whose ultraviolet absorp- 
tion characteristics enabled its measurement without 
interference from other components of the tablet. 
The methylcellulose was selected as an example of a 
polymer whose effectiveness in delaying drug release 

Received March 25, 1066, from the College of Pharmacy. 

Accepted for publication April 28, 1966. * Recipient of Bristol-Myers Fellowship. 
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Rutgers-The State University. Newark, N. J. 

Co., Midland, Mich. 

had been demonstrated both in vivo and in vitro (I). 
I t  rapidly hydrated on contact with water, yet was 
not readily water dispersible. 

Thc tablct was forced into a cylindrical tubc com- 
posed of a fluorocarbon polymer2 which had been 
machined so that a precise fit was obtained. Consc- 
quently, drug release could be measured from a single 
face of the tablet. No water was observed to pene- 
trate between the tablet and the walls of the cylinder, 
thus eliminating the need to embed the tablet in wax 
as has previously been required with glass (5).  

In ordcr to obtain an accurate picturc of the initial 
stages of drug release, a modification of the con- 
tinuous flow technique described by Sjogrcn and 
Ervik (6) was utilized. A sketch of the apparatus is 
shown in Fig. 1. 

The tablet in its holder was placed into a specially 
designed flow cell so that a constant flow of solvent 
could be maintaincd past the tablet face with no 
undue turbulence. The total volume of fluid cir- 
culating through thc apparatus was 155 ml. The 
entire flow cell was immersed in a water bath so as 
to maintain the temperaturc a t  37". The flow of 
solvent through the cell was accomplished by means 
of a model T-8 Sigma-Motor pump set at a speed of 
75 ml./min. A continuous flow ccll, Beckman No. 
92522, was positioned in a Beckman DK-2 recording 
spectrophotometcr. The instrument was operated at 
the required fixed wavelength (262 mfi for all release 
media studied) and absorbance recordcd as a func- 
tion of time, usually for a period of 115 min. An 
absorbance value of 1.00 measured under these con- 
ditions was equivalent to the release of 10.3 mg. of 
drug in pure water. 

Figure 2 shows the absorbance-time curve charac- 
terizing thc release of chlorpheniramine maleatc in 
pure water using a 300-mg. tablet containing 50 mg. 
of drug. This result was duplicated on numerous 
occasions to within f 1% deviation. The lag time in 
the apparatus a t  75 ml./min. was 1.1 min. At lower 
flow rates an oscillation in thc absorbance curve (the 
dotted line in Fig. 2), whose amplitude increased 
with diminishing flow rate, was observed during the 
first 15 min. of the experiment. The oscillation was 
effectively eliminated a t  75 ml./min. flow rate. 

In some experiments drug release from the whole 
tablet was measured, using the U.S.P. disintegration 
test apparatus (7) and a large beaker in place of the 
specially designed flow cell. A single tablet was 
confined in one of the tubes of the apparatus by a 
coarse wire mesh screen so that the tablet would not 
float to the surface. The release pattern was found 
to  be independent of thc rate of flow of solvent main- 

2 Marketed a s  Kel-F by the M. W. Kellog Co., Jeisey 
City, N. 1. 
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taincd through the spectrophotometer. 
volume of solvent was 1 L. 

Thc total 

RESULTS AND DISCUSSION 

Figure 3 shows plots of amount 01 drug released as 
a function of &demonstrating the apparent appli- 
cation of Eq. 1, which predicts a linear relationship, 
to this system. These data refer to 300-mg. tablets 
containing between 25 and 150 nig. of chlorphenir- 
amine maleate, the remainder of the tablet being 
polymer. Furthermore, Fig. 4 indicates that a 
plot of the slopes of these lines (determined by a least 
mean squares fitting of thc data) as a function of the 
dose of drug in the tablet is also linear up to 100 mg. 

This is in agrcemcnt with a further extension of 
Higuchi's theory (4) which considers the effect the 
dissolution of thc activc material may have on the 
release rate, In this case the leaching type of release 
mechanism dcpcnds not only on diffusion outward 
hut also on the change in porosity due to the elimina- 
tion of this material from the tablet matrix. Equa- 
tion l can be modified by introducing a linear relation 
between drug concentration and porosity, assuming 
that the initial porosity of the matrix is negligible. 
Therefore, 

should quantitatively describe Fig. 4. Here WY is 
the amount of drug released in time, t ,  WO is the close, 
S is the effective diffusional area, V is the effective 
volume of the matrix, and K is introcluced to convert 
A ( = tV0/V) to its corresponding volume fraction. 

If one visualized water penetration as a front 
moving into the tablet, hydrating the polymer 
matrix, and dissolving the active material, which 
then diffuses out through this hydrated matrix, the 
application of Eq. I to this system would appear to 

he valid. Since the polymer swells on hydration, B 
in Eq. 2 is considerably greater than the volume of 
the tablet. Furthermorc, it  was noted that the face 
of tlic hydrated polymer film formed at  the surface 
of the kablet was not planar but slightty convex. 
A slight lateral extension of the film was also oh- 
served, making S in Eq. 2 greater than the area of 
the tablet face. However, no significant change in  
diffusional area was evident once the filin formed. 
Generally, this required less tlian 3 min. In an 
experiment in which the tablet (containing 50 Ing. of 
drug) was depressed 0.15 nim. in its holder, T / V Y / ~ / ~  
was found to he 12% less than the value observed 
when the tablet was flush with the surface of the 
holder. This indicated the magnitude of the area 
change owing to lateral extension, although a change 
in the effective diffusional path length may also be 
involved. 

If Eq. 2 was applied to an insoluble matrix, K 
would be the specific volumc of the drug. However, 
A' must be intcrprcted as the fraction of hydratcd 
polymer volume replaced by a unit weight of drug. 
Thus, K equals the product of the specific volume of 
thc drug and the ratio of the volume of the hydrated 
to unhydrated matrix. Conscquently, the replace- 
ment of polymer by an insoluble as well as a soluhlc 
diluent should result in an increase in the rate of 
drug release (contrary t o  the case of an inert matrix). 
Thc Wr/-\/t values observed for 300-mg. tahlets 
containing 50 1ug. of chlorpheniramine inaleate and 
$3 mg. of dilucnt were 33.2 and 24.C1~7~ greater than 
that observed in the abscncc of the diluent for lactose 
and tricalcium phosphate, respectively. 

The tortuosity must also be a function of the 
extent of hydration and type of gel structure formed 
as water penetrates the matrix. This factor would 
also be influenced by air entrapped in the matrix as 
well as the presence of diluent. Thc deviation from 
linearity observed in Fig. 4 a t  high drug doses 
(>lo0 mg.) could be explained by an effectivc de- 
crease in tortuosity resulting in increased drug 
release. 

Equation 1 was derivcd assuming that A >> sC,. 
In the case o r  chlorpheniramine malcatc, c, > A .  
Ti1 order for Eq. 2 to apply, B must be eO.1. This 
requires that the free volume of solvent (that avail- 
able to dissolve drug) be less than 107' of the volume 
of the hydrated matrix. If eCs 3 A,'thcn the 
following equation would apply (4) :  

I 0.500 

0.400 
0 z 
2 0.300 
cc 
0 B 0.200 
a 

0.100 

Fig. 2.---Bhsorhance 2's. 
time curve characterizing the 
release of chlorpheniramine 
inaleate and thc effect of 
flow rates on the actual 
spectrophotometric record- 
inp. Key: ~ , 75 ml./ 
min.; . . . . ., 18 ml./min. 

TIME, min. 
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Fig. 3.-Drug releasc as a function of the square 
root of time for tablets with varying concentrations 
of chlorpheniramine maleate. Key: A, 150 mg. 
per tablet; B, 100 mg. per tablet; C, 75 mg. per 
tablet; D, 50 mg. per tablet; E, 25 mg. per tablet. 
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Fig. 4.-Plot of thc slopes of the lines represented 
in  Fig. 3 as a function of the dose of drug in thc 
tablet. 

In this case, the solvent penetrating the matrix is 
assumed to completely dissolve the drug on contact. 
This does not appear to be the case in the specific 
system reported here. 

The term S/VT’ /*  in Eqs. 2 and 3 should measure 
the effect of the polymer and that of any other 
parameter which alters the hydration of the polymer 
in controlling drug release from tablets consisting of 
only drug and polymer. This presumes no signifi- 
cant complexation between the drug and polymer. 
The effect of changes in the ionic composition of the 
solvent should be largely reflected in this term. 

Table I lists W r / d / I  values obtained in cxperi- 
ments in which the pH or salt content of the solution 
was varied. In all cases listed, cxccllent linearity of 
W r / d  plots was observed. A specific proton 
effect was noted. The results indicate that release 
rates in gastric and intestinal juices will be signifi- 
cantly different if yH is the only factor influencing 
release. This is consistent with the observed reduc- 
tion in viscosity of methylcellulose solutions at pH 
values < 3 (8). This can be attributed to  a reduc- 
tion in hydration owing to protonation of ether 
linkages. In effect, the tortuosity of the hydrated 
film is decreased. The decrease in slope observed a t  
pH 7.5 is probably the result of a decrease in the 
effective solubility of chlorpheniramine maleate 
owing to a decrease in dissociation. 

On the other hand, electrolytes apparently in- 
crease the tortuosity of the hydrated film. Sincc 
ions reduce the activity of water, hydration of the 
matrix should be reduced, resulting in a decreased 
drug release rate. However, when the concentra- 
tion of sodium sulfate and magnesium sulfatc was 
raised to 0.2 &f, a very sharp rise in drug release was 
encountered. This apparent incousistency may be 
explained by considering that when the salt content 
is increased beyond a certain point, the activity of 
the water becomes so greatly reduced as to prevent 
uniform hydration of the gum. This then results in 
a massive discontinuity in the gel structure. In 
fact, upon removal of the tablet holder from the 
solvent, a noticeable elongation of the tablet was 
observed a t  the 0.2 M concentration. It no longer 
had a flat surface exposed but looked like an in- 
verted “gum drop” with a greatly enlarged surface. 
Another factor that may he important is that the gel 
point of the methylcellulose is reduced to less than 
37” in these solutions. The effect was not observed 
when release was measured at 25”. 

TABLE I.-EFFECT OF PII AND SALT CONCENTRATIOP~ ON ~ r / +  VALUES OBTAINED FOR TABLETS CON- 
TAINING 50 mg. CHLORPIIENIRAMINE MALEATE _ _ _ _ _ _ _ _ _ _ _ ~  ~ _ _ _ _ _  

Solvent Ionic Strength PH wr/ 4; 102 mg. min. - ‘ 1 2  
0.15 M sodium acetate 
0.015 M boric acid 0.15 7.5 38.6 
Water 0 =5.6 45.5 .. 
0.015 M sodium acetate 
0.06 M acetic acid 
0.001 N hydrochloric acid 
0.1 N hydrochloric acid 
0.30 iM sodium chloride 
0.60 M sodium chloride 
0.10 M sodium sulfate 
0.15 M sodium sulfate 
0.175 M sodium sulfate 
0.10 M magnesium sulfate 
0.15 M magnesium sulfate 

0.015 
0.001 
0 . 1  
0.30 
0.60 
0.30 
0.45 
0.526 
0.40 
0 60 

5.2 
3.0 
1 .5  

. . .  

. . .  

45.1 
47.6 
54.7 
38.6 
36.0 
40.9 
37.5 
41.6 
44.4 
41 .O 
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Besides diffusion through a hydrated matrix, two 
other proccsscs could be rate determining in affecting 
drug release from a compressed hydrophilic matrix. 
These are the rate of penetration of water through 
the hydratcd layer and convective transport of hy- 
drated polymer away from the tablet. Christenson 
arid Dale (1) have suggested that hydration of the 
surface of the tablet results in a relatively water 
impermeable barrier. Drug release is achieved as 
the barrier is worn away. Fresh surface of the 
tablet is subsequently exposed, and the barrier is 
renewed. The tablet is described as having slowly 
disintegrated rather than dissolved. 

Fatt and Goldstick (9) have recently prcscntcd a 
theoretical treatment of water transport in swelling 
membranes which should apply to a hydrophilic 
polymer matrix. They have showti that the mass of 
water absorbcd by a thick slab of material should be 
a function of v‘i assuming an average transport 
coefficient. The relative hydration and, conse- 
quently, the effective volume of the hydrated film 
diminish with increasing depth of penetration of the 
water front. If water penetration was the rate- 
determining step, then the transport coefficient 
characterizing the water-matrix system rather than 
the diffusivity of the drug would be the crucial 
parameter. The effect of electrolytes, pIl ,  and 
diluents would be explainable in terms of alteration 
in the permeability of the swollen matrix to water. 

The derivation of Eq. 1 presumes a uniform matrix 
through which diffusion takes place. If the rate of 
hydration of the matrix is slow compared to the 
dissolution of solid drug embedded in thc matrix, 
then drug release would involve a leaching mecha- 
nism described by Eq. 1. If the ratc of hydration is 
rapid, as was the case for the hydroxypropyl methyl- 
cellulose ether, then dissolution would only occur in 
a matrix in which hydration was effectively com- 
plete. Although the hydrated portion of the matrix 
through which the drug is diffusing may not be coni- 
pletely uniform, the results enable us to assume uni- 
formity, at least for the time during which release 
was measured. This was nominally 2 hr. Whcn 
release rates were observed for a period of 5 hr., the 
linear relationship described by Eq. 1 continued to 
apply. An estimate was obtained uf the mass of the 
unhydrated tablet involved in the diffusional process. 
In the case of a 300-mg. tablet containing 50 mg. of 
c-hlorpheniramine maleate. 4.7 tng. of drug was 
1,eleased in water in 115 min. A t  that time, the 
tablet was removed from the solution and the 
hydrated matrix scraped from the face of the holder 

190 210 230 

Fig. 5.-Absorbance vs. 
time curve showing release 
of chlorphcniramine malcate 
from a whole tablet. The 
dotted line represents the 
rclcase pattern that would 
be necessary in order 
to maintain linearity if 
plotted against t h e  square 
root of time. 

arid assayed for I - L U ~  which amounted to 2.6 mg. 
The total, 7.2 mg., indicated that 7.2/50 or about 
14.4y0 of the mass of the tablet had been involvcd a t  
this point. At the end of 5 hr. only 7.0 mg. of drug 
had been rcleascd. 

That convective transport was not the rate-con- 
trolling step was confirmed by measuretnents of 
release patterns from whole tablets as shown in Fig. 
5. Examination of the tablet at the end of a run in 
which 8fjy0 of the dose had been rclcascd showed a 
thick hydratcd layer surrounding a small unswollen 
core. The figure shows that IVr/diwas only con- 
stant during the early stages of release. Since Eq. 2 
only applics to release from a plane surface, it  is 
difficult to assess the actual factors contributing to 
the release in this case. Convective transport may 
still play a role as i t  must when the concentration of 
polymer in the tablet is significantly lowered by the 
addition of diluents. Howcver, the existence of an 
intact hydrated layer establishes that diffusion is the 
most important factor contributing to the rate in 
this system. 

The relative contribution of convective transport, 
water penetrability, and drug diffusivity to drug 
release from a hydrophilic matrix can only be 
assessed by independent measurement of thc pcrmc- 
ability of thc hydrated polymer to water and drug in 
conjunction with a study of release patterns meas- 
ured under the conditions described in this report. 
The experimental techniques, whilc not accurately 
reflectinR in vivo conditions, do provide a reproduc- 
ible means of evaluating different polymer-drug 
combinations. It should be anticipated that dif- 
ferent systems in which the water solubility of the 
polymer or the drug may be altcrcd would provide 
additional information to further clarify the mecha- 
nism of drug releasc. 

The data reported herc are only prcliminary. 
Results of experiments in progress will be reportcd 
later. 
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4,GDisubstituted Quinolines and Decahydroquinolines 
By ARVIN P. SHROFF*, HATIP JALEELI, and P. M. MILLER 

This paper describes the synthesis of some 
4,6-disubstituted quinolines and decahydro- 

quinolines. 

N CONNECTION with a general study of the chem- I istry of Iboga alkaloids, it  was of interest to 
synthesize some quinolines and decahydroquiuolines. 
A modified Doebner-Miller synthesis (1) on p-  
aminobenzoic acid with methyl vinyl ketone gave 
the expected 4-methylquinoline-6-carboxylic acid 
(I). Oxidation of the 4-methyl group using a 
variety of oxidizing agcnts did not proceed in satis- 
factory yields. I t  was, thcrcforc, converted to 
the styryl base (11) arid oxidized with potassium 
pernianganate (2) to give quinolinc-4,6-dicarboxylic 
acid (111) in 767, yield. Hydrogenation of 111 
gave a mixture of the dl-cis and dl-trans isomers 
of decahydroquinoline-4,6-dicarboxylic acids (IV).  
These were separated by virtue of thc fact that the 
dl-trans isomer of the ethyl ester (Vb)  forms a solid 
hydrochloride more rcadily than the dl-cis isomer. 
The ratio of dl-cis to dl-trans was 1:4. Varying thc 
conditions and/or the catalyst failed to increase the 
yield of the dl-cis isomer. I n  one experiment the 
dl-cis isomer ( V a ) ,  obtained as an oil, was heated on 
an oil bath (3),  and the reaction was followed by 
observing the change in the infrared spectrum. 
The appearance of the lactam carbonyl peak a t  
5.96 p with retention of absorption due to the ester 
group (Fig. 1) suggested that the reaction proceeded 
to form V I  as shown in Scheme I. Under similar 
conditioiis the dl-tvans isomer ( V b ) ,  as the free base, 
failed to react. 

The low yield of the dl-cis isomcr and the failure 
to obtain the lactam (VI) in a pure state prccludcd 
further studies in this area. 

EXPERIMENTAL' 

Acid.- 
A mixture of 42.9 Gm. (0.315 mole) of p-amino- 
benzoic acid, 135.1 Gm. of (0.5 mole) F e C k 6 H ~ 0 ,  
10 Gm. of zinc chloride (anhydrous), and 250 ml. of 
ethyl alcohol was heated with stirring at 60-65". 
To this mixture was added 17.3 Gm. (0.25 mole) 
of methyl vinyl ketone over a 2-hr. period. The 
mixture was allowed t u  reflux for an additional 2 
hr. and left overnight at room temperature. Excess 
ethyl alcohol was removed under vacuum, and the 
residue was treated with 300 ml. of 20%, sodium 
hydroxide solution. The mixture was filtered, and 
the filtrate was acidified with glacial acetic acid to 
pH 5. The light brown precipitate was washed 

4 - Methylquinoline - 6 - carboxylic 
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with water and alcohol. Recrystallization from 
absolutc alcohol gave 32 Gm. (54.17,) of 4-methyl- 
quinoline-6-carboxylic acid, m.p. 280--282". A:::. 
5.87 p ;  6.3 and 6.4 p. 

And-Calcd. for CuHsNOz: C, 70.58; H, 
4.85; N, 7.48. Found: C, 71.00; H, 5.36; N, 
7.16. 

4-Styrylquinoline-6-carboxylic Acid.-- A mixture 
of 14.0 Gm. of 4-methylqui1ioline-6-carboxylic acid, 
78.7 Gin. of benzaldehyde, and 6.6 Gm. of anhydrous 
zinc chloride was heated on an oil bath for 5 hr. a t  a 
temperature of 180-190". Thc rcaction mixture 
wds cooled and poured into 300 ml. of 25% sulfuric 
acid. Ethyl ether (1 L.) was added to the mixture 
and the styryl quinoline sulfate was filtered off. 
The precipitate was washed successively with 25% 
sulfuric acid, alcohol, and ether to give 18.6 Gm. 
of the salt. Recrystallization from absolute alcohol 
gave yellow crystals, m.p. 250-252'. The styryl 
sulfate (18.6 Gm.) was treated with 157, sodium 
hydroxide solution and filtered. The filtrate was 
acidified with glacial acetic acid and the buff- 
colored precipitate was filtered. Kecrystallization 
from absolutc alcohol gave 13.4 Gm. (65%) of 4- 
styrylquinoline-6-carboxylic acid, m.p. 292-293O. 

Anal.-Calcd. for C~H13N02: C, 78.53; H, 
4.76; N, 5.09. Found: C, 78.35; H, 5.07; N, 
5.27. 

Quinoline - 4.6 - dicarboxylic Acid.-To a mixture 
of 10.0 Gni. of 4-styrylquinoline-6-carboxylic acid 
in 250 ml. of 50:G aqueous pyridine was added 
14.0 GIn. of potassium permanganate over a period 
of 2 hr. The mixturc was maintained at  0" through- 
out the addition. Stirring was continued for 2 hr., 
and the mixturc was allowed to come to room tern- 
perature. I t  was allowed to stand overnight, and 
then 20 ml. of ZOY0 potassium hydroxide solution 
was addcd. The solution was then treated with 
sodium bisulfate until thcrc was a cnmplcte changc 

F i g .  l.-In- 
frared spectrum 
of cis-diethyl 
decahydroquin- 
olinc-4,6-dicar- 
boxylatc (Va) 
(left) and thc 
cyclized lactam 
(VI). 
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in the color of the solution. I t  was filtered, and the 
filtrate was acidified with conccntratcd hydro- 
chloric acid to pH 5. The precipitate was washed 
successively with water, alcohol, and then dried to 
give 6.0 Gm. (76%) of quinoline-4,6-dicarboxylic 
acid. Recrystallization from alcohol- acetonitrile 
gave an analytically pure sample, m p .  >300D. 

Anal.-Calcd. for C U H ~ N O ~ :  C, 60.83; H, 
3.25; N, 6.45. Found: C, 60.29; H, 3.45; N, 
6.68. 

Decahydroquinoline - 4,6 - dicarboxylic Acid 
Hydrochlor~de.-Quinoline-4,6-dicarboxylic acid 
(3.7 Gm.) was trcatcd with 20 ml. each of water, 
HCl, and acetic acid, and 500 mg. platinum dioxide. 
The mixture was hydrogenatcd a t  60" for a period of 
36 hr. The cataly5t was removed by filtration, 
and the filtrate was evaporated under viicuuni 
to give whitc crystals of decahydroquinoline-4,6- 
dicarboxylic acid hydrochloride. Rccrystallization 
from acetonitrile gave an analytically pure sample, 
m.p. 280-285". 

5.85. 
The yield mas 4 0  Gm. ((90%) 

And-Calcd. for CuH18ClK04: C, 50.09; H, 
6.87; N, 5.31. Found: C, 50.83; H, 7.30; N, 
5.16. 

Diethyl Decahydroquinoliie-4,6-dicarboxylate 
Hydrochloride.-Decaliydroquinoli tie - 4'6 - di- 
carboxylic acid (2.7 Gm.) was  added to a ~nixture 
of 15 ml. of alcohol, 20 ml. of benzene, arid 2.5 ml. 
of concentrated sulfuric acid. It was refluxed for 
20 hr., and the water formed was continuously 
removed. Exccss solvent was removed under 

vacuum and the residue was: treated with am- 
monium hydroxide until neutral to litnius and 
extracted with benzene-ether. The extracts wcrc 
dried over sodium sulfate. Anhydrous hydrogen 
chloride was passed through the solution, and the 
solvent was removed leaving an oily residue. 
Addition of cthcr to this oily residue gavc 2.6 Gm. 
(80%) of dl-trans-decaliydroqui1ioliiie-4,6-dicarbox- 
ylic acid diethylester hydrochloride, m.p. 154-156". 
Thc dl-cis isomer remains as a.11 oil. 

Anal.-Calcd. for ClsH2,C1NO4: C, 56.32; H, 
8.19; N, 4.37. Found: C, 56.31; H, 8.36; N, 
3.81. 

Cyclization of dl-cis-Diethyl Decahydroquinoline- 
4,6-dicarboxylate to V1.-The free ester of the 
cis-isomer was obtained by dissolving the above 
oil in 1.0 ml. of 57; sodium hydroxide and extracting 
with 10 ml. of cthyl acetate. The organic layer 
was washed with water, dried, and evaporated. 
The diethyl ester, obtained as an oil, was cyclized by 
heating in a distillation flask to 190-200'. The 
reaction was followed by observing the change in 
the infrared spectrum in the lactam region. After 
15-20 inin. the flask was cooled and the residue was 
chromatographed on neutral alumina. Elution 
with benzene gave the desired lactam VI. Xz:F3 
5.96 p. 
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Effect of Drugs and Catecholamines on Rat Diaphragm 
Carbohydrate Metabolism 

By LEON L. GERSHBEIN 
By the method of paired hemidiaphragms, the mean differences in  oxygen and 
glucose uptake and glycogen content were evaluated for a variety of drugs. In- 
cubation was carried out in a phosphate-saline medium containing 1 2 0  mg. per 
cent glucose. Glycogen was depressed by quinidine sulfate (1.00 mg.), quinine. 
HC1 (1.00 mg.), cinchophen (0.50 mg.), colchicine (0.7 5 mg.), bishydroxycoumarin 
(0.2 5 mg.), dimethyl sulfoxide (1.00 mg.), diphenylhydantoin (0.75 mg.), chlor- 
cyclizine.HC1 (0.50 mg.), chlorpromazine.HC1 (0 .50 mg.), and yohimbine-HCI 
(1.00 mg.). Glucose utilization was inhibited by the last three agents as well as by 
tubocurarine chloride (0.50 mg.), picrotoxin (1.00 mg.), atropine sulfate (1.00 
mg.), mephenesin carbamate (0.50 mg.), and promethazine-HCI (0.50 mg.). 
More physiologically significant data resulted with potassium estrone sulfate (10 
mcg.) which markedly inhibited glucose utilization and with testosterone (0.52 
m.) and its derivatives, norethandrolone and methandrostenolone, both at 0.33 
pm., which depressed glycogen but had little effect on  glucose uptake except for 
testosterone as such. Of the catecholamines, epinephrine at 10 mcg. depressed 
Qo2, glycogen, and glucose utilization, the effect persisting at 0.10 mcg. or lower 
as was also the case with norephinephrine. The latter at 50 mcg. promoted 
glycogenolysis. Adrenochrome and dl-metanephrine.HC1 likewise affected 
glucose uptake at dosages of 10 or 5 0  mcg., but very high levels of the 0-methyl- 

amine were required for a glycogenolytic response. 

LTHOUGH the isolatcd rat diaphragm has been A used in conjunction with insulin, rpincphrine, 
and several sterolsin rather classical musclemetabolic 
rescarches, it has been little applied to broader classes 
of drugs. More recently, findings have been 
advanced for sulfhydryl compounds ( l ) ,  thyroid 
hormones (2), thalidomide ( 3 ) ,  and disulfiram (4). 
This report presents hemidiaphragm oxygen uptake, 
glucose utilization, and glycogen data for a variety 
of drugs, therapeutic sterols, and catecholamine 
derivatives and metabolites screened up to very 
high levels. The effcct of these agents as such or by 
preincubation on glycogen turnover in the presence 
of insulin was not ascertained. 

EXPERIMENTAL 
The drugs were obtained from general commercial 

sources, mainly Nutritional Biochemicals Corp.' 
The medium of Stadie and Zapp (5) was employed 
in the incubation of hemidiaphragms, the composi- 
tion being: 0.04 MNa2HP04,0.005 M MgC12.5Hz0, 
and 0.08 M NaCl, pH 6.8-7.0; the glucose content 
was 120 mg. yo. 

Male Holtzman rats weighing 135-160 Gin. were 
starved for 24 hr., sacrificed by swift decapitation, 
incised, arid the hemidiaphragms removcd and 
immediately placed in chilled saline. The tissues 
were trimmcd, blotted between filter paper, weighed, 
and introduced into the Warburg flasks, one 
hemidiaphragm being incubated with 1.0 rnl. double- 
strength Stadie and Zapp medium and 1.0 ml. 
saline as such (control) and its mate, with medium 
and 1.0 ml. saline-drug solution (treatment). 
____. 

Received March 4, 1966. from the Biochemical Kesearch 
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Chicago. 

Accepted for publication May 4, 1966. 
1 The follnwing originated from the firms as specified: 

cyclizine. HC1 and chlol-cyclizine. HCI (Burroughs Wellcome) ; 
meprobamate and its metabolite, 2 methyl-2-6-hydroxy- 
propyl-1.3-propanediol dicarbamate (Wallace): dimethyl 
sulfoxide (DMSO, Baker) ; phenylbutazone (Butazolidin, 
Geigy) : MER-25 (ethamoxytt-iphetol, Merrell) ; nor- 
ethanedrolone (17a~rthyl~l9~nortestostet-one, Nilevar 
Searle); methandrostenolone (l-dehydro-l7a-methyltestos- 
k r o n e ,  Clianabol, Ciba); sodium heparin of 150 U S P .  
units/mg. and epinephrine (Wilson); pentylenetetrazol 
(Bilhuber, Knoll) ; mephenesin carbamate (ester of 3-0- 
toloxy-1 ,Z-propanediol, Squibb) ; potassium estrone sulfate 
(KES, Penick) ; chlorphen/ramine maleate (Hexagon); and 
dipheuylhydantoin (Dilantin, Parke Davis Co.). 

In some instances, as with cinchophen, solution 
was effected with aqueous NaOH and the mixture 
thcn diluted with saline to the desired concentra- 
tion. A few drugs of low solubility were employed 
as fine suspensions. With acetylsalicylic acid and 
the sterols, solutions were prepared in propylene 
glycol, the desired dosage being delivered in a volume 
of 0.20 ml.: the respective flasks contained 1.0 ml. 
of double-strength phosphate-glucose medium, 0.80 
ml. of saline, and 0.20 ml. of either glycol or the 
solution (6). Flasks containing the media but 
without tissues were also included in each run. The 
system was gassed with pure oxygen and incubated 
a t  37" for 1 hr., after which time the liemidiaphragms 
were removed and rinsed 3 times with saline, filter 
paper blotting being applied between washings. 
The tissues werc digested with alkali and glycogen 
precipitated and determined by the anthrone reagent 
(7, 8). The supernatant fluid, after removal of the 
hemidiaphragm, was dcproteinized and analp7ed for 
glucose by the Somogyi method (9, 10). A more 
detailed description of the pertinent procedures has 
been advanced earlier (11). 

RESULTS 
Mean differences in Qo2, glucose uptake, and gly- 

cogen content for hemidiaphragms incubated with 
drugs, testosterone derivatives, KES, epinephrine, 
norepinephrine, metanephrine, adrenochrome, and 
4-hydroxy-3-methoxymandelic acid together with 
the requisite Fisher t values are presented in Table I. 
In the calculations involving the bulk data, differ- 
ences in excess of 5~2.5 R, where is the average 
range, were excluded (12). The mean differences 
werc not statistically significant with the following, 
the values denoting the highcst levels screened : 
acctylsalicylic acid (0.30), acetylcholine (1.00), 
barbituric acid (0.050), chloral hydrate (0.50), 
chlorpheniramine maleate (0.50), cyclizine-HC1 
(0.50), ergotamine tartrate (0.25), sodium heparin 
(1.00). meperidine (1.00), meprobamate (0.50), 
meprobarnate metabolite (0.50), morphine sulfate 
(1.00), ouabain (0.50), pentylenetetrazol (1.00), 
picrotovin (1.00), pilocarpine-HCI (0.50), procaine. 
HCl (1.00), reserpine (0.25), strophanthidin 
(0.25), strychnine sulfate (1.00), and veratrine 
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mcg. depressed the glycogen content and glucose 
utilization was greatly inhibited at dosages below 
0.10 mcg. as was also noted with norepinephrine. 
The latter at 50 mcg. caused a decrease in glycogen. 
In this regard, both muscle and liver glycogenolysis in 
the rat is very marked with epinephrine, whereas 
norepinephrine possesses low activity relative to 
muscle glycogen but promotes hepatic glycogenolysis 
(19, 20). Metaiiephrine. HC1 depressed glucose 
utilization a t  levels down to 50 mcg., but its glyco- 
genolytic action was noted a t  higher conrentrations 
(0.50 mg.). The 0-methylated derivative, like 
normetanephrine, plays an important role in cate- 
cholamine mctabolism in the rat and human, and an 
@methyl transferase system is implicattd (21-25). 
Adrenochrome, the pigment from epinephrine oxida- 
tion was similar to the latter aminc in causing depres- 
sions in both glucose uptake and muscle glycogen a t  
0.50 mg.; glycogenolysis was definite but of low 
statistical significance ( p  <0.05) at 10 mcg. The 
more stable semicarbazone a t  a level comparable to 
the last one (15 mcg.), although markedly inhibiting 
glucose uptake, was without effect on the glycogen 
content. However, controls, such as other serni- 
carbazone types or semicarbazide alone, were not 
instituted, nor mere higher concentrations of this 
derivative screened. The urinary catecholaminc 
metabolitc, VMA, was without action on the 
diaphragm even at a dosage of 1.00 mg. 

The data with the above drugs are of great phar- 
macological interest. Except for the sterols and 
catecholamines, one is impressed with their relative 
refractoriness by the metabolic criteria, and wherc 
effects could be discerned, these invariably lacked 
physiological significance in view of the trcmcndous 
dosages scrcened. In contrast to the diaphragm 
findings, an increase in glucose uptake occurs with 
rat cerebral cortical slices under the agency of 
morphine (25); negative data were also obtained 
earlier with somewhat lower dosages of acetylcholine 
(16) and with excessive levels of choline (11). 

REFERENCES 

sulfate (1.00). 
as a suspension and in propylene glycol mixture. 

Bcetylsalicylic acid was tested both 

DISCUSSION 
At the concentrations investigated, decreases in 

diaphragm respiration occurred in the presence of 
digitoxin, strophanthidin, and phenylbutazone. Of 
the mean differences, glucose utilization was de- 
creased with promcthazine.HC1, picrotoxin, atro- 
pine sulfate, and tubocurarine chloride. Chlor- 
proniazine . HCI a t  0.50 mg. depressed both muscle 
glycogen and glucose uptake but when the dosage 
was lowered to 0.050 mg., only the effect on glucose 
utilization persisted. Glycogen was depressed on 
incubation with the higher concentrations of cincho- 
phen (0.50 mg.) as well as with yoliimbine.HC1 
(1.00 mg.), colchicinc (0.75 mg.), diphenylhydantoin 
(l.OOmg.), quinidinesulfate(1.00mg.), and quinine. 
HC1 (1.00 mg.), the latter two bcing ineffective at 
0.10 mg.; glucose utilization except for yohimbine. 
HC1 was not affected. Glycogen content was de- 
creased but to a small extent with DMSO (1.00 mg.) 
and MER-25 (0.50 mg.), the last drug also dcprcssing 
the Qo,; neither displayed an effect at 0.10 mg. 

Both meprobamate and its metabolic product did 
not significantly alter any of the mean differences. 
However, mephenesin carbamate (0.50 mg.) de- 
pressed glucose utilization as was also observed with 
ethyl carbamate screcncd up to 1.00 mg.; QoP was 
decreased in the presence of the formcr agent. 
Perhaps at the high levels, carbamate contributes to 
the diminished glucose uptake and that other struc- 
tural attributes oi the meprobamate molecule might 
negate the effect. It might be pointed out that the 
disulfiram metabolite, diethyldithiocarbamate, like 
the parent compound, was without action on the 
isolated diaphragm (4). 

Regarding the sterols, KES, an interesting water- 
soluble conjugate of cstrone, markedly depressed 
glucose uptake to the exclusion of any effect on QoP 
and glycogen content at levels down to 10 mcg. 
(0.02’7 p m . ) ,  Testosterone iiitroduccd as a propyl- 
enc glycol solution elicited inhibitory effects on the 
three mean differences at 0.15 mg. or 0.52 pm., but 
the derivatives, norethandrolone and inethandro- 
stenolone, each a t  0.10 mg. or 0.33 pm., decreased Qoe 
and glycogen and produced no effect on glucose up- 
take. In fact, although not statistically significant, 
the latter values tended toward increased liesose 
utilization. In earlier published accounts, rat 
diaphragm glycogenesis in the presence of insulin and 
glucose was shown to bc rcduced by various sterols 
and the estrogen, stilbestrol(l3, 14), and the inhibi- 
tory action did not obtain when hemidiaphra.gms 
wcre preincubated with some of these sterols (15). 
Desoxycorticostcronc and an extract of the adrenal 
cortex were without action on glycogen synthesis in 
the presence of insulin (16). 

The effect of epinephrine on the isolated rat dia- 
phragm has been dcscribcd by several workers, 
glucose uptake and glycogen turnover being de- 
creased ; the amine antagonizes the action of insulin 
on glycogenesis (7, 75-18). According to Reisser 
(16), the substance antagonizing insulin is not epinc- 
phrine as such but an oxidized derivative. In the 
present study, the effects of dl-metanephrine * I-ICl, 
adrcnochrome, and 4-hydroxy-3-methoxytnandclic 
acid (VMA) were ascertained, epinephrine and 
norepinephrine being included for purposes of com- 
parison under these conditions. Epincphrine a t  10 
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Evidence for the Presence of an Atropine-Degrading Enzyme 
in Goat Serum 

By RONALD G. MILLER, VERNA L. WALKER, GILBERT C. SCHMIDT, 
and HARRY C. SHIRKEY 

Pooled rabbit serum containing atropinesterase, pooled rabbit serum lacking 
atropinesterase, and pooled goat serum were tested for their effect on some phar- 
macological parameters of atropine and related compounds. Pooled goat serum 
was found to  contain a previously undescribed enzymatic activity o n  certain of the 
effects of these compounds. These activities were compared to  those of the rabbit 

sera. White male mice were used as the test animal. 

SURVEY OF the literature reveals no refereucr A to any protectivc mechanism of the goat against 
atropine. Even in the folklore of ancient medicine, 
whcre there was midcspread belief in the thcrappeutic 
powers of different parts of the goat’s body, no indi- 
catiou of natural resistance of the goat to atropinc, 
atropine-containing plants, or any atropine-related 
compounds is found (1). 

Metabolic degradation of atropine has been 
studied in several species, including the mouse 
(2-4), rat, kitten, guinea pig ( 5 ) ,  dog (6), and rabbit. 
The most extensive studies have been performed oil 
rabbits, where a geuetically inherited enzymc, atro- 
pincsterase, has been credited with the ability to 
impart resistance to the pharmacological cff ects 
of administered atropine in those rabbits containing 
the enzyme. Atropinesterase from rabbit serum 
has recently been purified and cliaractcrized by 
Margolis and Feigelson (7). 

This paper presents evideiice for thc existence of a 
hitherto unreported atropine-degrading enzyme, 
present in pooled goat serum, which differs from 
atropinesterase in that it has no esterase activity. 

MATERIALS A N D  METHODS 

Chemicals.-Atropine sulfate (Merck and Co.), 
hyoscyamiiie sulfate (Nutritional Biochemicals), 
tropic acid (Nutritional Biochemicals), and liopine 
(K  & K Laboratories) were all commercial products. 
Tropine was purified by vacuum distillation in this 
laboratory. 

Sera.-Stcrile pooled rabbit serum, no preserva- 
tive, was obtained from Courtland Laboratorics 
and Baltimore Biological Laboratories. Sterile, 
pooled, goat serum, no preservative, was obtained 
from Colorado Serum Co. 

Eye Assay.-A modification of the method of 
Pulewka (8) was used. White, male, Swiss mice 
were used as the test animal. Initial pupil di- 
ameter, under the direct light of an 18-w. microscopc 
maintained 10 cm. from the mouse eye, was ob- 
tained using an American Optical binocular micro- 
scope fitted with an ocular scale. Animals then 
received an intrapei-itoneal injection of 0.5 ml. of 
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serum, followed by 0.2ml. of atropine or hyoscyamine 
solution by the same route. Each ariiinal received a 
total dose of 2 mcg. of thc desired alkaloid, with 
stated exceptions. Pupil diameter W L L S  followed a t  
5-miii. intervals until a maximum dilation was ob- 
tained. Maximum pupil diameter increase, in 
arbitrary units, was calculatd, and the data sub- 
jected to a t test (9) for signilicance. Coutrol 
animals received 0.5 ml. of water, followed by 0.2 
ml. of alkaloidal solution. 

Median Lethal Dose Determinations.-White, 
male, Swiss mice, 11-12 Gm. in weight, were ran- 
domized into five groups of 10 mice each. Each 
group was subjectcd to a different dose level, the 
per cent kills obtaiued for each group, and the re- 
sults analyzed by probit analysis after the method 
of De Beer (10). 

Toxicity Studies.-Mice in the test group re- 
ceived 0.8 ml. of serum, followed immediately by 
0.2 ml. of the alkaloidal solution, containing a dose 
of alkaloid a t  the LDsa level. Thc control group 
received 0.8 nil. of water, followed immediately by 
0.2 ml. of the alkaloidal solution. The total number 
of kills was obtained for each group, and the rcsults 
tested for significance, using the x2 method of Batson 
(11). 911 injections were intraperitoncal. 

Esterase Activity.-Warburg respirometer an- 
alyses were run on 2.5-ml. react.ion mixtures, 0.04 M 
in phosphate, 0.04 M in bicarbonate, containing 
1% of atropine free basc and 20% serum, at an 
initial pH of ‘7.8. Carbon dioxide production, 
indicating the hydrolysis of atropine to tropic acid 
and tropitie, was used as the criterion for csterase 
activity (12). 

RESULTS ANT) DISCUSSION 

111 a prelituirlary :ittempt to cotriparc the effcct of 
esterase-containing and csterase-deficient rabbit 
seruiri, and goat se r~ tn ,  on the pharmacological 
:kction of atropine, thc authors eirtployed two pnram- 
ctrrs: inydriatic response and gross toxicity. 

Thr prescncr or absence of esterase activity was 
determined by W:irbtirg st.iidic.s. Substantial car- 
bon dioxide protluction was obsrrved iti the case of 
Courtland rabbit serum, but not with Baltimore 
rabbit serum or goat serum. 0 1 1  this basis, Court- 
land serum was judged to coritairi atropincsterase, 
and the latter two sera mere classified its lacking the 
enzyme. 

LDSo studies (Table I )  show the relative toxicities 
of atropine and its componcnts. Atropine, the 
racemate, atid hyoscyamine, the lcvorotatory iso- 
mer, were found to  be nearly equal in toxicity, atro- 
pine being somewhat more toxic. These results 
arc in agreement with Buckett’s observation (13) 
that, in white mice, the two isomers possess equal 
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TABLE I.--MEDIAN LETHAL DOSES FOR THE 
COMPOUNDS STUDIED" 

-___- .~___ 

9.57, Confidence 
Compd. I.Dso, mg./Kg.  l imits  of LDra 

Atropine sulfate 180 364-198 mg./Kg. 
Hyoscyaminc 

sulfate 210 181-244 mg./Kg. 
Tropine sulfate ,550 490-616 nig./Kg. 
Tropic acid 

(sodium salt) Nontoxicb . . .  
___- " Median lethal dose and confidence limits were determined * No deaths were observed by the method of JJe Beer (10). 

at maximum dosages of 1500 mg./Kg. 

T A B L E  II.-pROTECTIO€i O F  SERA AGAINST T H E  
LETHALITY OF ATROPINE SULFATE 

. ~~ 

Serum Effect 
Coat Protection 16.16 
Esterase positive 

rabbit Protection 13.00 
Esterase negative 

rabbit Protection 5.12 

J o m d  of Pharmaceufical Sciences 

is obvious that protection, while i t  may be a partial 
function of atropinesterase in Courtland serum, 
cannot be a function of esterase activity in the other 
sera. 

Tropine, the alcohol portion of the ester, ex- 
hibited lesser toxicity than the parent compound. 
Goat serum and esterase-lacking rabbit serum 
were found to protect significantly against its toxic- 
ity (Table 111). Since there are no ester links in 
this alkaloid, additional evidence is afforded that 
protection is due to something other than an es- 
terase. There is an implied association, even in 
sera that contain atropinesterase, of protective ac- 
tion and ability to  degrade or alter the tropine 
moicty. 

The toxic effects of liyoscyarnine were unmitigated 
by all three sera, hence, the protection is stereo- 
specific and involves the dextrorotatory isomer 
(Table IV). This finding the authors regard as 
most significant. Atropinesterase is claimed to be 
specific for the levorotatory isomer (14), and if 
protection had been a function of hydrolysis, it 
would have been observed in the case of the pure 
substrate. This finding also eliminates the possibil- 
ity that protection is due to serum binding of the ad- 
ministered drug. If this were the mechanism, the 
enzyme would have bound the natural substrate, 
the lcvorotatory isomer, just as much if not more 
so, as the racemic mixture of isomers. 

Alteration of mydriasis showed both rabbit sera 
to  significantly decrease the amount of mydriasis 
caused by an injected dose of atropine (Table V), 
again pointing to some activity other than enzy- 
matic hydrolysis. Goat sernm had no effect on 
mydriatic activity. 

Critical values for x': 5Yu = 3.84, 1% = 6.64, O.l'% = 
10.83. 

potencies a t  toxic levels. The authors observed 
that, upon standing in the laboratory, solutions of 
hyoscyamine appear to change in toxicity. A 
solution of hyoscyaminc was followed for several 
hours using a polarimeter. without changc in optical 
rotation. Thcrrfore, racemization does not seem 
to be a possible explanation for the sometimes 
niarkrdly different responses that werc obtained 
from hyoscyatn ine. 

Tropine was found to be about one-third as toxic 
as atropine, arid tropic acid was found to be nontoxic. 
Therefore, thc hydrolysis of atropine by those ani- 
mals containing atropinesterase could servc as a 
protective mcchanism against the lethality of atro 
pine. 

Hydrogen-ion concentration was not a factor in 
the toxicity of the injected drug. Atropine sulfate 
and hyoscyaminc sulfate solutions have a pH of 
5.5, and intraperitorieal injections of dilute solutions 
of sulfuric acid of the same pH caused no deaths or 
apparent discomforts in injected mice. Tropiiie 
solutions were too basic to be used as such, and were 
adjusted to  pH 7.0 with dilute sulfuric acid. Tropic 
acid, in the acid form, is only very slightly solublc 
in water, This compound was administered as the 
sodium salt, pH 7.0, to solubilize enough of the 
tropic acid anion to permit toxicity studies. 

When dose-response curves were run for mydriatic 
activity, the curves for hyoscyamine and atropine 
were indistinguishable from one another. Sub- 
jection of the data to a l test disclosed no significant 
difference in the mydriatic action of atropine and 
hyoscyaminc in male, white mice. These findings 
are in disagreement with Buckett's (13) observation 
that the levorotatory isomer is 29 times as niydri- 
atically potent as the dextrorotatory isomer. 
though Buckctt also used the mouse as the test 
animal, he employed subcutaneous or intravenous 
injections, while this laboratory employcd the intra- 
peritoneal route. 

All three sera tested wcre found to  protect against 
the lethality of atropine (Table 11). Since esterase 
activity was present in only the Courtland serum, it 

A1 

TABLE III.---PROTECTION OF SERA AGAINST THE 
1,ETHALlTV OF TROPINE SULFATE 

_ _ - ~  
Serum Effect x2.a 

Goat Protection 5.72 
Esterase positive 

rabbit Kot run . . .  
Estcrasc negative 

rabbit Protection 6.37  

Critical values for x*: 5% = 3-84, 1 %  = 6.64. 

TABLE IV.--PROTECTION OF SERA AGAINST THE 
LETHALITY OF HYOSCYAMINE SULEATE 

Serum Effect x2.a 

Goat None 1.41 
Estcrasc positive 

rabbit None 0.06 
Estcrase negative 

rabbit None . . .  
~- 

a Critical values of x?:  50% = 0.455, 5% = 8.84. 

TABLE V.-PROTECTION OF SERA AGAINST T H E  
MYDRIATIC ACTION OF ATROPINE SULFATE 

Serum Effect t-Testa 
Goat None 1.1 
Esterase positive 

Esterase negative 
rabbit Protccts 8 .02  

rabbit Protects 5.67 
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CONCLUSION REFERENCES 

These studies indicate that the protection rendered (1) Thorington, J. nL, Bull. Hist. Med . ,  15, 65(1944). 
by these sera against the pharmacological effects of 
atropine cannot be ascribed to atropinesterase, or (3) Gabourel, J. D., and Gosselin, R. E., ibid., 115, 

driasis, exhibited by the esterase-lacking rabbit Wills J. H. J .  PhavnzncoL. Erp t l .  Therng., 115, 217(1955). 
serum, together with the observation that goat serum R. ~ ~ ' ~ ~ ~ ~ - c " i . w ~ ~ ~ ~ , ~ i ~ ;  '. D.* Gosseliil, 
is ineffective under the same conditions, implies (6) Wiechowski, W., Avch. E x p f l .  Palhol. Pharmakol., 

further that the mechanism of protection is of a 46, ~ 5 ~ ~ ~ ~ ~ l i s ,  F., and Feigelsun, F., J .  Biol. Chern., 238, 
different nature in the two sera. The evidence 2620(1963). 
indicates that goat is for the dextro- 30,[~b3~;11e~vka. P., Arch. EzPtl. Palhol. Phamzko l . .  168, 

rotatory isomer of atropine, metabolizing it to a (Y) Batsou, H. C., "Introduction to Statistics in the 
Medical Sciences," Burgess Publishing Co., Minneapolis, 
Minn., 1056, p. 16. 

activity for the mouse. (10) D e  Beer, E. J., J. Phnumacol. Brat!. Therap., 85, 
cate a n  activity not involving the ester linkage, but l ( ~ q ~ ) ~ a t s o n ,  H. c,, to in the 
metabolizing thc compound to a substance of both Medical Sciences," Burgess Publishing Co., hfinneapolis, 
lesser toxicity and lesser mydriatic activity for the (12) Ammon, R., Avch. Ces. Physiol.,  233, 486(193.1). 
mouse. The data further suggest that dccreases in (13) Buckett, W. R . ,  and IIaining, C. G., Brit. J .  Phov- 
toxicity, with all sera tested, are very likely associ- (14) Wei-ner, G . ,  and Brehmer, G. ,  Naluuwisrenschaflen, 
ated with alterations of the tropine moiety. 

P h ( ~ ) a ~ ~ $ ~ u ~ $ ;  $;&$6ying9 E. ". K., 

any Other The protection against my- 416{~~5&elin, R. E., Gabourel, J- D., Kaiser, S. C., and 

that is less toxic, but of equal 
The rabbit sera data indi- 

Minn., 195F, P. 38. 

m@coL.. 24, 138(1965)- 

46, 600(1959). 

Freezing Point Curve of Dimethyl Sulfoxide-Water Solutions 
By RUTH N. HAVEMEYER* 

The apparent freezing points have been determined for solutions of dimethyl sulfox- 
ide and water. Several of the samples exhibited increasing viscosity as they were 
cooled and, at their solidification points, formed amorphous glasses rather than 
crystalline solids. It is proposed that these glasses form because of a modified lattice 
structure built of dimethyl sulfoxide and water molecules. The eutectic composition 

occurs in the region of 0.3 M dimethyl sulfoxide. 

IMETHYL SULFOXIDE (DMSO) has been used for D many years as a solvent and a reaction 
medium. It will dissolve many inorganic salts and 
most classes of organic compounds. As a reaction 
medium i t  has been found to increase greatly the 
rates of many reactions beyond what would be 
expected (1). I t  also possesses a number of other 
unusual propcrties: a high dielectric constant for 
an aprotic solvent (2), miscibility with most organic 
solvents, a high hcat of mixing with water (3), and a 
volume contraction when mixed with water (3).  
DMSO has also found use as a prescrvativc and 
freezing medium for biological tissues (4). It has 
been found in this laboratory that DMSO will 
greatly lower the freezing point of water. This 
paper reports on the cryoscopic properties of 
DMSO-water solutions. 

EXPERIMENTAL 
I .  1 wo sets of equipment were employed-one for 

those samples freezing abovc - 40" and one for those 
frcczing below. For the higher freezing solutions, 
the apparatus used for measuring the teniperaturr 
was a copper-coustantin thermocouple connected to 
a Westronics strip chart rccordcr. The recorder 
has a working range of -40' to +180° (or -1.46 
to f8.24 mv.), with an accuracy of 3~0.5". The 
cooling chamber was a Dewar flask (12.3 cm. i.d.) 
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velopment, Syntex Laboratories, Palo Alto, Calif. 

containing the dry ice-glycol ether' cooling fluid 
(temperature about - 75°).a about  21111. ofa DMSO- 
watcr solution was placed in a 7.5  X 1 cm. glass test 
tube. The thermometric probe was threaded 
through a cork stopper in the test tubc and 
positioned iu the center of the liquid. This as- 
sembly was immersed in thc cooling bath inter- 
mittently, to avoid supercooling, until thc contents 
of the tcst tube had frozen. Thc assembly was then 
suspended from a clamp and allowed to warm at  
room temperature until the transition from solid to 
liquid was compkte. The freezing point (melting 
point) o f  the mixture was taken as the point of in- 
flection on the time-temperature curvc. 

For those samples with a freezing point below 
-40'. the equipment used was the Linde RF-3 hio- 
logical freezer. This is a tontrolIed rate freezer 
that uses liquid nitrogen as the cooling medium. A 
differential copper-constantin thermocouple probe 
is used to monitor the temperature diffcrcnce be- 
tween the sample and the cooling chamber. This 
temperature diffrrmce produces a millivolt signal, 
which is balanced against the controller voltage set 
to the desired temperature differential. As a result 
of  the continuous comparison of these two voltages, 
liquid nit.rogen is fed into t h e  freezing chamber as 
needed, through a solenoid valvc that is actuated by 
the controller. Thus, the freezing rate is established 
and maintained. After the conclusion of a particular 
freezing opcration the sample vial< are rcmoved, the 

' Marketed as Dowonol 33B by Dow Chemical Co., Mid- 
laud, Mich. 

2 Determined with a copper-constantin thermncouple atid 
a Brown-Honeywell potentiometer. 

_ _ _ _ ~  . 
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_ _ _ _ ~  . 
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voltage was calibrated with a Brown-Honeywell 
potentiometer; the thermocouple-recorder response 
was checked wit11 chemicals of known freezing 
points-deionized water, chromatographic grade 
chloroform, and freshly distilled trichlorofluoro- 
methane.3 The accuracy of the calibration was 
about f 2 ' .  

The data obtained by both experimental methods 
for deionized water, DMSO (pharmaceutical grade, 
Crown Zellerbach), and mixtures of these two are 
shown in Fig. 1 and Table I. 

RESULTS 
The method used ior tlic higher-frerziiig mixtures 

did not utilize a controlled rate of freezing or thaw- 
ing. Nonetheless, there were well-defined inflection 
points in the time-temperature curves (Fig. 2)  to 
indicate the freezing points (or melting points). The 
same values were obtained on duplicate samples. 

For those solutions with a freezing point below 
-40°, the samples either would not freeze (0.2, 0.3. 
0.4 A[ DMSO) in the dry ice-glycol ether bath, or 
else showed only poorly defined inflection points 
(0.15 and 0.5 A[ DMSO). A t  first, an attempt was 
made to freeze these samples by intermittent im- 
mersion in liquid nitrogen, rathcr than in the dry 
ice-glycol ether bath, but the results were unsatis- 
factory. Stirring the samples with a wire loop and 
scratching the inner surface of the test tube during 
cooling were also tried in an attempt to induce crys- 
tallization. These methods had no cffect. How- 
ever, i t  was obscrvcd that the 0.2, 0.3, and 0.4 M 
DMSO solutions exhibited a range of viscosity, from 
glycerin-like liquid to glassy solid, during cooling. 
The need for a controlled freezing rate was evident, 
and the equipment employed hereafter was the 
Linde biological freezer. 

Using the Linde freezer, the samples of 0.15 and 
0.5 M DMSO showed well-defined plateau regions 
(Fig. 3) even when cooled at the fastest rate-about 
5"/mi11. Samples of 0.2, 0.3, and 0.4 A4 DMSO did 
not give any indicatiou of their freezing points even 
when cooled at the slowest rate of about 0.9"/rnin. 
However, i€ these samples were kept in the chamber 
to the operational limit of the unit, they did solidify 
as glasses. 

These latter three concentrations of DMSO were 
then re-examined qualitatively. Three or four un- 
monitored vials were used for each mn, in addition to 
the sample monitored with the thermocouple, so that 
a vial could be removed from the chamber a t  differ- 
ent times during the freezing cycle for gross observa- 
tion. In this way the several stages of viscosity 
could be seen-slightly viscous, very viscous hut 
flowable, notiflowing but deformable soft glass, IIOU- 

deformable glass. The dotted lines in Fig. 1 indicate 
the temperature ranges of increased viscosity. 'I'he 
freezing point of each of these three snniples was 
taken as the temperature a t  which the surface of the 
sample could not be indented when pressed with a 
thin wooden stick. Below this temperature the 
sample would suddcnly show craze or shatter lines. 
In none of these samples were crystals seen by gross 
observation. 

DISCUSSION 
The DMSO-water eutectic forms in the region of 

It is in this same region that 0.3 A[ DMSO (Fig. 1). 

-120 - 

mole FRACTION OF DMSO 

Fig. 1.-Apparent freezing point curve for 
Region of increased vis- DMSO-watcr mixtures. 

cosity of sample (- - - - - -). 

TABLE ~.--CKYOSCOPIC DATA FOR DMSO-WATER 
MIXTURES 
__ .~ - 

mole Fraction 
of UhlSO 

0.00 
0.05 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
'I . o  

Freezing Point 
("C.) 
-0.5 
-8 
- 17 
- 45 

About -110' 
About -140a 
About -1250 

- 45 
- 12 
- 3  
+7 + 12 + 17 

These mixtures form glassy, amorphous solids. 

chamber is reclosed, and a separate warming cycle 
brings the chamber to  room tcmperature. 

Using the Linde freezer 8 ml. of samplc solution 
was placed in  a 3-dr. Kimble glass vial, and one leg of 
the thermocouple probe was immersed in the sample 
and held in place with a cork stopper. The moni- 
tored sample and auxiliary samples were positioned 
in a carrier and placed in the Ireezing chamber, and 
the chamber was tightly scaled. The desired freez- 
ing rate was set with the control potentiometers, and 
the freezing cycle was begun. The timc-tempera- 
ture curves were obtained with a Sargent model SR 
recorder. Since the temperature region of interest 
was in the negative millivolt range, the thermocouple 
leads to the recorder were reversed. This gave a 
theoretical operating range of +1.45 to -5.38 mv. 
or about f35' to about -190". The recorder 

3 Marketed as Freon-11 by E. I. du Pont de Nemours, 
Inc., Wilmington, Del. 
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two major theories are thr crystallite and network 
theories, but the latter seems to have gained wider 
acceptance (8) .  According to it, a three-dinien- 
sional network develops from a random distribution 
of loosely linked molecules or particles in space. 
Because of the haphazard arrangcment in the lattice, 
the forces between units are not of equal strength. 
As a rcsult, when heat is added to the system the 
lattice does not collapse all at once a t  a definite tcm- 
perature, as in a crystal, but loses its coherence in 
stages as first the weaker and then the stronger bonds 
are ruptured (9). Conversely, as heat is removcd 
from the system, the rigidity of the lattice takes 
place slowly, as evidenced by the stages of increased 
viscosity, until the amorphous solid is formed. 
Therefore, a glass has a softening region rather than a 
sharp melting point; it shows a region of increased 
viscosity, rather than a well-defined freezing point. 

One of the rules of Zachariesan’s network theory 
was that the network formed is built of polyhedrd 
and at  least three corners of cach polyhcdron must be 
shared. Therefore, the central atom of each poly- 
hedron must have a coordination number of thrcc or 
more. Howcver, Weyl and Marboe (10) are insis- 
tent that they can see no justification for assuming 
that a tetrahedral structure is essential for glass 
formation. 

It seems rcasonable to explain the behavior of tlie 
DMSO-water solutions on the basis of a modified 
lattice theory. If there is definite compound forma- 
tion between water and DMSO a t  a ratio of 2 : l, then 
a structure could be formed of subunits of two water 
molecules tightly bound to one DMSO molecule, 
with each such subunit more loosely bound to the 
next subunit. Hence, the over-all structure would 
bc held together by bonds of varying strength or 
force. At concentrations of water and DMSO other 
than 2:1, the systcm would consist of a variety o f  
structural subunits-long and short chains and/or 
groups of oddly shaped units. Because of the lack of 
order of the structure and the complexity of the 
system, crystallization would not occur a t  thr frccz- 
ing point, but a glass-like solid would forni instead. 

Those systems that do not crystallize when cooled 
generally do exhibit temperature-dependent vis- 
cosity, and the viscosity reaches a maximum just 
above tlie solidification point. If temperature- 
dependent viscosity is due to asyininctrics in the 
structurc of the mclt, then this would seem to confirm 
the existence of a modified lattice structure for 
DMSO-water solutions. 

I*I 
I C  

- I0 

- 3 0  

I 
I ’  

TIME 

Fig. 2.-Typical 
freezing point (or 
meltingpoint) curve 
of high freezing mix- 
tures. Key: A-B, 
heat being removed 
from system; B-C, 
heat being added 
to system. 

F ig  3.-Freezing 
point curves of 
some lower freezing 
mixtures. 

viscosity and heat of mixitis of DMSO-watcr solu- 
tions have maximum values, and there is considerable 
volume contraction on mixing (3, 5). A 0.33 M 
quantity of DMSO corresponds to a ratio of 2 moles 
of water to  1 mole of DMSO. It has been proposed 
that a 2 : l  complex does form between water and 
DMSO through hydrogen bonding and t h a t  this 
is stronger between water and DMSO than between 
two water molecules (1, 6). It would be cxpccted 
that a compound with a definite composition would 
exhibit a maximum, rather than a minimum, in a 
frcezing point curve. I t  may be that this does occur 
in this system but that the rncthod of rneasuremetit 
and observation is not sufficiently sensitive to deter- 
mine it,  or supercooling occurs too rapidly to be 
avoided. The temperature of such a maximum, if i t  
does exist, cannot be estimated. For this reason 
i t  is not sketched in on Fig. 1. 

I n  Fig. 3,  the “double shoulder” seen in the freez- 
ing point curve for 0.15 M DMSO was reproducible. 
These shoulders may be indicativc of the be,ginning 
of solidification aud the transition to the solid solu- 
tion phase, respectively. 

Many organic compounds are known t o  form 
glasses rather than crystalline solids when cooled. 
Among the best known of these are the glycols. For 
propylerie glycol, dipropylene glycol, 2,5-hexane diol, 
and others Curmc and Johnston (7) describe the 
freezing points as “sets to a glass below -50.” Thc 
reasons for the formation of this “fourth state of 
matter” have been discussed for many years. The 
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Assay of Methenamine Mandelate and Its Pharmaceutical 
Dosage Forms by Direct Cerimetric Titration 

By LESTEK CHAFETZ and CHARLES A. GAGLIA, JR. 

Avoidance of bisulfate ion and control of acidity permit the direct cerimetric titration 
of the mandelic acid moiety of methenamine mandelate to a sharp instrumental or 
indicator end point. Separation and titration procedures for the drug in  its dosage 
forms are described. The procedures compare favorably in  speed and selectivity 
with the U.S.P. assays. The scope and limitations of the analytical reaction are 

defined. 

ETHENAMINE mandelate’ and its tablet and M oral suspension dosage forms are recognized in 
U.S.P. XVII (I) in the urinary antibacterial cate- 
gory. The drug is unique among oficial salts in 
that its biological activity derives froin both ions. 
The TJ.S.1’. monograph provides 96% minimum 
assay valucs for methenarnine niaridelate by a pro- 
cedure selective for methenarnine and for mandelic 
acid by titration with alkali. The net reaction in 
the U.S.P. mandelic acid assay may be represented: 

(CHz)sN&I+ + OH- = (CH2)fiNd + HOH 

where the actual acid titrated is the conjugate acid of 
methenarnine; thus the mandelic acid content is 
inferred rathcr than determined. 

Titration of methenamine mandelate preparations 
with alkali does not discriminate between methen- 
amine conjugate acid and other organic acids. 
Difficulty in distinguishing mandelic acid from othcr 
organic acids generated during exaggerated stability 
studies of experimental methenamine mandelate 
formulations led to thc study of conditions for the 
selective titration of mandelic acid reported here. 

Mandelic acid is quantitatively and selectively 
oxidized by ceric salts according to  thc equation: 

CSH~CHOHCO~H + 2Ce( IV) +. 
C&CHO + COZ + 2H+ f 2Ce(III) 

Helmstaedter (2) applied the Verma and Paul (3) 
cerimetric titration of mandelic acid to  methen- 
amine mandelate. The procedure requires heating 
mandelic acid with excess ceric sulfate in sulfuric 
acid solution at reflux and back-titration with a 
standard reductant. Under these severe conditions 
the ccric reagent functions as a powerful and general 
oxidant and formaldehyde liberated from meth- 
amine is oxidized also (2). Mathur and Rao (4) 
reported a residual titration procedure at room 
temperature with ccric sulfate using visible light 
catalysis. Chafetz (5) found that ceric oxidation is 
general for arylglycolic acids and described pro- 
cedures for thcir quantitative estimation by ultra- 
violet spectrometry of the carbonyl reaction prod- 
uct. Because spectrophotometry requires use of a 
reference standard and the residual titration mcth- 
ods are time consuming and are lacking in selec- 
tivity, conditions for the direct titration of mandelic 
acid in methenamine mandelate and its pharma- 
ceutical dosage forms were investigated. 
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Accepted fur publication June 8, 1966. 
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Control, A.Prr.A. Academy of Pharmaceutical Sciences, 
Dallas meeting, April 1966. 

1 Marketed as Mandelamine by Warner-Chilcott Labora- 
tories, Division of Warner-Lambert Pharmaceutical Co. ,  Inc. 

Kinetic studies of the Ce( IV) oxidation of mail- 
delic acid (6, 7) showed specific retardation of the 
reaction rate by bisulfate and hydrogen ions. Using 
ceric ammonium nitrate in dilute nitric acid, it  was 
found that the oxidation rate of mandelic acid was 
sufficicntly rapid to afford direct titration to an in- 
strumental or color end point. This is the first 
report to our knowledge of a direct titration of man- 
delic acid with ceric ion in aqueous system. 

EXPERIMENTAL 

Titrant.-An approximate 0.05 N solution 
(2.45y0) of ceric ammonium nitrate in N nitric acid 
was employed. The titrant was filtered through 
paper and standardized against primary standard 
grade ferrous ethylenediammonium sulfate (G. F. 
Smith Co.), using about 400 mg. of the ferrous salt, 
accurately weighed, in 100 nil. of distilled water. 
One drop of nitroferroin indicator solution was used, 
prcpared by dissolving 150 mg. of 5-nitro-1,lO-phe- 
nanthroline in 15 ml. of freshly made 1.4% aqueous 
ferrous sulfate. The color change, pink to colorless, 
coincided with the poteutiometric end point in man- 
dclic acid titrations. 

Other Reagents and Supplies.-Chemicals used in 
the study were the best available commercial grades, 
used without further purification. These included 
mandelic acid, benzilic acid, phenylacetic acid, 
atropine sulfate, homatropine hydrobromide, and 
methenamine mandelate. Methenamine mandelate 
dosage forms described in this report were samples 
of regular production lots of Warner-Chilcott 
Laboratories. Dowex 1-X2 (50-100 mesh), a 
strong-base anion exchange resin, and a 5yo po- 
tassium nitrate solution in 0.05 N nitric acid were 
employed in the tablet assay procedures. 

Potentiometric titrations were carried out using 
various commercial platinum billet indicator and 
saturated calomel reference electrodes with a Sar- 
gent model D automatic titrator (used a t  the “slow” 
speed) or a Beckman zeromatic pH meter. 

Preliminary Observations.-Oxidation of man- 
delic acid with 0.1 N ceric sulfate (U.S.P. XVII, p. 
1082) was found to be too slow to afford direct titra- 
tion a t  room temperature, even when the benzalde- 
hydc is extracted into a hydrocarbon solvent phase, 
an expedient suggested by previous work (5). 
Direct titration proceeded smoothly using a nitric 
acid system and a sample solution about neutral in 
pH. Use of N nitric acid for the sample as well as 
titrant led to a severe fall o f f  in reaction rate. Induc- 
tion of the oxidation can be readily discerned by the 
increasingly strong odor of benzaldehyde which 
develops during the titration, a much more selective 
identity test for mandelic acid than that given in 
U.S.P. 
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Fig. 1.-Typical titration curves using the re- 
cording titrator for methenamine mandelate (left) 
and mandelic acid by direct cerimctric titration. 

Procedure for Mandelic Acid or Methenamine 
Mandelate U.S.P.-Dissolve approximately 45 mg. 
mandelic acid or 90 mg. mcthenamine mandelate, 
accurately weighed, in 25-50 ml. of water, and titrate 
the magnetically stirred solution with standard 0.05 
iV ceric ammoriium nitrate in N nitric acid to the 
redox indicator or potentiometric end point. The 
milliequivalent weight of inandelic acid is 76.08 mg. ; 
of mcthenarnine mandelate, 146.17 mg. 

mg. CaH~03 or C G H ~ ~ N ~ . C ~ H ~ O ~  = 
ml. X N X nieq. wt. 

Assay of Methenamine Mandelate Oral Suspen- 
sion U.S.P.-Transfer an accurately weighed sample 
of metheuamine mandelate oral suspension, equiva- 
lent to  about 275 rng. of metheuamine mandelate, to  
a 250-ml. separator. Add 35 ml. of heptane and 
exactly 100.0 ml. of distilled water. Shake vigor- 
ously and allow the layers to scparatc. Filter about 
50 ml. of the aqueous phase through paper, and 
transfer exactly 25.0 ml. to a 100-ml. beaker. Add 
1 drop of nitroferroin indicator solution, and titrate 
with standard 0.05 N ceric reagent from a 25-ml. 
buret. 

methcnamine maridelate, Itig./5 nil. = 
ml. X N X 146.17 mg. X 100/25 X. 

5 X density/Gm. sample 

Assay of Methenamine Mandelate Tablets 
U.S.P.-Determine the average weight of 10 tablets 
and pulvrrize them. Transfer a portion of the 
powdered tablets, equivalcnt to about 1000 mg. of 
methenamine mandelate, accurately weighed, to a 
100-rnl. volumetric flask. Add about 60 ml. of 
distilled water, and shake tlie mixture mechanically 
for 10 min. Dilute to the mark with water, mix, and 
filter through paper. Transfer exactly 5.0 ml. of 
filtrate to a 5-10 nirn. i.d. ion exchange column con- 
taining about 1 Gm. of ion exchange resin2 in the hy- 
droxide cycle. (Prepare the column by equilibrat- 
ing the resin with about 5 ml. of N sodium hydroxide 
for 10 min., then transferring it to the column and 
washing with distilled water until the effluent is 
neutral.) Allow the liquid to drain to thc top of the 
resin bed, then wash the column with about 10 nil. of 

2 Marketed as Dowex I-X2 by the D O ~  Chemical Co.,  
Midland, Mich. 

~- 

water, allowing the effluent to drain at  tlie ratc of 
1-2 ml./min. Stop the flow when the wash level 
reaches the top of the resin bed, place a 150-ml. 
beaker as receiving vessel, and elute the mandelic 
acid with about 50 ml. of 5570 potassium nitrate in 
0.05 N nitric acid a t  a rate of about 3 ml./min. 
After collecting about 50 ml., add 1 drop of nitro- 
ferroin indicator, and titrate with 0.05 W ceric 
titrant. 

methenamine mandelate, mg./tablet = 
1111. X N X 146.17 X 100/5 X 

mg. av. tablet wt./mg. sample wt. 

I t  may be noted that the procedure may readily be 
adapted to single unit assay. 

Titration of Related Compounds.--Benzilic acid, 
phenylacetic acid, homatropine hydrobrornide, and 
atropine sulfate were titrated as described above for 
mandelic acid, using approximately 0.3 niniole of each 
compound. The ester alkaloids were titrated before 
and after alkaline saponification. 

RESULTS A N D  DISCUSSION 

Potentiometric Data.-Typical titration curves 
obtained 011 rriandelic acid and ruethenarnine man- 
delatc using an automatic recording titrator arc 
shown in Fig. 1. The oxidation potential of the 
reaction, Cc(1V) + e = Ce(III), was calculatcd as 
+1.464 v. from tlie titration curve. Half-cell poten- 
tials for irreversible oxidation of mandelic acid, 
methenatnine mandelate, and nitroferroin were cal- 
culated to  be +0.868, +0.832, and +1.044 v., 
respectivrly. 

Assay of Mandelic Acid and Methenamine 
Mande1ate.-Titrations proceeded smoothly with 
mandelic acid or its methenamirie salt, with no 
appareiit intcrferencc from the mcthenamine. 
Data found are presetited iti Table 1. 

Methenamine Mandelate Oral Suspension.- 
Samples of suspension in which the vegetable oil 
vehicle has beconic rancid cannot be accurately as- 
sayed by the U.S.P. method, for titration with alkali 
does not discriminate between methcnamine conju- 
gate acid and fatty acids. The ceritnetric method 
could be successfully applied to assay of metheii- 
amine mandelate in rancid vegetable oil without 
separation of the drug using the potentiotnetric 

'rABLE I.-CERIMETRIC TITRATIOX OP 
METHENAMIXE MANDELATE~ 

~ ___ 
mg. mg. % 

Trial Weighed Pound Found 
1 94.1 93.30 99.2 
2 99.9 99.79 99.9 
3 109.8 110.30 100.5 
4 112.0 111.0 99.1 
5 115.5 115.99 100.4 
6 100.6 100.76 100.2 

a Average recovery is W.9',i, with relative standard devi- 
ation of 0.6Y0. 

TABLE TT.-KEPI.ICATE ASSAYS OF METHESAMINE 
MANDELATE OKAL S u s m ~ s r u s  

Trial 1 2 3 4 i 6  

~ _ ~ _ _  _____ -__ 

1ng./5ml. 
(250 mg. 
declared) 

254.5 257.0 255.0 257.5 256.5 266 ( J  
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method by the simple expedient of immersing the 
electrode tips in the aqueous layer; however, use of 
the color indicator was preferred because of its 
simplicity. Observation of the indicator color 
change in one formulation with a pink color was 
difficult, for it required discerning a change from 
pink to colorless in the aqueous layer in the presence 
of a pink organic laycr. Typical results obtained 
by the extraction procedure using the redox indi- 
cator are presented in Table 11. 

Methenamine Mandelate Tablets.-The ion cx- 
changc resin isolation procedure prescribed was ern- 
ployed to circumvent slight interference from 
sucrose, used as an excipicnt in the tablet coating. 
The sugar was slowly oxidized by the titrant. 
Triplicate assays of methenamine mandelate tablets 
declaring 500 mg. provided results of 491, 490, and 
493 mg./tahlet, using a composite sample. 

Titration of Related Compounds.-Ceric oxidation 
of arylglycolic acids appears to bc a general reaction 
(5) which may be represented: 

Ar-CHOHCOZH + 2Ce(IV) -+ 

ArCOK + COS + 2Hf + 2Ce (111) 

In this reaction, Ar = aromatic or heteroaromatic, 
and R = H, an aromatic or alicyclic group. Wholly 
aliphatic glycolic acid derivatives do not oxidize 
with the same stoichionietry (6). 

Benzilic acid, where Ar = K = CsHs-, can bc 
titrated as readily as imiidelic acid. Duplicate 
titrations of benzilic acid provided values 100.1% 
of theory. 

Phcnylacetic acid, C G H ~ C H ~ C O ~ H .  which may be 
considered in this discussion a desoxymandelic 
acid, docs not consume titrant. Atropine, the 
tropine ester o f  tropic acid, CsHsCH( CHzOH)COzH, 
homologous to mandelic acid, did not consumc titrant 
before or after saponification. 

The titration could be applicd to hornatropine 
hydrobromide, the mandelic acid hoiiiolog of atro- 
pine, after saponification, hut thc only indication of 
reaction in the intact ester was a slight benzal- 
dehydc odor. The saponified ester titrated rpadily 
to a value 100.370 of thcory. 

Interferences.-Although oxidations with ceric 
sd ts  arc selective for mandelic acid and other nryl- 
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glycolic acids, they are by no means specific. The 
products obtained depend on reaction conditions 
employed. Although no interference by mcthcn- 
amine was cncountercd in the titrations described 
here, heating rnethenaniine mandelatc with cxccss 
ceric sulfate results in oxidation of the formaldehyde 
liberated from methenamine to formic acid (2)  as 
well as oxidation of the mandelic acid to benzalde- 
hyde. In general, some type of separation pro- 
cedure is necessary for determination of nietlien- 
amine niaiidelate in thc prcscnce of reducing agents 
or in colored solutions where the indicator method of 
end point detection is used. 

SUMMARY A N D  CONCLUSIONS 

Mandelic acid is quantitatively and selectively 
oxidized by ceric salts to beiizaldehq.de, carbon 
dioxide, and hydrogen ion. Although residual 
titration procedures employing excess oxidant have 
been described, no direct titration has been reported 
prcviously. Thc specific rate retarding effect of 
bisulfate ion, present in thc convcntional ceric 
sulfate titrant, is eliminated by using ceric am- 
monium nitrate in nitric acid as titrant. This 
affords a sufficiently rapid reaction rate to permit 
direct titration to a sharp indicator or instrumental 
end point, obviates one standard solution, and saves 
time. The benzaldehyde odor produced during the 
titration serves as a confirmatory identity test for 
mandelic acid. 

Application of the titration in conjunction with 
appropriate separation procedures is described for 
assay of rnethenarnine matidelate and its official 
preparations. The proposed assays compare f a -  
vorably with the U.S.P. procedures. 

The  scope and limitations of the reaction are 
defined. 
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Nuclear Magnetic Resonance Spectra of Amines 111. Identification 
of N-Substituted Amino Acids 

By W. E. THOMPSON, R. J. WARREN, I. B. EISDORFER,and J. E. ZAREMBO 

Spectra of N-substituted amino acids examined in alkaline deuterium oxide and in 
trifluoroacetic acid show chemical shifts and first-order spin-spin splitting patterns 
that are useful for identification of N-methyl, N-methylene, N-phenyl, and other 

groups attached to the nitrogen of an amino acid. 

TRUCTURE-SPECTRA correlations of amino acids S have been a favorite research subject for many 
years now, so it is not surprising that considerable 
work has been done correlating amino acid struc- 
turcs with NMR sprctra. Among the more in- 
teresting studies that have been reported in this 
field are the correlation of NMR spectra with L- 
and m-structures of cystine (l), and a study of thc 
effect of optical activity of amino acids on their 
NMR spectra (2). There have also been a signif- 
icant number of comprehensive analyses of specific 
amino acid spectra using NMK (3-6). The spectra 
reported in this paper wcrc needed for the identifi- 
cation of amino acid side chains on a drug metaholitc. 
The authors are following the technique initiated by 
Silverstein (7,  8). using the simplest compounds 
available to illustrate the NMR spectrum due t o  :I 
particular functional group. 

The authors have examined S M K  spectra of 
glycine arid N-substituted glycine in alkaline D?O 
and in trifluoroacetic acid as solvents to illustrate thc 
spectral effects of conversion of N-substituted amino 
acid anions into cations. 

EXPERIMENTAL 

All spectra were obtained with a Varian model 
A-60 NMR spectrometer using Varian sample tubes. 
One normal KOD in deuterium oxide was used as 
thc solvent for anion spectra and trifluoroacetic 
acid as solvent for cation spectra. The probe tetn- 
perature was 38". The concentration of amino 
acid was 50 mg./ml. The sample of glycine was 
A grade (Calbiochem) purchased from the Cali- 
fornia Corp. for Biochcmical Research. The iV- 
substituted glycines were used as purchased from the 
K & K Laboratories, Inc., Plainview, A-. V. 

KESULTS AND DISCUSSION 

Figures 1-4 show the effect of conversion of thc 
anions to  cations on the NMK spectra of N-sub- 
stituted glycines. The first-order splitting pattern 
of the methylene or methyl( s) in the cations is related 
to  the number of protons on the nitrogen (9). The 
number of lines in a multiplet is one more than the 
number of protons on the nitrogen (cation), a 
quartct for a primary atnine ion, -NHa+ (Fig. 1, B) ,  
a triplet for a secondary amine ion, =NH2+ (Fig. 
2, B) and a doublet for a tertiary aniirie ion, =NH '- 
(Fig. 3, B). 

The spectrum for A-phcnylglycine as anion (Fig. 
4, A)  shows a complex AR2X2 pattern for the phenyl 
protons in the 8 = 6.6-7.6 p.p.m. region. When 

converted to the cation (Fig. 4, B) the dB2X2 pat- 
tern collapses into a single peak at  '7.6 p.p.m. A 
possible cause of this signal coalescence was postu- 
lated in a previousnote (10). 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 
P.p.m. ( 6 )  

i II I 

I I , , , , , , , , , , 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

Fig. 1.-NMK spectra for glycine. Key: A,  1 N 
P.P.m. ( 6 )  

KOU in D 2 0  as solvent; B, CFJCOOH as solvent. 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 
P.P.m. ( 6 )  
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8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

Fig. 2.--KMR spectra for sarcosine (N-methyl- 
glycine). Key: A, 1 LV KOD in D2O as solvent; 
B, CF&OOH-as solvent. 

P.P.m. (9 
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8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 
P-P-m. ( 6 )  

1000 k----?- : 7 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
P.P.m. ( 8 )  

Fig. 3.--NMR spectra for N,N-dimethylglycine. 
Key: A, 1 NKOD in DzO as solvent; B,  CFsCOOH 
as solvent 
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2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1.0 
p.P.m- (4 

,- 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
P.P.m. (8)  

Fig. 4.--NMR spectra for N-phenylglycine. Key: 
A, 1 N KOD in DzO as solvent; B, CF3COOH as 
solvent. 

TABLE I.-NMR CHEMICAL SHIFTS FOR N-SUBSTITUTED GLYCINES 

Chemical Shifts a s  Anion Chemical Shifts as 
Compd. in 1 N KOD/DzO Cation in CFsCOOH 

Glycine DzNCHzCOO - NH3 +CHzCOOH 
3.18 4 .25  
S n 

CH3NDCHXOO- CH~NH~+?H~COOH Sarcosine 
2.57 3 .40  3.07 4 .17  

N,N-Dimethylglycine 

N-Phen ylglycine 

S S 
(CH3)aNCHaCOO- 

2 . 3 5  3 .02  
S S 

C~HF,NDCH~COO- 
6.6-7.6 3 .82  
ABaXz s 

t t 
( CH3)zNH THzCOOH 

3 .22  4 . 2 3  
d d 

C6HsNHa 'CH2COOH 
7.60 4 .53  

S S 

The methylenc absorption a t  4.53 p.p.m. in Fig. 
4, B, remains a single peak in trifluoroacctic acid 
since this acid is not strong enough to  protonate 
thc nitrogen irreversibly. The rapid exchange of 
protons prevents observation of spin-spin splitting 
in this solvent a t  38". 

Chemical shift data for these N-substituted gly- 
ciiies are listed in Table I. 

Xumbers below hydrogen attached to  carbon are 
chemical shift values in parts per million downfield 
relative to  3-( trimethylsily1)-1-propanesulfonate ion 
for D20 solutions and relative to tetramethyl 
silane for trifluoroacctic acid solutions. The ab- 
breviations for splitting patterns are: s = single 
peak, d = doublet, t = triplet, q = quartet, and 
AB,X2 = 5 proton pattern of up to  110 lines. 

The spin-spin splitting constant for the doublets, 
triplets, and quartet was 5 C.P.S. 

The chemical shifts for all nonexchangeable pro- 
tons are downfield on conversion of the anion to  
cation. These chauges in magnetic shielding range 
from 0.5 p.p.m. downfield for the methyl in sar- 
cosine to  1.21 p.p.m. downfield for the methylene 
in N,N-dimethylglycine. The shielding values for 
nonexchangeable protons in CF3COOH solutions 

seem more consistent than the shielding values in 
KOH-DaO. The values for sarcosinc in water in- 
dicate considerablc solvent interaction. 

CONCLUSIONS 

The spectral changes for an N-substituted amino 
acid observed between alkaline DzO and CF3COOH 
as solvents are uscful for locating N-methyl, N- 
methylene, N-phenyl, and other adjacent structures 
attached to  the nitrogen of an amino acid. 
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Modified Medium Containing Phosphomolybdic Acid Useful in the 
Identification of Specific Yeast-Like Fungi 

By JOSEPH E. GRAY 

A medium containing phosphomolybdic acid is described which permits growth 
and differentiation between closely related yeast-like fungi. When properly form- 
ulated and packaged, the vials of medium can be stored at room temperature for 6 

months or more without loss of stability or effectiveness. 

ANDIDA ALBICANS IS the most frequent isolate C from mycotic vaginitis infections and is con- 
sidered by many clinicians to be thc only pathogenic 
Candida species. However, studies by Haley (l), 
Kearns and Gray (2), Jillson and Lyle (3), Hurley 
and Morris (4), and De Sousa and Van Uden ( 5 )  
have shown that yeast species other than C. albicans 
can initiate or complicate this infection. Taubert 
and Smith (6) have reported a significant number of 
cases where a clinical diagnosis of vaginal candidiasis 
was made and from which C. albicans was not 
cultured . 

Various laboratory rncdia have been developed 
to aid iu the identification of C. albicans. However, 
these mcdia are lcss precisc in their ability to dis- 
tinguish between Candida species other than C. 
albicans. Biological methods described by Lodder 
and Kreger-Van Rij (7), Wickerham (8, 9), and 
Martin et al. (10) are definitive but time consuming. 
It would appear that a selective medium able to 
rapidly differentiate between closely related ycast- 
like fungi would be of value in the diagnosis of my- 
cotic vaginitis. 

The usc of a medium containing phosphoniolybdic 
acid for C. albicans different.iation was first de- 
scribed by MacLaren and Armen (11) in 1958. 
The cultures were identified by their macrocolony 
pigmentation and an extracellt~lar reaction scen in 
the medium. 

This original medium had deficiencics which 
were reported by Holland and Kunz (12), who found 
a variation io the colony pigmcntation obtained 
within C. albicans strains. In unpublished studies 
in this laboratory it was found that the medium 
oftcn showed closely related Candida species with 
similar colony pigmentation, a result which hindered 
positive identification. 

The modification described in this report results 
in a formulation that significantly improves the 
differentiation of yeast-like fungi encountered in 
cases of mycotic vaginitis. The distinct colony pig- 
mentation or growth characteristics obtained with 
thc various species, on this medium, makcs possible 
a relatively rapid identification. 

PROCEDURE 

Essentially the medium consists of two portions: 
the basal medium and the stock solutions. These 
are prepared and sterilized before use. 

Materials.-Agar (Difco), sucrose (Difco), 
proteose peptone (Difco), phosphomolybdic acid 
(20 MoOo.2 H3P04.48 HA), Merck), polysorbate 
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TABLE I.-STOCK SOLUTIONS 

Ingredient 
Sucrose 
Proteose peptone 
Phosphoriiolybdic 

acid 
Polyoxyethylerie 

sorbitan 
monolaurate 

Yeast nitrogen 
base 

Neomycin sulfate 

Amt./75 ml. 
Basal 

Concn. w/v Medium ;;g 10 ml. 
10 ml. 

1 '$6 <yo 5 ml. 

11.455 I ml. 

6 .  'i%> 3 1111. 

7 mg. neomyein 3 . 8  ml. 

Total vol. 107.8 nil. 
baselml. 

T A B L E  II . -COLONY COLOR AND G R O W T H  
CHARACIBRIS~ICS 

- 
~~ 

Organism Results 
C. albicans A distinctive olive colony- 

the reverse of the colony is 
also olive. 

A deep bluc or blue-green col- 
ony-the revcrse is also 
blue. Rluc pigmcnt is 
usually prescnt in thc me- 

C. tropicalis 

C. guillievmondi 

C. krusei 
Torulopsis glabratu 

C. albicans vay. stell. 
C. parakrusei 

Saccharom yres 
cereuwae 

Cry ptococclss 
neofoYmans 

Rhodotorula sp. 

dium . 
A brown or dark gray colony 

with a definite white border. 
A small dull white colony. 
A small, flat, white shiny col- 

ony that may be hard to 
distinguish from C. krusei. 

A small light tan colony. 
A dull brown slow growing 

colony, larger and more 
irregular than the smooth 
C. albicans colony. 

A bright blue colony, lighter 
in color and larger than C. 
tropicalis. 

A white raised moist colony, 
larger than T .  glabrata. 
Later may show iriucoid 
growth with a tan cast. 

-4 pink to  pinkish - brown 
yeast-like colony. 

21 (polyoxyethylene sorbitan monolaurate)' yeast 
nitrogen base (Difco), and neomycin sulfate. 

Basal Medium.-Distilled water is added to 1.5 
Gm. of agar to give a total volume of 75 ml. in a 
300-ml. flask. This size flask allows the medium 
to be properly agitated during formulation. The 
agar is dissolved by heating in water then auto- 

1 Marketed as Twcen  21 Iiy the Atlas Powder Co.. Wil- 
mington, Del. 
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TABLE III.-MosT FREQUENTLY ISOLATED SPECIES FROM MYCOTIC VAGINITIS INFECTIONS, RESULTS OF 
CULTURE ON TEST MEDIUM 

Strains Tested, Typical 
Organism Total No. Reactions, No. 

C. albicans 171 162 

T .  glabratn 17 c. tropicalis 8 
C. krusei 7 
C. guilliermondi 5 
C. parakrusei 2 

Totals 210 

16 
8 
5 
3 
1 

195 

Atypical 
Reactions, No. Explanation 

9 2 = Olive green colony 
3 = Light tan colony 
1 = Poor growth 
3 = No growth 

1 = No growth 

2 
2 
1 

15 

= No growth 
= Nogrowth 
= Olive white colony 

claved a t  120' for 15 min. The flask is cooled to 
.50" in a water bath; if necessary the volume is re- 
adjusted to 75 ml. with sterile distilled water. The 
requisite amounts of stock solution are then added. 

Stock Solutions.---All solutions are prepared 
using distillcd water and are sterilized by Milli- 
pore filtration using type HA filter pads. 

The stock solutions must be added to the basal 
medium in the order shown (Table I). After the addi- 
tion of the phosphornolybdic acid, the flask is shaken 
vigorously to insure homogeneity of thc heavy 
precipitate that results. The addition of poly- 
oxyethylcne sorbitan monolaurate reduces foam 
forniation and permits the medium to be tubed 
satisfactorily. It is not necessary to adjust the pH 
of the basal medium before sterilizing. The pH of 
the complete medium is about 5.3. 

Packaging.-Sufficient medium is slanted in clcar 
glass vials to permit visual examination of colony 
growth. A screw cap with a moisture proof liner 
is necessary for storage. The vials can then be 
stored a t  room temperature for periods of 6 months 
or more without loss of sensitivity. 

Inoculation.-The medium can be inoculated 
with a sterilc cotton swab or a sterile loop. Better 
results are obtained with a light inoculum. Mixed 
yeast infections are more readily detected when 
discrete colo~iies develop. Often the presence of 
excess body exudate may hinder colony growth. 
If necessary, streak plates on Sabouraud's dextrose 
agar can bc made, then discrete colonies can be 
transferred to the medium for growth and identifi- 
cation. 

RESULTS AND DISCUSSION 

Tablc I1 shows the colony pigmentation and 
growth characteristics for those yeast or yeast-like 
fungi most frequently isolated from mycotic vaginitH 
infections. These species samples were individually 
identified by the biological methods mentioned 
previously (7-10). In addition, some species are 
listed that appear infrequently in vaginitis in- 
fections: Succharomyces cereoisiae, Cryptococcus Neo- 
formans, und Rhodotorula species (2, 5, 13). For 
purposes of comparison, duplicate cultures repre- 
senting the various spccics were obtaincd from the 
American Type Culture Collection. 

Table 111 lists the clinical isolates, the number of 
each species studied, and the results obtained on the 

test medium. The majority of cultures showed 
characteristics similar to those describcd in Table I1 
for the particular species. Of the 15 cultures con- 
sidered atypical, eight failed to grow on the tcst 
medium while showing good growth on Sa- 
bouraud's medium. 

In a separate experiment, a number of strains 
were inoculated on freshly preparcd media, and 
media stored at room temperature for 6 months. 
There was no difference between thc two lots of 
media. 

Although the medium described in this report is 
concerned with the differentiation of fungi as- 
sociated with niycotic vaginitis, it  has also been 
tcstcd for possible use in the isolation and identifica- 
tion of dermatophytic organisms. With the excep- 
tion of Trichophyton rubruin, most dermatophytcs 
grow rapidly on the medium, but there is no color 
differential as seen with the yeast-like fungi. 

Thc concentration of phosphomolybdic acid is 
critical for the production of specific pigments 
among the closely related Candida specics. Neomy- 
cin sulfate is not necessary for the development of 
the differential characteristics but does inhibit thc 
utilization of phosphomolybdic acid by bacterial 
contaminants often found in clinical samples. 
Those bacteria that do succeed in growing usually 
show a low, moist blue, confluent streak of growth 
easily distinguished from that of C. tropicalis. To 
date, no bacterial species that grows similar to 
C. albicuns on thc medium has been encountered in 
the clinical samples from cases of mycotic vaginitis. 
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Detection of Trace Amounts of Lysergic Acid 
Diethylamide in Sugar Cubes 

By CZESLAWA RADECKA and ISHWAR C. NIGAM 

A method for the detection of trace amounts of lysergic acid diethylamide in  sugar 
cubes is described. The free base is extracted from aqueous sodium bicarbonate 
solution with methylene chloride and hydrogenated with Adam's catalyst. The 
product is examined by gas chromatography and its identity confirmed by thin-layer 
chromatography of the eluate which yields two characteristic spots-one blue, the 
other yellow-on spraying with p-dimethylaminobenzaldehyde. The yellow spot 
exhibits strong blue fluorescence when viewed under ultraviolet light prior to appli- 

cation of the reagent. 

HE XEED for sensitive procedures to detect T lysergic acid diethylamide (LSD) in narcotic 
seizures was illustrated in a previous communication 
from this laboratory (1). The recent discovery of 
the illegal sale of sugar cubcs impregnated with the 
psychotomimetic drug focused anew the authors' 
attention on existing analytical mcthodologies and 
prompted them to develop an additional micro- 
pliysicochemical technique for its detection and 
idcntification. Exploratory experiments aimed at 
direct application of gas Chromatography to  the 
analysis of LSD were unsuccessful. Due to low 
volatility, thc compound could not bc recovered 11 \ 1 \ 
even when using columns of low packing ratio and o /  1 I , , \ " 

0 2 4 B L I  
operating a t  high column temperatures. Considcra- T I M E  (MINUTES I 

Fig. 1.-Gas 
chromatogr a rn s 
of hydrogenated 
LSD. Key: A, 
reference sam- 
ple; B, sugar 
cube extract (ex- 
hibit J568). 
Column temper- 
ature: 270'; ill- 
jector tempera- 
ture:290'; nitro- 
gcn flow: 22 ml./ 
min.; sample 
volume: 1 pl. I 

TABLE I -THIN-LAYER CHROMATOGRAPHY OH HYDROGENATED LSD 

- Chromdtugrdphlc L ) d h  

____________ 
~~ ~~ 

Relative ---__ Coloi Observed--------. 
Under U V. After R f  Rf 

Sample Spot Light Spraying Value  value^ 
Hydrogenated LSD 1 Blue fluorescence Faint yellow 0 81 1 04 

2 Blue 0.78 1 no 
Gas chromatographic 1 Blue fluorescence Faint yellow 0.81 l.d4 

eluate, 3-4 min. 2 . . .  Blue 0.78 1.00 
Hydrogenated LSD 1 Blue fluorescence Faint yellow 0.81 1.01- 

soln. stored for 2 2 . . .  Blue 0 78 1 .OO 
wk. 3 . . .  Blue 0 . 5 4  0.69 

a Reference: spot 2. 

tion was, therefore, given to hydrogenation of the 
drug prior to gas Chromatography as a means of 
eliminating its unsaturation ( CS-CIO bond) and 
thereby increasing its stability. 

The present communication dcscribcs the s~iccess- 
ful application of this approach to the detection of 
thc psychotomimetic drug in sugar cubes and provides 
additioual identity tests based on thin-laycr chro- 
matography of the effluent gas chromatographic 
peak. 

EXPERIMENTAL 

Materials 

Lysergic Acid Diethylamide Tartrate.-LSD 25 
(courtcsy Sandoz Ltd , Dorval, Quebec, Canada). 

Sugar Cubes.-(a) Specimens seized by officcrs of 
the Royal Canadian Mountcd Police (exhibit J568) 
and ( b )  specimens prepared by impregnation w-ith 

Received Fehrnary 23, 1966, from the Research Labora- 
tories, Food and Drug Directorate Department of National 
Health and Weifidre,. Ottawa, Ontaho, Canada. 
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The authors are indebted to Dr. Leo Levi fot- his interest 

in this study. 

aqueous solutions containing 1 mg. of LSD/ml., and 
drying in a stream of warm air (50") for about 5 miti. 

Methods 
Extraction of LSD.-The drug was isolated in ac- 

cordance with the following procedure (2). The 
sugar cube was dissolved in 10 ml. of distilled watcr, 
0.5 Gm. of sodium bicarbonate was added, and the 
free base was extracted with four 5-tnl. portions of 
methylene chloride. The lower layer was with- 
drawn through a piece of cotton wool placed in the 
stem of the separator, care being taken to minimize 
cxposurc of the isolate to light and heat. The ex- 
tract was evaporated to dryness in a gentle stream 
of nitrogen. 

Hydrogenation of LSD.- 'The sample (reference 
compound or material extracted from a sugar cube) 
was dissolved in 1 ml. of methanol and hydrogenated 
a t  atmosphcric prcssure for 3 hr. using 10 mg. of 
Adam's catalyst. After filtration, the solution was 
gently concentrated to 0.1 ml. in a slow stream of 
nitrogen. 

Gas Chromatography.-An Aerograph Hi-Fi, 
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Solvent System-Chloroform-ethanol (96 : 4) (3). 
Detection.-Following migration of the solvent 

front (15 cm.), plates were observed under ultra- 
violet light (3660 A.) and subsequently sprayed with 
a solution of p-dirnetliyl~ninobenzald~liyd~ (2  Gm.) 
in concentrated HCl (20 ml.) and ethanol (80 ml.) 
(4). 

RESULTS A N D  DISCUSSION 

The product obtaincd by catalytic hydrogenation 
of LSD could easily be subjected to gas chromatog- 
raphy. A main peak (retention time: 3.6 min.) 
and two slight shoulders (retention times: 3.1 and 
2.1 min., respectively) were observed (Fig. 1). In 
order to obtain more reproducible retention time 
data, ergonovine maleate hydrogenated in accordance 
with the procedure described was used as internal 
reference. Relative retention time of hydrogenated 
LSD: 1.64. 

Thin-layer chromatographic analysis of the 
effluent emerging between 3 and 4 min. served to 
confirm the gas chromatographic identification. 
The thin-layer chromatogram of hydrogenated LSD 
exhibited a blue fluorescent spot when viewed under 
ultraviolet light. After spraying with the reagent, 
this spot acquired a yellow coloration, while another 
intense blue spot appeared at a slightly lower Rf 
value (Table I and Fig. 2 ) .  These same spots were 
observed when the gas chromatographic eluate was 
similarly examined. Solutions which had been 
kept for several days showed a number of additional 
but faint spots, among which one a t  Rj 0.54 was 
most prominent. 

The thin-layer chromatographic technique was 
found to be superior to the gas chromatographic 
technique in that i t  allowed the characterization of 
LSD concentrates which failed to  produce gas chro- 
matographic peaks. Thus, when a sugar cube im- 
pregnated with 50 mcg. of LSD was processed as de- 
scribed, only a shouldcr appeared on the descending 
portion of the solvent peak in the gas chromatogram 
a t  3.6 min., while thc corresponding eluate yielded 
a convincing thin-layer chromatogram. 
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A B A B 

Fig. 2.-'l'hiii-laycr chromatograms of hydro- 
genated LSD. Key: I, observed under U.V. light; 
11, observed after spraying with p-dimcthylamino- 
benzaldehyde; A. reference sample: product from 
hydrogcnation of 1.8 mg. LSD in 0.1 ml. methanol. 
Volume applied: 2 ~ 1 . ;  B, sugar cube (exhibit J568). 
Product from hydrogenation of sugar cube extract 
in 0.05 ml. of methanol. Volume applied: 4 PI. 

model A-GOO-C, equipped with hydrogen flame 
ionization detector, was employed A glass tube 
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Advances I n  Chromatography. Vol. 1. Edited by 
J. CAi>vIN CIDDIXGS and ROY A. KELLER. Mar- 
ccl Dekker, Inc., New York, N. U., 1965. 395 pp. 
Price $14.50. 
Volume I of “r\dvances in Chromatography” is 

the first of a projected series which is directed toward 
the separation of thc “hard core” of advances of 
chromatography from the mass of supporting data 
from which that core is established. It is comprised 
of tcn chapters, six devoted to gas chrotiiatography 
and four to general chromatography, each prepared 
by experts drawn from both academic and indus- 
trial backgrounds in England. Switzerland, and 
Yugoslavia as well as the United States. 

Thc stated intent of the Editors is to present not 
the customary review, but rather critical surveys 
which will enable thc reader who cannot kecp up 
with the explosive growth in thc field to maintain an 
over-all view of the progress in chromatography. 
.4s so frequently happens in a compilation of this 
type, there is a marked difference in the extent to 
which the individual authors attain this objective. 

The singlc chapter of the volume relating 
directly to pharmaccuticdl chemistry (Qualitative 
and Quantitative Aspects of the Separation of 
Steroids, by E. C. Homing arid W. J. A. Vanden- 
heuvel) thoroughly fulfills the promise of its title. 
This is one of five chapters which succeeds in main- 
taining the balance of depth and brcddth of coverage 
needed to achieve thc goal of the Editors. Of the 
other five chapters, two are rigorous theoretical 
presentations of quite narrow topics, whilc a third 
covers a broad field at a rather elementary level. 
The remaining two fall between these. 

Column partition chromatography is not discussed 
in this volume (nor in Volume I1 of the series, the 
contents of which are prescnted), although the 
chapter “Ion Exchange Chromatography,” by F. 
Helff erich, alludes to a partition chromatography 
which differs from Martin and Syngc’s concept of 
the term. 

A very interesting contrast in emphasis is found 
in two chapters. In “Separation of Steroids” a 
siugle sentence notes that separation of steroids 
became practical o d y  after decreasing the amount or 
liquid phase; the chapter “Lightly Loaded 
Columns,” by B. L. Karger and W. D. Cooke, 
is entirely devoted to the effects of this decrcase. 
The two chapters thus complement each other. 

In addition to the chapters mentioned abovc, the 
volumc includes: “Chromatography and Electro- 
phoresis on Paper and Thin Layers: A Teachers 
Guide.” by Ivor Smith. “The Stationary Phase in 
Paper Chrotnatography,” by G. H. Stewart. 
“The Tcchniques of Laminar Chromatography,’’ by 
E. V. Truter. “Capillary Columns: Trials, Tribula- 
tions, and Triumphs,” by D. H. Desty. “Gas 
Chromatographic Characterization of Organic Sub- 
stances in thc Retention Index System,” by E. Sz. 
Kovats. “Inorganic Gas Chromatography,” by 
R. S. Jiivet, Jr. and F. Zado. “Interactions of tlic 

Solute with the Liquid Phase,” by D. E. Martirc 
and L. Z. Pollara. 

This volume will be a worthwhilc addition to the 
library of the pharmaceutical chemist. 

Reviewed by Joseph Levitie 
Dtoision of Pharmaceutical Chemistrv 
Food und Drug d-ldministration 
Washington, D. C. 

Catalytic Hydrogenation: Techniques and Applica- 
tions in Organic Synthesis. By ROBERT L. 
AUGUSTINE. Marcel Dekker, Inc., 95 Madison 
Ave., New York, N. Y., 1966. xii + 188 pp. 
15.5 X 23 cm. 
Periodically there becomes available a book 

which the chemist intcrestcd in preparative aspects 
of organic chemistry finds exceedingly useful. This 
is such a book. 

The book presents descriptions, with illustra- 
tions, of the various types of apparatus available 
for carrying out hydrogenations as well as more 
detailed operating itistructious for the more com- 
monly used pieces of cquipmeni. A chapter is de- 
voted to the catalyst, reaction conditions, and the 
effects of variables such as temperature and pres- 
sure on the course of a hydrogenation. Thc catalysts 
which are discusscd are those used most often in 
catalytic hydrogenation procedurcs and include 
nickel. platinum, palladium, ruthenium, copper- 
chromium oxidc, arid rheniutn. Specific dircctions 
for preparing a numbcr of these catalysts are given 
in an appendix. 

In following chapters, therc are prescnted gencral 
procedures for hydrogenation and hydrogeuolysis 
of fuuctional groups. Examples of virtually all 
functional groups and Iirterocyclcs capable of 
undergoing hydrogcnation or hydrogenolysis are in- 
cluded. Such aspects as choice of catalyst, limita- 
tions of a given catalyst, and problems likely to be 
encountered in the hydrogenation of these functional 
groups are discussed, The stcreochernical implica- 
tions of hydrogenation reactions are discussed where 
pertinent, although rather briefly in some instances. 

Tlie literature pertaining to catalytic hydrogena- 
tions is vast and many procedures having prepara- 
tive utility appear in papcrs which do not deal 
specifically with catalytic hydrogcnation arid for 
this reason may oftcn be ovcrlooked. Howevrr, 
the references used by thc author are well chosen to 
illustrate the points being made and provide thc 
readcr with a source of inore dctailed iuforniation. 

The text is well written, concise, and easy to read. 
Boldface type is used to make the rccommended 
procedures for hydrogenation or hydrogenolysis of 
the common functional groups stand out. The 
author index is conveniently arranged so that both 
the page on which the work is cited and the page 
on which the full reference citation appears are 
given. 

The book should be a particularly useful and 
rc.ady snurw of  inforrnation mi prep:ir:itivc, applica- 

Price: $8.75. 
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tions of catalytic hydrogenation for all researchers 
who may have occasion to use this important tech- 
nique in organic synthesis. 

Reviewed by John Andrako 
Medical College of Virginia 
Richmond 

Journal  of Pharmaceutical Scieizces 

NOTICES 

Beitrage zur Biochemie und Physiologie von Natur- 
stofen. Edited by D. GROGER, H-B. SCHROTER, 
and H. R. SCH~TTE. Gustav Fischer Verlag, 
Jena, Villengang 2/PostschieBfach Nr, 176, 
Germany, 1965. 582 pp. 17 X 24 ctn. 

Cahiers de Synthise Organique: Mithodes et 
Tableaux D'Application. Vol. XII. By J. 
MATHIEU, A. ALLAIS, and J. VALLS. Masson & 
Cie, Editeurs, Libraires de 1'Academie de Mede- 
cine, 120 Boulevard Saint-Germdin, Paris Vie, 
France, 1966. 294 pp. 15.7 X 22.5 cm. 

Actual i t ib  Pharmacologiques. Edited by KENB 
HAZARD and JEAN CHEYMOL. Masson & Cie, 
Editeurs, Libraires de 1'Academie de Medecine, 
120 Boulevard Saint-Germdin, Paris VI", France, 
1965. 360 pp. 16 X 24 cm. 

Transcultural Psychiatry. Ciba Foundation Sympo- 
sium. Edited by A. V. S. DE REUCK and K. 
PORTER. Little, Brown and Co., 34 Beacon St., 
Boston, Mass. 02106, 1965. xii + 396 pp. 14 
X 21 cm. Price $12. 

Preimplantation Stages of Pregnancy. Ciba Founda- 
tion Symposium. Edited by G. E.  W. WOLSTEN- 
HOLME and M. O'CONNOR. 1 Little, Brown and 
Co., 34 Beacon St., Boston, Mass. 02106, 1965. 
xii + 430 pp. 14 X 21 cm. Price $13.50. 

dmerican Drug Index. 1966. By C. 0. WILSON and 
J. B. Lippincott Company, East 

x 4- 
T. E. JONES. 
Washington Square, Philadelphia, Pa., 1966. 
845 pp. 14 X 21 cm. Price $6.75. 

Drug and Tracer Kinetics. By A. RESCIGNO and G. 
SEGRE. Translated from the Italian by P. 
ARIOTTI. Blaisdell Publishing Co., a div. of Gnin 
and Co., 275 Wyman St., Waltham, Mass. 02154, 
1966. viii + 209 pp. 15.5 X 23 cm. Price 
$7.50. 

Sulfonation and Related Reactions. By E. E. 
GILBERT. Intcrsciencc Publishers, Inc., 605 3rd 
9ve. ,  New k'ork, N. Y., 1966. xi + 529 pp. 
15.5 X 23.5 cm. Price $16.50. 
I t  has been twcnty-five ycars sincc the classic 

treatise on tetracovalent sulfur, by C. M. Suter, was 
completed. Since that time a great deal of research 
on the synthesis of organic derivatives of sulfur 
trioxide has taken place, but no summary volume has 
appeared until now. This book is an effort to bridge 
that gap. The author has, however, been selective, 
with emphasis on sulfonic acids, sulfonic esters, and 
sulfamates, and on chemistry described mainly since 
1941. Even so, a total of 2656 references are 
included. 

The book is designed principally as an aid to the 
practicing laboratory chemist, so that emphasis is on 
experimental conditions, rather than theoretical 
aspects of sulfonation and related reactions. Chap- 
ter one describes the nature of useful sulfonating 
reagents. Chapter two is especially good, covering 
much of the recent work on sulfonation with selective 
reagents, such as dioxane-sulfur trioxide and pyri- 
dine-sulfur trioxide, reagents which were only begin- 
ning to be used twenty-five years ago. Chapters 
three, four, and five describe sulfonation by indirect 
processes, such as addition of bisulfite to unsaturated 
systems, oxidation of sulfides, or by sulfomethyla- 
tion. Chapter six is devoted to sulfation, the forma- 
tion of organic sulfate esters, and chapter seven to 
sulfamation, or nitrogen sulfonation. The final 
chapter, eight, deals with the methods and condi- 
tions for the elimination of sulfonic acid groups from 
organic molecules, the desulfonation reaction. 

Sulfonic acids, amides, and esters have long been 
used to alter thc solubility and stability of known 
biologically active compounds. They a e  also 
frequent intermediates in the preparation of new 
compounds of potential pharmaceutical interest. In 
recent years sulfate esters have been shown to occur 
more commonly in biological systems than had been 
previously supposcd, suggcsting that sulfonation will 
have an increased interest to workers in the bio- 
logical chemical field. Hence this book should prove 
useful to medicinal chemists. 

The book is relatively free of errors, considering 
the cnormous number of structural formulas. Only 
one missing doublc bond (p. 213) was detected by 
this revicwer! I was somewhat disappointed in the 
rather cursory coverage of sulfonation of hetero- 
cycles in twelve pages (pp. 92-104). The data are 
prcscntcd chiefly in tables, which provide references 
to  work on specific systems and give fairly good 
coverage. The author has warned that he will be 
selective, however, and has chosen the areas of 
broadest interest for morc extended coverage. The 
volume deserves its place on the library shelf. 

Rmiewed by E. Campaigne 
Department of Chemistry 
Indiana University 
Bloomington 

Biochemistry Laboratory Techniques. By STERLING 
John Wiley & Sons, Inc., 605 Third 

vii f 169 
CHAYKIN. 
Ave., h'cw York, N. Y. 10016, 1966. 
pp. 15.5 X 23.5 cm. Price $00.00. 

Alcoholic Beoerages in Clinical Medicine. By C. D. 
LEAKE and MILTON SILVERMAN. Year Book 
Medical Publishers, Inc., 35 East Wackcr Drive, 
Chicago, Ill., 1966. 160 pp. 15 X 23 cin. Price 
$4.95. 

Dental Visits, T i m e  Interval Since Last Visit, United 
States: J u l y  1963-June 1964. National Ccnter 
for Hcalth Statistics, Series 10, No. 29. For sale 
by the Superintendent of Documents, U.S. 
Government Printing Ofice, Wash., D.C. 20402. 
54 pp. 20 X 25.5 cm. Price 40 cents. Paper- 
bound. 

The Biochemistry of the Nucleic Acids .  5th ed. 
By J. N. DAVIDSON. John Wiley & Sons, Inc., 
605 Third Ave., New York, N. Y. 10016, 1965. 
xv + 352 pp. 13.5 X 20 cm. Price $5.50. 
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included. 

The book is designed principally as an aid to the 
practicing laboratory chemist, so that emphasis is on 
experimental conditions, rather than theoretical 
aspects of sulfonation and related reactions. Chap- 
ter one describes the nature of useful sulfonating 
reagents. Chapter two is especially good, covering 
much of the recent work on sulfonation with selective 
reagents, such as dioxane-sulfur trioxide and pyri- 
dine-sulfur trioxide, reagents which were only begin- 
ning to be used twenty-five years ago. Chapters 
three, four, and five describe sulfonation by indirect 
processes, such as addition of bisulfite to unsaturated 
systems, oxidation of sulfides, or by sulfomethyla- 
tion. Chapter six is devoted to sulfation, the forma- 
tion of organic sulfate esters, and chapter seven to 
sulfamation, or nitrogen sulfonation. The final 
chapter, eight, deals with the methods and condi- 
tions for the elimination of sulfonic acid groups from 
organic molecules, the desulfonation reaction. 

Sulfonic acids, amides, and esters have long been 
used to alter thc solubility and stability of known 
biologically active compounds. They a e  also 
frequent intermediates in the preparation of new 
compounds of potential pharmaceutical interest. In 
recent years sulfate esters have been shown to occur 
more commonly in biological systems than had been 
previously supposcd, suggcsting that sulfonation will 
have an increased interest to workers in the bio- 
logical chemical field. Hence this book should prove 
useful to medicinal chemists. 

The book is relatively free of errors, considering 
the cnormous number of structural formulas. Only 
one missing doublc bond (p. 213) was detected by 
this revicwer! I was somewhat disappointed in the 
rather cursory coverage of sulfonation of hetero- 
cycles in twelve pages (pp. 92-104). The data are 
prcscntcd chiefly in tables, which provide references 
to  work on specific systems and give fairly good 
coverage. The author has warned that he will be 
selective, however, and has chosen the areas of 
broadest interest for morc extended coverage. The 
volume deserves its place on the library shelf. 

Rmiewed by E. Campaigne 
Department of Chemistry 
Indiana University 
Bloomington 
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Review Article 

Stereochemical Factors and Receptor Interactions 
Associated with Narcotic Analgesics 

By PHILIP S. PORTOGHESE 

TERFOCIIEMICAL studies on narcotic anal- subject, but rather, discucsion has hcen re- 
stricted to key derclopments and recent research 
related to the steric aspects of analgetically active 
compounds. 

gesics can be considered a n  outgrowth of 
earlier chemical investigations which were con- 
cerned iprixnarily with the elucidation of struc 
tural moicties necessary for analgesic activity. 
During this period, which spans about 50 years, CoNFIGURAT1oNAL 

considerable attention had been focused on the 
design and synthesis of analgcsics. Thc role of 
steric factors, howcver. was not well understood 
and was largely unexplored. 

The major advances in configurational and 
conformational analysis which occurred approxi- 
mately 1.j years ago set the stage for various 
stereochemical studies on narcotic analgesics 
which were soon to lollow. These studies have 
drawn attention to the importance of steric 
factors in analgesia and have provided greater 
insight into the nature of thc analgesic-receptor 
interaction. 

.l‘his review is organized into three main sec- 
tions: (u j absolute configurational studies, (b) 
conformational factors, and (c) concepts on 
analgesic-receptor interactions. No attempt has 
been made to  gix-e an exhaustive coverage of the 
chemical and pharmacological literature on this 

One of the best approaches to delineating the 
steric requirements for analgesia involves the 
correlation of enantionieric potency with ab- 
solute spatial geometry. In most cases one 
cnantiomcr ~~osscssscs greater analgesic activity 
than its mirror image form. Since the lipid 
solubility and dissociation constant of enanti- 
omeric bases arc identical, differences in dis- 
tribution are minimized and the variation in 
analgesic activity may be ascribed more con- 
fidently to evenls at the receptor level. The 
difference in potency between enantiomorphs 
is very likely due to the asymmclric topography 
of the receptors. In  such a dissytnmetric en- 
vironment, (+)- and (-)-antipodes behave 
differently. Thus. one enantiomer may he 
more potent l y  \Tirtut of its greater affinity and/or 
intrinsic activity ( I ,  2) .  

Inasmuch as optical rotation of structurally 
diverse compounds possessing a common asyin- Received from the Department of Pharmaceutical Chem- 

istry, College of Pharmacy, University of Minnesota. Min- metric center is not necessarily indicative of 
neapolis. 55455. 

The author acknowledge5 the support of this project by absolute stereochcmistry-, correlations of optical 
grants N B  05192 and GM 09402 from the National InsliluLes rotation with analgesic activity are devoid of of Health. CI. S. Public Health Service, Bethesda, Md. 
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Scheme I and Table 111, 2, are all more active 
and configurationally related to R-alanine. 
Equally significant, however, is the fact that 
the more active enantiomer of IV: Scheme I 
is in the (S)- rather than in the (R)-series. 

Pohland (8) and Eddy (12) have described 
the synthesis of optically active diastereomcrs of 
methadol (Table I, 1 )  and acetylmethadol (Table 
I, 2). Catalytic hydrogenation of methadone af- 
forded only a-methadol (Table I, a - I ) ,  whereas 
sodium and propanol reduction yielded a mixture 
of diastereomers in which the @isomer (Table I, 
p - I )  predominated. The absolute stereochemistry 
a t  C-6 is now known because the diastereomers 
were derived from enantiomers of methadone, 
whose configuration (3) was subsequently deter- 
mined. The stereochemistry of the C-3 hydroxyl 
group had not been reported, however. The ab- 
solute stereochemistry of the tncthadols is of par- 
ticular interest because of the inversion of configur- 
ational selectivity’ of analgesic receptors which 
occurs on transforming methadone to a-mcthadol 
(Table I). Interestingly, no such inversion 
occurs in the case of Table I, $1. Upon acetyla- 
tion of Table I ,  a-I ,  to form Table I. a-2, the 
potency ratio becomes inverted, so that the 
(6R)-series is once again more active. Porto- 
ghese and Williams (13) have investigated the 
stereochemistry of the methadols and ha\-e 
assigned the configuration at C-3 as designated 
in Scheme 11. These assignments were based 
on the ability of racemic a- and P-methadol 
methiodide (In and Ib: Scheme 11, respectively) 
to undergo stereospecific ring closure to isomeric 
tetrahydrofurans IIa and IIb: Scheme 11. I t  
was found that catalytic hydrogenation of the 
ethylidene compound (111 : Scheme IIj  gave rise 
to IIa: Scheme I1 as the preponderant isomer. 
Molecular models indicated that adsorption 
by the catalyst would occur on the less hindered 
top face of 111: Scheme 11 to afford the cis 
isomer (Ha: Scheme 11). Since ring closure 
occurs with inversion a t  the C-6 centcr of I ,  
the relative stereochemistry of the a- and @-iso- 
mers was deduced. Inasmuch as the configura- 
tion a t  C-6 is known ( 3 ) ,  the absolute stereo- 
chemistry at C-3, therefore. was established. 
Additional proof was ohtaincd from the dissoci- 
ation constants of a- and 6-methadol. The 
a-isomer was found to be a stronger basc. This 
indicated less steric hindrance of the cu-compound 
to intramolecular hydrogen bond formation be- 
~~~ -~ 

1 The term “selectivity” rather than “specificity” is em- 
ployed throughout. The former signifies that pharma- 
cological activity is iound predominantly in one isomer, 
though not exclusively, while the latter implies that activity 
resides in only one isomer. This definition is adapted from 
Eliel, E. L., “Stereochemistry of Carbon Compounds,“ 
McGraw-Hill Book Co. ,  Inc., h-ew York, N. Y . ,  1962, p. 436. 

any meaning other than being an expression of 
differences in the stereoselectivity of analgesic 
receptors for (+)- and (-)-enantiomers. In 
order to correlate molecular spatial geometry 
with analgesic potency, the confignration of the 
enantiomers must be established. Most of the 
methods employed for this purpose have involved 
chemically relating one of the optical antipodes 
to a conipound of known configuration. The 
analgesics which have received greatest atten- 
tion are those which possess an asymmetric 
center in common with methadone and with 
isomethadone. 

Structures Possessing an Asymmetric Cen- 
ter in Common with Methadone.-The first 
reported investigation on the configuration of 
synthetic narcotic analgesirs or the methadone 
type was carried out by Beckett and Casy 
(3) who related the (+)-thiaxnbutenes (I and 
11: Scheme I )  (4) and the (-)-enantiomers of 
methadone (111: Scheme I )  (5-8) and analogous 
structures (I\’ and 1‘: Scheme I )  (8 ,  9) to 
R( -)-alanine by the route outlined in Scheme 
I .  The key reaction in this sequence was 
the transformation of R-alanine to p-amino- 
butyric acid via the Wolf rearrangement. Since 
this reaction was generally known lo proceed 
with retention of configuration, the butyric acid 
intermediate was assumed to be stereochemically 
related to its precursor. Aminobutyric acid 
was then converted in seberal steps to (+)- 
thiambutene (I: Scheme I )  and its diethyl 
homolog (I1 : Scheme I ) .  The configuration 
ol (-)-methadone (111: Scheme I )  was estab- 
lished by converting the (-)-nitrile, which is a 
precursor of 111: Scheme I ,  to l,l-diphenyl-3- 
dimethylaminobutane derived from R-alaninc. 
Since all of these stereochemical interrelation- 
ships were based on the assumption that the 
Wolf rearrangement had proceeded in the usual 
way, the configuration of 111: Sckeme I was 
subscquently confirmed unequivocally by con- 
verting R-alanine to the (-)-nitrile without 
involving the asymmetric center in question 
The (-)-nitrile was also transformed to the 
(-)-carbethoxy analog of methadone (IV: 
Scheme I ) .  The (-)-sulfone analog (V: Scheme 
I )  was hydrolyzed to the same aminobutanol 
derivative which was derived from R-alanine. 

From molecular rotation studies (-)-phena- 
doxone (Table IIT, 2) (10) was also determined 
to be configurationally related to R-( -)-metha- 
done. 

I t  has been pointed out by Beckett and Casy 
(11) that the (+)-enantiomers of I and 11: 
Scheme I and the (-)-enantiomers of 111, V: 
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tween the protonated aniine function and the 
oxygen atom of the hydroxyl group (14). Mo- 
lecular models of a-methadol show that i t  is 
less hindered in the internally bonded form than 
is the p-isomer. Asyninietric induction studies 
utilizing Prelog's rule confirmed the above 
slercochemical assignment. Thus, treatment 
of (3s: 6s)-niethadol benzoylformate meth- 
iodide (IV: Scheme IZ) with methylmagnesium 
iotlidc gave the atrolaetate ester (V: Scheme ZZ) 
which on basic hydrolysis afforded S-atro- 
lactic acid (VI :  .%heme / I )  in 8% optical purity. 
A knowledge of the stercochemistry of the 
methadols made possible the complete config- 
urational assignment of the acetate esters (Table 

Journal of Phnrmacezitical Sciences 

I, 2) and other related compounds. (See also 
Table 111.) 

The configuration of several basic anilide 
analgesics (15, 16), which have an asymmetric 
center in common with methadone, has been 
investigated by Portoghese and co-workers 
(17, 18). The (-)-cnantiomers of these coni- 
pounds were related to R-alanine by the route 
outlined in Scheme IZZ. The (+)-dialnine 
(V: Scheme ZZZ) was converted to the (-)-antip 
odes of I through IV : Scheme ZZI. The stereo- 
chemistry of (+)-V: Scheme TZI, was deter- 
mined by transforrning it to (-)-VI: Scheme 
ZZI, whose configuration was established by syn- 
thesis frotn I<-alanine. Significantly, the more 

TAHLE I ~ YNAIXESIC POTENC~ OR ISOMERIC METHADOLS A N D  ACETYLMETIIADOLS" 
OC-Et HOCH-Et ACOCH-Et 

1 / 
Ph,b-CH2CH-NMeJ + PhrC-CH2CH-NMes - PhsC--CHd21I--r\'Mel 

\ 
Me 

I 
Me 

I 
Me 

Methadone 1 2 
_____ 

~~ 

Lonfiguration E I J ~ ~ ,  mg / ~ g  Isomer EDSO, mg / ~ g  E D ~ ,  m g  / ~ g  * 
2 5 . i  

0 . 8  

3 . 5  
63.7 
21.7 
7.6 

1.8 
4 . 1  
0 . 3  
0 . 4  

" 1)ata ft-om Xrfwrrzr t~  12. Administered suhcntaneously in mice. 

Me OC-Et 

Me-N-CH-CH,N-Ph 
I I 

I 
(-) 

11, R = M e e C H ,  

111, R = Ph--CH,CH, 

IV, R = Ph-CH,CH,CH, 

Me OC-Et Me OC-Et 

+ Me - N - CH-CH,N -Ph + Me-N-CH- CH,N-Ph 
I i I I 

I H 
Ph-CH? 

(-1 
I 

t 
Me 

COOH 
I 

H+-NH, 

I H 
Me-N-CH-CHJ- Ph 

I 
P h X H ,  

I Me V 

I<  -C-) -alanine I 

Me H 4 

H H H I  I 
Ph-CH,OCO-N-qH-CO-N-Ph - Me-N-CH-CH,N-Ph 

I 
Me (-> 

VI 
.S( hcmr I I I  
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COO1 I 01 I 
2 steps I 

H-k-Me Me~N-CI1~CH-COOBu ---+ Me2N-CH2CH--C-Ph2 

I 
N R/1 er 

s-( - 1 
I 

Sckrrtzr IT‘ 

K - ( - t )  60.7 
58.7 

‘‘ 1)ata from R u j u ~ u ~ r s  I P .  Administered subcutaneously in  mice. 
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ASYMMETRLC CENTEK IN CVMMOS WITH METHADONE 

Me 
I 

K 
I PhzC -CO-Et 
2 I’l1,C-CO-Et 
3 I’h,C--S02Et 
4 I’ll~C-COOEt 
.i l’I1>C--CH(OH)Et 
f l’h?C-CH(OH)Et 
7 PlliC CH(O.Zc)Et 
8 I’hiC--CH(Orlc)Et 
9 Ph2C- CH(OAc)Et 
10 Ph-N-CO-Et 

- - - 

I< ef 

( 3 ,  6-8) 
(10) 
(3, 9)  
( 3 ,  8 )  
(8. 12, 13)  
(13, 13) 

( 1 3 .  81) 
(1.518) 

(8, 12, 13) 
(12, 13) 

I’ Cunfiguratirm of the more active enantiomer. ”The S ennntiorncr is slishtly 1110t-e piiteiit, although this may  not he 
staliblically significant. 
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active ( f  j-enantiomers of the aforemrntioncd 
compounds are related to Salanine (Table 111) 
and hence posscss a configuration opposite 
to that  of the active antipodes of methadone. 
Moreover, the stereosclcclivily of the receptors 
decreases (enantiomeric potency ratio approaches 
unity) as the length of thc aralkyl chain is in- 
creased. This phenomenon is discussed fur- 
ther in  a subsequent section (Table XII). 

Structures Possessing an Asymmetric 
Center in Common with Isomethadone. 
Most  of the  analgesic activity of isornethadone 
has been found to  reside in the  (-)-enantiomer 
(I: Scheme I V )  (19). Thc  ahsolute stereo- 
chcmistry of this compound was elucidated 

by Reckett el al. (20) by  the  pathway outlined 
in Scheme I V .  li( -)-~-Metliyl-8-alanine 
(11: Scheme I V )  was transformed to (+)-111: 
Scheme I V ,  which was also derived from the (-)- 
isornethadone precursor, (+)-IT7 : Scheme I V .  
This establishes the stereochemical relationship 
between I1 : Scheme I V  and (- )-isornethadone 
(I: Scheme I V )  whose configuration is designated 
as S-isomethadone. 

May and Eddy (1 9) have reduced the carbonyl 
group of optically active isornethadone to pro- 
duce isomeric isomethadols. Keductioti with 
lithium aluminum hydride proceeded stereo- 
specifically to  give the a-isomer (Table 11. 
a- I ) .  Treatment with sodium in propanol 
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afforded a mixture of Table 11, a-1 and 8-1, 
with the latter as the predominant isomer. The 
analgesic activity of these optical isomers and 
their stereochemical rclatiunship to (+)- arid 
(-)-isomethadone are shown in Table 11. 
A11 of the enantiomers in the a- and p-series, 
which are related to R-isomethadone, have a 
low order of activity. With isomers derived 
froin S-isomcthadonc, howevcr. Tahle 11, (+)-@-I ,  
is much more potent than Table 11, ( - ) -a - l .  
The reverse is truc for the acetate esters, in that 
Table 11, (+)-a-2, is more active than Table 
11, (-)-/-2, It can be noted that there is an 
inversion in the enantiomeric potency ratio of 
the type seen in the a-methadol compounds 
(Table I) ,  although in this case, a large diminu- 
tion of analgesic potency and of stereoselectivity 
is observed. 

(4-)-Propoxyphcne (I:  Scheme V )  is the only 
one of four optical isomers which has significant 
analgesic activity (21). Sullivan. Beck, and 
Pohlarid (22)  have deterrnined its absolute stereo- 
chemistry as (3S:3R) c'u an elegant series of 
transformations (Scheme I,'). Estahlishment of 
the conliguration a t  C-3 was accomplished by 
converting I to thc Mannich base ( I  I : Scheme 1') 
and then carrying out a Baeyer-Villiger oxida- 
tion to give the (-)-ester (111: Scheme V). 
The identical ester was prepared from R(- ) -  
propanolaminc (117: Scheme V). Since the 
oxidation is known to proceed with retention or 
configuration, the C-3 center was designated as 
being in the R-series. Casy and Mycrs ( 2 3 )  
suhsecpe~itly have confinned this configurational 
assignment by a route which did not involve the 
C-3 asymmetric center. Elucidation of the 
stereochemistry a t  C-2 was carried out by trans- 
forming (+)-propoxyphcne to S(+)- I , 2 d -  
phenylpropane (17111 : Scheme b'). The reac- 
tion sequcnce involved the degradation of 
I : Scheme V. to the methyl ketone (V) which was 
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subsequently converted to VIII  ziiu intermediates 
VI and VII. The assignment of the stereo- 
chemistry at C-3 is based upon the fact that 
the stcric course of hydrogenolysis of a benzylic 
hydroxyl group proceeds with high retention of 
configuration. 

Phenampromide (I : raceinic Scheme V I )  (24), 
a basic anilide analgesic which can be considered 
structurally related to isomethadonc and propoxy- 
phene, has been resolved and the (-)-enantiornu 
found to he four times more active than the 
(+)-isomer. The configuration of I was de- 
termined by Portoghese (25) to be related to 
R-(+)-,~-phcnylalanine (11: Scheme V I ) .  The 
absolute stereochemistry of I1 : Scheme VI 
was established (2%) by studying the steric 
course of the interaction of aniline with S-2- 
tiromopropionate. When the reaction was car- 
ried out in pure or 4 i1.l aniline the (+)-amino 
acid (11: Scheme VI) was produced, whereas 
in a 0.1 :1f aniline solution the (-)-enantiomcr 
(V) was formed. According to the established 
mechanism (27) o f  displacement reactions on 
sodium 2-bromopropionate, the former reac- 
tion should take place with net inversion and the 
latter with net rctcntion of configuration. Since 
the inverted product (11: Scheme V I )  is derived 
from S-2-bromopropionate, I1 : Scheme VI ,  

cs the K-configuration. The 
optically pure amino acid (11: Scheme V I ) ,  
obtained hy deracemization, was transformed to  
the aniide (111) and this was reduced to thc 
diamine (IV). The idcntical diamitie was 
derived from the hydrolysis of (- )-phenam- 
promide (I:  Scheme V I ) .  It should be pointed 
out that the more active cnantiomers, Ii-phen- 
ampromide, S-isomethadone, and (2s: 3R)-pro- 
poxyphene, are all stereochemicallyrelated at their 
common asymmetric ccnter (Table IV) .  This 
may mean that the aforementioned analgesics 
are interacting with common receptors, although 

'rAL3L.E 1\' .-~ONFIGURATIONAI, SRLECTIVITY OF NALGESIC KECEPTOKS 'I'OWAKU COMPOUNDS HAVING AN 
ASYMMETRIC CENTER IN COMMON WITH I S ~ M E T H A D O N E  

Me 
I 

_ _ _ _ ~  --____ ____- _ _ _ _ ~  

I< 
1 PIIAC-CO-E~ 
2 PhrC CH(0H)Et 
3 PhaC-CH(0H)Et 
4 Ph>C--CH(OAc)Et 
.T PhpC-CII(0Ac)Et 
6 Ph-CH~IPh)C--OCO-Et 
7 Pll-N-c0 Et 
~~~ 

" Ci,nfigul-atii,n OF the more active enanliomer. *The (6ll)-isornri has a v e i y  l o w  uidci- or  activity and is only 1.5 times 
moi? potent t h a n  iLs enanliomer. 
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OH 
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5 steps. + M e 0  & 7 steps o& 

H H 
1v V 

it is also possible that such stereochemical 
equivalence may be entirely fortuitous. 

The relationship between configuration and 
analgesic activity of compounds having an asym- 
metric center in common with methadone and 
with isomethadone are summarized in Tables 
I11 and IV, respectively. The data compiled in 
Table I11 show an apparent lack of consistency, 
inasmuch as the more active enantiomers are 
not all configurationally related. The constitu- 
tion of the R group appears to play a key role 
in determining the configurational selectivity 
of analgesic receptors. Such changes in stereo- 
selectivity recently have been interpreted as 
being reflective of differing modes of analgesic- 
receptor interactions (28). (See under Con- 
cepts on  Anulgeszc-Receptor Interactions.) A 
much more consistent correlation is shown in 
Table 1V d ie re  the more active enantiomers, 
with one possible exception (Table I\’, a), arc 
all stereochernically related a t  a common asym- 
metric center. 

Morphine and Related Structures.--The 
absolute configuration of (-)-morphinc 
(I: Scheme VZI) was determined hy Jegrr 
and collaborators (29) who converted thebaine 
(111: Sckeme VII)  to a degradation product 
(VII) of abietic acid (11) of known absolute 
stereochemistry (30). The route which was 
employed is outlined in Scheme VZI. Hydro- 
genation of 111, followed by  exhaustive 
niethylation and degradation, gave the vinyl 
intermediate (IV). This was transformed, in a 
series of reactions, to the tetracyclic ketone (V), 
which was then converted to intermediate (V1). 
Ozonization of V I  afforded the (-)-diacid (VII) 

6 steps 1 
OMe 

VII VI 
Scheme VII  

which was identical to that obtained from 11. 
MacKay and Ilodgkins (31) h a w  cnme to Lhc 
same conclusion by means of X-ray crystallog- 
raphy. 

It has been determined that unnatural (+)- 
morphine is inactive as an analgesic ( 3 2 ) .  Simi- 
larly, the activity of optically active inorphinans 
(I : Scheme VTIZ) and benzomorphans (I1 : 
Scheme 1’111) has been found t u  reside principally 
in the (- )-enantiomers (33) .  This strongly sug- 
gested that the (-)-isomers of these compounds 
are configurationally related to (-)-morphine. 
Chemical evidence in the inorpliitian series for 
such a relationship was obtained by degrada- 
tion of I: Scheme VzlT (R = Me, X = OH), 
to VII: Scheme VIZ via a scheme (34) which is 
similar to the procedure employed in establisli- 
ing the configuration of morphine. Sawa et al. 
(35) h a e  also related sinoinenine (111: Scheme 
VIIZ), which is enantiomeric to (-)-morphine at 
the C-9 and C-13 asymmetric centers, to (+)-:3- 
iiiethoxy-i2i-metliyliiiorphinan (VI : Scheme VII1). 
Clemrnensen reduction of I11 : Scheme 1711, 
afforded IV. This compound was converted to 
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the phenyl ether (V) and subsequently rcduced 
to VI. In accord with the above stereochemical 
assignment, Beckett (36) has reported that 

x' X' 

OMe 

Me0 OH 

I11 

Me 
..N' 

f-l .. 

M a '  

$--@ Me 

+ 

Me0 OH 

c- 

IV 

1 6 
Me0 *Ph 

silica gel which has l m n  prctreated with levor- 
phanol ( I :  Scheme VIII;  R = Me, X = OH) 
has greater adsorptivc capacity for (-)-mor- 
phine than silica gel that has been treated with 
the corresponding (+)-morphinan. 

No direct chemical proof of the absolute con- 
figuration of bcnzomorphan derivatives ( I  I : 
Scheme VUI)  is available. Beckett (36) has fur- 
nished cvidence, from stereoselective adsorption 
studies on silica gel, which suggests that IT: 
Scheme IT11 ( R  = R* = R2 = Me, X = OH), 
is configurationally related to I : Scheme VI I I  
(R = Me, X = OIT), and hence to (-)-morphine 
(I: Scheme VI I ) .  The optical rotatory disper- 
sion (ORD) characteristics of the above com- 
pounds have been studied ( 3 7 ) ,  and it has been 
found that the free bases and salts all exhibit 
Cotton effects of the same sign. This provides 
strong evidence that the C-1 and C-5 centers in 
(-)-IT: Scheme VII I ,  are identical to the C-!l 
and C-13 centers of (-)-morphine. 

Miscellaneous Structures.-lhese com- 
pounds are grouped togcthcr under this 
classification because they have no obvious 
common centers of asymmetry and/or do not 
hear close structural resemblance to  the 
prcviously discussed analgesics. 

The I,~ienetliyltetraliydrorluinoliiies (Scheme 
I X )  represent a relatively new class of  analgesics 
having activity in the range of codeine (38) .  
These compounds have lieen resolved (38, 39) 
___-__ ~ ~ ~ _ _ _ _  

P 
(R) 

x Y Z  
I, H NO, H 

V IV 

t 

Q c1 

VI 
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and activity found to reside mainly in one anti- 
pode. The absolute stereochemistry of these 
analgesics has recently been determined by 
Rheiner and Brossi (3!1) (Scheme I X ) .  The 
(-)-enaritiorners, 11 and 1 V  : Scheme IX, and 
the (+)-antipode (111) were all converted to 
the same product (V) by reductive dehalogena- 
tion. Reduction of the (-)-nitro compound (I) 
to the amine followed by deamiriation also af- 
forded 1'. Since IV previously (30) had been 
related to R-(+)-calycotomine (VII) oia 111, 
compounds I through T V  possess the R-configu- 
ration. A11 of the analgesically more active 
enantiomers are in the 12-series. 

The (-)-enantiomer of N,N-dimcthyl-l,2- 
diphenethylamine (I: Scheme X )  has been re- 
ported (41) to be approximately half as active 
as morphine, while the (+)-antipode is virtually 
inactke. Nakazaki et al. (42) have determined 
the stereochemistry of I: Scheme X ,  by the 
procedure shown in Scheme X .  The amide 
(111: Scheme X ) ,  which was derived from the 
precursor (11) of I, was subjected to exhaustive 
ozonolysis. The ozonolysis product ultimately 
was converted to R-aspartic acid (IV). It has 
been noted (32) that there is a stereochemical 
resemblance between 1 and the C-9 asymmetric 
center of (-)-morphine. 

Mazur (43) has resolved the highly potent 
analgesic, phenoproperidine (I : Scheme X I )  
and found the (-)-isomer to be 3 times more 
potent than its enantiomer. This suggests that 
the iV-aralkyl group is contributing to the 
pharmacological effect hy interacting with a dis- 
symmetric portion of the receptor surface. 
The configuration of the (-)-isomer was deter- 
mined by dealkylating with cyanogen bromidc 
to yield the aralkyl bromidc (11: Scheme X I )  and 
then reducing to  the (-)-enantiomer of I -pheny-1- 
propanol (TI1 : Scheme X I ) ,  whose stereochem- 
istry is known to bc in the S-series. 

CONFORMATIONAL FACTORS 

The relationship between conformational pref- 
erence and analgesic activity is difficult t n  assess 
hecause differences in conformation in ciao 
ran bc brought about only by structural varin- 

2 steps 1 
COOH 

H-CrNH, FH* H*YooH COOH 

I 

COOH 
(R) 

IV 
Scheme X 

OH 
I 

+ Ph--CH-CH,CH,N 

I 
OH H 

I v 
Ph- CH- CH,CH,Br + Ph - - -C - - CH,CH, 

II A 
OH 

tion of the molecule. Sincc the physical arid 
chcmical properties of such compounds may be 
different enough so that their distrihution char- 
acteristics are not identical, a lrnnwledge of the 
relative concentrations of analgesics in the blo- 
phase would be needed before differences in 

potency could be attributed to phenomena re- 
lated to drug-receptor complex formation. In 
view of this major drawback, a small difference 
in potency between diastereonieric compounds, 
for example, may be difficult to interpret. In  
spite of the above pitfalls, such correlations ap- 
pear to he of value, ii' not for elucidating the 
optimal conformational requirements for anal- 
gesia, then most certainly [or determining which 
conformational species arc active 

Open-Chain Analgesics.-It has been postu- 
lated (1 1, 44) that  open-chain analgesics such 
as methadone form ring-like conformations, 
thereby approximating the over d l  gcometry 



V O ~ .  55, No. 9 ,  Sefltember 1966 875 

I I1 

I 
Me, 

111 

I 
Me 

IV V 

of the piperidine moiety in morphine. Sub- 
sequent investigation led Ueckett (45) to 
conclude that. such a quasi ring conformation 
(I) occurs by virtue of an interaction of the 
basic nitrogen with the carbonyl carbon atom. 
It has recently been reported by Smith (4(i) that 
the NMR spectrum of methadone hydrochloridc 
in chloroform shows magnetically nonequivalent 
N-methyl groups. This has heen interpreted 
as k i n g  causcd by the molecular asyrnmctry 
inherent in the methadone molecule and by intra- 
molecular association between the protonated 
amine function and the carbonyl oxygen (11). 
An infrared study of methadol diastereomers has 
indicated that both the a- and 0-isomers (111) 
are internally hydrogen bonded (13). The 
prc)tonated forms also arc intramolecularly 
hydrogenbonded as represented by IV. The 
a-isomer has been determined to form a stronger 
hydrogen bond than its diastereomer. (See 
under Structures Possessing en Asymmetric L'enter 
in Common with Methadone.) Gero (44) has postu- 
lated that thiambutene exists in a conformation 
(V) which allows iiitrarnolecular association be- 
tween the basic nitrogen and the sullur atom 
in the thiophene ring. 

Cyclic Analgesics. Cyclic analgesics are 
restricted to far fewer possible conformations 
than arc open-chain compounds. Moreover, 

in compounds containhig the piperidine ring, 
the position of equilibria between flip con- 
foriiiational species can be estimated by assum- 
ing that the nonbonded intcractions arc 
similar to those in cyclohexane. 

Among the simplest diastereoiiieric phenyl- 
piperidine analgesics of known stereochemistry 
(47-49) are a- and p-prodine (I and 11: Scheme 
X I I ,  respectively) (50, 51). p-Prodine is 
approxiniately li times more potent than the 
a-isomer. A similar relationship holds Tor Ihc 
iV-phenethyl analogs ( 5 2 ) .  Estimates of the 
relative amounts of conformational isomers 
(I arid 11 : Scheme X I I )  in solritiun can be oh- 
tained i f  it is assumed that the nonbonded inter- 
actions in the solvated free base and cyclohexane 
are similar. This is a valid assumption in view 
of the rcccnt report ( 5 3 )  that hydrogen-solvated 
electron pair and hydrogen-hydrogen inter- 
actions differ by only a small factor. It is 
also reasonably assumed that the iV-inethyl 
group exists primarily in the equatorial oricnta- 
tion (54) in both flip conformations. The free 
energy differences between axial- and equatorial- 
phenyl species have bcen calculated from average 
values2 obtained from the literature (55). It 
should be emphasized that the AF values are 
approximations, and that small diferences 
( A A F )  between diastereomers cannot meaning- 
fully lie assessed by this method. The A F  
for the conformational equilibrium of the a-isomer 
(I: Scheme X I I )  has been calculated to be 
$2.4 Kcal./mole, while that of the 8-compound 
has been estimated to be +O. t j  Kcal./mole. 
This means that the equilibrium for a-prodine is 
about !M% in the dircction of Te: Scheme X I I .  
and that the 0-isomer contains approximately 
75yo of I I e :  Scheme X I I .  

Beckett and Casy (1 I) have postulated that 
11: Scheme X l l ,  is more active than I :  Scheme 
X I I  by virtue of its greater ability to adopt 
the axial conformation (Ila : Scheme X I I )  which 
would be similar to the orientation o f  the phenyl- 
piperidine moiety in morphine (I : Si-heme WI). 
Ziering and co-workers (51) have noted, how- 
ever, that there is little relationship between 
stereochemistry and analgesic activity, since 
other 3-substitutrd compounds in the prodinc 
series (Table V) do not display parallel activity. 
The a- and ,R-isomrrs o f  the 3-cthyl compound 
have ahout equal activity, and in the 3-ally1 
arialog the a- is 1uoi-v active than thc p-isomer. 
The conformational equilibria of the ethyl and 
ally1 compounds should be coniparable to that 

2 The average values employed for A.F/interaction (in 
Kcal./mole) are as follows: OCO-Et:H, 0.4; Ph:H, 1.4; 
Me: H and Me: solvated !\, 0 . Y ;  Me: Me, 3.7; Me: OCO-Et, 
2.2. 
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Ph A F  

Et-COA 

Ie  
M e  
Ia 

4 - Et- C O - 0  M $LN/Me + 0.6 

IIU 
Et - C M  

IIe 
Scheme X I I  

T A B L E  V.-ANALGESIC ACTIVITY OF ISOMERIC 
PKODINES AND RELATED COMPOUNDS" 

Me 
~~ 

Relative 
Isomerb K ActivityC 

a Me 1 .0 
P Me 7.0 
a Et  1.1 
p Et 1.25 
a Allyl 11.0 
P Allyl 3.0 

Data from Reference 51. a = tvans Ph:R; @ = 
cis Ph: R. Activity relative to meperidine. 

of the 3 methyl diastereomers ( I  and 11: Scheme 
X I I ) ,  inasmuch as the steric bulk (55)  of these 
groups do not differ substantially. It seems that 
studies on the distribution and metabolism of 
these compounds arc warranted in order to 
determine whether the difierences in the a / p  
potency ratio are reffective primarily of events 
at the receptor level or rather due mainly to 
concentration differences in the brain. I f  it  is 
found that differences in activity are related to 
drug-receptor phenomena, this could also mean 
that the 3-substituent, rather than the orienta- 
tion of the phenyl group, exerts a primary in- 
fluence on drug-receptor association. In any 
case, i t  is apparent that an answer to the ques- 
tion of the importancc of conformational fac- 
tors remains highly speculative and awaits ex- 
perimental clarification. 

Nazarov and co-workers (56) have prepared 
three of the four possible racemates of 1,2,5- 
triniethyl-4-phenyl-4-propionoxypiperidine. The 

complete stereochemical assignment of these 
diastereomeric racemates has been reported 
(57) to be as illustrated in Scheme XI I I .  [In 
Schemes XI I I  and X I  V ,  A F  values (Kcal./mole) 
are approximations only. See Footnote 2 for 
information on the calculation of these values.] 
The y-isomer (111: Scheme X I I I ) ,  which is 
known as promedol, exceeds the potency of 
morphine by about threefold, while the 0-race- 
mate (11) is about twice as effective as promedol. 
The most active compound is thc a-isomer (I) 
which has twice the potency of the 8-compound. 
Calculation of the free energy differences be- 
tween conformational isomers gives an approxi- 
mation of the positions of the equilibria. Thus, 
with the a-, 0-, and y-isomers, the values are 
-2.1, -0.3, and >+7 Kcal./mole, respectively. 
This indicates that Ia and ILL: Scheme X I I I  
arc present to the extent of about 9T and 62%, 
respectively, while 1110. is virtually absent. 
It appears therefore that I and I1 : Scheme X I I I  
are exerting their action in both flip conforma- 
tions and that promedol is acting in the equa- 
torial conformation (IIIe: Scheme XIII) .  The 
positions of the conformational equilibria cor- 
relate with the relative analgesic potency of the 
diastereomers in that increasing axial character 
parallels analgesic activity. This is consistent 
with the ideas expressed by Beckett and Casy 
(11) in connection wilh the prodines ( I  and 11: 
Scheme X I I ) ,  although alternate possibilities 
for the above correlation, which have already 
been discussed in relation to the prodines, also 
should be considered. 

The three theoretically possible diastereomers 
of 1,3,5-trimethyl-4-propionoxy-4-phenylpiper- 
idine (Scheme X I V )  have been prepared by 
Sorokin (58). The y-racemate (111: Scheme 



Vul.  55, N o .  9,  Seplenzber 1966 

Me 

Et -CO-O 
I11 e 

Et-CO-0 +:,Me 

la  

Et-CO-0 b : , . M e  

11 a 

Me 

Et-CO-0 

Me 
I11 a 

Ph 
Et -CO --O 

Ie 

N-Me ~ 

Et  -CO Ph -0 & 
IIe 

N -Me 
.A 7 Ph 

Et--CO--O 

IIIe 

“:I* N- Me 

Me 
la 

Ph 

S R - M e  

Et -CO - 0 

IIa 

Ph 

877 

A P  

-2.1 

-0.3 

> f 7  

~- - 

A F  

+ 4.7 

- 2.7 

+ 1.0 

X I V )  has activity comparable to  promedol (111: for the prodines (Sclzeme X I I )  and promedols 
Sclzvme X I T I ) ,  whcrcas the a- and @-isomers are (Scheme XIII) .  Thus, the inactive @-isomer 
inactive. Conformational analysis indicates no has a calculated A F  of - 3.7 Kcal./mole, which 
parallelism between potency and the relative means that approximately IfR”j, is present as the 
amounts of axial-phcnyl species in equilibrium axial-phenyl conformation (IIn: Scheme X I V ) ,  
with the equatorial form, as has been observed The a-diastereorner, which is also inactive, 
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has a value of +4.7 Kcal./mole, which suggests 
that virtiially all of it exists as Ie. On the other 
hand, the highly potent y-racemate has a con- 
formational free energy difference (+1 G a l . /  
mole), which is between the values calculated 
for I and 11: Scheme X I V ,  corresponding to 
about 15% of IIIa. The preceding analysis 
suggests that the inactivity of the 01- and 8- 
diastereomers (I and 11) is related to the 3,6- 
diequatorial methyl groups which are present 
in the more stablc conformations (Ie and Ha). 
‘Lhe active y-diastereomer (111) is incapable of 
disposing both the 3- and 5-methyl groups in a 
similar orientation when in a chair conformation. 
If the inactivity of I and I1 are reflective of 
phenomena a t  the receptor level, this may be 
caused by steric hindrance of the 3,5-diequatorial 
methyl groups to analgesic-receptor association 

Although it cannot be stated unequivocally that 
variation in potency among diastereoineric struc- 
tures is a direct consequence of the analgesic- 
receptor interaction, it has been suggested by 
conformational analysis of flexible phenylpiper- 
idine diastcreomers (Schemes XII-XI V )  that 
both equatorial- and axial-phenyl conformations 
have the ability to produce high analgesic ac- 
tivity when other groups on the piperidine ring 
do not prevent drug-receptor association. Mole- 
cules having structural features which prevent 
conformational inversion can furnish further 
insight into the nature of the pharmacophoric 
species. I t  is well known, for cxamplc, that mor- 
phine (I: Scheme V I I ) ,  morphinans (I:  Scheme 
V I I I ) ,  and benzornorphans (I1 : Scheme V I I I )  
are all conformationally homogeneous by 
virtue of the methylenc bridge which connects 
the axial aromatic group to the piperidine ring. 
The equatorial counterpart to the above com- 
pounds is found in the azabicyclononane deriva- 
tive (VI) (GO). The trimethylene bridge pre- 
vents conformational inversion and therefore 
precludes the presence of an axial aromatic 
ring. This compound has activity comparable 
to thc phenolic benzomorphan structure (I1 : 
Scheme VII I ;  R = R1 = R2 = Me, X ~7 OH). 
In a recent study, Smissman and Steinman (61) 
have prepared two isomeric decahydroquinoline 
analogs (VII and VIII) of the prodine type anal- 
gesics. The trans ring juncture in these struc- 
tures prevents inversion of the piperidine moiety 
and, thereby, ensures conformational homo- 
geneity. Since both the equatorial (VII) and 
axial (VIII) isomers were equally potent, it  
was concluded that no definite conformational 
requirements of the aromatic ring are necessary 
lor analgesic activity. l‘his is inconsistent with 

(59). 

VI Et-CO-6 

VII 

Et-CO-O s \ M e  

Ph 

VIII 

Beckett’s hypothesis (11) which states that anal- 
gesics containing an axially oriented aromatic 
ring should be more potent than those possessing 
the equatorial conformation. The perhydro- 
acridine analog (IX) was also prepared (62) 
and found to be inactive. This has bccn at- 
tributed to steric hindrance of the carhocyclic 
moieties attached to both sides of the piperidine 
ring, and is consistent with the results obtained 
from conformational analysis of I and 11: 
Scheme X I V .  

Ph @-Me 
Et-CO-0 

IX 
The tropane analog (X) of mcpcridine was 

prepared by Bell and Archer (63) and found to 
be slightly more potent than ineperidine (XI). 
Although inversion of the piperidine moiety 
cannot occur because of the rcstriction imposed 
by the ethylene bridge, spectral evidence (63, 
04) suggests that there is a substantial amount 
of the boat conformation ( X h )  present. This is 
to be expected in view of the severe diaxial 
interactions between the phenyl group and the 

Ph 
a X 

EtOOC 

b 
ethylene bridge when in the chair conformation 
( X a ) .  llncquivocal cvidence dcnionstrating that 
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a boat conformation is active has been provided 
by Portoghese and co-workers (65). who h a w  
synthesized and tested bicpcloheptane analogs 
(XI1 and XITI) of meperidine. In these di- 
astereoniers, the piperidine ring is rigidly held 
in a boat conformation by the C-7 methylene 
group. The endo-phenyl compound (XII), which 
is about f j  times more potent than the corre- 
sponding exo-isomer (XIII), is aboiit twice as 
active as meperidine (XI). The difference in 
activity between isomers may be due in part to 
distribution since XI11 is a stronger base than 
XI1 and hence would not he expected to reach 
the site of action in the same concentration as its 
isomer. 
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From all the available data it appears that the 
conformational requirements for most of the 
4phenylpiperidine type analgrws are minimal. 
It is rather paradoxical that in certain cases high 
optical selectivity of the analgesic receptors is 
observed, whereas a variety of compounds in 
different conformations are capable of producing 
analgesia This paradox can be resolved if i t  is 
assumed that differing modes of analgesic-receptor 
binding (28) occur. (See under Concepts on 
,1 nalgesic-Receptor Interactions ) 

In the preceding discussion the possibility was 
considered that disposition of groups other than 
thc aromatic ring could also influence analgesic 

activity. Thus, the activity of prodine-type 
diastereomers (Schemes XII-XI V )  could depend 
in part on the orientation of alkyl groups attached 
to the piperidine ring. In order to limit the 
number of variables, it  would be informative to  
examine the effect of a configurational change 
at a single asymmetric center in analgesics whosc 
geometry is largely restricted to a single con- 
formation. Inasmuch as such compounds are 
epimeric rather than enantiomeric, it should be 
mentioned that the observed differences in ac- 
tivity between epiiners cannot unequivocally be 
attributed to events a t  the receptor level when 
differences in potency are small. Much of the 
work on compounds which fall into this category 
has been carried out by May and co-workers 
(W-70), who ha\-e prepared a variety of epimeric 
bcnzomorphans. The conclusions derived from 
these correlations cannot be extrapolated to the 
prodines, however, because the modes of inter- 
action of the benzomorphans and the former com- 
pounds are most probably different. (See under 
Concepts on Analgesic-Receptor Interacfions.) 
The data presented in Table V I  show that com- 
pounds in the @-series are consistently more 
potent than the corresponding a-isomers. Fur- 
thermore, i t  appears that when R = I<’ = propyl, 
the a-compound shows a large decrease in potency 
while the B-epimer exhibits a relatively small 
decrcase. It can be seen from the three-di- 
mensional reprcscn tation (XIV) of these isomers 

X J Y  
that the a-scries possesses an equatorial C-9 
alkyl group, whereas the isomeric 8-series has 

TABLE VI.- A ~ A L G E S I C  Ac7-1vrru OF ISOMERIC RENZOMORPHASS 

HO HO 
&hies p-Scries 

~~~~ ~~~ 
~~~ 

a~Series EDso R R’ @-Series EClnnU Ref. 
3 . 0  Me Me 0.44 (66) 
4 .9  Et Me 0.07 (6668) 
1 .5  Me Et 0.47 (66, 68) 
4 . 2  Et Et 0.28 (66, 67, 69) 
2 . 9  Pr Me 0.12 (66, 70)  

71.2 Pr Pr 0.87 (66, 70)  
____ ~~ 

mg.1 Kg. subcutaneously in mice. 
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gesic activity. With the advent of the metha- 
doncs (Table X, series 1 and 2) (77), Schaumann 
(78) modified and generalized his hypothesis by 
suggesting the structural requirements to be an 
aromatic ring attached to a quaternary carbon 
atom two carbons removed from a tertiary amine 
function. The requirements for analgesic ac- 
tivity, however, were once again outmoded with 
the appearance of the thiambutenes (Table X, 
series 5) (4, 79). Gero (44) attempted to ration- 
alize the activity of the. thiambutenes and meth- 
adones by postulating that these open-chain 
analgesics formed pseudo-ring conformations. 

Beckett and Casy (11) sought to elucidate the 
receptor requirements for analgesic activity 
through stereochemical studies of the meth- 
adones and thiambutenes. The fact that the 
more active enantiomers of some of these struc- 
tures were found to bc configurationally d a t e d ,  
supported the idea that “fit” a t  an analgesic 
receptor is important for activity. A receptor 
surface was formulated whose dimensions were 
complementary to certain elements of the phenyl- 
piperidine moiety in morphine. Hence, it was 
postulated that an analgesic receptor possessed a 
flat surface, a cavity, and an anionic site which 
were envisaged to accommodate an aromatic 
ring, a hydrocarbon moiety, and a protonated 
basic nitrogen, respectively. These features 
were depicted as being in a particular sequence, 
the active enantiomers being capable of three- 
point contact while the inactive or less active 
enantiomers were capable of presenting only two 
of the three essential groups for orientation at the 
receptor surface. According to this concept, 
specific orientations of the various pharmaco- 
phoric groups in an analgesic molecule are re- 
quired in order that they may conform to the 
above receptor dimensions. I1 was suggested 
that meperidine and the prodines (Schtme X I I )  
were able to associate with this receptor with 
greater facility when in the axial-phenyl confor- 
mation and that the methadones interact by 
assuming a cyclic conformation. Subsequent 
studies on the dissociation constants of metha- 
done-type compounds led Beckett (45) to con- 
clude that methadone and related compounds 
form ringlike conformations by virtue of an 
interaction of the basic nitrogen with the car- 
bony1 carbon atom. I t  was concluded (80) from 
correlations of analgesic activity with the widths 
of the basic groups, that the anionic site has a 
width of 7.5 -8.5 A.3 

3 This is based on the assumption that the distribution 
and metabolism of the methadones containing different 
basic groups are approximately the same. If this is indeed 
found to be the case by determininy the concentration OF 
these compounds in the brain, then their correlation would 
receive inuch stronger support. 

xv 
this group oriented in the axial conformation. 
’I’his supgeits that when the C-!) suhstituent is 
111 the ccpatorial conforniaLion and beyond a 
certain size, it may adversely affect dtug-re- 
ceptor association. An equatorial C-9 group 
would be expected to  have little effect on analgesic 
activity if association with a receptor involved 
contact only with the C-3,4 hydrocarbon moiety 
and aromatic ring. Since this is not the case, it  
appears as if other portions of the molecule are 
also involved in the receptor interaction. A 
somewhat related situation exists in certain 
highly potent analgesics derived from Diels- 
illder adducts of thebaine (XV) (71, 72). The 
-CRR‘OH group, which is on the top face of the 
molecule, can enhance analgesic activity by a 
factor of up to 7800 times the potency of mor- 
phine. Moreover, it  has been reported that 
when the carbinol group is asynimetric (XV; 
R = Me, R’ = Pr, X = OMe), the activity of 
one of the isomers is about 90 times that of mor- 
phine and approximately 130 times more potent 
than its epinier. This remarkable difference in 
potency is probably related, in some way, to the 
ability of CRR’OH in onc of thc epimers to 
enhance receptor binding when in a preferred 
conformation. 

CONCEPTS ON ANALGESIC-RECEPTOR 
INTERACTIONS 

Since isolation and visualization of narcotic 
analgesic rrecptors presently is not possiblc, the 
medicinal chemist is naturally dependent CJII the 
rclationship between molecular structure and 
analgesic activity in order to obtain some in- 
sight into the nature and dimensions of such 
receptors. 

The process of determining the pharmacophoric 
groups necessary for analgesic action evolved 
slowly and can be traced back to Whalen (73), 
who in 1902, proposed that the properties of 
morphine (I: Scheme V l I )  were due to the phen- 
anthrene skeleton. This idea prevailed (74) 
until 1939, when Bisleb and Schaurnann (75)  
discovered that rrieperidine (XI) possessed sub- 
stantial analgesic activity. The structural rela- 
tionship between morphine and meperidine was 
realiLed and it was postulated (76) that the 4- 
phenylpiperidine moiety was necessary for anal- 
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TABLE YII  -SOME POTENT ANALGESICS OF DIVERSE 
CONST~I u IIOY 

Compd Activitya 

10 
182) 

88 1 

N-methyl group in mel’eridine by the cinnamyl 
substituent enhances activity by thirty to forty- 
fold while an identical change in morphine causes 
a loss of potency (see Table ITII). Along these 
same lines, it  is well known that replacement of 
the N-methyl in morphine by an ally1 group 
results in a compound which has low activity in 
rodents and morphine antagonist properties. 
Significantly, similar replacement in meperidine 
(Table VIII) or in methadone-type analgesics 
(Table X) results neither in a drastic diminution 
of potency nor in a compound which has antago- 
nistic properties (87). 

Quite recently, Port.oghese (28) has intro- 
duced a new concept on the mode of interaction 
of narcotic analgesics with receptors in order to 
explain all of the above phcnomcna. It has been 
postulated that complex formation of different 
narcotic analgesics with receptors may, in many 
cases, involve differing modes of interaction rather 
than a single type of drug-receptor interaction 
involving binding to the same sites on the re- 
ceptors. The possibility of induced fit as a 
factor contributing to receptor binding of diverse 
analgesics was also recognized (2, 28). Within 
the framework of this concept the possible modcs 
of interaction were outlined as follows. 

Case 1.-Interaction of different analgesics 
with a single species of receptors; ( a )  identical 
interaction; ( b )  differing interaction. 

Case 2.-Interaction of different analgesics 
with two or more species of receptors coninion 
to the differcnt analgesics; (u) identical 
partitioning on the receptors by different 
analgesics, ( b )  dissimilar partitioning on the 
receptors by different analgesics. 

Case 3.-Interaction of different analgesics 
with two or more species of receptors not 
common to the different analgesics. 

Different molecules may interact with identical 
sites [Case l (a) ]  or with different sites [Case I @ ) ]  
on the same receptor species. Case l ( b )  is sche- 
matically illustrated in Fig. 1. Thc molccule out- 
lined by the solid line depicts onc position of 
binding, while the dashed line denotes a second 
position. It is assumed that the steric environ- 
ment presented to different molecules in different 
binding positions are not identical. 

The second cdsc is sym\dized by the following 
equations: 

0 
I1 

Ph--CH,-N--C--Et 
I 

0 I 

CH,CH,-Ph 
0 
II 

Ph-N-C-Et 
I 

0 
CH,CH:I’h 

Me OEt 

2 . 3  
( 8 3 )  

5 
I I ( 8 5 )  Ph?C--COO--CH--CHsNMet 

~~ 

Relative tn meperidine. ‘I Kefet-ences in parentheses. 

As more compounds were synthesized and 
found to possess analgesic activity, it  soon be- 
came evident that the requirements which were 
summarized by Braenden, Eddy, and Halbach 
(60) in 1955 were once again violated (81). It is 
now known, for example, that there may be as 
many as five atoms between the aromatic ring 
and basic nitrogen and still have compounds 
which are a t  least as potent as meperidine. Some 
structurally diverse analgesics, to list only a few, 
are compiled in Table VII. Other radical de- 
partures recently have been reported (86). It is 
apparent that this presents quite a perplexing 
problem. Can all of these structures fit a re- 
ceptor surface having dimensions which have been 
postulated (1 1) to be complementary to portions 
of the morphine molecule while still maintaining 
high activity? It seems quite probable that this 
is not the Case. Other aspccts of the relationship 
between structure and analgesic activity which 
are not adequately explained by the Beckett 
hypothcsis are found in Table 111, where i t  can 
be seen that there is no consistent correlation 
between the configuration of the more active 
enantiomers and analgesic activity. It is ob- 
vious that the constitution of thc R moicty has 
an important bearing on thc configurational 
selectivity of the receptors. Still another puz- 
zling phenomenon was the ability oE identical 
N-substituents to cither enhance or diminish 
analgesic activity when attached to different 
analge~iophores,~ For example, replacing the 

4 Analgesiophore is defined as the analgesic molecule less 
the substituent 011 the basic nit(-own. 

Different analgesics (A and B) and species of 
receptors (a  and 0) co~~inion to A and B may in- 
teract so that the ratios, (Aa):  (AP) and ( B a ) :  
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TABLE YIIL-RELATIVE ASALGESIC ACTIVITY OF STRUCTURES CONTAINING THE PHENYLPIPERIDINE 
XOIETY~ 

1,R' = COzEt 4 
2,K' = OCOEt 
3,K' = OCOMe 

5 6 

- ~ -  Relative Activityb - -Relative, Activityh-- 
< ~____ 1C.d.p- , -2.c.i- 73clfp 4Q 51.1 6 f . k  

Me 1 . 0  1 . 0  7.4 26 1.0 2.4 1 .0  2 0.7 
Et  . . .  0 . 5  . . I  . . .  . . .  . . .  <0.1 0.1 0 

Ally1 . . .  0 . x p  . . .  . . .  . . .  . . .  <0.1 0 . . .  
n-Bu . . .  1 . 5  . . .  . . .  . . .  . . .  <0.1 . . .  0 

CsHaCH? <0.3 <0.5  1 . 5  1.4 1 . 0  1.1 <0.1 0 . . .  

CsH5(CHzh 2 .3  2 . 6  25 110 12 60 6 -10 -10 

CGHL(CHY)O 23 20 162 572 62 265 . . .  . . .  0.15 

R H.P.' R.H.'" H.P.L R.Km H.P.' R . K m  1L.H.' H.P.' H.P.' 

n-Pr . . .  1.51 . . .  . . .  . . .  . . .  0 . . .  0 

n-Amy1 . . .  1.51 . . .  . . .  . . .  , . _  0 . 7  -2 -1 

. . .  . . .  . . .  . . .  0.15 0.32 3 .8  . . .  . . .  

2 . 7  . . .  66 69 ti6 72 . . .  . . .  . . .  
27 18 318 ti37 90 142 . . .  . . .  . . .  

~~ 

C ~ & ( C H S ) ~  1 . 6  2 . 8  -54 108 32 39 . . .  -0.3 . . .  
CGHsCH=CHCH, 32 40 261 1100 82 376 <0.1 0 . .  

ti1 39 650 785 ... 189 . . .  . .  . . .  

a Adapted from Refeveme 28. Analgesic activity relative to meperidine; a value of 10 signifies the compound is 10 times 
Thorpe, R. II., and Walton, E. ,  f. Chem. Soc., 1948, 559. eElpern, 

Elpern, B., Wetterau, W., Carbateas, P., and 
* Winter, C. A., Orahovats, P. D., and Lehman, E. G.. Arch. Intern. Pharmacodyn., 

' Eddy, N .  B., Besendorf, 
Ager, J. H., and 
'' Administered 

mure potent than the reference compound. 
B., Gardner, L. N., and Grumbach, L., J .  Am. Chem. Soc., 79, 1951(1957). 
Grumbach, L., ibid., 80, 4916(1958). 
110, 186(1957). 
H., and Pellmont, B., Bull. Navrofics ,  U. A'. Drpt. Social Affairs, 10, 23(1958). 
May, E. L., J .  Org. Chem.,  25, 984(1960). 
intraperitoneally. 

Keference PO. 

I' Analgesic activity relative to morphine in the same sense as in Foottrole a. 
Refeuenre 33, p. 157. 

Hot plate method using mice. Rat tail radiant heat method. 

Fig. 1.-A schematic rc- 
presentation of Case l ( b )  . 
The protoriated amine ni- 
trogen is represented by 
CB, the square denotes an 
A'-substituent, and the 
rectanglc depicts another 
portion 01 the molecule. 
The different positions of 
molecular binding are rep- 
resented by the hcavy and 
dashrd lines. 

(ED), are similar [Case 2(a ) ]  or different [Case 
2(b ) ] .  

'The third possibility is illustrated by thc equa- 
tions below. In this case a and 0 are not com- 
mon to  4 and H. If different receptor species 

A + a + p s (Aa)  
B + a + P (BP) 

have dissimilar steric requirements in Cases 2(b) 
and 3, then this would be manifested by a differ- 

encc in the stereoselectivity of the receptors for 
analgesics A and B. 

Combinations of the above cases may also 
exist, thus creating a much more complex situa- 
tion. It is probable that  Cases 1 and 2 may be 
the most prevalent types of interaction. 

This concept is capable of explaining the lack 
o f  correlation between configuration and anal- 
gesic activity (Table 111). If, for example, 
methadone (Table 111, 1)  and u-methadol (Table 
111, 5) are interacting with different patterns of 
sites on a single species of receptors [Case l ( b ) ]  
then the steric requirements for the analgesic 
molecules may not be identical. The fact that  
the more active enantioiners of the above com- 
pounds possess the opposite configuration sup- 
ports the contention that  a t  least a portion of 
these analgesic molecules are in different physico- 
chemical environments on the receptors, Figure 
2 illustrates schematically how K-methadone and 
(3s: RS)-methadol, with opposite configuration 
a t  C-6, may interact with analgesic receptors. 
Dipoles conceivably can be sites which are hy- 
drogen bonding donors (X) or acceptors (Y).  
Interaction of methadone with an analgesic 
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Fig. 2.-One possible mechanism whereby differ 
ent polar groupc. in analgesic molecules may cause 
inversion in the  configurational selectivity of anal- 
gesic receptors. Hydrogen bonding proton donor 
and acceptor dipoles are noted by X in square 
and Y in triangle, respcctivrly. The anionic site is 
represented by t2. Top : (3s 6s) methadol ; bottom: 
R-methadone. 

receptor may involve hydrogcn bonding of the 
ketonic carbonyl group by X, whereas with 
a-methadol, OH. . .I.’ could occur. According to  
thc abovc interpretation, alteration of a polar 
group in an analgesic molecule may afford a 
compound which can interact with dipolar sites 
and hydrophobic areas that  differ from those 
involved in the binding of thc unaltcred structure. 
An alternate explanation can be found in Case 
2(b) .  In this rasc, methadonc and a-methadol 
would interact in different ratios with two or more 
species of receptors having dissimilar steric re- 
quirements. This too could bring about an in- 
version in configurational selectivity if the steric 
requirements of the different receptor species 
common to both analgesics are dissimilar. 

The well-known ability of the basic group to 
influence analgesic activity has been utilized as n 
means of detecting similarities or differences in 
the mode of binding to  receptors (28, 88). If the 
mode of interaction between various analgesics 
and receptors is similar [Cases l ( a )  and 2(a)] ,  
then the N-substituent should be positioned in 

a similar physicochemical environment on the 
rcccptors and, therefore, contrihutc to the anal- 
gesic effect quantitatively in the same way. 
Thus, if identical changes of the A-substituent in 
two or more series of compounds produce parallel 
changes in potency, the mode of binding of the 
difTerent analgesiophores should be similar. 
Conversely, dissimilar modes of interaction [Cases 
I@),  2 ( b ) ,  and 31 should produce nonparallel 
changes in potency. This is exemplified in Table 
VIII where parallel relationships can be seen 
between the meperidines (series 1) and the 
acyloxy analogs (series 2 and 3). Parallelism is 
also exhibited among the compounds in the 
morphine (series 4), morphinan (series 5), and 
benzomorphan (series 6) series. Comparison of 
the former (series 1, 2, and 3) with the latter 
(series 4, 5, and ti), however, shows that  there 
is no parallelism. The correlations in Table VIII  
indicate that the analgesiophores in series 1,2,  and 
3 are binding to  receptors by similar modes and 
that an analogous situation exists among the latter 
series. On the othcr hand, lack of parallelism 
between the phenylpiperidines and structures re- 
lated to  morphine suggested that  the binding mode 
of identically substituted compounds in the formcr 
series is different from those in the latter. 

If identically N-substituted compounds in two 
different series are interacting with receptors in a 
similar manner, then the quantitative contribu- 
tion t o  the analgesic effect by  various substituents 
should producc, under steady-state conditions, 
proportionate variations of activity in both series. 
Such a proportionality is reflective of a linear free 
energy relationship. The slope of such a regres- 
?ion should be near unity, since identical basic 
groupi are expected to  contribute to the pharma- 

L o g  ED5,, (pM/Kpl  

s e r o e s  2 

Fig. 3 -A plot of t h e  log ED5,, of Wsubstituted 
normcperidincs (series 1) vs. the log EDSo of identi- 
cally substituted reversed esters (series 2 ) .  
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TAELE IX.-REGRESSION ANALYSIS OF THE LOGARITHM O F  THE ANALGESIC ACTIVITY I N  VARIOUS N-SUB- 
STITU TED PHENYLPIPERIDINE SERIES” % 1.K‘ -CO,Et 

2 ,  R‘ = OCO- Et 
3,R’=OCO--Me 

I 
K 

r)ata 
Coi-islalionh Slope‘ S.E. S.1). Y d  n‘ Source’ 

1 21s. 2; 1 .20  0.09 0.16 0.99 5 U 

1 . o s  0.13 0.25 0.96 6 h 

1 VS. 3 i  0.93 0.24 0.37 0.90 4 Q 

0.87 0.21 0.42 0.87 6 h 

3 vs. ‘‘k 1 .09 0.20 0 .2 ;  0.96 4 Q 

1.06 0.19 0.25 0.94 5 h 
___ 

“ Adapted fi-om Reference 28. ‘’ Series 1 ,  2 ,  and 3 were plotted as the logarithm of the activity (pm./Kg.). Values were 
calculated by the method of least squares. Represents the linear correlation coefficient; when Y = 1 there is a perfect 
correlation; if I = 0 there is no correlation. All data weie ohtained 
from Reference 90: mice were the test animals. Eddy’s data. ’’ Janssen’sdata. ’ K=$CH=CHCIlp; +(CIl?)r; $ ( C H Z ) ~ ;  
$(CHz)r; $CH2 II=~+CH(OCO~t)CHzCHz; +CH=SHCH?; d(CH2)3; +CH=CH(CHz)?; CHa. K=$(CHz)a; + ( C H z ) n ;  
+(CH,)a; &H;! . K=+CH(OAc)CH2CH*; +CH=CHCHz; $(CHdz; $(CHi)y; $CH=CH(CH2)?; CHa- R=+(CH?)a: 
+(CH>)?; $(CHz)r; +CHz . R=$CH-CHCHn; +(CH?)a; +(CHz)z; +CH=CH(CHz)z; CH3. 

‘ Denotes the uUmber of points in the regression. 

TABLE X ,-RELATIVE ANALGESIC ACTIVITY“ OR STRUCTURES RELATED TO METIIADONEC 

C(C4H3S)z C,H,K’COEt 
I 
I 
I 

CH2 

CHNRR’ 

Me 

R3 R2 II 
I 

I I  

I 

CH 

CHNRR’ 

Me 

( C~HS).ICCH~CHNRR‘ 

1, R2 = H; 
- I  ‘> K 2  = Me; R3 = COEt 4, R 2  = Mc; R3 = COzEt 

R3 = COEt 3, RZ = Me; R3 = S02Et 

~ 

R K’ ld 2d 3 d  4d 5 c  G J  

Me Benzyl 0, Oh . . .  . .  . . .  < O .  1 1.4% 
Me Me 1.2Q, 2.5QSh 7.8,Q 5.6Qth 6 S.3,Q 0.55’’ 5 0 

Et Et 0 . 3 , ~  0 .  82h 8.1 . .  . . .  5 0 
n-Pr n-Pr <0 .33 ,  <O. 25” . . .  . .  . . .  <o. 1 . . .  
Allyl Allyl 0 . 5 j  . . .  . .  . . .  0 . 7  . . .  

C4Hs 4 .0 ,  1.9OIh 4 , k  5 .  7f1zk . . 3 . 5  0 

CsHm 2 .6 ,Q  2 . 5 ~ 3 ~  20, 5.4g7h 6 0.2h 5.5 0 
C4HsO 7.0,  8.5Q,* i9,a 4.58,h . . <o:ih 1 u 

Analgesic activity relative to meperidine: a value of 10 signifies the compound is 10 times more potent than the reference 
Adapted from Refmew 28. 

Data were obtained from Janssen, P. A. J., “Synthetic Analgesics.” Part  I, Pergamon Press, Inc.. New York, N. Y. ,  1960. ’ With the exception of the methyl benzyl analog, the above 
The authors thank Dr. W. Wright, Jr., Lederle Laboratories, Pearl River, N. Y., 

’ Calculated from Reference 15. 

compound. 

Table V, p. 68. 
compounds were inactive a t  25 mg.,’Kg. 
for providing this information. 
1 Animal species not revealed. Administered intraperitoneally. 

* Unless otherwise specified compounds were administer-ed subcutaneously to rats. 

‘ Values were calculated hum Xeference 4. 

Average value. I’ Mice were employed as test animals. 

cological effect by the same mechanism. The 
above quantitative relationship is, of course, 
dependent on the assumption that identical 
changes in substituents on two different anal- 
grsiophores will affect the distribution of the 
compounds in a similar fashion. This assump- 
tion is quite reasonable in view of the successful 
application of substituent constants for predicting 
drug availability a t  the site of action (89). When 
the mode of binding is not similar, a nonparallel 
relationship should be obtained which may be 
characterized by point scattering and the absence 
of a regression. 

It is important to point out that a regression 
cannot be properly constructed unless the phar- 
macological data have well-defined confidence 
limits and are derived from a single source. The 
analgesic data of Janssen and Eddy (90) appeared 
to fulfill these requirenients. The regressions 
obtained from these data are shown graphically 
(Fig. 3) and in Table IX. The high correlation 
coefficients ( r )  corroborate the postulate that 
parallelism in activity is indicative of similar 
modes of binding and that this concept (28, 87) is 
of utility in distinguishing between similar [Cases 
l ( a )  and Z(a)]  and different modes [Cases 1011, 
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2(bj, or 31 of drug-receptor interactions. Al- 
though series 3, 4, and 5 (Table VIII) also display 
parallelism, these data cannot be quantitated 
because the activities were obtained from different 
literature sources. 

It was discussed earlier that inversion of con- 
figurational selectivity is indicative of differences 
in the mode of intcraction between analgesic 
molecules and receptors. Further support for 
this proposal was obtained by qnalitatil ‘e  1- y as- 
sessing whether parallelism exists between differ- 
ent series of open-chain compounds (Table X) 
whose AT-suljstituen ts were varied in the same 
way. Because these data were obtained from a 
varicty of sources, only substantial changes in 
potency were interpreted as being meaningful. 

Qualitative inspection suggests that series I ,  2, 
:;, and 5 exhibit a roughly parallel variation of 
analgesic activity. This has been interpreted as 
being reflective of similar modes of interaction 
with receptors [Cases l(aj  or 2 ( a ) ]  and is consist- 
ent with the fact that, among the series containing 
an asymmetric center (series 2 , 3 ,  and 5) the more 
active enantiomers are configurationally related 
to I<-alanine (Table 111). Since series 4 and G 
(Table X) show little correlation with series 2, 3, 
and 5,  the mode of interaction of compounds in 
the former series is probably different from those 
in thc latter. Significantly, the more active 
enantiomers (series 4 and 6) possess the S-con- 
figuration. In  the above case, dissimilar binding 
modcs are characterized by both inversion in the 
stereoselectivity of the receptors and by non- 
parallel variations in activity. It is important to 
realize that an identical stereochemical relation- 
ship between more active enantiomcrs docs not 
necessarily imply that analgesic molecules are 
interacting with receptors in a similar fashion, 
since this may be coincidental. A more rigorous 
procedure would, in addition, involve the cor- 
relative procedures discussed above. For ex- 
ample, the more active enantiomers of the car- 
bethoxy analog of methadone (series 4; R = R’= 
Me) and the basic anilide compounds (series 6; 
R = Me, R* = benzyl) possess identical configura- 
tion but variation of the N-substituent does not 
appear to affect analgesic activity in the same 
way. This is suggestive of different binding 
modes despite the fact that the more active 
optical isomers have the same configuration. 

Similar analysis on phenolic and nonphenolic 
rnorphinans (I : Scheme V I I I )  and benzomorphans 
(11: Scheme VI I I )  has also been carried out by the 
substituent variation method (28). The phcnolic 
cornpounds show an enhancement of activity on 
replacing an Wniethyl with a phenethyl group, 
while the nonphenolic structures exhibit a de- 

‘FABLE xI.-PYRROLIDINE ANALGESICS“ 

I< Activity” 
M(! 0 .8  

0 . 4  
(1.4 

1 . 3  

Ph-CH( 0H)CHzCHz 0 . 8  

a Refwenre 92. ’ Relative lo codeine (hasejbase), 30 
niiii. after i.p. injection. 

crease in activity when an identical change is 
made (81). This suggests that the phenolic and 
nonphenolir compounds arc binding to analgesic 
receptors by different modes. Lack of correla- 
tion with othcr scrics is also seen among the 
tetrahydroisioquinoline analgesics (Scheme I X ) ,  
where i t  has bcen reported (91) that replacement 
of the Nmethyl group by a variety of substit- 
uents causes a loss of activity. The pyrrolidine 
analgesics (Table XI) exhibit a pattern of activi- 
ties on substituent variation, which is unlike its 
close relative, the prodines (92). Nonparallelism 
is also found in the highly potcnt bcnzimidazolc 
analgesics (XVI j (93) where variation of the basic 

I 
CHZCHzNK 

XVI 

group causes changcs in activity unlikc thosc secn 
in other types of analgesic compounds. 411 of the 
above phenomena can be rationalized in terms of 
differing inodes of drug reccptor binding. T h e w  
possibilities include Cases 1 ( b ) ,  2 (b) ,  and 3,  which 
were described earlier 

I t  has also been mentioned (28) that differing 
modes of interaction were likewise possible among 
compounds in a single series. In such a case, the 
binding mode of an analgesiophore would be 
modified when the basic group is changed. One 
criterion for detecting transitions in the mode of  
binding is a large change in enantiomcric potency 
ratio. It has been shown (18) recently that as the 
number of methylenes in the A’-aralkyl group or 
the basic anilide analgesics (Table XIT) is in- 
creased from one to  three, the cnantiomeric 
potency ratio approaches unity. These marked 
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responding tvans isomer shows high physical 
dependence capacity (70). 

CONCLUDING REMARKS 
Modification of the pain threshold by strong 

malgesics is a coniplex phenomenon which is not 
well understood. The large variety of struc- 
turally unrelated cornpounds which possess mor- 
phine-like activity attests to the complexity of 
this phenomenon. The structural diversity of 
compounds having high analgesic potency may be 
due to a combination of factors. Induced fit 
(2, 2X, 94, 96) and differing modes of analgesic- 
receptor association (2, 28) have been discussed as 
possible contributing causes for the apparent over- 
all lack o l  consistency in the relationship between 
structure and activity. For this reason the 
topographical characteristics of analgesic recep 
tors remain obscure. The problem of delineating 
the geometry of analgesic receptors and ideally, 
elucidating the chemical components which con- 
prise such entities, will challenge the best efforts 
of the medicinal chemist for years to come. 
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TABLE XII.-RELATIONSHIP OF LENGTH OF THE 
N-ARALKYL GROUP ON CONFIGURATIONAL SELEC- 

OC-Et Me 
TIVITY OF ANALGESIC RECEPTORS“ 

I I 
Ph--S-CHzCH-N-R 

I 
Me 

Cun 
R Enantiomei figuration 

Ph-CH2 if) ( S )  4 3 d  

( S) 1 6  

(-1 (K) Inactive at 60 

(R)  Inactive at 50 
Ph-CHzCII! (+) (S) 3 . 6 d  

( - )  (R)  11.7 
8.9 

(s) 11.9 
Ph-CH,CH,CH, (+) 

(-1 ( R )  
-~ - 

a Adapted from Reference 18. Optical rotation of the 
free base. The subcutaneons dose which elevates the 
rat  tail radiant heat response time by lOtly, in 507“ of the 
animals. Refeiwzce 16. 

changes in potency ratio, which were observed on 
increasing the chain length, represent a decrease 
in the stereoselectivity of the receptors which is 
attributed to differing modes of analgesic-recep- 
tor binding [possibilities are Cases 1 ( b ) ,  2 ( b ) ,  or 31. 

Archer (94, 95) has reported a significant obser- 
vation regarding the effect of stereochemistry on 
analgesic antagonist activity. The cis and trans 
,5,9-dimethyl (XVII) and the cts-5-ethyl-9-methyl 
(XVIII) compounds all show antagonism against 
narcotic analgesics, while trans XVIII is a 
meperidine antagonist but does not antagonize 
morphinc. This suggests that the mode of inter- 
action of trans XVTTT differs from that of the 
other diniethallyl benzomorphans and provides 
support that more thap one receptor species (Cases 
2 or :3) may be involved in analgesic action. 

I t  is conceivable that the great variability in the 
physical dependence associated with various 
narcotic analgesics could be related to differing 
modes of interaction. May (66, T O )  has shown 
that analgesic activity can be separated from 
physical dependence by merely altering the .?,% 
dialkyl substitucnts in 1V-methylbenzomorphans. 
Moreover, the stereochemistry of the 5,g-dialkyl 
substituents appears to affect, in certain cases, this 
separation. For example, the cis 5-propyl-9- 
methyl benzomorphan (Table 171) exhibits no 
physical dependence capacity, whereas the cor- 

67:FCHzCH=CMez 

XVII, R = Me 
XVlII ,R=Et  
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Research Articles- 

Pharmacology and Mechanism of 
Action of Cryptenamine 

By BHAGAVAN S. JANDHYALA* and JOSEPH P. BUCKLEY 

Cryptenamine, an alkaloidal preparation from Verutrum uiride, was investigated for 
hypotensive activity. Simultaneous bilateral denervation of the carotid sinus-body 
complex and bilateral vagotomy abolished the effects of cryptenamine. Adrenalec- 
tomy or pretreatment of the animals with N,N-di-isopropyl-N'-isoamyl-N'-diethyl- 
aminoethylurea (P-286), bretylium, reserpine, or (Y methyldopa abolished or mark- 
edly inhibited the hypotensive effects of cryptenamine, whereas guanethidine, which 
does not induce depletion of catecholamines from the adrenal medulla, failed to 
block the hypotensive effects of cryptenamine. Central depressor effects of cryp- 
tenamine were not abolished either in dog cross-circulation preparations or in the 
perfused lateral ventricle preparation of the cat. Although cryptenamine induced 
a depressor response in the body of the recipient following the administration of 
the drug into the carotid inflow to the recipient's head in the cross-circulation 
experiment, these responses were essentially abolished by bilateral denervation of 
carotid sinus-body complex. Cryptenamine potentiated epinephrine-induced depres- 
sor responses in the dog and isoproterenol-induced relaxation of both the cat nictitat- 
ing membrane and the vasculature of the isolated denervated hind limb of the dog. 
Pronethalol decreased the duration of the hypotensive activity of cryptenamine. 
The data suggest:that sensitization of 0 adrenergic receptors, a possible increased re- 
lease of epinephrine from the adrenal medulla, and stimulation of carotid reflex 

mechanism contribute to the over-all hypotension induced by cryptenamine. 

IIE DETERRENT to  the wider use of the vera- 
Ttrum alkaloids in therapy is the narrow range 
between their therapeutic and emetic doses. 
Cryptenamine, an alkaloidal preparation pre- 
pared from Vercitrum viride by a nonaqueous 
benzene triethylamine extraction procedure, has 
been reported to  have a ratio of emetic to 
effective hypotensive dose superior to  that of 
other veratruin preparations (1, 2). Finnerty 
( 2 )  reported that in humans thc divergence 
between the hypotensive and emetic doses of 
cryptenamine was apparent on intravenous 
administration. McCall and his colleagues (3 )  
studied the effects of cryptenaniine on cerebral 
circulation and cerebral oxygen consumption in 
patients with toxemia of pregnancy and reported 
that cryptenamine induced fewer side effects than 
other veratruin preparations. The satisfactory 
ambulatory treatment of hypertension has been 
reported (4). Abreu et a l .  (5), however, failed 
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to  demonstrate any superiority of cryptenamine 
over protoveratrine A in comparing ratio of 
emetic to  hypotensive dose in dogs. 

The  pharmacological advantages of crypten- 
aminc have been attributed to the presence of 
amorphous hypotensive ester alkaloids reportedly 
lost b y  hydrolysis during alternative ammonia 
benzene extraction proccdures (1). The  present 
investigation was mainly concerned with the 
study of thc hypotensive activity of cryptcn- 
amine and possible mechanism of action. 

METHODS 

Effects of Cryptenamine on Blood Pressure and 
Heart Rate of Anesthetized Dogs.-Mongrel dogs ol 
either sex were anesthetized with sodium prnto- 
barbital, 35 rny./Kg., i.v., and the blood pressure 
recorded from a cannulated femoral artery uin a 
Statham pressure transducer onto a Grass poly- 
graph. IIeart rate was computed from blood pres- 
sure recordings. The  intensity and duration of the  
liypotensive effects of control doses of crypten- 
amitie, 5 rncg./Kg., were determined for each 
preparation. After arterial pressure returned to 
normal baseline, the animals were treated with one 
of the following: atropine sulfate, 1 rng./Kg.; 
N,N - di - isopropyl - A" ~ isoamyl - N' - diethyl- 
aminoethylurea (P-286), 10 mg./Kg. ; bretylium 
tosylate, 10 mg./Kg.; or pronethalol. 10 mg./Kg.; 
and 5 meg./Kg. of cryptenatnine repeated withiti 10 
min. All compounds were administered into a 
caniiulated fcmoral vein. In scvcral additional 
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expcriments, the animals were dcbuffered by de- 
nervation of the carotid sinus-body complex and 
bilateral vagotomy or bilateral adrenalectomy per- 
formed. 

Effects of Cryptenamine on Dogs Pretreated with 
Reserpine, Guanethidine, or Methyldopa.-In 
order t o  study the role of catecholamines on the 
mechanism of cryptenamitie activity, dogs were pre- 
treated with one of thc following: reserpinc phos- 
phate, 1 mg./Kg., i.m., 24 hr. prior t o  the experi- 
ment; a methyldopa, 200 mg./Kg., 6 lir. prior t o  thc 
experiment; or guanethidine, 10 rng./Kg., i.p., 
12 hr. prior to the experiment. The animals then 
were anesthetized with sodium pentobarbital 
administered by slow intravenous infusioti. Blood 
pressure and hcart rate were rccordcd, and crypten- 
amine, 5 mcg./Kg., was administered intravenously. 
Several of these experimciital animals wcrc also 
pretreated with atropine sulfate, 1 mg./Kg., i.v., 
prior to the administration of cryptenaminc. 

Effects of Cryptenamine on Epinephrine-Induced 
Depressor Responses on Blood Pressure of Dogs.- 
Small doses of epinephrine may produce depressor 
responses by stimulation of 6 adrenergic receptors. 
This property of epinephrine was utilized in the 
following experiment t o  study the effects of crypten- 
amine on @ adrcncrgic rcccptors. 

Mongrel dogs were anesthetized with sodium 
pentobarbital, 35 mg./Kg., i.v., and prepared for the 
recording of blood pressure as previously described 
and mean blood pressure recorded on a Grass 
polygraph. Four doscs of I-cpincphrine bitartrate, 
0.025, 0.05, 0.10, and 0.15 mcg./Kg., were adminis- 
tered intravenously. Cryptenatnine, 5 tricg./Kg., 
i.v.. was then administercd and the doscs of cpi- 
nephrine repeated 30 inin. later. 

Effects of Cryptenamine on @ Adrenergic Re- 
ceptors in the Cat Nictitating Membrane.-Effects 
of cryptenamine on p adrenergic receptors in the cat 
nictitating membrane were studied using the pro- 
cedure described by Gyorgy et d. (6). Cats were 
anesthctized with sodium pentobarbital, 35 xng,/Kg., 
i.p. 4 femoral artery was cannulatcd for rccording 
of blood pressure as previously described. Pre- 
ganglionic supcrior cervical sympathetic ncrvc was 
isolated and stimulated at a frequency of 6 c.P.s., 
0.2 mscc. duratiou, and 1-3 v. ,  thereby producing a 
state of continuous contraction of the nictitating 
membrane without damage to  either nerve or 
muscle. Under these conditions, relaxation of the 
membranc was elicited with the administration of 
.5 to 20 mcg./Kg. of isoproterenol, i.v. Cryptrti- 
amine, 8 mcg./Kg., was then administered and the 
same dose of isoproterenol repeated. Both the 
blood pressure and the activity of the nictitating 
membrane were recorded on a Grass polygraph. 

Effects of Cryptenamine on Isoproterenol-Induced 
Relaxation in the Denervated Perfused Hind Limb 
of the Dog.--Mongrel dogs of either sex were anes- 
thetized with soclium pentobarbital, 35 mg./Kg., 
i.v., and a femoral artery was cannulatcd for tlic 
recording of blood pressure. One hind limb was 
denervatcd by severing the femoral arid sciatic tiervr 
trunks, arid vtrscularly isolated by clamping thtt 
muscles with a 21-gauge stainless steel wire placed 
under thc fernoral artery and veiu and ligated with a 
Schiffrin wire tightener. The distal segment of the 
femoral artery of the isolated limb was cannulatcd 
and pcrfuscd with the blood drawti from the ceutral 
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segment of thc same artcry. A sigmamotor pump 
was utilized to perfuse the leg a t  a constant ra t r  of 
flow. Perfusion pressure was measured between the 
pump and isolated limb by means of a Statharn 
pressure transducer. Thc changes in perfusion 
could be related to the changes in the vascular 
rrsistance, since blood flow to the limb remained 
relatively constant. 

I n  order to study the cffccts of cryptrnamiiie on 
,!I adrenergic receptors, four dinerent doses of iso- 
protercnol, 1, 2, 5, and 10 mc,q., were administered 
iritra-arterially into the limb followed by crypten- 
aminc, 5 mcg./Kg., i.v. After a 30-niin. stabiliza- 
tion period, the doses of isoprotcrcnol wcrc repeated. 

Effects of Cryptenamine in the Dog Cross-Cir- 
culation Preparation.-Recipient dogs were aiies- 
thetizcd with sodium pelltobarbita~, 35 mg./Kg., 
i.v., and prepared for the recording of blood pres- 
sure as previously described. The neck musculature 
was removed utilizing electrocautery to  expose the 
vertebral column from C-2 to  C-5. A dorsal 
larninectomy was performed bctwccn C-3 and C-4; 
the vcrtchral venous sinuses and vertebral arteries 
were occluded utilizing 21-gaugc stainless steel wire, 
as described by Bickerton and Buckley (7). Donor 
dog was similarly ancsthetized aud prepared for the 
recording of blood pressure. Circulation was 
establishcd between thc right conitiion carotid artery 
of the donor and the head of thc recipieut cia the 
recipient's two common carotid arteries and from 
the two jugular veins of the rccipient's head to  the 
right jugular vein of the donor animal. This 
resulted in a ueurally intact, vascularly isolated 
recipient's hcad preparation. Circulatory leakage 
between the recipient's head and the trunk was 
determined utilizing lP1I (radio-ioditiated serum 
albumin) administered into the recipient's carotid 
inflow. In several of these preparations, the carotid 
sinus-body complex of the recipieut IWS denervated. 
Cryptenamine, 5 nicg./Kg., was administcrcd into 
the arterial inflow of thc recipient's head. 

Effects of Intraventricular Administration of 
Cryptenamine on Blood Pressure of Cats.-The 
method of administration of compounds into the 
cerebrolateral ventricle, as d<,scribed by Feldberg 
(8) and Rhattacharya and Feldbcrg (9) ,  was utilized 
in thcsc cxperiments. Cats werc anesthetized with 
sodium pentobarbital, 35 mg./Kg., i.p., atid pre- 
pared for the recording of blood pressure on an 
Offner dynograph as described earlier. A 22-gdUge 
unbevelrd needle, 34 mm. in Icngth, employed as a 
cannula, was stcreotaxically implanted in the left 
cerebrolateral vcntricle and secured firmly t(J  the 
skull with dental cement. The cisterna magna 
was exposed arid the dura carefully cut allowing the 
cerebrospinal fluid to escape. Then, the lateral 
ventricle was perfused with artificial cerebrospinal 
fluid (NaC1, 8.1 Grn.; KCI, 0.25 Gm.; CaC12, 
0.14 GIII.; MgClz, 0.11 Gm.;  NaH2P0,, 0.081 
Gm.; NaHC03,  0.07 Gm.;  urea, 0.13 Gm., and 
drxtrose, 0.61 Gm. ; glass distilled water, 1000 ml.) 
maintained a t  38". The rate of pcrfusiou was kept 
constant at 0.1 ml./min., utilizing a Phipps Bird 
constant-infusion pump. 

Lateral ventricles were perfused 60 to 90 min. 
prior to the administration of cryptenaminc. Doses 
of cryptenamine ranging from 1 t o  10 mcg. were 
administered into the ventricles utilizing a Balti- 
more microinjection unit. 
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PRETREATED WITH SEVERAL PHARMACOLOGICAL AGENTS 
TABLE L-EFFECTS OF CRYPTENAMINE, 5 rncg./Kg., i.V., ON BLOOD PRESSURE AND HEART RATE O F  DOGS 

_ _ _ _ _ _ _ _ ~ ~  -~ 

Pretreatment 
Atropine 
Adrenalectomy 
Adrenalectomy + atropine 

Adrenalectomy + atropine 

P-286 
P-286 + atropine 

Bretyliutn 
Bretylium + atropine 

Pronethalol 
Pronethalol + atropine 

Carotid sinus dcnervation + 
Reserpine 
Reserpine + atropine 

a Methyldopa 
a Methyldopa + atropine 

Guanethidine + atropine 

vagotomy 

c P r i n r  to Pretreatment- ---Following Pretreatment- 
Mean Yo Mean % Mean yo 

Mean Decrease Decrease 
Duration. in Blood in Heart 

Mean Or, 
Decrease 

Dose, Animals, in Blood 
mg./Kg. No. Pressure 

1 
. . .  
. .  
1 

1 
10 
10 
1 

10 
70 
1 

10 
10 
1 

. . .  

1 
1 
1 

200 
200 

1 
10 
1 

4 
3 
3 

3 

3 
3 

3 
3 

4 
4 

3 
3 
4 

3 
4 

4 

49.4 
49 3 
49 8 

48 0 

43 2 
44 3 

52 2 
52 5 

44 0 
50 5 

54 3 

Decrease 
in Heart 

Rate 

r 

35.02 
32.7 
29.3 

43.5 

37 5 
29.2 

82.0 
28.6 

37.7 
37.9 

51.4 

A T R O P I N E  A D H E N A L E C T O M I  P -  286t PRONETHILOL 
+ & T R O P $ N E  1 ~ T R O P ~ N E ~  + A T R O P I N E '  

Fig. 1.-Effect of cryptenamhe (5  mcg./Kg., i.v.) 
on blood pressure of dogs pretreated with certain 
pharmacological agents. Key: A, shorter duration 
compared with control responses; B, duration less 
than 10 min. 

RESULTS 

Effects of Cryptenamine on Blood Pressure and 
Heart Rate of Anesthetized Dogs.-Single doses of 
cryptenamine, 5 mcg./Kg., prntiuced marked 
bradycardia and hypotension, persisting for 2 to  3 
hr. A return of the bilateral carotid occlusion 
response was taken as an index for the recovery of 
the animals from thc effects of cryptenamine. 
Tachyphylaxis was riot observed whcn thc second 
dosc of cryptenamine was administered after return 
of this rcflcx. 

Pretreatment of the animals with atropine sulfate 
partially blocked the bradycardia and the de- 
pressor effect. When cryptenamine was adminis- 
tered after adrenalectomy or pretreatment with 
P-286 or bretylium, the onset of action was delayed 
and only a moderate decrease in blood pressure 
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occurred for a relatively short pcriod of time 
Pretreatment with either bretylium or P-286 pro- 
duced complete blockade of the effects of cryptcn- 
amine in atropinized dogs. The cryptenarnine 
depressor effect was blocked in three of six atropine- 
treated adrenalectomized animals, and the duration 
of activity was significantly reduced in the other 
animals. Pretreatment with proncthalol or pron- 
ethalol plus atropinc sulfate decreased the duration 
of the hypotensive effects of cryptcnamine. Bi- 
lateral vagotomy or bilateral denervatioti of the 
carotid sinus-body complex by itself was not suff- 
cient to completely block the cffects of crypten- 
amine; however, the effects were abolished by 
complete debuffering (Table I, Fig. 1). 

Effects of Cryptenamine on Dogs Pretreated with 
Reserpine, Guanethidine, or Methyldopa.--he- 
treatment of the animals with either rrscrpinc or 
LY mcthyldopa significantly reduced the intensity and 
duration of thc hypotensive activity of crypten- 
arnine. Pretreatment with the above compounds 
followcd by atropinization completely eliminated 
the depressor activity of cryptenamine. Guane- 
thidine plus atropine abolished the cffects of crypten- 
amine on heart rate but failed to  reducc markedly 
the hypotensive activity of cryptenamine (Table 

Effects of Cryptenamine on Epinephrine-Induced 
Depressor Responses on Blood Pressure of Dogs.- 
Depressor responses of epinephrine increascd with 
the doses in the dosage range utilized. After 
crypteriamine, the drprcssor responses produced by 
each dose of epinephrine wcrc potentiated suggesting 
a sensitization of p adrenergic receptors by crypteti- 
amine (Table 1 1 ) .  

Effects of Cryptenamine on p Adrenergic Re- 
ceptors in the Cat Nictitating Membrane Prepara- 
tion.-Isoproterenol induced a transicnt relaxation 

I). 
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of the electrically contracted nictitating membrane. 
and administration of cryptenamine did not alter 
thc state of the contraction of the membrane. 
However, following cryptenamine, the administra- 
tion of isoproterenol produced a biphasic response 
consisting of an initial relaxation of the membrane 
approximately equal t o  the control responses 
followed by a secondary relaxing effect of greater 
intensity and duration of action, suggesting a 
potentiation of the isoproterenol response oti the 
nictitating membrane. When isoproterenol was 
administered following a return of the eat's blood 
pressure to  precryptenamine levels, the effects on the 
nictitatirig rnernbrarie were similar to coutrol re- 
sponses both in intensity and duration (Table 111). 

Effects of Cryptenamine on Isoproterenol-Induced 
Relaxation in the Denervated Perfused Hind Limb 
of the Dog.--Adrniuistration of isoproterenol intra- 
arterially into the denervated perfused hind limb 
produced a decrease in perfusion pressure The 
decrease in vascular resistance as indicated by a 
decrease in perfusion pressure was proportional with 
the dose of isoproterenol in that there was a linear 
relationship between the decrease in perfusion pres- 
sure arid log dose of the B adrenergic stimulant. 
1)oses of isoproterenol were repeated 20 t o  30 miu. 
after the administration of cryptenamine, and the 
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decrease in perfusion pressure originally produced 
by each dose was significantly potentiated, approxi- 
mately 25 to  3074,. On graphical representation, 
the log-dose response relationship shifted to the 
left indicatirtg the potentiation facilitated by 
cryptenatnine on isoproteretiol-itirlucecl relaxatiori 
of the vascuhture of the limb (Table I\:, Fig. 2). 

Effects of Cryptenamine in Dog Cross-Circulation 
Preparation.-The administration of cryptenaminc 
itito the carotid inflow of the recipient's head pro- 
duced a significant decrease in blood pressure in the 
recipient's trunk followed by a decrease in the donor 
blood pressure (S  = 4). \;lrhcn the animals were de- 
bufIered by denervation of  the carotid sinus-body 
complex, admiuistration o f  cryptenninine into the 
head produced a pressor response in the body of the 
recipient followed hy a depressor response in the 
donor (Table \,-). 

Effects of Intraventricular Administration of 
Cryptenamine on Blood Pressure of Cats.-Doses 
ranging from 1 to  10 nicg. of cryptcnaniine were 
administered into the perfused lateral vcntriclc of 
cats. The lower doses (1-2 rricg.) produced a 
pressor response, and higher doses (:&lo tncg.) 
had no elTect on blood pressure of  thc cat. De- 
pressor responses were not observed followitig tlie 
administratioti of cryptenamine ('Pablc \ 'I).  

TABLE II.-EFFECTS OF CRYPTENAMINE, 5 tncg./Kg., i.v., os EPINEPHKINE-INDUCED I~RPRESSOR R E -  
SPONSES ON BLOOD PKESSUKE O H  ANRSTHRTIZEI) 1)ocs 

-~~ 

.---Refore Cryptenamine- Aftei- Cryptenamine . - 
Uecrease in hlean Blood Pressure Decrease in Mean Blood Pressure 

to Epinephrine, mm. Hg to Epinephi-ine, mm. Hg ChanI:c, yo ~ . 
wt., K ~ . ,  0.025 0.05 0.10 0.15 0.025 0.05 0.10 0.15 0.0'26 0.06 0.10 0.15 

Sex mcg./K#. mcg./J:g. mcg./Kiy. 
1 3 . 7  MI 5 Y 1 2 5  . . _  10 15 18 . . . 100 66.6 44 (I 
15.1 v 5 5 10 0 15 .0  15 10 30 an a m  i m . 0  100 0 66 G 
1 9 . 4 F  5 15 30 0 25 0 2 0  211 36 3; 300 33.3 1 6 . 6  40.0 
14 2 WI 0 5 7 5  1 2 5  8 10 13 21 a 100.0 i 3 . 3  9 2 0  

Mean 3 . 7 5  8 . 5  15 0 17 5 13 25'$ 13.75" 21 .5"  28 0" 
1 S. E. 1 1 . 2 5  1 2 . 3 6  = t 5 .  I I 1 3 . 8 8  1 2  69 +!2 40 1 4 . 7 3  f 3 . 5 2  

- ~~~ -~ -~ 

a Sigiificantly differenl from prelrcralment response (I' < 0.05) when 1 valiles calculated by dit-ect diffri-ence method (15). 

T A B L E  I I I . -EFFECTS O F  CRYPTESAMINE,  5 IIlCg./Ky., ON ISOPROTERESOl,~INUuch:I) K EI.AXATION O F  THE 
CAT NICTITATING MEMHKANE 

~~ 

-~ 
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Ilose, PI-essure. tion, iX. M., l h r a i i u r n ,  Prrs\urr, tion N. bf., lluration, 

Sex W L . .  Kg. mp../Ky. <% min. mm. min. % niiii. mm. min. 
F 3 . 6 20 58 6 . 0  18 3 . 0 61 3 0 . 0  22 11 .5  

6-5 11.0  13 2 . 0  71 10.0 18 10. o+ 
4 . 6  52 3 . 0 8 10. (I+ 

M 3 .2  10 
I; 2 . 8  10 51 3 . 0  
hl 2 6  10 3 0 3 . 6  11 3 . 3 3fi 3 . 3  18 12 o+ 

r 

T A B L E  IV.-EFFECTS OF CRYPTENAMIRE, 5 mcg./Kg., i.V., OX ISOPKOTEKEN0I.- [SDL-CEI) IZELAXATION I N  
DENERVATED PERFUSED HIND LIMB OF 'THE Doc; 

~~ ~~ ~~ 

~~ 

~ ~~ ~ 

, -~~------Mran 1)ccrcase in Perlusion Presiurr, mm. HI: _t S. I*:.-- --. 
I h s r  of 1sop1-0. Animal\, BdIJLU2 Alter Probability 
terenol, mcg. fro. C~yptenamine  Cryptenamine (PI" 

1 ti 34.8 f 3.69 45.2 =I= 5.62 0.01 
2 t i  41 . O  f 3.91 55.25 i 5 . 5 3  0.01 
5 6 48.0 f 4.92 62 .8  =I= 4 21 0.07 

10 6 52.5 f 5 12 67 .5  f 6.32 0.01 
~ ~~ -~ 

" I' was calculated by diiert  difference meth<,rl (15). 
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DISCUSSION 

Veratrum alkaloids have been rcported to sensi- 
tize certain afferent receptors in left ventricles 
sending impulses OW the vagus to the central nervous 
system resultiug in hypotension and bradycardia 
(10). Cryptcnaminc appears to resemble othcr 
veratrum derivatives in this respect. It was 
ncccssary to perform bilatcral vagotomy as well 
as bilateral denervation of the carotid sinus-body 
complex to abolish the effects of cryptenamine 
on blood pressure and heart rate, suggesting that 
cryptenamhe induced reflex hypotension and 
bradycardia by affecting afferent receptors a t  the 
carotid sinus-body area and in the myocardium. 
Central hypotensive cffects of cryptenamhe were 
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not demunstrated either in cross-circulation prepara- 
tions or in perfused lateral ventricle preparations 
of the cat. The deprcssor effects observed in the 
recipient’s trunk following the administration of 
cryptenarnine into the arterial inflow of the head iu 
the dog cross-circulation preparations were most 
likely duc to the effects of cryptenamhe on baro- 
or chenio-receptors in the carotid sinus-body com- 
plex. These effects were abolished in the de- 
buffered preparations, and pressor effects rcsultcd 
in the recipient’s trunk. 

The efferent pathways in this reflex are still open 
to question. None of the pharmacological agents 
(atropine, pronethalol, bretylium, and P-286) when 
adiniriistered alone, could block the cryptenamine 
effects in dogs even though they all produced 
marked alterations in the responses, suggesting the 
complexity of various mechanisms involved in this 
reflex. The efferent parasympathetic pathways 
were blocked by atropinization in order to study thc 
nature of other efferent pathways. 

P-286 has been reported to block catecholamine 
release from the adrenal medulla induced by splancli- 
nic stimulation (11). Pretreatment of the animals 
with P-286 and atropine sulfate completely abol- 
ished the effects of cryptenaniine on blood pressure 
and hcart rate. If P-286 is as specific in blocking 
the adrenal glands as has been reported, a combina- 
tion of adrenalcctomy and atropinization mould 
be expected to produce similar effects. The data 
obtained in the current study do not totally dis- 
agree with this possibility, in that adrenalectomy 
produced marked inhibition of cryptenarnine ac- 
tivity in atropinized animals. Since the adrcnal 
medulla contains large concentrations of catechol- 
arnines especially epinephrine, it is quite probable 
that cryptenamine may rcflexly release epinephrine 
from the adrenal medulla. The possible role of 
catecliolamines in the hypotensive mechanisms of 
cryptenamine was further confirmed using animals 
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Fig. 2.-Effect of cryptenarnine on isoproterenol 
responscs in denervated pcrfuscd hind limb of dog. 
Crytenarnine, 5 mcg./Kg. Key: 0, before; 0 ,  
after. 
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pretreated with reserpine or CY methyldopa. I k -  
pletion of CatechokdIIlitieS wit11 reserpine or 0: methyl- 
dopa (12) facilitated blockade of the effects of 
cryptcnamine in atropinized animals, whereas 
guanethidine which does not induce dcplction of 
catecholamines from the adrenal rnedulla (13) could 
riot block the cryptenamine efferts in aiiinials prr- 
treated with atropine sulfate. Therefore, it appears 
that nonparasympathctic efferent pathways involved 
in the reflex liypotcnsion produced by cryptcnamine 
may exert their action through the release of cate- 
cliolamines from the adrenal medulla. 

Since the effccts nf epinephrine a]-e predotninantly 
on CY receptors (14), a sensitization of 0 receptors 
could mask any prcssor effect that might result from 
epinephrine. The data obtaincd indicate a sensi- 
tization of 0 adreriergic receptors follo\ving the 
administration of cryptciiamine. 

It is apparent that there are many mechanisms in 
the complex phenoincnn of cryptenamine-induced 
Iiypotension. The results of this investigation which 
included thc ability of €’-286, reserpine, CY methyl- 
dopa, and adrenalectoniy to inhibit the eflects of 
cryptenaniiric suggest a rolc of catecholamiries arid 
the adrenal medulla. The rcduction of the crypten- 
amine effects by pronethalol, potentiation of the 
isoprotereriol effects in the cat nictitating membraIie 
and isolated perfused hind limb of the dog, and 
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potentiation of tlic el)inepIirinc- induce^ tlcprwsor 
responses in the dog indicate a role of the p adrcn- 
ergic receptors arid suggest that crypteriarniiie 
sensitizes the @ adrenergic recc.ptors to circulating 
cpincp hrine. 
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Formation of Acetylcodeine from Aspirin 
and Codeine 

By A. L. JACOBS, A. E. DILATUSH, S. WEINSTEIN, and J. J. WINDHEUSER 
A reaction is discussed which leads to the formation of acetylcodeine from aspirin 
and codeine. It is noted that the generally published methods of analysis will not 
differentiate between the two alkaloids. A method of separating and assaying the 
individual compounds is described. Furthermore, the dependence of the interaction 

on water is discussed. 

AI,III~~J<;II a r i  al~uritlar~ce o f  Ixoducts arc 
iitarkctcd wliicli contain combinations ol’ 

aspirin, plienacetin, caffeine, and codrinc, little 
has been published as to the stability and  rear- 
tivity of these systems. Studies (1, 2) have been 
conducted on the stability of aspirin per SC, 

bt t t  little attention has Ixen given t o  its effect 
on other compounds. 

During the development of a capsule I)rwliict 
containing aspirin, phenacetin, caffrinc. ito- 
barbital, and codeine phosphate,I thin--1aycr 
chromatography indicated the presence of an 

unknown protlriet i n  soi i ic  samples aflcr aging. 
Tlir prcsen t communication deals with an in- 
vestigation of this reaction and indicatcs Lhat 
under certain conditions acctylcodeine forms. 
The acetvlcodeine which results from this inter- 
action of aspirin and rotkine cannot be detected 
hy the normal arialytical mcthods cmployed for 
tlic c1etcrmin:ttion of coclcinc. A partition 
column separation technique of codeiric froin 
acetylcodeine is described. 

RESULTS AND DISCUSSION 

Isolation and Identification of the Reaction Prod- 
uct.~ ~~~~~d upoli the possible reactarlts, it spec. 
ulated that itn interaction inisht occur between 

Kercived Aplil 18, I R t i G  Clam the Analytical and Pharmacy 
liescarch Departments, Sandoz Pharmaceuticals, Hanover, 
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chromatography indicated the presence of an 

unknown protlriet i n  soi i ic  samples aflcr aging. 
Tlir prcsen t communication deals with an in- 
vestigation of this reaction and indicatcs Lhat 
under certain conditions acctylcodeine forms. 
The acetvlcodeine which results from this inter- 
action of aspirin and rotkine cannot be detected 
hy the normal arialytical mcthods cmployed for 
tlic c1etcrmin:ttion of coclcinc. A partition 
column separation technique of codeiric froin 
acetylcodeine is described. 

RESULTS AND DISCUSSION 

Isolation and Identification of the Reaction Prod- 
uct.~ ~~~~~d upoli the possible reactarlts, it spec. 
ulated that itn interaction inisht occur between 

Kercived Aplil 18, I R t i G  Clam the Analytical and Pharmacy 
liescarch Departments, Sandoz Pharmaceuticals, Hanover, 
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rcadily apparent that  the a lye, 1 cm. at 286 nip of 
the compouiids in chloroform are essentially idcnti- 
cal (codeine = 55; acetylcodeine = 44), and, there- 
fore, an ultraviolet method without prior separation 
would not be suitable for quantitative analysis. 

Thc acetylation of codeine does not alter the 
basicity of the tertiary nitrogen and consequently 
docs not affect the rionaqueous titration values. 

Codeiue and acctylcodeine can be separated by 
partition chromatography using a Celitc support 
with thc nonmobilc phase being a 4% citrate buffer 
system at pH 3.5. A t  this pH the codeine is held on 
the column and the acctylcodeine is eluted with 
chloroform. The codeine can then be eluted with 
amrIionia-saturated chloroform. Figure 2 is a 
typical chromatogram showing this separation of the 
products. Recovery of the acetylcodeine and 
codeine was shown to  be quantitative. 

From this it is evident that  when assaying for 
codeine in an APC mixture according to the method 
of Heucrmnnn and Levjne f 5 ) ,  the codeine fraction 
should be passed through the citrate column to assay 
for acetylcodeine, after determining the presence of 
this degradation product by thin-layer chromatog- 
raphy. 

Dependence of the Reaction on Water.-In order 
to ascertain the effect of moisture on the ratc of the 
reaction, aspirin and codeine phosphate were mixed 
in the ratio oI 100: 15 w/w and placed into ampuls. 
Varying amounts of water were added and the 
ampuls sealed. A control sample was included to 
which no moisture was added. a11 ampuls were 
placed into a constant-temperature oven a t  60" and 
heated for periods of timc up to  22 days. At 
intervals, ampuls wcre withdrawn and assayed for 
aspirin, salicylic acid, codeine, and acetylcodeine. 

The findings are shown graphically in Fig. 3 .  
Thc data indicate that,  as expected, the reaction 
is dependent on water in the lower moisture regions, 
but, however. at the higher levels the increase in thc 
rate shows less of a dependency. This can most 
probably be attributed to  thc cffect of the reverse 

0 H 

0 

+ 

H 
4 

Scheme I 

anhydride as reported by Higuchi et al. (3) for a 
number of systems. 

Mixtures of aspirin and codeine phosphate were 
placed into ampuls and water was added. The 
samples were sealed and heated a t  60" for periods up 
to 4 weeks. At the end of regular time ititervals 
the sampks were fractioriated using a thin-layer 
preparative chromatographic mcthod. Aside from 
the aspirin, codeine, and salicyiic acid, a new product 
was isolated. The isolation was carried out by 
scraping the silica gel from the plate in the area 
where the spot was evident and subsequent extrac- 
tion with chloroform. The chloroform was evapo- 
rated to dryness leaving a white crystallirie residue. 
T h e  material was analyzed and compared with 
known acetylcodeiiie with the following findings. 

Acetylcodeine, m.p. 131.5-132.5° ; unknown m.p. 
129.0-130°. 

Anal."Calcd. for C, 70.4; H, 6.8; N, 4.1; 0, 
18.8. Found: C, 69.1; H, 6 . i ;  N, 4.3; 0, 18.8. 

A mixed melting point (1:l) was 129.0"-131.0". 
The ultraviolet and infrared spectra of the known 
and unknown wcre found to be icleiitical. Thc Ry 
values of acetylcodeine, the unknown compound 
found in the aspirin-codeine mixture, and the un- 
known compound in the analgesic combination were 
identical in thc systems described under Experi-  
mental. From these data one may conclude that 
this degradatioii product is acetylcodeine. A some- 
what similar reaction was reported by Troup arid 
Mitchner (4) involving the acetylatioii of phcnyl- 
ephrine. 

Analysis of Mixtures Containing Codeine and 
Acety1codeine.-As previously mentioned, it was 
notcd during initial w-ork on the analgesic combina- 
tion that  although a spot, now known to be acetyl- 
codeine, appeared on the thin-layer chromatograms. 
no apparent loss of codeine was detected. The 
analytical technique used was a modification of thc 
method proposed hy Heuermann and Levirie (5) for 
the separation of APC plus codciiie mixtures. 
Ultraviolet nieasuremcnts of the codeine fraction 
did not indicate any loss of the alkaloid, n o r  was any 
change apparent when the codeine fraction was 
titrated under nonaqueous conditions with per- 
chloric acid. It is evident from Fig. 1, which shows 
the spectra of codeine and acetylcodeine, that  the 
two are of the samc order of magnitude. It is 

Fig. 1 ,-TJltra- 
violet spectra of 
codeine and acetyl- 
codeine in chloro- 
form. Key: -, 
codeine; - - - - - -, 
acetylcodeine. 

Fig. 2.-A typ- 
ical chrotnntogram 
showing the sep- 
aration of acetyl- 
codeinc, (A) from 
codeine (B) by  
partition chrom- 
atography. 

a The cooperation of MI-. Urs Stoeckli in performing the 
elemental analysis is gratefully acknowledged. FRXTION 
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Fig. 3.--A composite representation of thc 
degradation of codeine and formation of acctyl- 
codeine undcr varying moisture conditions a t  
60". Key: 0 ,  < O.l"/;, moisture, codeine; 0, 
acetylcodeinc; W, 0.59; moisture codeine, O, acetyl- 
codeine; A, 1.05% moisture, codeine; A ,  acetyl- 
codeine; 0 , 2.0'36 moisture, codeine; 0, acetyl- 
codeine. 

reaction which becomes more evident a t  the higher 
moisture concentrations. 

I t  must be pointed out that the evaluation oi such 
a heterogeneous system does not leud itself to a de- 
tailed kinetic analysis, but thc results do indicate 
that moisture is essential for the reaction to proceed. 

Analysis of commercial samples of the capsule 
product' stored at  room temperature for 32 months 
indicated no evidence of acetylcodeiue formition. 
These capsules mere prepared in such a ttianner 
that the total moisture present was less than 0.2c7;. 
This bears out thc findings with the sirnple aspirin- 
codeine mixture that a t  low moisture levels the 
reaction proceeds slowly even at  elevated tempcra- 
tures. 

I t  should also be pointed out that based upon the 
work of Buckett el ui. (6) the appareut activity and 
toxicity is not altered by the acetylation. 

EXPERIMENTAL 

Reagents 
All chemicals used for the preparation of samples 

and analytical work were of U.S.P. or reagent grade, 
except for the acetylcodeine. Tlic acetylcodeiue 
was obtained as the hydrochloride (Merck), con- 
verted to  the base, extracted with chlorofnrm, and 
obtained in crystalline form by evaporation of the 
solver1 t.  111.p. 131.5"-132.5". 

Analytical Procedures 

Thin-Layer Chromatography.-f-'lntes.--A 0.25- 
mm. layer of Silica Gcl C, (E. Mcrck, Darmstadt) 
was applied to the plates. The plates were air- 
dried for 10 Inin. and then heated in an oven for 
4.5 miu. a t  12(J". The platcs were then stored in a 
desiccator until used. 

?em--( a )  Clilorofor~ii-,zcetnne-dietliyl- 
( 7 ) .  ( b )  Chlorciforrn-rnethaiiii)l, 10: 1. 
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Spray Reagent.-One milliliter of 375; forrnal- 
dehyde dissolved in 30 inl. of sulfuric acid (8). 

Proctdure and R, Vulzies.--Spot the equivalent of 
100 mcg. of the alkaloid bases and dcvelop over 10 
cm. Dry the plate and spray with the reagent. 
Both codeinc and acetylcodeine appear as purple 
spots. For nondestructive spraying, use distilled 
ccater to locate the compounds. 

Acetylcodeinc . . . . . .  0.7 0.95 
Codeine.. . . . . . . . . .  0.4  0.60 
LTnkiiown3. . , . . , . . 0 .  7 0.95 

Codeine Phosphate.-The nonaqueous titration 
as prescribed in the U.S.P. XVII was used to assay 
the codeinc phosphatc. 

Aspirih-(In mixture containing aspirin and 
codeine 100: 15 w/w.) Place approximately 25 
mg. of the mixture into a separator containing 30 
ml. of chloroform and 10 nil. of 0.2 N sulfuric acid. 
Shake. Withdraw thc organic layer and place 
into a 100-ml. volumetric flask. Repeat the ex- 
traction twice and bring the organic solution to 
volume with chloroform. Determine the absorb- 
ance of the solution a t  280 nip and compare with a 
known aspirin solution at the same wavelength. 

Salicylic Acid.-Determined by the method of 
Levine (9). 

Acetylcodeine and Codeine in Degraded Samples. 
-Adjust a 4yL aqueous solution of citric acid mono- 
hydrate U.S.P. to pH 3.5 with 1 N sodium hydroxide. 
Mix 4.5 ml. of this solution with 7.5 Gm. of acid- 
washed Celite 545 (Johns-Manville Corp.) and pack 
into a 200 X 25 mm. chromatography tube pre- 
viously plugged with glass wool. Top the Celitc 
layer with a pledget of glass wool. 

Add a 150-rng. sample of aspirin-codeine to a 
separator containing 10 ml. of 1 N sodium bicar- 
bonate and 30 ml. of chloroform. After shaking, 
transfer the organic phase to  the prepared column. 
Sct a 100-1111. volumetric flask as a rcceivcr bencath 
the column. Perform two additional chloroform 
cxtractions of the sodium bicarbonate layer adding 
each, in turn, to the column. Add sufficient water- 
saturated chloroform to thc column to bring the 
eluate to 100 nil. This fraction contains the deg- 
radation product (acetylcodrine). 

Elute the column with aniIrionia-saturated chloro- 
form into a 100-inl. volumetric flask. This fractioii 
contains the codeine. Read each fraction on a 
spectroptiotometer a t  286 nip and compare with a 
standard. 
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Solubility of the Xanthines, Antipyrine, and 
Several Derivatives in Syrup Vehicles 
By ANTHONY N. PARUTA and BHOGILAL B. SHETH 

The solubilities of the xanthine drugs, antipyrine, aminopyrine, and 4-aminoanti- 
pyrine in sucrose solutions of varying concentration have been determined. The  
effect of “additive” concentration, sucrose, upon the solubility of subject materials 
is rather dramatic, either increases or decreases in solubility being noted. The  path 
or  rate of change of solubility with increasing sucrose concentration are seen in 
some cases to be of a complex functionality and may indicate a combination of mech- 
anisms. Since the dielectric constants of these sucrose vehicles were also known, 

the solubility as a function of the dielectric constant is also considered. 

YRUP VEHICLES still find wide use in the phar- 
maceutical field in liquid preparations, and 

in a continued effort (1) t o  study the character- 
istics oC thesc dissolution media, this study was 
undertaken. The primary objective of this 
study was to  determine if a given solute would 
have the samc magnitude of solubility in water 
and simple syrup. If the solubilities were found 
to  differ, i t  was felt important to  determine the 
rate of change of solubility with sucrose concen- 
tration. Thus, syrup vehicles at concentrations 
intermediate to  simple syrup were also tested. 
The solubilities of the xanthines, antipyrine, 
aminopyrine (4-dimethyl aminoantipyrine) , and 
4-aminoantipyrine in syrup vehicles at various 
concentration levels up  t o  saturation have been 
determined. 

Since i t  was known that the dielectric constants 
of sucrose solutions (1) decreased with increasing 
concentration, this was felt to  be another param- 

activity, or a combination of these. It is obvious 
that  as the sucrose concentration is increased, the 
water concentration is decreased; hocvcver, i t  is 
the author’s view that  these vehicles are per se 
dissolution media. The dependence of increased 
or decreased soluhility probably resides in  the 
nature of the solute and the solvent system. 
Whereas increased solubility had been noted in a 
previous study (I), both increased and decreased 
solubility have been found in this study. 

Previous work (4-7) had indicated that  the 
asymptotic portion of the solubility curve would 
have to  he extcnded past the dielectric constant 
value for pure water in order to  achieve decreased 
solubility, The results of this study show tha t  
significant solubility decreases can occur with a 
solvent system having diclectric constant valucs 
less than pure water. 

EXPERIMENTAL 
eter in which solubility could be expressed. MateriaIs.-- Caffeine u.s,p. (Ncpera Chemical 
imp1ied that the Of the Co.), theophylline U S.P. (Matheson, Coleman and 
constant resides in the expression of polarity of Bell, 7094 T x  4.50), thcobrominc alkaloid N.F. 

It is 

a given dissolution media, The dielectric con- 
stants of sucrose solutions have been determined 
previously ( I ) ,  by  other workers (2, 3 ) ,  and have 
been repeated in this study. One main purpose 
of studying dielectric constants of saturated 
solutions of solutes was to observe if the magni- 
tude of solubility could be correlated with thc 
change in dielectric constant of the syrup vehicle 
used. 

These sucrose solutions can also be considered 
as  media in which the activity of water has been 
decreased by  the additive, sucrose, and this may 
also clfect thc magnitude of solubility. It is 
possiblc that  both decreased and increased solu- 
bility can occur and the operative mechanism 
being decreased dielectric constant, decrcased 
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Academy o f  Pharmaceutical Science-, Dallas meeting, 
April 1986. 

07950. 

(Penick NBT 4092), antipyrine N.F. (Penick NBT 
3710), aminopyrine N.F. (Penick N B T  2376), and 
4-aminoantipyrinc (Eastman-Kodak white label- -.  
6902). These materials were used directly 3s 
reccived from the manufacturer. 

Equipment.-Constaiit-tetnperature bath, Bausch 
& Lomb spectronic 505, WTW Multidekarrieter 
DK-06, Bantam dcmineralizer, BD-1, with mixed 
resin bed. 

Solubility Determinations.-- Solubility dctermina- 
tions were made as described previously (4-7). 
Equilibration time was found to be 72 hr. and all 
deterniinations made a t  25’ + 0.1’. Some difficulty 
was encountered in pipetinx samples of simple 
syrup due to  high viscosity and these samples 
show a somewhat larger variation since 1-ml. 
samples were used in contrast to  5-nil. samples for 
all other syrup vehicles. After appropriate dilu- 
tions, all samples w-erc assayed spcctrophoto- 
metrically. 

Dielectric Constant Determinations-Dielectric 
constant dcterminations were done. a t  25” on a 
WTW Multidekanieter, DK-06. A calibration 
curve was prepared from absolute ethanol and water. 
Onc advantage of this instrumcnt is that thc cali- 
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TAHLE L-SUMMARE' OF 

Solvent 
Water 
7.5(+0 w/w sucrose 

18.5% w/w sucrose 
31.5:>:, w/w sucrose 
41.5(,;{, w/w sucrose 
467 ,  w/w sucrose 
(i.3 5"' . , ( w/w sucrosc' 

T H E  AVEKACE SOT.UBIT,ITY A N D  T H E  SOLUHILITY RAXGE O F  T H E  VARIOUS SOLUTES 
STUDIED IN WATER AXD SYRUP VEHICLES 

-~ ~ _____ -~ _ _ _ ~ - -  Av. Solubility, mg./ml.- 

Antipyrine antipyrine pyrme Caffeine Theophylline Theobromine 
670 f 15 410 f 10 48 3 21 f 1 8.0 i 0 . 3  0.56 =!C 0.02 
605 f 20 390 f 10 42 i 2 . . .  8.2 f 0.3 
500 f 20 340 f 10 36 iz 2 19 f 1 8 . 3  f 0 . 2  0 . 6 6 ' 2 0 . 0 5  

&Amino- Amino- 

380 f 20 305 f 10 30 f 2 17 f 1 8.3 f 0 . 3  0.70 i 0.03 
250 f 10 24 i 2 8 . 2  f 0 . 3  

286 2 20 205 f 15 19 i 2 ld 2 1 7 . 9  f 0 . 3  0.70'% 0 . 0 3  
185 f 20 140 =t 20 16 f 2 10 f 1 6 . 2  i 0 . 5  0.8:3 f 0 . 0 3  

SOLUBILITY IN SYRUP 
SOLUBILITY IN WATER, RATIOS, FOR THE VARIOCS 

Sol LI t e 

A v .  Solubility Ratio, 
mg.jml. Syrup 
mg./mI. Watei- 

~ 

Caffeiiie 0 38 
Theophyllinc. 0.83 
Theobrorniue 1 40 
Antipyrine (J 28 
ilminopyrine 0 32 
4-Aminoantipyrinc 0 38 

bration curve iq linear and although minor day to 
day variations are noted, the calibration curves 
are virtually a family of parallel lines. The error 
in the measurcmcnt of dielectric constants is f 0 . 3  
dielectric coristant units. Deionized water was used 
throughout this study as distilled water seemed to 
cause slight aberrations in the calibration curves, 
possibly due to ionic contaminants. 

RESULTS AND DISCUSSION 

The solubilities of thc solutes under consideration 
in this study in water and the various syrup ve- 
hicles used arc given in Table 1. The average 
value given expresses the average of a t  l a s t  six dc- 
terminations and in some cases, i .e . ,  theophylline 
arid theobrominc, 8--12 determinations were made. 
'The range of the determined solubility in mg./ml. 
is also shown in this table for the lowest and highest 
solubility noted over the number of runs made. 

l'he average solubility ratios, the solubility in 
mg./ml. of simple syrupjsolubility in mg./ml. of 
water, for the solutes studied are given iu Table 11. 
In all cases, significant changes in the magnitude 
of solubility were noted in going from watcr to 
simple syrup. 

The solubility of caffeine in nig./ml. aeysus either 
sucrosc concentration or dielectric constants is 
given in Fig. 1. For cafleine it is observed that thc 
solubility dccrcascs dramatically, the magnitude 
of solubility being about 0.5 in syrup relative to 
pure water. The path or rate of change in solu- 
bility is a smooth nonlinear function when plottcd 
versus sucrose conccntration ; however, approximate 
lincarity is observed on a dielectric constant basis. 
The rate of change for this parameter is about 0.56 
mg./dielectric constant unit. Thc rcprcsentation 
of data on a. dielectric constant basis simply 
"squeezes in" the x-axis, and the solubility curve 

retains the approximate sliape noted on the cow 
centration basis. 

In the case of aminopyriuc and antipyrine it is 
also observed that the solubilities decrease dra- 
matically with either increasing sucrose concentra- 
tion or decreasing dielectric constant. The data 
have been plotted and are shown in Figs. 2 and 3. 
Both solubility curves are essentially smooth non- 
linear functions, and the ratio of the solubility in 
syrup relative to water for aminopyrine aud anti- 
pyririe are 0.32 and 0.28, respectively. 

The solubility of 4-aminoantipyrine in the syrup 
vehicles studied is given in Fig. 4. Again, the cx- 
pcrimental solubilities are plotted in mg./ml. of 
solution for both increasing sucrose conccntration 
and decreasing dielectric constants. In this case, 
it is observcd that an essentially sigmoidal solu- 
bility curve is obtained, and a significant change 
in the solubility occurs. The ratio of the solubility 
in syrup relative to  water for this solute was found 
to be about 0.38. 

The effect of substituents, solubility ratios, and 
magnitudes of solubility will be discussed later in 
this communication with rcspect to the antipyrine 
derivatives. 

In the case of theobromine, an iricrease in solu- 
bility is found with increasing sucrose concentra- 
tion or decreasing dielectric constants. The ex- 

10 20 30 40 50 6 0  '80 75 70 65 60 
SUCROSE CONCN , w/w DIELECTRIC CONSTANT 

Fig. 1.-A plot of the solubility of caffeinc in 
mg./ml. a t  25' as a function of both sucrose conceii- 
tration and dielectric constants. 
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solubility in simple syrup finally fell to a lower 
value thati the solubility in pure water. The solu- 
bility in simple syrup relative to water had a value 
of about 0.8. The maximum solubility a t  about 
20-30%, w/w sucrose represents about an 876 in- 
crcasc in soluhility. 

Mechanistically, it is felt that the additive de- 
creases the activity of water by causing a statistically 
reduced number of hydrogen bonding sites which 
would ordinarily be available to the solute in the 
absence of the additive. I t  w-ould secm then that 
any additive capable of interferririg with, reducing 

0 10 20 30 40 50 60' 
SUCROSE CONCN., w / w  

50 

45 

40 

35 

30 

25 

20 

15 
- /. - 
I 75 70 65 60 ' 

DIELECTRIC CONSTb 

Fig. 2.-A plot of the solubility of aminopyrine 
in mg./ml. a t  25" as a function of both sucrose con- 
centration and dielectric constants. 

0 10 20 X I  40 50 €0 
SUCROSE CONCN., w / w  

o u o -  
0 10 20 30 40 50 60 70 80 75 70 65 60 

SUCROSE CONCN., w/w DIELECTRIC CONSTANT 

Fig. 3.--A plot of the solubility of antipyrinc in 
tng./rnl. a t  25' as a furictiori of both sucrose concen- 
tration and dielectric constants. 

periniental data obtained were plotted in the usual 
fashion and are shown in Fig. 5. In this case, thc 
solubility ratio has a value greater than unity, 
the solubility in syrup relative to water having a 
value of about 1.4. However, as noted in the case 
of 4-aminoantipyrine, the path of change is essen- 
tially sigmoidal but opposite in direction. 

The solubility of thcophylline presented in the 
usual fashion is given in Fig. 6. Tllc solubility 
curve goes through a maxima aud the equilibrium 

BO 75 70 65 60 ! 
DIELECTRIC CONSTANT 

Fig. 4.-A plot of the solubility of 3-arninoanti- 
pyrine in mg./ml. a t  25" as a function ol both sucrose 
concentration slid dielectric constants. 

1 %- - 
0 1 0 2 0 j o 4 0 5 0 6 0  

SUCROSE CONCN , w/w 
I 

DIELECTRIC CONSTANT 

Fig. 5.-A plot of the solubility of thcobrotninc in 
rnp;./nil.  at 25' as a function of both sucrosc roncen- 
tration and dielectric constants. 
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SUCROSE CONCN, wiw 

Fix. 6.-A plot of the solubility of theophylline in 
nig./nil. a t  25” as a function of both sucrose concc-n- 
tration a r i d  dielectric constatits. 

0 I 2 3 4 

MOLARITY, AMINE 

Fig. plot of thr. solubility of theophyllirie as 
:I function of added amine in amine-watcr mixtures. 
Key : A, monomethylarriinc. : Ei, ni oiiocthy1:iminc ; 
C ,  iii~~nopro~~yluttiirle. 

tlie nurnbcr, or tying up hydrogen bonding sites 
disturbs or shifts the equilibrium to the left, thereby 
decreasing the magnitude of solubility. 

However, increased solubility was also found in 
this study, and this may be due to  the decreased 
polarity of the syrup vehicles as measured by the 
diclectric constant. It is probable that a combina- 
tion of mechanisms are operative. From this 
study, and others presently underway, i t  would 
seem that the nature of the solubility curve for a 
given solute in syrup vehicles depends strongly upon 
thc original magnitude of solubility in pure water. 

On the dielectric constant basis, maximum solu- 
bility is seen to occur in the dielcctric constant 
range of 70-75. Some data (8) were available iu 
which the solubility of theophylline had been studied 
in alkylamine solutions. Although the authors, 
Leuallan and Osol, were apparently determining the 
“complex” formation of theophylline arid aniines 
arid solubilization therefrom, their data have been 
reanalyzed to apply the dielectric constant concept. 
The data have beeu replotted and shown in Fig. 7. 

In the presencc of monomethylamine, a maxima 
appears in the solubility curve at about 1.8 Gm. 
moles amine/L. of water. In  this case and in other 
solubility curves presented for the ainines, it  has 
been assumed that the dielectric constant variation 
is linear with respect to the weight/weight composi- 
tion notation. In other w-ords, the decrease in 
dielectric constant from pure water to  any amine 
concentration is proportional to the weight of the 
added amine. For monomethylamine, the peak 
solubility occurs a t  a dielectric constant value of 
about 75 which agrees with the span of 70-75 noted 
in thc syrup vehicles. In the case of monoethyl 
and nionopropylamines, also shown in Fig. 7, peak 
solubility occurs a t  dielectric constant values of 
about 71 and 68, respectively. These values concur 
with the range of 70-75 found in syrup vehicles. 
It should also be noted that the peak dielectric 
constants in these amine systems decrease with in- 
creasing size of the n-alkyl substitution. 

The above data have been summarized in Table 
H I  using dielectric constant values from the lit- 
erature (9). The approximate correlation of peak 
solubility dielectric constants for some of thc amine- 
theophylline systems and thcophylline-syrup 
systems is considered to be fair. The remaining 
theophylline-arnine systems were also analyzed; 
howevcr, no conclusion could be drawn from the 
data within the above context. Furthermore, it 
may be instructive to note, that both the amine and 
sucrose can be considered as “additives” having an 
approximately common effect on the solubility of 
theophylline. It is also rather surprising that ir- 
respective of the possible formation of a more 
soluble “amine compound” or just simply adding 
sucrose, the peak solubility dielectric constarits are 
to a fair degree correlatable. 



900 Journal of Pliarmateulical Sciemes 

DIELECTRIC CONSTANTS 

After sample withdrawal for those solutes, tlie 
saturatcd solutions were tested in the dekametcr 
a t  26”, by a circulating water hath, relative to 
their diclcctric constant values. 

It had been hoped that, as the concentration of a 
given solute would increase or dccrcase, the dielectric 
constant of that sample would increase or decrease 
proportionally relative to the dielectric constant 
value of the syrup vehicle. In other words, tlie 
10 mg./tnl. of caffeine in simple syrup should affect 
the dielectric constant of simple syrup to a lesser 
extent than the 19 mg../nil. of caffcine in the 2096 
w/w syrup vehicle. This was riot found to be thr 
case in general, and no apparent conclusion could 
be observed from these data. The dielectric COII- 

stants of the saturated solutions did, however, 
follow the shape of the solubility curve, but there 
was no general pattern in  incremental increases or 
decreases relative to the syrup vehicles theniselvcs. 
I t  should be noted that these dctcrminations are 
over a relatively short dielectric constant span and 
overlapping small incremental changes with the 
error involved and day-to-day calibration variation 
are too close to delincate any patterns of change. 

There was a notable exception to the above, 
that being the case of the highly water-soluble anti- 

aoo;] 700 : 
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Fig 8 A plot of the solubility curve for anti- 
pyrinc in syrup vchiclcs and the dielectric constant 
difference (A-curve) between saturated solutions of 
aritipyrime and the syrup vehicles used. 

pyrine, and this is shown in Pig. 8. In this figure 
the solubility curve and the &dielectric constant 
curve for the saturated solutions (difference between 
thc diclcctric constant of saturated solution and the 
syrup vehicle) cross each other and are approxi- 
mately mirror images. In this case then, as the 
solubility of antipyrine decreases in the syrup 
vehicles going to simple syrup there is proportionately 
less cffcct on the dielectric constant of the syrup 
vehicle itself. The very high solubility of anti- 
pyrinc relativc to the other solutes studied is pmh- 
ably the main factor in this type of analysis. 

PREDICTION OF SOLUBILITY CHANGE 

The data on antipyrine and its derivatives may 
be considercd from an alternate approach. Anti- 
pyriiie and two derivatives, the 4-amino and 4- 
dimethyl amino, were studied in order to find the 
effect of suhstituent groups relative to solubility 
effects. In Table IV, the average determined 
solubility in water and simple syrup is listed. By 
allowing the solubility of thc aminopyrinc in water 
and simple syrup to be represented by unity, the 
ratios of solubility of the other solutes in the same 
solvent system were calculated. As can be seen 
from the table, these ratios are fairly constant ir- 
respective of the solvent system. By taking the 
difference between the solubility in water and the 
solubility in syrup a delta value (A) is obtained. 
If the A value is divided by the original solubility, 
the percentage decrease in solubility can be calcu- 
lated. These values arc shown in the final column 
of this table. The percentage decrease is also seen 
to be fairly constant. I t  wnuld seem that the 
derivative cffects for these solutes are relatively 
constant arid predictive solubility is a possibility, 
a t  lcast for the range and systems studied. 

In other words, in so far as the approximate 
rule is valid, only the solubility of antipyrine in 
syrup need be determined; and the solubility of the 
derivatives in syrup can be approximately calculated 
from thc ratios in pure water. 

Although this type of analysis could be done for 
antipyrine and its derivatives, the xanthines could 
not he viewed in the same fashion since the solu- 
bility curves obtained were more complex and they 
arr  essrnlially positional isomers, with cnffeinr 
coritainiiig an extra methyl group in the 1-position. 

This study is the first in a series of investigations 
of the solubility of various solutes in syrup vehicles 
and has shown that both decreases and increases 
in solubility are possible with this additivc. Further- 
more, it seems that the path in syrup vehicles in 
certain systems has a complex functionality. It 
must be pointed out that this work deals only with 
one highly water soluble material, i .e . ,  sucrose, and 
conclusions attendant to this must he viewed for the 

TAHI.K I\- -SLTMMAKY OF I H E  SOLUBILITIES AND SOLUBILITY RATIOS OF ANTIPYRINE AND SEVERAL DERIVA- 
TIVES IN WATER AND SIMPLE SYRUP 

~- ~~~ -~ 
~~ ~ ~~- 

Substance 

“4 1)ecreaue 
,--Solubility:. mg./rnl. ~ .-Solubility Ratio-- = A / S o l y .  
Watei- hrrnnie Svruu Water. Svrup A rna./ml. in W a t e r  . -  

Antipyrinc 670 185 14 0 11 6 483 72 
4-.2minoantipyrine 411 141 8.(i 8.8 270 60 
4-Dimethylamino- 

antipyrine 48 16 1 3 3 2 6’7 
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range and t h c  system studied. It would be in- 
teresting to notc the effect of additives, especially 
other sugar moieties, upon the solubility of various 
solutes. 

Whrthcr the dielectric concept, or activity coil- 
ccpt mechanisms, or a combination of these arc 
strictly involved cannot be completely delineated 
in this work. Although the  fair correlation given 
for theophyllirie has some basis in dielectric con- 
stants, no  swccping involvement of dielectric coil- 
stants for all their systems is apparent. In addi- 
tion, thr nbservatiom made rnay eventually show a 
vcry strong solute nature and solvent systcm dc- 
pcwilcncc.. Studies attendant to these points are 

beirix carried out in  these lahoratories and will be 
the subject of future communications. 
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Effect of Inorganic Electrolyte, Lipids, and a Mixed Bile Salt 
System on Solubilization of Glutethimide, Griseofulvin, 

and Hexestrol 

By THEODORE R. BATES*, MILO GIBALDIj, and JOSEPH L. KANIG 

Studies of the influence of inorganic electrolyte on  the solubilization of griseofulvin, 
glutethimide, and hexestrol in four individual bile salt solutions at 37” showed that 
sodium chloride had little effect on  the solubility of the former two drugs but signifi- 
cantly increased the solubility of hexestrol. Based on these findings the possible 
location of the drug molecules within the micelle is considered. A mixed bile salt 
system was found to possess a significantly lower critical micelle concentration 
(CMC) than any of the individual bile salts previously studied. However, the affini- 
ties of this mixed micellar system for the drugs were comparable with those obtained 
with individual bile salts. The addition of lipids to the mixed bile salt system re- 
sulted in a decrease in hexestrol solubility but had little effect on  griseofulvin and 
glutethimide solubility. The biological implications of the results obtained in the 
present communication are explored, and a mechanism for the role of dietary 

lipids and bile salts in the absorption of drugs is proposed. 

ORGSTROM (1) has proposed a theory for the B fate of ingested triglycerides prior to ab- 
sorption. According to this theory, the break- 
tlown products of pancreatic lipolysis (Le . ,  1- 
and 2-monoglycerides and fatty acids) arc 
solubilized by bile salt micelles, present in lhe 
upper scgmerit oE the small intestine, prior to 
their absorption across the intestinal mucosa. 
In  connection with this theory of fat absorption, 
several in vitro investigations have appeared in 
the literature dcmonstrating the marked micellar 
solubilizing propertics oC conjugated bile salts 
for fatty acids and monoglycerides (2-5). There 
has also bccn in rr&o and in nitro evidence that  the 
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intestinal mucosa is capable of uptsking fatty 
acids and monoglycerides from a mixed micellar 
solution composed of these substances and con- 
jugated bile salts (6-8). 

In a prcvious communication (9) the effects of 
bile salt concentration and type, and tempera- 
ture on the micellar solubilizing properties of 
bile salt solutions lor the relatively water-in- 
soluble drugs, griseofulvin, glutethimidc, and 
hexestrol were reported. This report proposed 
that bile salts play a role in the dissolution step 
of the intestinal absorption mechanism for water- 
insoluble drugs. 

I n  the prescnt comrriu~iication the results of  
findings on thc influence o l  a mixed bile salt 
system, inorganic electrolyte concentration, and 
pancreatic 1ipolyt.i~ products and bile com- 
ponents on the degree or micellar solubilization of 
griseofulvin, gli1telhimiclc. arid hexestrol are pre- 
sented. 
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solution and a 0.15 M NasHPOa solution werc mixed 
in a ratio of 55 parts of the former solution to 45 
parts of the latter solution. The resulting solution 
was thus 0.3 M with respect to sodium ion concen- 
tration. This stock buffer solution was diluted 1: 1 
(v/v) with distilled water immediately before use. 

The concentration of the simulated intestinal 
bile salt mixture was varied from 0-0.06 M by 
volumetrically mixing the 0.1 A4 stock solution with 
the appropriate volume of diluted pH 6.4 buffcr. 
The pH of a 0.06 M solution prepared in this manner 
was approximately 6.48. 

Preliminary cxperiments with this mixture showed 
that it supported the growth of bacteria under the 
conditions posed by thc solubility experiments. 
Therefore, all solutions contaiuiiig this mixture were 
sterilized by means of Millipore filtration (0.45 p 
pore size) in the presence of ultraviolet light. Soh- 
tioiis sterilized in this manncr showed no evidence of 
bacterial growth during the time required for the 
samples to reach equilibrium. 

Effect of Lipid Additives on So1ubilization.-In 
these experiments the simulated bile salt mixture 
(0.04 M ) ,  adjusted to the pH (about 6.4), and total 
sodium ion concentration (0.15 M )  of the intestinal 
contents was employed. Predetermined amounts of 
the lipid additives were rotated for 1 to 2 hr., at 37O, 
in measured quantities of the bile salt mixture until 
solution was effected. The resulting clear solutions 
were then subjected to sterile filtration, and an ex- 
ccss quantity of drug added. These solutions were 
rotated a t  37" until equilibrium was established. 

The lipid additives, and the concentration in 
which they were employed are as follows: ( a )  1- 
monolaurin, 0.40yo; ( h )  1-monomyristin, 0.2070; 
(G) l-rnonostearin,l0 about 0.025%; ( d )  lauric acid, 
0.40%; ( e )  myristic acid, 0.20%; (f) palmitic acid,'" 
about 0.05y0; (g)  lecithin, 0 .20~0;  ( h )  cholesterol,'" 
about 0.025%. 

Thc perccntages of lipid additives selected were 
such that the mixed bile salt micelles were nearly 
saturated with these compounds. This condition is 
quite similar to in vivo conditions during fa t  diges- 
tion where thc bile salt micelles are saturated with 
the digestive products (i.e., fatty acids and rnono- 
glycerides). 

A concentration of 0.04 M bile salt approximates 
the molarity of total bilc salts present in the small 
intestine within 30 min. after the ndtninistration of a 
test meal containing corn oil (lo). 

Equilibration.-In each of the above experiments 
an excess amount of drug was added to bile salt 
solution contained in suitably sealed tubes. For 
those expcriments in which the simulated intestinal 
bile salt mixture was employed, the drug was added 
under sterile conditions. The tubes wcre thcn 
placed in a shaker-incubatorll and equilibrated for 
periods usually not lcss than 1 weeks duration. 
Equilibrium was determined by repetitive sampling. 

Assay Procedure.-The procedure employed for 
sampling and determining the amount of solubilized 
drug tias been previously reported (9). Sodium chlo- 
ride and all of the lipid additives, with thc cxception 
of lecithin, had no effect on the Beer's law curves for 

902 

EXPERIMENTAL 

Materials.-Hexestrol. griscofulvin,2 and glu- 
tethimide3 were used as received. The pure bile 
salts, sodium cholate,' sodium desoxycholate,l 
sodium taurocl~olate,~ sodium glycochenodesoxy- 
cholate,' sodium glycodesoxycholate,6 sodium tauro- 
chenodcsoxycholate,6 and sodium taurudesoxychol- 
ate6 were dried in Z~UCUO for 36 hr. prior to use. The 
first four bile salts were used individually to study 
the effect of inorganic electrolyte concentration on 
the degree of micellar solubilization of the three 
drugs, whereas, the latter six conjugated bile salts, 
representing those found in the human intestinal 
bile content, were used as a mixture to examine their 
influence on solubilization, alone and in the presence 
of lipid additives. 

Reagent grade (Fisher Scientific Co.) sodium 
chloride, anhydrous sodium phosphate, and sodium 
biphosphate were used as received. 

The lipid additives chosen for this study were 
those which are normal components of human bile 
or the end products resulting from the enzymatic 
action of pancreatic lipase during the process of 
digestion of ingested dietary triglycerides. The 
former compounds are represented by chole~terol,~ 
and lecithin,' and the latter by lauric acid,* myr- 
istic acid: palmitic acid,B l-monolaurin,g l-mono- 
rnyristin ,g and 1-monostearin. 

Effect of Inorganic Electrolyte on Solubi1ization.-- 
Solutions of 0.04 M sodium cholate, sodium desoxy- 
cholatc, sodium glycocholatc, and sodium tauro- 
cholate were prepared and adjusted to 0.06, 0.08, or 
0.16 M total sodium ion concentration by the addi- 
tion of sodium chloride. 

Effect of a Simulated Intestinal Bile Salt Mixture 
on So1ubilization.--A stock bile salt solution, re- 
ported to approximate the human intcstinal bile 
content (10) was prepared. It contained, per liter of 
final solution: sodium glycocholate, 0.030 mole; 
sodium glycochcnodesoxycholate, 0.030 mole; so- 
dium glycodesoxycholate, 0.015 mole; s d i u m  
taurocliolate, 0.010 mole; sodium taurochenodesoxy- 
cholate, 0.010 mole; sodium taurodesoxycholate, 
0.005 mole; and sodium chloridc, 0.05 mole. The 
final stock solution was thus 0.1 hf with respect 
to total bile salt concentration and 0.15 hf with re- 
spect t o  sodium ion concentration. This solution 
was kept rcfrigcrated when not in use. 

A pH 6.4 phosphate buffer solution was prcpared 
by mixing the following solutions in appropriate 
volumes to give the desired pH. A 0.3 M NaH2P04 

1 Obtained from Gallard-Schlesinger Chemical Mfp. Co., 
New York, N. Y. 

2 Marketed as Fulvicin by the Schering Corp., Bloomfield. 
N. J. 

3 Marketed as Uoiiden by the Ciba Pharmaceutical Co.,  
Summit N. J. 

4 Obteined from Mann Rcsearch Laboratories, Inc., New 
York, N. Y.; special enzyme grade: reported to be > 99% 
pure. 

5 Obtained from Southeastern Biochemicals Mot tistown, 
Tenn. Reported to be 98-99% pure by thin iayer chrorua- 
tography. 

h-ew York, N. Y. 
less than 98% pure. 

6 Obtained fi-om Gallard-Schlesinger Cheniical Mfg. Co. ,  
These bile salts were reported to be not 

Synthesized by T. J. S a s  8r Son, Ltd., 
London England. 

7 Chdesternl S.C.W. (standard for clinical work) and the 
vegetable lecithin (95y0 pure) wpre obtained from RTuti-itional 
Biochemical Co. Cleveland, Ohlo. 

8 Obtained frdm Mann Research Laboratories, Inc., Xcw 
York N Y. 

9 &pilied by the Distillation Products Itldusti ies, Roches- 
ter, N. Y . ,  in 99.5% purity. 

Reported to be 199% pure. 

lo Due to the very low solubilily of these compounds in the 
bile salt mixture these percentages are approximate and 
essentially i ept esent their saturation solubility. 

I '  Gyratory incubator ahakcr, modd G-25, New Rrunsnick 
Scientific Co., New Brunswick. N. J. 
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TABLE I.-EFFECT O F  INORC.4NIC EI,EClROI,YTE (NaCI) O S  THb; hfICF,i,I,AR SOLUBILIZING I'KOPERTIES O F  
0.04 iZ4 BILE SALT SOLUTIONS ON GRISEOFULVIS, HEXESTROI,, AND GLUTETHIMIDE AT 37" 

-~ ~~ -. ~ .... 

7 Total Sodium Ion C!oncn. -> 

Drug Solubilizer 0.04 M 0.06 A4 0.08 M 0.16 M 
Griseofulvin" Sod. cholate 6 . 9  6.3 6 . 8  6 . 5  

8 . 3  9 .2  8 . 7  
6 . 7  6 . 5  

Sod. dcsoxycholatc 9 . 1  
Sod. taurocholate 6 . 8  7 . 2  
Sod. glycocholate 7 .0  fj .5 7 . 2  6.8 
Water . . .  . . .  0.7  

Hcxestrol* Sod. cholatc 122.0 127.6 175.6 
Sod. desoxycholatc 139.4 142.5 152.0 
Sod. taurocholate 148.0 166.9 178.0 196.0 
Sod. glycocholate 143.0 164.6 170.9 192.1 
Water ... . . .  0 . 8  

Glutethiniidr Sod. cholatc 1 .98 2.04 2.04 2.00 
Sod. desoxycholate 2.51 2.45 2.41 2.42 
Sod. taurocholate 1. YO 1 .93 1 .93 1 .86  
Sod. glycocholate 1.82 1.77 1.75 1.69 
Water . . .  . . .  . . .  1.08 

-~ 
Solubilities expl-esscd as mg./100 ml. Solubility expressed as mg./rnl. 

the three drugs, in the concentrations present in the 
solutions subjected to spectrophotometric analysis. 
In the case of lecithin. which does absorb, a blank 
solution coutaining the same concentration of 
lecithin and simulated intestinal bile salt mixture as 
the sample bcing analyzed was employed. 

RESULTS AND DISCUSSION 

Effect of Inorganic Electrolyte on the Degree of 
Solubi1ization.-The effects of total sodium ion con- 
centration on the solubility of griseofulvin, hcxestrol, 
and glutethimide in 0.04 M concentrations of the 
four individua' bile salts at 37" are presented in 
Table I. As cnri be seen from this table, the solu- 
bility of griseofulvin and glutethimide, in all of the 
individual 1)ile salts, is essentially constant over the 
entire srdiuni ion concentration range (0.04-0.16 M )  
studied. However, the solubility of hexestrol 
significantly increased with increasing tatal sodium 
ion concentration, in each of the bile salt solutions 
exarninecl. Sodium chloride, in itself, has no solubil- 
izing potential. For example, the solubility of each 
of the drugs in water and 0.16 Af sodium chloride 
solution, respectively, at 37", are: griseofulvin 
(1.4 mg./100 ml., 0.7 mg./100 ml.), glutethimide 
(1.20 mg./ml., 1.08 rrig./nil.), and hcxestrol (1.0 
mg./100n11., 0.8nig./100 ml.). 

According to the theory proposed for rnicellar 
solubilization by typical ionic surfactants, inorganic 
electrolytes function to shrink cffcctively the double 
layer surrounding the like-charged polar head 
groups of the surfactant niolccules coiuprisirig the 
micelle. As a result, the electrical repulsions cxist- 
ing between adjaccnt charged surfactant molecules 
are reduced and the surfactant molcculcs are able 
to  approach one another mnre closely in the micelle. 
This condition would, in effect, allow more surfact- 
ant molecules to enter the miccllc with the result 
that  the size of the micelle atid therefore the volume 
of the hydrocarbon center of the rnicelle would 
increase. As a consequence of  the increased volume, 
the solubility of a material which is soliibilized by 
a mechanism involving incorporatiori irit o this 
region of the micelle (k, nonspecific solubiliza- 
tion) should be enhanccd. The enliaricrrnrnt noted 
in the solubilization of hexestrol, in the four in- 

dividual bile salts, upon the addition of sodium chlo- 
ride, is consistent with this theory (Table I). This 
suggests that  hexestrol is solubilized by a "non- 
specific" mechanism. A concomitant effect o f  
inorxanic electrolytes is to increase the degree of 
packing of the surfactant molecules in the rnicelle 
and thcrcby effectively reduce the volume in the 
palisade layers of the rnicelle. Consequently, the 
solubility of a compound which is solubilized by a 
mechanism involving incorporation into the palisade 
layers of the micelle ( i e . ,  specific solubilization) 
would rithcr remain the same as in the absence of 
added electrolyte or decrease, depending on the 
concentration of electrolyte added to  the surfactant 
systcm. The dntn given in Table I showing the ef- 
Iect of total sodium ion concentration on the solu- 
bility of griseofiilvjn and glutethimide in thc four 
individual bile salts are consistent with the premise 
that these solubilizate molecules arc solubilized by 
a meclianism in which they are more closely as- 
sociated with the palisade layers of the bile salt 
micelle. This hypothesis, however, is riot in agree- 
ment with tetitative conclusions based solely on rela- 
tive saturation ratio data (9,  11, 12). 

Effect of a Simulated Intestinal Bile Salt Mixture 
on Solubilization. -The solubilization curves for 
griseofulvin, hexestrol, and glutethimide, in varying 
concentrations of thc simulatcd iritestirial bile salt 
mixture, at 37" ai-e showii iu Figs. 1-3, respectively. 
The CMC values for this mixture a s  determincd 
from the soluhilization of griseofulvin and hexestrol 
at 37" are 0.004 arid 0.003 M ,  respectively. Thew 
values are in excellerit agreement with that  deter- 
mined by Hofmann from the solubilization nf azo- 
benzenc (5). This investigator obtained, under the 
same cxperimetitnl conditions of pH, terripcraturr. 
and total sodium ion concentration, a CMC valur 
of 0.0035 Af for this simulated intestinal mixture. 

The CMC values obtained for the conjugated 
bile salt mixture are considerably lower than 
those previously obtained for the individual, cori- 
jugated bile salts, sodium glycocholate and sodium 
taurocholate a t  37" (9). 'I'he lower CMC can be 
attributed to the effect of sodium ion concentration, 
the presence of more than one surfactant in the 
system, arid the pH on the process of rnicelle forma- 
tion. Inorganic electrolytes haye been shown to  
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Fig. 1.-Solubility of griseofulviri as a function of 
simulated intestinal bile salt mixture concentration 
a t  3'7". 

Sceond, a t  higher concentrations, thc surfactants 
that have the lesser tendency to form micelles be- 
come important constituents of the micclle bccausc 
they themselves are solubilized ( 12). The presence 
of these surfactants within thc palisade layers of 
the micelle acts to stabilize tlie resulting mixed 
miccllc through the formation of intcrniolccular 
van der Waal and hydrogen bonding. This sta- 
bilization also results in a decreasc in the CMC. 
Normally, the effect of reducing tlie CMC is to 
increase micellar solubilization since a t  a given 
concentration of surfactant the number of miccllcs 
available are increased. 

In the case of ionic surfactants the extent of 
ionization will be influenced by pH. The pH of an 
aqueous solution of thc six conjugated bile salts, in 
water, is approximately 7.2. Since they are anionic 
in nature a decrease in the pH to 6.4 w-ill significantly 
reduce the extent of ionization of some of thc bile 
salts. I n  the micelle, those bile salts which are least 
ionized act to screen the repulsive forces between the 
bile salts which are ionized to a greatcr extent a t  this 
pH. The  charge density on the niicelle is also re- 
duced. Thus, the ovcr-all effcet of pH is to incrcasc 
the stability of the resultant mixed niicclle and 
thereby lower the CMC. 

Thc saturation ratios for griseolulvin, hexestrol, 
and glutethimidc arc included in Table 11. For 

E 2.4 

2 0.6 
1 2 3 4 5 6 

M CONCN. OF SIMULATED INTESTINAL 
BILE SALT MIXTURE (X 10.) 

Fig. 3-Solubility o f  glutetllimide :is a fuiictioii 
o r  simulated intestinal bile salt mixtui-c coticcntm- 
tion a t  37". 

1 2 3 4 5 6  
M CONCN. OF SIMULATED INTESTINAL 

BILE SALT MIXTURE (X 102) 

Fiq. 2.--Solubility o r  liexc,strul as a function of 
simulated iiitestinal bile bdlt mixture cwcciitration 
at  37". 

decrease the CMC of ionic surfactants by decreasing 
the repulsive forces existing betw-een adjacent 
charged surfactant molecules in thc micclle (11, 12). 
The effect of mixtures of ionic surfactants on the 
CMC has a twofold effect (11, 12). First, a t  low 
concentrations the surfactants that have the lesser 
tendency to form micelles act as though they were 
salts to lowcr the CMC of the other surfactants. 

TADLE H-MAXIMUM SOLUBILIZIXG P U ~ V E R  OF 
BII.E SALTS FOR GKISEOFCLVIN, IIEXESTRCIL, AND 

GLUTETHIMIDE AT 3'7' 
-~ . __ 

~~ ~~~~ 

Satut-ation Ratio" X los 
(mules of l)rug/rnnlc of 

7 S o l u b i l i z e r ) -  ~. 
Grisew Hexes- Gluteth- 

Solnhilizei- Iulvin trol imide 
Sodium cholateh 6.18 195 104 
Sodium desoxycholdteh 6.18 16'7 163 
Sodium taurocholateb 4.90 225 108 
Sodium glycochobdteb 5.13 231 71.8 
Simulated intestinal 

mixture 4.22 197 108 
~~ 

~ ~~ 

Slope of linear portion of svlubilization curve, above the 
CMC determined by the method of least squares. Values 
obtaided from Refeerence 9. 
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bile salt iiiixture is a inorc cficiciit solubilizer tlian 
is sodium taurocholate or sodium glycocholate. 
As may be noted in Table 11 the saturation ratio, 
for hexestrol, obtained with the simulated intestinal 
bile salt mixture is significantly lower than that ob- 
tained with either conjugated bile salt, both of which 
are components of the mixture. This is indicative 
of a reduced affinity of the Iiiicelle for the solubiliz- 
ate molcculcs. The same situation exists in the case 
of griseofulvin (Tabie 11). 

The formation of a mixed surfactant niicelle is 
usually accompanied by a closer degrcc of packing 
of the surfactant molecules in the rnicelle. I t  is 
quite possible that  this incrcascd packing reduces 
the maximum solubilizirig ability ( i . e . ,  saturiition 
ratio) of thc simulated intestinal mixture as con-  
pared to a system containing one surfactant. The 
inclusion of surfactant molecules within the palisade 
laycr of the Inicellc may- preclude thc cffectivc pene- 
tration of solubilizate molecules. 

Effect of Lipid Additives on Solubilization at  37”. 
-The effects of saturated fatty acids, l-moiio- 
glycerides, lecithin, arid cholesterol on the solubiliza- 
tioii of griseofulvin, glutethimide, arid hexestrol in 
0.04 M simulated intestinal bile salt mixture a t  37” 
are manifest in the data presented in Table 111. 

Nonpolar additives which arc solubilized in the 
hydrocarbon center of the micelle would, according 
to  theory, “swcll” the micelle and effectively in- 
crease the volume availahle in the palisade layers 
of the micelle for the solubilizate molecules. Con- 
scqucntly, the solubility of a material nornially 
solubilized by a “spccific” process, should be en- 
hanced. Whereas solubilizatc molecules, normally 
solubilized by a “nonspecific” mechanism, should 
show a decrease in solubility upon thc addition of 
nonpolar additives to  the system. This results 
from a competition existing between the soluhilizatr 
and nonpolar additive for tlie space available in the 
hydrocarbon center of thc micclle. 

Amphiphilic additives (ie., compounds which arc 
believed to be solubilized by a “specific” mechanisrn) 
act on the surlactant molcculcs comprising thc 
micelle in a nianuer siniilar to inorganic electrolytes 
and would therefore essentially have the same effrct 
on the solubility of solubilizate molecules. The 
nature of the cffcrt would depend on tlie region of 
tlie rriiccllc in which thc solubilizate molecule 
normally rcsidcs ( i . e . ,  specific or nonspecific solubili- 
zation). 

All of thr  lipids listed in Tahle 111, with the cs- 
ceptiou of lecithin arid 1-monolaurin, have been 
shown to  function as nonpolar additives in a system 
containing one bilc salt at 37” (2-4). The decrease 
in thr solubility of hexestrol in their presence ran 
therefore be attributed to a coinpetition betwccri 
hexestrol and thr  nonpolar additives for the space 
available in the hydrocarbon center o f  the rriicelle. 
Although lecithin and 1-monolaurin havc been 
reported to function as amphipliiles in a system con- 
taining a single bilc salt (4, 51, it is conceivable that 
in a mixed surfactant systeni thcy arc functioning 
as nonpolar additives. 111 the case of glutcthitnidc 
and griseofulvin the addition of these lipids to the 
simulated intestinal bile salt systcm had littlc or no 
effwt 0x1 the solubility o f  thr  drugs. However, a 
sufficirnt quantity of nouelcctrolytes were present 
in the system such that they nearly saturated the 
mixcd bile salt micelles. Undcr thcsc satsratcd 
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Fig. 4.-Solubility of hexestrol as a function of 
sodium taurocholatr, sodium glycocholate, and 
siiriulated intestinal bile salt mixture concentration 
at 37”. Key: 0 ,  sirriulated iritestinal bile salt mix- 
ture; 0, sodium taurocholate; X, sodiuni glyco- 
cholate. 

griseofulviii, a cornparison of the saturation ratios 
of a11 of tlic bile salts listed in Tablr I1 shows that 
a t  37” thc simulated imtestiual mixture has tlie low- 
est saturation ratio. even though its CMC is the 
lowest. For hescstrol the simulated intestinal 
mixture has a saturation ratio lowcr than that for 
tlic conjugated bilc salts, sodium taurocholate and 
sodium glycocholate, even though its CMC is 
considerably lower. In  the case of glntethimide, 
the presence of the mixed bile salt system had little 
effect on the maximum solubilizing power (i.e., 
saturation ratio). 

ils noted, the presence of niorc than tine surfactant 
iu tlic system should result in a decrease in thc CMC 
o f  the system. As a result of thc lowcring of the 
CMC, sohbilization should begin a t  a coricentration 
lower than that for a system containing onc sur- 
fnctant. ‘The results of this investigation are coil- 
sistent with this theory. Iri addition, as predicted 
by theory, the amount of hcxcstrol solubilized a t  
any one simulated intestinal bile salt mixture coil- 
centration is higher than that a t  the same cuncen- 
tration of sodium taurocholate or sodium glycochol- 
ate (Fig. 4). However, the increased degree of 
solubilization based on individual solubilities at  a 
particular surfactant concentration should not be 
construed as indicatiiig that  thc simulated intestinal 
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TABLE II I . -EFFECT O F  1,IPID ADDITIVES ON T H E  SOLUBILIZATION O F  GRISEOFULVIN. HEXESTROL. AND 
GLUTETHIMIDE IN 0.04 :M SIMULATED INTESTINAL BILE SALT MIXTURE (SIMj AT 37” (pH 6.4 [Na’] 

TOTAL 0.15 M )  

Solvent 
pH 6.4 buffcr, Naf tntal0.15 111 
SIM, alone 
SIM plus the fatty acids: 

Lauric acid, 0 .  40y0 
Myristic acid, 0.20%) 
Palmitic acid, 0. O5y0 

Monolaurin, 0 .40Ye 
Monomyristin, 0.20o/b 
Monostearin, 0.025% 

SIM plus cholesterol (0.02.57,) 
STM plus lecithin (0.20:&) 

SIM plus the 1-monoglycerides: 

- 
GI iseofulvin 
mg./100 mli 

0.8 
6.3 

t i .  7 
6 .3 
5 . 5  

6 . 3  
5 .9  
5.5 
6.3 
5 .5  

Dl-ug-- 
Hexestiol, 

mg./100 ml. 

111  9 
160.6 
176 4 

184 3 
178 7 
192.1 
204 7 
182 6 

~ 

GI lit ethimide, 
mg./ml. 

1.08 
2 .04  

2.29 
1.94 
1.84 

2.29 
2 .21  
1.88 
2.04 
2.04 

conditions it is highly probable tliat these nonpolar, 
lipid compounds, which are normally solubilized 
by a nonspecific mechanism, also penetrate into the 
palisade layers of thc micclle. If such penetration 
occurs then competition with the griseofulvin and 
glutethimide solubilizate molecules would be ex- 
pected. As a result, the increase in the solubility 
of thesc solubilizates which would normally occur 
in the presence of nonpolar additives, is counter- 
balanced by the dccrcasc in solubility rcsulting from 
the competition between the solubilizate molecules 
and the nonpolar additives. It is conccivablc that 
the solubilities of griseofulvin and glutethimide 
reported in Table I11 rcpresent the net effect of 
these two opposing factors. 

BIOLOGICAL IMPLICATIONS 

The significantly high miccllar phasc to non- 
micellar phase ( i . e . ,  pH 6.4 buffer) partition coefl- 
cients found a t  37” for hcxestrol, griseofulvin, and 
glutethimide, ( z i a . ,  2.69 X lo5, 1.03 X lo1, arid 
1.2 X 103, respectively) indicates that these rela- 
tively water-insoluble drugs are preferentially par- 
titioned to the simulated intestinal bile salt micelle, 
in  agreement with the theory proposed for the physi- 
cal state of the pancreatic lipolytic products during 
fat digestion and absorption. Based on this sim- 
ilarity, it  is quite reasonable to predict that bile 
salts play a role in thc intestinal absorption of water- 
insoluble drugs. 

The absorption and scrum lcvcls of griscofulvin 
have been shown to be enhanccd, in humans, when 
the drug was administered in conjunction with high 
fat meals (13). A similar effect was observed 
in rats when griseofulvin was administered in corn 
oil (14). The prcscnt studics conducted to examine 
the influence of fatty acids. 1 -rnonoglycerides, 
lecithin, and cholesterol have shown that thesc 
lipid substances havc no critical effect on tlie solu- 
bilization of griseofulvin and glutethimide, but a 

decreasing effect on hexestrol solubility. 
though the solubility of hexcstrol drcrcased i 
presence of added lipid, its solubility is still sig- 
nificantly higher than that in thr absence of bile salts 
arid lipids ( i . e . ,  132-182 times its solubility in pH 6.4 
buffcr). 

The present findings suggest a inechanisxn to ex- 
plain the rcportrd enhancement of drug absorption 
following the administration of a high fat meal. 
It is well known that triglycerides and other fatty 
material stimulate the flow of bile into the small 
intestine. The clevatcd bilc salt conccntration then 
serves to solubilize the drng to a degree far greater 
than its water solubility. From the limited ob- 
servations with three different drug molecules it 
would appear that the concurrent solubilization of 
fatty matcrial docs not preclude significant soluhili- 
zation of the drug molecules. The increased solu- 
bility results in an increased rate of dissolution (15) 
and. in turn, an incrrased absorption rate for any 
compound which manifests a. dissolution rate-limited 
absorption process. 
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Comparison of Different Photobeam Arrangements 
for Measuring Spontaneous Activity of Mice 

By NATHAN WATZMAN, HERBERT BARRY, 111, WILLIAM J. KINNARD, JR., 
and JOSEPH P. BUCKLEY 

Effects of chlorpromazine (1, 2,  4, 8 mg./Kg., p.0.) and aggregation (one or five 
animals) were tested on  activity of mice in  a circular photocell activity cage. The use 
of two right-angle (crisscross) beams yielded a better delineation of low drug doses 
than the use of three parallel beams. Fewer counts were recorded from the middle 
of three parallel beams than from the same beam in the crisscross arrangement, sug- 
gesting that the tendency of rodents to stay near the periphery was enhanced when 
the audible clicks of the counter were generated by interruptions of the peripheral 
beams. Both beam arrangements showed higher counts for aggregated than single 
animals and also showed a significant dose-aggregation interaction, with chlor- 
promazine decreasing activity of aggregated more than single animals. The find- 
ings indicate certain optimal conditions for testing the effects of chlorpromatine on  

activity. 

HE PHOTOCELL activity cage summates, on 
Tdigital counters, light beam interruptions due 
to animals in motion. This instrument has been 
used extensively in the preliminary evaluation of 
potential psychotropic agents, for measuring 
their ability to alter the normal spontaneous 
locomotor activity of small animals. Variations 
of this apparatus, used for testing drug effects, 
have included a rectangular single-beam cage 
(l), and a circular arena with two beams (2) 
or six beams (3, 4) activating a single counter. 
Investigation of the conditions which maximize 
the sensitivity and reliability of this measuring 
instrument may contribute scientific knowledge 
about the interactions of experimental variables 
with drug effects and also may be of practical 
use in evaluating compounds. 

The present paper reports on the use of a 
photocell activity cage with a separate counter 
recording from each of several beams. Thus, it  
is possible to  compare different arrangements or 
beams recording the activity of the same animals 
simultaneously. The principal objective of this 
study was to determine whether photocell beams 
in different locations show significant differences 
in the magnitude of drug effects that are recorded. 
Studics with the six-beam photocell activity cagc 
(3, 4) gave evidence that  chlorpromazine (CPZ) 
may have a greater effect 011 activity of animals 
tested in aggregations of five rather than singly ; 
the present study provided a test of this drug- 
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aggregation interaction in thc indepcndcnt-beam 
photocell activity cage 

EXPERIMENTAL 

Subjects.-The subjects wcrc 360 male, Swiss- 
Webster albino mice ('l'aconir Farms, New York, 
N. Y.).  

Apparatus.- -Spontaneous locomotor activity was 
measured by the photocell cagc available from Aidia- 
tion Electronics, Alexander, Va. This unit is a 
circular arena 13 in. in diameter and physically sim- 
ilar to the six-beam Actophotorneter (Metro Indus- 
tries, New York, N. V.).  The counters, which pro- 
duce an audible clicking sound, are mounted on thc 
front of thc apparatus, near the base of beam D, 
shown in Fig. 1. Spontaneous activity can be 
measured by a single beam, or a combination of any 
two or threc beams operating simultaneously. 
Also, the positions of any of the light sourccs may be 
changed so that a parallel or right-angle (crisscross) 
arrangement of t h c  beams may bc utilized. Thc 
experimental room was sound attenuated. 

Experimental Design.-The animals were divided 
into two groups, onc tested with two beams in a 
crisscross arrangement (Fig. 1, left), the other with 
three beams in a parallel arrangement (Fig. 1 ,  right). 
Each group was subdivided into five subgroups 
which were given onc of four dosages of CPZ ( 1 ,  2, 
4, 8 mg./Kg. orally) or saline placebo (0.9yo, 0.1 
m1./10 Gm. body weight). These groups were fur- 
ther subdivided into two test aggregation condi- 
tions: singly or in groups of five. Thus, the ex- 
periment comprised a complete factorial design with 
every combination of two beam arrangements, five 
dosage levels (including placebo), and two aggrega- 
tion conditions; the design mas repeated 6 times. 
The animals were given a 60-rnin. test session in the 
photocell cage in a dark environment, beginning 60 
min. after drug administration. 

Statistical Treatment of Data.-The number of 
activity counts for the first 30-min. period were 
punched on IBM cards, then converted into square 
roots, and evaluated by the BMD02V analysis of 
variance program on the IBM 7090 computer. In 
accordance with prior findings ( 3 ,  4), the use of the 
square root transformation, for the first 0.5 hr. 
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= 8.35, r1.f. = 1,100,p <.01). No significant inter- 
action was found between these three beams arid 
aggregations. 

For testing the effects of drug doses and aggrega- 
tion on activity, the two crisscross or three parallel 
beams were averaged together. For both arrange- 
ments (Fig. 2),  the difference among dosage coii- 
ditioiis was highly significant, with a similar order 
of magnitude (F  = 58.1, d.f. = 1, 45, p <.001 for 
the crisscross arrangement; F = 62.1, d.f. = I, 
45, p <.001 for the parallel arrangement). How- 
ever, an important difference may be secn in the 
pattern of drug effect. The crisscross arrangement 
shows a progrcssive decrease in activity with in- 
creasing doses, including a clear delineation between 
placebo and the lowest doses, but the parallel ar- 
rangement shows no consistcnt dccreasc in activity 
with the two lower doses. An analysis of variance 
limited to the placebo and lowcr two doscs showcd a 
significant dose-response relationship for the criss- 
cross arrangement (F = 10.9, d.f. = 1, 25, p <.01) 
but not for the parallel arrangement ( F  < 1, d.f. = 
1,251. 

Figure 2 also shows that higher activity counts 
wcrc recordcd with aggregated than singlc animals; 
this aggregation effect was greater with the criss- 
cross arrangement (F = 86.2, d.f. = 1, 45, p <.001) 
than with the parallel arrangement ( F  = 20.6, 
d.f. = 1, 45, p <.001). With both bcam arrange- 
ments, the drug produced a greater activity decre- 
ment it1 aggregated than single animals, as shown 
by a significant linear trend for the interaction be- 
tween dosage and aggregation ( F  = 8.76, d.f. = 
1, 45, fi <.01 for the crisscross arrangement; F 
= 6.64, d.f. = 1, 45, p <.05 for the parallel nrrange- 
111ent). 

0 1 2 4 8  0 1 2 4 8  

YFIKG CYLOIPROYAZINE M G I K G  CHLORPROMAZINE 

Fig. 1.-Effects of CPZ and beam arrangement on 
spontaneous activity recorded from each separate 
beam in the crisscross and parallel arrangements. 

of the session, yielded a minimally skewed distribu- 
tion of scores, with stable performance and large 
drug effects. For testing the dosage conditions 
(0, 1, 2, 4, 8 mg./Kg.), and interactions between 
dosage conditions and any other variables, the 
statistical significance test was based on the linear 
orthogonal polynomials, with 1 degree of freedom 
(5, 61, as used in the prior papers by Watzman et al. 
( 3 ,  4). This test for linear trend assumes a pro- 
gressive dose-response relationship. 

RESULTS 

Figure 1 shows the effects of thc different dose 
conditions on activity recorded by each beam, 
separately for the crisscross and parallel beam ar- 
rangements. Different activity counts were re- 
corded on beam B, depending on whether it was one 
of two crisscross beams or the middle one of three 
parallel beams. The analysis of variance, compar- 
ing this one beam in the different arrangements, 
shows a statistically significant over-all difference, 
with higher counts in thc crisscross arrangement ( F  
=10.1,d.f. =1 ,95 ,P<.Ol) .  

A comparison between different 'beams simul- 
taneously recording the activity of the mice also 
reveals some highly siguificant differences. The 
left graph of Fig. 1 shows a consistent difference 
bctwcen the two crisscross beams, with higher 
activity recorded on bcam D ( F  = 25.5, d.f. = 1, 
50, p <.001). This over-all difiereiice was due to a 
highly significant interaction between beams and 
aggregation ( F  = 17.5, d.f .  = 1, 50, p <.001), with 
beam D recording higher activity levels than beam 
13 for the aggregated but not for the singly tested 
mice. IS0 significant interaction was found bc- 
tween these two beams and the dosage conditions. 

With the parallel arrangement, as shown in the 
riglit graph of Fig. 1, the two peripheral beams did 
uot differ significantly from each other, but the 
middlc bcam produced lower activity counts, in 
spitc of the fact that it covers the longest span. 
The quadratic tcrm in the analysis of variance, which 
provides a comparison between the middle and 
peripheral beams, shows a significant over-all differ- 
ence ( F  = 20.8, d.f. = 1, 100, p <.001). The 
greatcr drug decrement for the peripheral beams, 
which registered substantially higher activity 
counts than the middle beam for the groups given 
placebo and the lower doses but not for the groups 
given the higher doses, resulted in a significant 
interaction of beams with dosage conditions ( F 

DISCUSSION A N D  CONCLUSIONS 

The uatural tendency of rodents to stay near the 
periphcry of the arena is indicated by the lower num- 
ber of counts on the middle beam than on thc pcrip- 
heral beams in the parallel arrangement. Figure 
1 shows that a significantly larger number of counts, 
with a superior dclincation of small CPZ doses, was 
recorded from the same location (beam B) when it 
was one of two crisscross rather than one of three 
parallel heams. The different locatioiis in which 
the ariiinals activatcd the clicking noise of the 
counters thus produced a significant diffcrcncc in 
locomotor behavior, with the crisscross arid parallel 
arrangements. Mice have been shown to behave 

i r  I 
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Fig. 2.-Effects of CPZ and aggregation on spon- 
taneous activity; the separate beam recordings in 
the crisscross and parallel arrangements are pooled 
together. 
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so as to  elicit noises of low intensity and pitch, 
comparable to the clicking sound of thc connters 
(7). Thc prrsrnt rcsults indicate that the greater 
coverage of the peripheral portion of the arena, 
with the parallel beams, enhanced the natural 
tendency to stay near the periphery, and thus 
reduced the number of counts on the middle beam. 
With the crisscross arrangement, thc morc uniform 
covcragc of all quadrants of the arena by the noise- 
producing beams apparently elicited a more con- 
sistcnt pattern of activity and dose-response rela- 
tionship. 

The higher counts produced by beam D than 
bcam B, for the aggregated animals tested in the 
crisscross arrangement, indicates that the aggrc- 
gated animals tcndcd to clump together near the 
periphery, either near the counters (a t  the base of 
bcam D) or away from them, thus activating beam 
D more often than beam B. The lack of any differ- 
cncc bctmccn the two peripheral beams ( A  and C), 
in the parallel arrangement, indicates that there 
was no consistent tendency either to approach or 
avoid the counters. A further comparison of the 
parallel beams also shows that the peripheral bcams 
recorded higher counts than the middle beam for 
the animals under placebo and the low CPZ closcs, 
but not for those under the highest dose. -4p- 
paretitly, the high doses of CPZ rcduccd the ten- 
dency to stay a t  the periphery of the arena. 

With both beam arrangements there was a large 
dose-aggregation interaction, with CPZ producing a 
greater depression in activity of grouped than single 
mice. This indicates a greater tranquilizing effect of 
this compound in the stimulating social situation, in 
agrccmcnt with prior findings (3 ,4 ) .  In the photo- 
cell activity cage with six crosscross beams 
recording on a single counter, the lcss consistent 
dose-aggregation interaction (4) may be due to 
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failure of the singlc connter to record fully the liigli 
rate of beam interruptions during the intense ae- 
tivity of grouped animals in the placebo condition. 

The six-beam Actophotometer is closely similar in 
dimensions and appearance to the independent beam 
instrument used in the present study. Thc countcr 
which recorded activity in the six-beam unit was 
placed in a separate room and was inaudible to t h e  
animals. Apparently this condition of silcnce docs 
not necessarily improve the delineation of drug 
effects; the present crisscross arrangemcnt com- 
pares favorably with the six-beam unit in detecting 
the effects of low doses of CPZ. However, a scp- 
arate experiment, with all other conditions equal- 
ized, would be necessary to test the effect of the 
audible counter clicks on spontaneous activity. 

The superiority of the crisscross arrangcment in 
detecting effects of small doses of CPZ, plus the 
greater drug effect with the peripheral than middle 
beam in the parallel arrangement, suggest that the 
most sensitive measure of effect of CPZ mould bc 
with an arrangement of two pairs of peripheral 
bcams a t  right angles to cach other, forming a tic- 
tac-toe pattern. The optimal conditions should 
probably include the usc of animals in aggrcgations 
of iive rather than singly as well as a separate counter 
for each beam. 
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so as to  elicit noises of low intensity and pitch, 
comparable to the clicking sound of thc connters 
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coverage of the peripheral portion of the arena, 
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tendency to stay near the periphery, and thus 
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covcragc of all quadrants of the arena by the noise- 
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sistcnt pattern of activity and dose-response rela- 
tionship. 
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the effects of low doses of CPZ. However, a scp- 
arate experiment, with all other conditions equal- 
ized, would be necessary to test the effect of the 
audible counter clicks on spontaneous activity. 

The superiority of the crisscross arrangcment in 
detecting effects of small doses of CPZ, plus the 
greater drug effect with the peripheral than middle 
beam in the parallel arrangement, suggest that the 
most sensitive measure of effect of CPZ mould bc 
with an arrangement of two pairs of peripheral 
bcams a t  right angles to cach other, forming a tic- 
tac-toe pattern. The optimal conditions should 
probably include the usc of animals in aggrcgations 
of iive rather than singly as well as a separate counter 
for each beam. 

REFERENCES 
(1) news, P. B., Brit. J .  Pharmacol., 8, 46(1953). 
(2) Furgiuele, A. I<., Kinnard, W. J . ,  Jr.. and Buckley. 

J. P.,  .I. Pharin. Si., 50, 2.52(19611. 
(3) Watzman, N., Barry, H., 111, Kinnard, 1%’. J., Jr.. and 

Buckley, J. P., ibid., 55, 518(1966). 
(4) Watzman, N., Barry, H., 111, Kinnard, W. J. ,  Jr., and 

Buckley, J. P., Arch. Intern. Phavmacodyn., to he published. 
(5) Edwards, A. I>., “Experimental Design in Psychologi- 

cal Research,” Holt, Rinehart and Winston, New York, N .  Y. ,  
1960, p. 150. 

(6) y n e r ,  B. J., “Statistical Principles in Experimental 
Design, McGran.-Hill Book Co.,  Inc., h-ew York, N. Y., 
1962, p. 202. 

(7) Barnes, G. W., and Kish, G. B., J .  Expll .  Psychor., 62, 
164(1861). 

Distribution of Quaternary Ammonium Salts 
Between Chloroform and Water 

By JOHN A. BILES, FOTIOS M. PLAKOGIANNIS, BEVERLY J. WONG, 
and PAULA M. BILES 

The apparent partition coefficients, K,,,,., of some alkylsulfate salts of six quaternary 
ammonium compounds and one tertiary amine are reported. The K,,,,. of the cor- 
responding bisulfate salts were determined by extrapolation. Some comparisons of 
molecular structures to  the K,,,. are discussed. A method of analysis of the quater- 
nary cations in the presence of long chain anions is reported. The relationship of 
longer crystal spacings of the sodium salts of alkylsulfates to the molecular weight is 

shown. 

N PREVIOUS coniiiiunications ( I ,  2) i t  was re- coiiiplexes was determined 1)y thc molecular I ported that the partition of organic salts or weight of the organic ions, the branching effect 
of the aliphatic amine cations, and the nature 

i s t ~ ~ ~ ~ ~ ~ ~ ~ ~ , 1 7 ~ ~ ~ ~ ~ i  f r o o ; n ~ : e , , r , h ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~  of the organic solvent system used. The authors 
Southern California, Los Angeles. 90007. showed that  partitioning into the organic layer 

from the aqueous layer could be increased by the 
addition of proton donor molecules. 

In several communications Levine and. co-. 

Accepted for publication June 30, 1966. 
This investigation was supported by grant AM 08682 

from the National Institutes of Health, U. S. Public Health 

The authors thank Dr. Pasupati Mukerjee for his stimulat- 
ing discussions of this work. 

Service, Bethesda, Md. 



910 Journal of Pharmaceutical Sciences 

A cationic resin,’ was cleaned and charged by 
first treating the resin with 5 M HCl and then 
mashing repeatedly with distilled water to remove 
all traces of excess HCl. The resin was stored 
in distilled water. 

Synthesis.-The sodium alkylsulfates were syti- 
thesized by refluxing the aliphatic alcohol (Mathe- 
son, Coleman and Bell) with a moderate excess of 
concentrated sulfuric acid. After refluxing and 
cooling, the oil was neutralized with sodium bicar- 
bonate. Excess sodium chloride was added to 
precipitate the sodium alkylsulfate salt (10). The 
salt was recrystallized several times from alcohol- 
ether solutions. The degree of purity of the alkyl- 
sulfates was followed using X-ray powder diffraction. 
Carbon and hydrogen analyses were performed. 

Preparation of Solutions.-Stock solutions of 
each of the sodium alkylsulfates were prepared by 
dissolving enough of the salt in distilled water to 
make a 0.0005 M solution. Also 0.0005 M con- 
centrations of each of the quaternary ammonium 
compounds and homatropine hydrobromide w-ere 
prepared by dissolving the required amount of 
solute in sufficient distilled water. The tropaeolin 00 
stock solution was prepared as previously described 

Determination of the Apparent Partition Coef- 
ficients (K,,,.).-The procedures previously dc- 
scribed were modified (1, 2). It was concltided 
from initial studies that association of the cations 
and anions in aqueous solutions was very low when 
using very dilute concentrations. Initial studics 
also indicated the salt existcd as ion-ion paired 
monomers in the organic phase (1). Therefore, a 
log-log plot of the concentrations of the salt in the 
chloroforrn veYsus the concentrations of the ions in 
the aqueous phase would yield a slope of 2 with the 
y intercept being equal to pKapp. 

In applying these previous observations, equiva- 
lent concentrations of a specific sodium alkyl- 
sulfate and quaternary ammonium compound or 
homatropine were added to 4 n z .  amber bottles 
arid enough distilled water added to bring to 40 
nil. (considered to be 40 Gm.). The concentrations 
of each solute were either 1.5, 2.5, 3.5, or 4.5 pm./40 
Gni. To the 40 Gm. of aqueous solution was 
added 40 Gm. of chloroform. A411 stoppered bottles 
were shaken for a t  least 30 min. in an Eberhacli 
horizontal shaker, Following the shaking, the 
liquids were separated by decantation or by using 
separators. 

Analyses.-Dilute aqueous solutions of the 
quaternary ammonium compounds and homdtro- 
pine were used to prepare standard curves. An 
appropriate amount, usually 0.5 to 1.0 pm., of each 
solute was mixed with 25 nil. of a saturated solu- 
tion of tropaeolin 00. The mixed solution was 
shaken with aliquots of chlorofortn for extraction. 
A tvtal of 50 nil. of the chlorofor~n extracts was 
collected in a 50-ml. volumetric flask. No change 
in the standard curve was obtained if a slurry of 
the standard solution of the organic cationic agent 
and resin was filtered and then treated with tropaeo- 
lin 00 and extracted with chloroform. 

7’he procedure for assay of the quaternary ammo- 
nium compounds and homatropine in the presence 
of equivalent conccntrations of alkylsulfatc was 

1 Marketed as Dowex by the Dow Chemical Co., Midland. 

( 3 ) .  

Blank solutions were also prepared. 

Mich. 

workers (3-7) have discussed the results of their 
studies concerning the intestinal absorption of 
quaternary ammonium compounds. It was 
shown that the poor absorption of quaternary 
ammonium compounds was attributable to  the 
formation of nonabsorbable complexes with 
mucin (3). Later Levine reported that, although 
intestinal mucus can form nonabsorbable com- 
plexes with quaternary ammonium compounds, 
removal of the mucus by  washing the intestine 
resulted in  a decrease rather than an increase in 
the absorption of these ions (4). This led to 
Levine’s study of the absorption of a mixture of 
quaternary ammonium compound and a phospha- 
tido-peptide fraction (PPF). I n  two separate 
reports Levine rcported that  a mixture of PPF 
and either benzomethamine or d-tubocurarine 
caused more efficient absorption of either qua- 
ternary ammonium compound (5, 6). Cavallito 
and O’Dell reported that the administration of 
certain sterol acids improved the oral responses 
t o  a quaternary hypotensive agent (8). Schanker 
has suggested that organic ions might penetrate 
the gastrointestinal-blood barrier by the diffusion 
of the ions through the barrier in the form of a 
less polar complex formed with some material 
normally present in the lumen. H e  also sug- 
gested that the absorption might occur by  a 
specialized transport process analogoiis to those 
which transport certain inorganic cations (9). 

These data  indicate that  i t  is possible that  a 
cation-anion complex is formed which may 
facilitate the absorption of the quaternary am- 
monium compound. Therefore, a program was 
initiated to determinc to  what extent the presence 
of anions in aqueous solution containing qua- 
ternary ammonium compounds would become 
more soluble in lipoid solvents and determine 
to  what extent, if any, these salts or complexes 
would affect the rate of intestinal absorption of 
the quaternary ammonium compound. Thc 
initial communication deals with the in vitro 
study of the partitioning o f  the alkylsulfate 
salts of quaternary aninioniuiii compounds be- 
tween chloroform and water. The in zlivo studies 
will be the subject of a future comniunication. 

EXPERIMENTAL 

Reagents.-The sodium alkylsulfates were fur- 
nished by E.  I. DuPont Co. Additional batches 
were synthesized. Bcnzomethaniine was furnished 
by Squibb. oxyphenoninm bromide by Ciba, rnetti- 
antheline bromide and propantheline bromide by 
Searle, isopropamide by Smith Kline & French, 
tridihexethyl iodide by Lederle, and 2-PAM chloride 
by A. Kondritzer. Hornatropine HBr was pur- 
chased from Mallinckrodt Chemical Works. Chloro- 
form U.S.P. and distilled water were used as par- 
titioning solvents. 
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TABLE I.-Two LONGER CRYSTAL SPACISGS OF TIIE 
SODIUM SALTS OP ALKYLSULPATES 

~~ 

~~ ~ 

91 1 

obtained in these laboratories were not in complete 
agreement with those reported by Boyd et uI. (11). I t  
was also noted that distinctly different lines for the 
even-numbered and odd-numbered carbon atom 
chains were not observed as found with the fatty acids 
(12). 

Apparent Partition Coefficients (Kapp.):-Benzo- 
methamine chloride was subjected to a detailed 
analysis since the studies of the intestinal absorption 
of this compound have been rather extensive (3). 
Both the homologous series of fatty acid salts and 
the alkylsulfates were studied. The fatty acids of 
rriolecular weight greater than decanoic acid were 
studied. The 0.0005 A4 solutions were prepared by 
adjusting the pH of the aqueous solution to 7.4 
with NaOH to insure coniplete dissociation of the 
acid. It was found that partitioning did not occur 
with any of the fatty acid ions studied even when 
three or more equivalents of anion were mixed with 
one equivalent of cation. These observations can 
perhaps be explained by assuming that the partition 
constant of the fatty acid (even considering the 
almost total dissociation of acid) between chloro- 
form and water is very large so that the fatty acid 
partitions in favor of the ion-ion pair of the fatty 
acid-ion and quaternary animonium co~npound 

The 0.0005 M solutions of the sodium alkylsullate 
salts were also used to study their effect on the par- 
tition of benzomethaminc betwecn chloroform and 

This is illustrated in Fig. 1. 

(13). 

hlkylsult,ile 
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Dodecyl 
Tetradecyl 
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20.21 13 32 
22.50 14.79 

I L ’  

8 9 10 11 12 13 14 
CARBON ATOMS, NO. 

Fir 1. Two longer cry’tal spacings of the sodium 
4 t s  of alkylsulfates. 

1.8 1- 
riiodified because the anion interfcrcd with the 
extractiou of the “dyesalt” of the cation and tro- 
paeolin 00. For successful analysis of the ration, 
enough solution containing approximately 1 ym. 
of cation was added to a 150-ml. beaker. The 
resin was then added to remove the anion. After 
standing for a short period of time, the solution was 
filtered into a 125-ml. separator. The resin collected 
in the funnel above the flask was mashed with sev- 
cral small portions of distilled water. When washing 
was complete, 25 ml. of the saturated solution of 
tropaeolin 00 was added to the filtrate and the 
quaternary ammonium “dyesalt” was extracted 
with diquots of chloroforin. The chloroform ex- 
tract was collected in a 50-ml. volumetric flask. 
All chloroform solutions were read at 425 m p  
using a Beckman DU spectrophotometer. 

Temperature Variation Studies.-The apparent 
partition coefficients of the quaternary ammonium 
alkylsulfates were determined a t  various tenipera- 
tures ranging from 4’ to 45”. 

RESULTS AND DISCUSSION 

Powder Diffraction Data.-The pur5cation of 
the sodium salts of the alkylsulfates was followed by 
the change in the X-ray powder diffractiort pat- 

Copper K-a radiation source was used. 
In gencral, i t  was found that the differences in 
peaks of diffraction became consistent as the alkyl- 
sulfates became pure. ‘I‘hc d distances in ang- 
stroms for the second and third peaks are recorded 
in Table I and plotted in Fig. 1. The spacings 

2 An XRD-5 spectrometer was used. The instrument was 
purchased wi th  the aid o f  an Anguetus 1’. Pfeiffer Foiindation 
praut. 

I 
1.6 

2 1.4 - 

9 
m 

8 1.0 

. 8 [  

.6 , 

I 

- 
.2 .4 .6 .8 1.0 1.2 1.4 

LOG CONCN.,. 

Fig. 2.-Log-log plot of the distribution of benzo- 
methamine with 4 different concentrations of do- 
decyl sulfate ( 1  ), undecylsulfate (Z ) ,  decylsulfate (3). 
and nonylsulfate ( 4 ) .  

TABLE II.-EXTENT OF ASSOCIATION O F  ORGANIC 
CATIONS WITH ALKYLSULFATES IN c H l . O R O F O K ~ ~ -  

WATER MIXTURES 
~. ~~~ -~ 

Organic - -Alkylsulfate Anion”--. 
Cation 

Benzomethamine 1.89 1.75 1.83 1-70 

Oxyplienonium 1.84 1.40 1’.50 1.60 

CP C,” c,, C,? 

Isopropamide 1.60 1.70 1.92 

Hornatropine . . .  1.78 1.85 180 
~ 

a Recorded values indicate the slope obtained by plotting 
log chloroform concentration against log aqueous concentra- 
tion. 
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iodide using but one concentration, namely 2.5 
pm. of quaternary ammonium ion and 2.5 pm. 
of alkylsulfate. The pK,,,, for all values listed in 
Table I11 were calculated from the 2.5 p M  con- 
centrations. In calculating the pK,,,. i t  was 
assumed that the slope would ideally bc two, that  is, 
that  the ions were complctcly dissociated in the 
aqueous aiid that thc ions existed as paired mono- 
mers in the chloroform. Thus, calculatioris were 
made usiug Eq. 1 

pK,,,. + 2 log concn..q. = log concn.CHCi3 (Eq. 1) 

The calculated values are listed in Table 111. 
Partition studies wcrc also performed using 2- 

pyridinealdoxime rriethiodide (2-PAM). However, 
the partitioning using sodium laurylsulfate was too 
low to  determine any apparent partition coelli- 
cierit. The data from Table 111 are plotted in 
Pigs. 3 and 1. The data for methantheline ant1 
propantheline are plotted separately to compare 
more readily the two structurally similar com- 
pounds. When the linear plots iri Figs. 3 arid 4 
are extended through the ordinate, oiie may posssibly 
conclude the interccpts t o  be the apparent partition 
constants for the acid sulfate (bisulfate) salts. 
These possible apparent partition constants niay 
also be calculated knowing the changc in the pK,,,. 
per carbon atom of the alkylsulfate. This change 
represents the slope of the line in Figs. 3 and 1. 
The information is rrcorded in ' k b l e  TV. 

TABLE III.-APPARENT PARTITION COEFFICIEXTS 
OF THE ALKYLSULFATES OF SOME ORGANIC CATIONS, 

EXPRESSED AS pK,,,,. 

Organic -- Alkylsulfate Anions- 
Cation Ca C9 CIO CI1 ClZ 

Benzomethamine 3.95 4.48 5.22 5.87 
Isopropamidc 3.93 4.49 4.96 5.60 6.20 
Oxyphenonium 4.30 4.66 5.52 5.88 6.33 
Methantheline . . . 4.07 5.86 6.68 
Propaii theline . . .  5.60 6'.'63 7.51 8.56 
'Tridihexethyl . . .  4.90 5.61 6.38 7.29 
Homatropirie . . .  3.42 3.88 4.69 5.25 

K:LI~P. expressed as liters/mole. 

- 
cs cs C1a Cll G z  

CARBON ATOMS IN ALKYLSULFATE, NO. 

Fig. 3.-- The apparent partition coefficients of 
alkylsulfates of propantheline ( I  ) and mrtlianthclinc 
( 2 )  between chloroform and water. 

water. The highest concentration of alkylsulfate 
used in the study was less than the concentration 
a t  which dimerization of anion has been observed 
(14). The sodium salts of nonyl-, dccgl-, undecyl-, 
and dodecylsulfate were each used to determine 
their effect on the partition of bcnzomcthamine. 
'The log chloroformic concentration or benzorneth- 
aniine was plotted against the log aqueous concrn- 
tration of bcnzurnethamine. The data obtained 
are plotted in Fig. 2. 

The results for benzometharnine shown in Fig. 2 
indicate that  there was no apparent change in as- 
sociation over the l.ii-4.5 puM/40 Gm. concentration 
range studied. 'The slope for cach anion varird 
from 1.70 to 1.89 as shown by the first entry in 
Table 11. The slopr would theoretically be 2.00 if 
dissociation of ions was complete in the aqueous 
phasc and the complex existed as an ion-ion paired 
monomer in the chloroform. Similar studies wrre 
done using othcr organic cationic agents. The 
slopes of each catiori-anion studied were calculated. 
The valucs are recordcd in Table 11. 

The pKapp. for the various alkylsulfates and the 
quatcrnary ammonium compounds and homatropine 
were determined. Since the extcnt of dissociation 
in the aqueous phase arid the association in the 
chloroformic phase was similar for the various 
quaternary ammonium compounds listcd in Table 
11, it was decided that the pK,,,. could be dcter- 
~ninecl for the alkylsulfatcs of methanthrlinc bro- 
mide, propantheli~ie bromide, arid tridihexethyl 

3 L  
I 

Ca CP ClO cu c12 

C ATOMS I N  ALKYLSULFATE, NO. 

Pig. 4.-The apparent partition coetficients of 
alkylsulfates of tridihcxethyl ( I ) ,  osyphenonium ( 2 ) ,  
isopropamide (3), bcnzomethaminc ( 4 ) ,  and homa- 
tropine ( 5 )  between chloroform and water. 

TABLE I\' -APPARENT PARTITION C O E F F l C I h N  IS 
OF SOME ORGANIC AMINE SULFATES 

~~ ~~ ~- - 
ApKnna 

pel Carbon 
Atom i n  IJK;;;~{;;~:~~ 

Organic Alkyl 
Cation sulfate Salt 

Benzomethamine 0 64 -1 81 
Isopropamide 0 55 0 50 
Oxyphenonium 0 53 0 09 

Propantheline 0 99 -3 13 
Tridihexethyl 0.81 -2 43 
Hornatropine 0 64 -2 37 

Methantheline 0 87 -3  761 

~ 
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a large extent. .4 comparison of the changes in 
structures of isopropamide and benzonietharnine 
indieatcs that changes in functional groups alter 
the pK,,,. to a significant extent. 

The apparent partition coefficients for the alkyl- 
sulfate salts of benzomethamine, tridihexethyl, 
and isopropamide were determined at  various tem- 
peratures to determine to what extent, if auy, ice- 
berg structuring (17) around the nonpolar portion 
of the organic cation and anion occurred in aqueous 
solution. Studies were run at  4", 23", 32", aiid 45". 
No significant differelices in pKnyp. values could 
he detected over this range of temperature. This 
was surprising; however, the solubility of water in 
chloroform may have contributed to a canceling 
effect. Nevertheless, it was of interest to find that 
significant differences occurred with one experi- 
mental study of benzomethaminc and sodiuni 
laurylsulfate, but could not be duplicated with 
other batches of laurylsulfate. Carbon, hydrogen 
analysis indicated a quite small amount of adultera- 
tion of the one batch of sodium laurylsulfate. The 
adulterant present was not identified. 

A useful analytical assay for quaternary ammo- 
nium compounds using the "dycsalt" mcthod of 
analysis was developed when the aqueous solutions 
contained alkylsulfates. It was noted that very 
small amounts of the alkylsulfate would interfere 
with the extraction of the "dyesalt" even when hugc 
amounts (relatively speaking) of the anionic dye 
was used. This indicated that the stability constant 
of the quaternary ammonium alkylsulfate was 
significantly high whcn compared to  the tropaeoliii 
00 salt of thc quaternary ammoniuni salt. 

The intestinal absorption of thc alkylsulfate 
salts of the various quaternary auirrionium coin- 
pounds illustrated In Fig. 5 is now being studied 
arid will be the subject of a future cotiitnunication. 
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Requirements for the Growth of Asperg-iZlas versicolor 
on Atropine Sulfate 

By GILBERT C. SCHMIDT, HOWARD W. WALKER*, FRANK R. ROEGNERI, 
and CARL G. FISCHER:! 

Three strains of Aspergihs versicolor were isolated from soil, obtained in pure 
culture, and grown with atropine sulfate as the sole source of carbon and nitrogen. 
Optimum growth was obtained at 2 5 O ,  when cultures were aerated by continual 
shaking, and were buffered to pH 5.5 with 0.2 to  0.4 M phosphate. Optimal media 
contained 1.25 per cent atropine sulfate and were supplemented with vitamins and 
minerals. Growth rate was inhibited by higher substrate levels. Peak growth 

was attained in 5 days, following a &day lag period. 

LTHOUGH atropine is toxic for many micro- A organisms, microbial growth often is ob- 
served in aqueous solutions of the alkaloid. 
Little is known of the contaminating organisms, 
of other organisms capable of utilizing this alka- 
loid, or of the degradative pathways that  are 
involved. 

An organism that  utilized atropine, hyoscy- 
amine, scopolamine, tropine, or tropionone as 
sole carbon and nitrogen sources was first re- 
ported by Bucherer (l), who classified i t  as 
Corynebacterium belladonnae (Nov. spec.). 
Eighteen years later, phenylacetic acid and 
tropic acid were isolated from the growth 
medium, and the presence of atropinesterase 
was reported (2). In the intcrim, Kaczkowski 
( 3 )  had reported that  Arthrobacter terregens pro- 
duced tropine, nortropine, tropic acid, and atropic 
acid, when grown with atropine as the sole 
source of carbon and nitrogen. Niemer (2)  
also isolated atropic acid during his studies with 
C. belladonnae, but  only traces were obtained. 
He reasoned that atropic acid arose by  dehydra- 
tion during isolation and was an artifact rather 
than a metabolite of atropine. 

IJsing complete disappearance from the growth 
medium as the criterion for degradation, Kedzia 
and co-workers (4) surveyed 744 strains for 
ability to degrade atropine. Fifty-four strains, 
one of which was a n  Aspergillus, degraded the 
alkaloid. In all instances, ability to degrade 
~~ ~~~ ~- 

atropine was an unstable property that  was re- 
acquired when the organism was subcultured 7 
tu 15 times in a meat broth rncdium that  con- 
tained atropinc. 

From a soil sample, the authors have iso- 
lated pure cultures of three strains of Aspergillus 
that utilize atropine as a sole source of carbon 
and nitrogen. The authors intend to use these 
strains in studies of atropine metabolism and as a 
source of atropine-degrading enzymes. This 
report describes the identification of the three 
strains and the establishment of optimal growth 
conditions for that strain which grew most rapidly 
in aqueous solutions of atropine sulfate. 

MATERIALS AND METHODS 
Isolation of Aspergillus Strains.-Harary’s 

method (5) for obtaining nicotinic acid-dependen t 
organisms was modified by using atropine sulfate, 
rather than nicotinic acid, as the sole source of 
carbon and nitrogen. Three strains of Aspergillus, 
a Penicillium strain, and one Sderotium species 
initially grew together in atropine solutions. 
Standard mycological methods (6) were used to 
obtain the five organisms in pure culture. The 
ability of each to grow in atropine solutions was 
then tested, and only the three Aspevgilli utilized 
atropine sulfate as a sole carbon and nitrogen 
source. These thrce strains were stored on sterile 
soil and were repeatedly subcultured on atropine- 
agar slants before use. 

Identification of the Organisms.-For identifica- 
tion of organisms, cultural and morphological 
characteristics, determined by standard myco- 
logical methods (6 j, were compared with published 
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Detroit meeting, April 1965. ing examination of the colonies a t  weekly intervals 

This investigation was supported b y  research grants for 2 months, 
GM-08447 and GM-13844 from the National Institutes of 
Health, U. S. Public Health Service, Bethesda, Md. Measurement of Growth.-For the measurement 
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agar slants that  contained I.Sq$ agar, 1 yo atropine 
sulfate, and 0.025:h MgSO4 7H20. Triplicai e sets 
of conical flasks, each containing 20 nil. of the ap- 
propriate medium, were inoculated with 0.2 ml. 
aliquots of the standard spore suspension. With 
stated exceptions, the inoculated flasks were iucu- 
bated at room temperature as stationary cultures. 

At appropriate times, mats were filtered indi- 
vidually through previously dried and tared 8-ml. 
Pyrex crucibles, having fine porosity disks. Mats 
wcre washed with water until free of atropine, 
dried a t  105“ to  constant weight, and progress 
ciirves were obtained by plotting mat  weight as a 
function of duration of incubation. Each point on 
the progress curves was the average of at least 
thrcc mat weights. 

Maxinium growth was read directly from the 
progress curves. Progress curves were extrapolated 
to  the abscissa to estimate the time that  grow1.h was 
initiatcd. The lag phase was assunird to  be that 
interval between inoculation and the initiation of 
growth. Kate of growth was determined from the 
slope of that  tangent t o  the curve which passed 
through the timc of growth initiation. 

Stock Solutions and Buffers.-Reagent grade 
chemicals were used to prcpare all solutions. 
Vitamin and alkaloid solutions were sterilized by 
filtration through a Morton bacterial filter, hav- 
ing an ultrafine frittcd disk. All other solutions 
were sterilized by autoclaving lor 15 Iriiri. at 15 Ih. 
pressure. 

Minerals, vitamins, and atropine as concentrated, 
sterile, stock solutions were added to previously 
stcrilized buffer solutions. Phosphate buffers were 
used in all experiments atid were 0.2 M final COII- 

centration, with stated cxceptions. 
For supplementation with MgSO?, a final con- 

ccntration of 0.025$& of the hydrated salt was used 
routinely. When complete mineral supplements 
were used, 1 ml. of stock solution was added to  
eacli 100 ml. of culture medium. Each milliliter 
of thc mineral stock solution contained 2 mg. of 
Feel3 .BH20, 2 mg. of ZnS04.7H20,Z mg. of MnS04. 
H,O, and 40 mg. of MgSOa?HaO. These salts 
were selected to  avoid the introduction of extrane- 
ous carbon and nitrogen sources and did not support 
growth in the absence of atropine or similar carbon 
and nitrogen sourcc. 

One millilitcr of stock vitamin solution, which was 
added to  each 100 ml. of niedium uThen vitamins 
wcre used, containing 0.4 mcg. of biotin and cyano- 
cobalamin, 40 mcg. of niacin, and 80 mcg. each ol 
riboflavin, thiamine HCI, pyridoxine HCI, and 
calcium pantothenate. This conccntration of vita- 
mins did not support growth in the absence of 
atropine or other carbon and nitrogeu source. 

With stated exceptions, a final concentration of 
15; atropine sulfate was used routinely. The 
alk&id was sterilized as a 257, aqueous solution 
and an appropriate amount was added t o  previously 
jterilizcd buffer immediately before use. 

91.5 

pigmcnt forinatiou.2 Two of the three strains were 
greeri spored, one was rough textured, and the other 
was smooth testurcd. The third strain was an UII- 
stahle, asporogenous variant that  represented 
about 2”/, of the total pnpulatiorl and quickly 
“revcrted” t o  one or the other of thc more stable 
forms. Except for data concerned with identifica- 
tion and descriptions, results reported here were 
obtained with the strain that  grew most rapidly on 
media coiitaininx atropiw as the sole source of 
carbon and 

Growth on Czapek’s agar mas very slow, colonies 
were 25-30 rnm. in diameter after 4 weeks, sporula- 
tion was delayed, and no hulk cells wcrc produced. 
The colony was flat, with few radial folds, having 
some floccose growth in the folds or in the center 
of the colony. The color changed during growth 
from a17 initial white, t o  light gray, through shades 
of yellow, orange, and green to a final, dark gray 
green or olive green. In  some variants, the dil- 
ferent colors appeared in definite zones, while it1 
others there were irregular patches. Droplets of 
pink cxudatc appeared in younger colonies, particu- 
larly those with a maroon rcversc. The reverse 
was usually maroon, but i t  was yellow in some 
strains. Relatively few well-developed conidial 
heads occurred. but there were many conidial chains 
borne on mycelial branches without vesicles. 

Growth on Czapek’s agar with 20% sucrose was 
somewhat more rapid than oti Czapek’s agar. 
Colonies were 35-43 mm. in diameter after 4 weeks, 
there was more abundant sporulation, and hulk 
cells were produced. The colony was flat, with a 
slightly raised center of floccose mycelium. Conidial 
heads were almost hemispherical, becoming radiate 
upon longer incubation. Color of the colony was 
extremely variable, with different shades of gray, 
green, yellow, orange, and occasionally brick red. 
Color occurred in definite, concentric zones or with 
some variant types in irregularly shaped patches. 
When the brick-red color occurred, the vesicles and 
stcrigmata usually bad the same color as the 
mycelium. Hullc cells of the A.  niduluns type were 
prodnccd abundantly throughout the mycelium, and 
in pale yellow clusters resembling perithecia. 

Growth on Mycophil agarat pH 7.0 was very rapid, 
and sporulation occurrcd after only a few days’ incu- 
bation at room temperature. After 4 weeks, colonies 
were 45-55 nim. in diameter. Small differences in 
colony color, colony texture, and degree of sporuk%tiori 
were much more apparent on Mycophil agar than on 
the other media. The colony types varicd from rela- 
tively smooth arid flat colonies, t o  raised colonies 
with considerable radial folding, t o  types having 
predominantly flocculose growth. Color ranged 
through pale green, t o  yellow green, to the darker 
shades of green, depending on age of the colony. 
Hullc cells were abundant throughout the mycelium, 
but were most abundant in clusters that  appeared 
iiear t h e  outer cdgcds of the colony. These yellow 
clusters resembled irregularly shaped perithecia, 

RESULTS AND DISCUSSION 

Identification of Organisms.-Cultural and mor- 
phological characteristics indicated that the three 
strains capable of utilizing atropine as a sole source 
of carbon and nitrogen were all strains of A .  zlersi- 
color, differing in details of color, texture. and ._ _ _ _  . 

Three apparently identical cultures of each type organism 
were examined and cataloged by Ur. C. W. Hesseltine and 
Ur. J. J .  Ellis of A.  I<. S. Ciilture Collection, Peoria, Ill. 
T h e  nine cul tures  were ossicacd A. I<. S. numbers A-12232, 
A - I ~ ~ : L < ,  A-IXN (asp,wge;lous variant), A-12235, ~ - 1 2 2 3 6 ,  
A-12237 (iough~textuied variant) ,  X-122:38, A-12239, and 
A.12240 (smooth-trxtiired variant). l h e  organism used 
in t h e  establishment of optimal growth conditions was 
A 1 S2:l.Q 
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TARLE I.-~OMPARISON OF MORPHOLOGICAL CHARACTERISTICS~ OF ONE ATROPINE-DEPENDENT  STRAIN^ 
WITH PUBLISHED DATAC FOR A .  oersicolor 

Characteristic A .  versicolor Atropine-Dependent Strain 
Heads Hemispherical to  radiate. Hemispherical to  radiate. 88-111 p diam. 

Some chains of conidia borne on mycelial 
branches without vesicles. 

Conidiophorcs 5-10 p diam. Smooth 2.7-4.6 p diam. Smooth 
Vesicles 15-20 p diam. 8.9-13.1 p diam. 

lip to 100-125 p diam. 

Primary 8-9 x 3 p 4.2-10.7 X 1.8-3.2 p 
sterigmata 

sterigmata 
Secondary 5-10 X 2-2.5 p 3-7.7 x 2.1-3 p 

p.  Occasionally 3.5-4 

nidulans type 

Conidia Globose, echinulate, 2.5-3 Globose, echinulate, 3.0-4.5 

Hulle cells Up to 25 p diam. A .  Globose, thick-walled, 12.5-19.6 p diam. 

Perithecia or Absent Absent. Clusters. Hulle cells resembling 

c1 

sclerotia perithecia are prcsent. 

Ihtermined on Czapek’s agar. * Smooth-textured variant, A. R. S. No. A-12,238, Thorn and Raper (7). 

but contained only hulle cells with no evidence of 
asci or ascospores. 

A comparison of the morphological characteristics 
of the green-spored, smooth-textured, atropine- 
dependent variant with published descriptions of A .  
oarsicolor (7) is shown in Table I. From the data, 
it was concluded that the strain, used to  establish 
optimal growth conditions, is a variant of A .  
z~ersicolor~ capablc of utilizing atropine as a sole 
source of carbon and nitrogen. 

Effects of Hydrogen Ion Concentration on 
Growth.-Maximal and prolific growth was ob- 
served when the test organism was grown on dex- 
trose and ammonium sulfate buffered to pH 6.5 
for 5 to 7 days. In  contrast, after 20 days’ incu- 
bation in atropine sulfate solutions, growth of the 
organism was scanty. On the assumption that a 
change in substrate might be accompanied by a 
shift in thc pH optimum, the effects of pH on 
growth rate and maximum growth were studied 
in an attempt to obtain better growth on atropine. 

Stationary cultures were grown in liquid mcdia 
buffered to different hydrogen ion levels in the pH 
range 5.0-8.0, flasks were processed for mat weight a t  
3-day intervals from 1 through 3 weeks, and av- 
crage mat weights were determined for each pH at 
each incubation time. Progress curves werc 
plotted, and maximum growth and growth rate 
were determined from the curves for each pH level. 
The effects of pH on growth rate and on growth 
rriaxiinum are shown in Table 11. 

Peak growth and rate of growth were maximal 
a t  pH 6.0, and rapidly declined within 0.5 pH 
unit on either side of the optimum. Maximum 
growth approximated that earlier seen in stationary 
cultures on glucose-ammonium sulfate a t  pH 6.5, 
but rate of growth on the atropine mcdium was 
much less than on the simple carbon and nitrogen 
source. This diffcrence in growth rates caused the 
authors to cotisider vitamin and mineral supplemen- 
tation. 

Effects of Vitamin and Mineral Supplements.- 
Preliminary experiments disclosed a shift in the pH 
_ _ ~  

8 The authors are indehted to Dr. C. W. Hesseltine and 
Ur. J. J. Ellis, A. R. S. Type Culture Investigations, Peoria, 
Ill., for their assistance and for confirming the identification 
of organisms used in this study. 

TABLE II.-EFFECC OF pH ON MAXIMUM GROWTH 
AND GROWTH  RATE^ 

Max. Growth, Growth Kate, 
Initial pH mg. Mat Wt. mg. Mdt/Day 

5.0 24.6 4 .3  
5 .5  41.0 6.0 
6.0 55.0 8.4 
6 .5  40.2 4 .5  
7.0 31.9 3 . 5  
7 .5  30.9 3.0 
8 . 0  21.8 2 . 0  

a Growth of atropine-utilizing A .  versicolor at room tcm- 
perature in stationary cultures 0.2 A4 phosphate buffers 
1% atrobine sulfate supplemented with 0.025% rnagnesiuk 
sulfate. Data taken from individual growth curves, as 
described in text. 

optimum to p H  5.5, increased growth, and increased 
growth rate in supplemented media. These ob- 
servations were confirmed by studying the effects 
of supplements a t  both pII 5.5 and pH 6.0. 

Growth at both hydrogen ion levels, in solutions 
of atropine supplemented with magnesium, min- 
erals, vitamins, and vitamins plus minerals was 
measured over 3 weeks, in the manner previously 
described. Throughout this period, growth on min- 
eral, vitamin, and vitamin-mineral controls was 
insignificant (2-3 mg.). From the individual 
growth curves, maximum mat weights and growth 
rates were determined for each of the eight test 
media, and are shown in Table 111. 

Significant increases in maximum mat weight and 
the growth rate were observed in media supple- 
mented with minerals or vitamins plus minerals. 
These increases were accompanied by a shift in the 
pH optimum from 6.0 to 5.5. Lysis was much 
more rapid a t  the highcr hydrogen ion level, as is 
apparent from the two progress curves shown in 
Fig. 1. In formulating the “optimal” medium, 
vitamins were arbitrarily included, although their 
addition did not produce growth increases signifi- 
cantly greater than those produced by mineral sup- 
plements alone. 

Effects of Temperature on Growth.-In carly 
experiments, cultures were incubated a t  25” be- 
cause this temperature is rccommcnded ( 8 )  for thc 
growth of A .  oersicolor on simple carbon and 
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TABLE I11 ---EFFECT OF SUPPLEMENTS ON MAXIMUM GROWTH AND GROWTH RATE AT pH 5 5 AND pH 6 OQ 
_ _ _ - ~ ~  - - ~  

~~ ~~ 

~ _ _ _ _ _ _ ~  ___-_ ~ ~ 

Max Growth mR Mat Wt Ginnth Rate mg Mat Day 
Supplement Added pH 5 5 pH 6 0 pH 5 5  pH G 0 

Magnesium sulfate 40.1 48.8 
Minerals 36.3 45.9 

6 . 4  
9 . 5  

8 . 0  
i 8  

I'itamins 21.6 11.1 1 . 9  1 . B  
\litamins plus 

minerals 59.4 56.0 10 .0  8.0 

a Growth in stationary cultures, room temperatut-e, 0.2 dl phosphate buffers, 1 % atropine sulfate solution, supplemented 
Growth rates and maximum gt-owth were determined from individual growth curves. as indicated and as dewi-ibed in the text. 

I 1 
0 I-- __ __ - 

0 5 10 15 20 
DAYS INCUBATED 

Fig. 1.---Growth of A .  versiculur on optimal media 
adjusted to  pH 5.5 and pH 6.0. Growth in Sea- 
tionary culture a t  2 5 O ,  0.2 Mphosphate buffers, 1% 
atropine sulfate supplemented with both minerals 
arid vita.tnins. Key: 0, pH 5.5; and X,  pH 6.0. 

nitrogen sources. Since atropine is a complex 
carbon and nitrogen source, temperature effects 
on growth of the atropine-depeiicletit strain were 
studied. 

TJsing stationary cultures and optimal media 
adjusted to  pH 5.5, growth curves were plotted for 
incubations at O", 8", No, 25",  3U", and 36". 
Maxiniutri mat weights, determined from the in- 
dividual growth curves, were then plotted as a 
function of incubation temperature, as shown in 
Fig. 2. 

I t  is apparent from the curve that  there was a 
sharp temperature optimum a t  25", as reported for 
.4. versicolor grown on simple carbon and nitrogen 
sources. Thus, the change from simple carbon and 
nitrogen sources to atropine did not affect the opti- 
inurn incubation temperature. 

Effects of Aeration.-Because fungi usually re- 
quire good aeration for maximum growth, the effect 
of aeration by shaking was investigated. Two 
sets of flasks, one set incubated without shaking 
and the other shaken cotitinuously on a rotary 
shaker, were incubated under otherwise identical 
conditions. iit 2-day intcrvals or less, flasks were 
removed from each set in quadruplicatc and were 
processed for mat weights. The results ohtaincd 
at different time intervals, for shaken and stationary 
cultures, are compared in Table 1%'. 

Aeration caused a striking increase in both growth 

ratc and maximum mat  weight, the lag phase was 
reduced from 6 days to  2 days, and maximum mat 
weights were 507; higher in shaken cultures. 
These conditions appeared to be nearly optimal 
because total ttiat weights, and the ineubation period 
required, were almost identical with those observed 
in early experiments in which simple carbon and 
nitrogen sources were supplied for the o r~an i sm.  

Effect of Phosphate Concentration.-Because 
the Aspergilli usually grow best a t  phosphate 
levels between 0.01 and 0.05 M, thc possible toxic 
effects of the phosphate concentrations used in de- 
velopment of the optimal medium were considered. 

Cultures werc grown 4 days, with continuous 
shaking at pH 6.5 and 25', on media that  were op- 
timal except for varying phosphate concentrations. 
Four flasks for each of the following phosphate con- 
centrations were employrd: 0.00, 0.01, 0.02, 0.05, 
0.10, 0.20, 0.30, arid 0.40 M .  Average mat  weight 
was plotted as a function of phosphate concentra- 
tion, as shown in Fig. 3. 

Growth on atropine was very slight at phosphate 
levels below 0.15 M arid increased with increasing 
phosphate, through the highest phosphate concen- 
tration tested. Since incubation time was constant 
and had not rcdched the optitnuin, maximum mat 
weights would not necessarily follow the same pat- 

40 ! 

0 l.i 
1 __ 

0 10 20 30 40 
TEMP. 

Fig. 2.-Effect of temperature on growth of A .  
Growth on optimal medium, stationary 

Maximum mat weight obtained 
oersiculou. 
cultures, pH 5.6. 
from individual prowth curves. 
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TABLE IV.-cOMPARATIVE GROWTH OF A .  VerSifolOr 
IN SHAKEK AND STATIONARY CULTURES" 

r-- Max. Mat Wt., mg.---- 
Incubation Station a r y 
Time. Days Shaken Cultures Cultures 

0 
2 
4 
6 
7 
8 
10 

1.2 1.3 
12.0 2 .5  
39.5 4 . 8  
65 .0  20.2 
82.6 30.0 
79.0 48 .7  
51 7 55.0 

a Growth on optimal medium at pH 5.5, 0.2 hf phosphate 
buffers. Each point is the average of 4 individually de- 
termined mat weights. 

60 

50 

40 
t 
2 
c' 
2 30 
*? > a 

20 

10 

0 
a 0.10 0.20 0.30 0.40 

PHOSPHATE CONCN. (MOLARITY) 

Fig. 3.--Effect of phosphate concentration on 
growth of A .  uersicolor. Growth for 4 days, continu- 
ous shaking, pH 5.5, on media that werc optimal 
except for variations in phosphate levcls. Each point 
is the average of four mat weights. 

tern. In more prolonged incubations, the relative 
rates of growth and lysis would have an important 
influence on observed mat weights. Lysis was 
espeaally apparent in cultures grown in 0.3 and 0 4 
M phosphate. 

In contrast to the growth of A .  versicolor on simple 
carbon and nitrogen sources, phosphate requirements 
are unusually high when atropine is the sole carbon 
and nitrogen source. This observation is unex- 
plained, but may be associated with the com- 
plexity of the substrate, or with increased require- 
ments for nucleic acid synthesis. More cxtensive 
studies would be required to clarify this point. 

Growth as a Function of Alkaloid Concentration- 
Unequivocal proof of atropine utilization by the 
strain of A .  verszcolor used in these experiments 
was obtained by relating growth to concentration 
of the alkaloid, in the absence of other sources of 
carbon and nitrogen. 

Atropine concentrations wcre varied from 0.06 
to 2.0%, using stationary cultures and otherwise 
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optimal media and conditions. To obtain growth 
rate directly from mat weight, cultures were in- 
cubated for 12 days, at which time growth was 
submaximal and was increasing linearly with time. 
Growth rates, obtained by averaging triplicate mat 
weights a t  each atropine level, were plotted as a 
function of alkaloid concentration, as shown in Fig. 
4. 

There was a linear increase in growth rate through- 
out the concentration range 0-0.570 atropine, a 
maximum a t  1.2576, and a sharp decrease beyond 
this point. In the absence of other carbon and 
riitrogen sources, the linear relationship between 
growth rate and atropine level confirms the ability 
of this strain of A .  vessicolor to utilize atropine as a 
sole carbon and iiitrogen source. That growth rate 
is inhibited by high substrate levels is indicated 
by the existence of a maximum. 

SUMMARY AND CONCLUSIONS 

Three soil fungi, capable of utilizing atropine as a 
sole source of carbon and nitrogen, were obtained in 
pure culture, identified, and the identifications then 
independently confirmed. Although cultural and 
morphological characteristics differed somewhat 
from published data, all three were idcntified as 
strains of A .  versicolor, differing in details of color, 
texture and pigment formation. These differences 
were far more apparent on the Mycophil agar used 
than on other media. 

Optimal growth conditions, when atropine sulfate 
was the sole source of carbon and nitrogen, were 
determined for that strain which initially grew most 
rapidly in solutions of atropine supplemented with 
magnesium. For maximal growth, supplcmenta- 
tion with vitamins and minerals was requircd, 
although the omission of vitamins had little effect. 
Using the supplemented mcdium, the organism grew 
best a t  25" and pH 5.5. Aeration during growth 
greatly increased growth and decreased the induc- 
tion period. Phosphate requirements were unusually 
high, good growth occurring a t  0.2--0.4 M phosphate, 
but essentially none occurring below these levels. 
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Fig. 4 . 4 r o w t h  of A .  versicolor as  a function of 
atropine concentration. Optimal media, pH 5.5, 
0.2 M phosphate, stationary cultures. Each point 
is the average of three individually determincd mat 
weights. 
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The ne'ed for high phosphate concentrations was 
not explained. Growth was optimal at an atropine 
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Analysis of Steroids in Mixtures Using the Kinetics 
of Blue Tetrazolium Reduction 

By DAVID E. GUTTMAN 

The rate of formation of formazan resulting from the base-catalyzed reduction of 
blue tetrazolium by certain steroids was studied spectrophotometrically. With corti- 
sone and hydrocortisone, the reaction rate exhibited a first-order dependency on 
ste.roid concentration. The rate constant for cortisone-containing systems was 
significantly larger than that found for hydrocortisone systems. Studies with corti- 
sone acetate showed that hydrolysis of the ester was prerequisite to reaction with the 
tetrazolium salt. Differences in rates of color development were used to analyze 

mixtures of cortisone and hydrocortisone and of cortisone and cortisone acetate. 

WIDELY USED colorimetric method for the A determination of the purity of corticoste- 
roids and the potency of dosage forms containing 
such steroids is based on the formation of a 
colored formazan resulting from the base- 
catalyzed reduction of blue tetrazolium by the 
a-ketol side chain of the steroid molecule. The 
method consists of determining, after a specified 
time period, the intensity of color in a test prepa- 
ration and comparing i t  with that produced under 
similar conditions in a standard preparation of the 
steroid under consideration. There have been a 
number of published studies of the rates of color 
formation in systems containing reducing steroids 
and blue tetrazolium and it has been observed 
that closely related steroids can exhibit significant 
t-lifierences i n  their rates of reaction with the tetra- 
zolium salt. For example, Chen, Wheeler, and 
'Tevell l(1) presented data which suggested that 
color generation in cortisone-containing systems 
was much more rapid than in systems containing 
Iiydrocortisone. Meyer and Lindberg (6), in 
their extensive study, showed that the position 
and configuration of certain keto- and hydroxy- 
groups in the steroid molccule influenced reducing 
characteristics. Recknagcl and Litteris (7) also 
demonstrated differcnccs in reaction rate by 
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their determination of the optimum incubation 
times for maximum color development for vari- 
ous steroids; i.e., 30 min. for cortisone and 11- 
deoxycorticosterone as contrasted to 50 min. for 
corticosterone and hydrocortisone. Similarly, 
Izzo, Keutmann, and Burton (3)  reported that 
reducing steroids with an 11-keto group developed 
maximum color faster than those with an 11- 
hydroxyl group. Martin and Salvador ( 5 )  found 
that acetylation of the 21-hydroxyl group de- 
creased reaction rate relative to the parent alco- 
hol, while Johnson, King, and Vickers (4) reported 
that with hydrocortisone hemisuccinate, and 
triamcinolone, color development was unusually 
slow compared to other steroids. 

It has not been generally recognized that, under 
the conditions usually employed in the assay pro- 
cedure where the steroid is present a t  a much 
lower concentration than that of the catalyst 
and the tetrazolium reagent, the rate of appear- 
ance of formazan exhibits a first-order dependency 
on the steroid concentration. This behavior is 
of polential analytical utility because of the lack 
of direct methods for analyzing mixtures of 
closely related steroids and because certain 
slcroids which might be found or combincd in 
mixtures do exhibit differences in the rate of this 
reaction. The present study was conducted to 
test the feasibility of utilizing such differences as 
the basis for analytical methods for the deter- 
mination of steroids in mixtures. Toward this 
end, this laboratory has studied, under closely 
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similar conditions in a standard preparation of the 
steroid under consideration. There have been a 
number of published studies of the rates of color 
formation in systems containing reducing steroids 
and blue tetrazolium and it has been observed 
that closely related steroids can exhibit significant 
t-lifierences i n  their rates of reaction with the tetra- 
zolium salt. For example, Chen, Wheeler, and 
'Tevell l(1) presented data which suggested that 
color generation in cortisone-containing systems 
was much more rapid than in systems containing 
Iiydrocortisone. Meyer and Lindberg (6), in 
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their determination of the optimum incubation 
times for maximum color development for vari- 
ous steroids; i.e., 30 min. for cortisone and 11- 
deoxycorticosterone as contrasted to 50 min. for 
corticosterone and hydrocortisone. Similarly, 
Izzo, Keutmann, and Burton (3)  reported that 
reducing steroids with an 11-keto group developed 
maximum color faster than those with an 11- 
hydroxyl group. Martin and Salvador ( 5 )  found 
that acetylation of the 21-hydroxyl group de- 
creased reaction rate relative to the parent alco- 
hol, while Johnson, King, and Vickers (4) reported 
that with hydrocortisone hemisuccinate, and 
triamcinolone, color development was unusually 
slow compared to other steroids. 

It has not been generally recognized that, under 
the conditions usually employed in the assay pro- 
cedure where the steroid is present a t  a much 
lower concentration than that of the catalyst 
and the tetrazolium reagent, the rate of appear- 
ance of formazan exhibits a first-order dependency 
on the steroid concentration. This behavior is 
of polential analytical utility because of the lack 
of direct methods for analyzing mixtures of 
closely related steroids and because certain 
slcroids which might be found or combincd in 
mixtures do exhibit differences in the rate of this 
reaction. The present study was conducted to 
test the feasibility of utilizing such differences as 
the basis for analytical methods for the deter- 
mination of steroids in mixtures. Toward this 
end, this laboratory has studied, under closely 
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controlled conditions, the kinetics of the reaction 
of cortisone, hydrocortisone, and cortisone acetate 
with bluc tetrazolium and has taken advantage 
of rate differences to  analyze mixtures of corti- 
sone and hydrocortisone, and of cortisone and 
cortisone acetate. The method of proportional 
equations, suggested by Garmon and Reilley (2), 
was used for this purpose and was found to  yield 
reasonably accurate estimations of steroid con- 
centration and to  offer a rather convenient ap- 
proach to  what would normally be a difficult 
analytical problem. 

PROCEDURE 

Stock solutions of the steroids’ were prepared in 
absolute alcohol a t  a concentration of 10 mcg./ml. 
Binary mixtures of two steroids were prepared by 
niixing aliquots of two solutions. 

Cortisone-Hydrocortisone Systems.-Absorb- 
ance-time plots were obtained with a Beckman DB 
spectrophotometer and a Beckman linear-log re- 
corder eauiDoed with an event marker. The 

values a t  525 mp were determined for each steroid 
solution using the corresponding blank solution a5 
the reference blank. Standard solutions of pure 
cortisone and pure cortisone acetate were treated in 
an identical manner. 

Cortisone Acetate Ophthalmic Suspensions.- 
Two samples of commercially available cortisone 
acetate ophthalmic suspension were assayed by the 
kinetic method. The samples were obtained from a 
local pharmacy. One sample, according to the 
pharmacist “has been on the shelf for years.” The 
other “was just received from the supplier.” These 
will be designated as “aged suspension” and “fresh 
suspension,” respectively. One milliliter of suspen- 
sion was placed in a 50-ml. separator and diluted 
with 5 ml. of distilled water. The steroid was ex- 
tracted with three 20-1111. portions of chloroform. 
The chloroform extracts were drained through a cot- 
ton plug into a 100-ml. volumetric flask. Chloroform 
was added to volume. Five-milliliter aliquots of the 
chloroform solution werc placed in each of two 50-ni1. 
glass-stoppered, conical flasks and the chloroform 
was evaporated using gentle heat. The residue in 
each flask was dissolved in 20 ml. of absolutc alcohol. 
The analysis was conducted as previously described. - _ _  

spectrophotometer was set at a wavelength of 525 
m p .  A recorder spccd of 1 in./min. was used. Thc RESULTS AND DISCUSSION 
cell compartment was maintained at constant teni- 
perature by the circulation of water a t  24“ =k 0.1” 
with a P.M. Tamson, N.V. constant-temperature 
circulating bath. 

Twenty milliliters of steroid solution was placed 
in a 50-ml. glass-stoppered conical flask. Twenty 
milliliters of absolute alcohol was placed in a similar 
flask to serve as a blank. One milliliter of a 0.57, 
solution of blue tetrazolium in absolute alcohol was 
added to each flask. The recorder was started and 
1 nil. of a 1% solution of tetramethylammonium 
hydroxide in absolute alcohol (prepared from a 10ye 
solution in water) was added to each flask simul- 
taneously and with mixing. The time of addition of 
base was marked on the recorder cliart with the 
event tndrker. The solutions were placed in cells 
which were stoppered and placed in the cell coin- 
partrnent. 

Cortisone-Cortisone Acetate Systems.-Absorb- 
ance-time plots for cortisonc acetate-containing sys- 
tems were obtained in the manner previously de- 
scribed. For the analysis of mixtures of these two 
steroids, a somewhat different procedure was used. 
Here, 20-1111. aliquots of steroid solution were pipeted 
into each of two glass-stoppered test tubes. Corre- 
sponding blank tubes were prepared to contain 20 
ml. of absolute alcohol. One milliliter of the 0.5co 
solution of bluc tetrazolium was added to each tube. 
The tubcs wcrr placed in a constant-temperatiire 
bath at 25” f 0.lo and allowed to attain teinpera- 
ture equilibrium. One milliliter of the 1% solution 
of tetramethylammonium hydroxide was added to 
each tube, and the time of addition was taken as 
zero time. Exactly 8 min. after the addition of 
base, one steroid tube and a corresponding blank 
were quenched by the addition of 1 ml. of glacial 
acetic acid. Exactly 20 min. after the addition of 
base, the remaining stcroid tube and its correspond- 
ing blank were similarly treated. Absorbance 

1 T h e  steroids were obtained from commercial sources and 
were of U.S.P. or N.F. quality. 

Cortisone-Hydrocortisone Systems.-The time 
course for formazan appearance, as reflected by in- 
crease in absorbance a t  525 mp, is illustrated for each 
of the steroids in Fig. 1. It is apparent from this 
figure that formazan production occurred much 
more rapidly from cortisone-containing systems than 
from corresponding systems containing hydro- 
cortisone. The semilog plot of Fig. 2 erriphasizcs 
this rate difference and illustrates that, under the 
conditions employed, the rate of appearance of 
formazan followed first-ordcr kinetics. Here, the 
logarithm of the function ( A ,  - A i )  is plotted as a 
function of time, where A ,  is the asymptotic ab- 
sorbance and A t  is the absorbance a t  a particular 
time In each case, excellent linearity was ob- 
served over at least three half-lives. The pseudo 
first-order rate constant for cortisone was calculated 
to be 18 X min.-l while that for hydrocortisone 
wa5 5.1 X min.-’. Treatment of the data by 
the Guggenheim method, which does not rely on an 
infinity value for absorbance, yielded the same rate 
constants 

For the analysis of the two steroids in combina- 
tion, the method of Garmon and Keilley (2), that of 
proportional equations, was cmploycd. In a react- 
ing mixture containing both steroids, a common 
product, the formazan, is produced by two simul- 
taneously occurring first-order proccsses. The ab- 
sorbance at  525 mp, which is specific for the product, 
is thus established a t  any time by: 

(i = aC ( I  - e - k c t )  + aH (1 - e-krt)  (Eq. 1)  

where 

A = absorbance a t  525 nip, 
C = initial concentration of cortisonc, 
a = absorptivity of formazan a t  525 mF, 
k, = first-order rate constant for cortisone, 
H = initial concentration of hydrocortisone, 
k h  = first-order rate constant for hydrocortisone. 

Measurement of two absorbance values at two 
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H, = Concentration of the standard solution of 

A ,  and A' ,  are the absorbances exhibited by the 
standard preparation of cortisone a t  times t and t ' ,  
rcspectively . 

Ah and A',, are the absorbance5 exhibited by the 
standard preparation of hydrocortisone at  times t 
and t ' ,  respcctivcly. 

Appropriate substitution into Eqs. 1 and 2 and 
solution of the simultaneous equations for C and H 
yields: 

hydrocortisonc, 

Fig. 1.-A plot illustrating thc rate of reaction 
of cortisone and hydrocortisone with blue tetra- 
zolium. 

1 1  
l l l l J l l  

3 2 4 G e l o l Z M E  
TIME in m n u t e 5  

Fig. 2.--.4 plot illustrating the pseudo first-order 
appearance of Eormazan in the reaction of blue tetra- 
zolium with cortisone and hydrocortisone. 

tinies, a s1iortt.r time, t ,  and a longer tirnc, t ' ,  allou~s 
the formulatim of two equations uhich can be 
solved sirnultsneously to yield values for C and H ,  

A = KcC+ KnII 

A' = K',C + K'hH 

z e ,  

(m 2)  

(Eq. 3 )  

where 

A = :tbsorbance value after the shorter reaction 

A '  = absorbance value after the longcr reaction 
time, t, 

Although thc CorlstdntS K,, K'<, Kh, K'I, can be cal- 
culated from a knowledge of rate constant, time, and 
absorptivity, it is more convenient to deterniine 
them dircctly from absorbance values, a t  the ap- 
propriate reaction times, exhibited by standard 
preparations of the purc steroids Thus, 

K, = A , / C , ;  
Kh = Ah/H,; 

K',  = A',/C,; 
K'n = A'h/H, 

where 

C, = concentration of the standard solution of 
cortisone, 

For the analysis of mixtures of these two steroids, 
the longer reaction time was chosen to bc 20 min. 
A shorter reaction time of 5 rriin. was found to be 
optimum on the basis of the graphical approach to 
time selection which was rccommendcd by Garmon 
and Reilley (2).  Absorbance values a t  these reac- 
tion tinies were read directly from absorbance versus 
time plots which were obtained with mixtures and 
with standard solutions of thc steroids. Results 
which illustrate the precision and accuracy ob- 
tained in the determinations are presented in Table 
I. 

Cortisone-Cortisone Acetate Systems.-Absorb- 
ancc-time plots obtained with cortisone acetate a t  a 
number of differcnt concentrations of base are pre- 
scntcd in Fig. 3. A cortisonr curve is presented 
here for comparative purposes. It is apparent 
from these curves that the rate of reduction of the 
tetrazolium salt did not exhibit a first-order depend- 
ency on the concentration of the steroid ester. 

TABLE I.-ASALYSIS OF CORTISONE AND 
HYDROCORTISONE MIXTURES 

~ -~ 

Steroid Concn. 'l'akcn, Steroid Concn. Found, 

Cortisone cortisone Cortisone cortisone 
9.00 1.00 9.30 1 .Of3 

8.72 1 .PO 
8.55 1.77 
8.91 1.26 

7.50 2.50 7.44 2.52 
7 .7s  2.20 

mcg./rnl. mcg. jml.  
H yd 1.0- Hydro- 

7.00 
5.00 

4 . 00 
2.50 

3.00 
5 00 

6.00 
7.50 

7 71 . . -  

7.67 
7.10 
5.12 
4.93 
5.41 
4.86 
3.91) 
2.60 
2 .84  
2 .R3 

2136 
2.50 
2.93 
4.78 
5 . 3 3  
4.60 
5.23 
6.01 
7.48 
7.40 
7 25 
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Fig. 3.-A plot illustrating the rate of reaction 
of cortisone and cortisone acetate with blue tetra- 
zolium. 

TABLE II.-A4NALYSIS O F  CORTISONE AND CORTISONE 
ACETATE MIXTURES 

~ ~ ~~~ ~~ ~ 

Steroid Concn. Taken, Steroid Concn. Pound, 

Cortisone Cortisone 
mcg.jm1. mcg./ml. 

Cortisone Acetate Cortisone Acetate 
0.50 9.50 0 .41  9.71 
1.00 9.00 0 .82  9 . 3 5  

0.82 9 .10  
3.00 7.00 3.05 6.85 
5.00 5.00 4.61 5.02 

4 .75  5 .02  
7.00 3 .00  6 . 9 4  2 .94  
9.00 1.00 8 . 5 8  1.07 

8 .46  1.07 
~~~ ~- 

TABLE ~ ~ ~ . - - A N A L Y S I S  OF CORTISONE A k ~ ~ ~ ~ ~ ~  
OPHTHALMIC SUSPENSION, 0.5y0 

Cortisone 
Label Acetate 
Claim, Found,a Cortisone 

Sample mg./ml. mg.jm1. Founda 
"-4ged" suspension 5 5 . 2 5  0 
"Fresh" suspension 5 4.90 0 

~~ ~~ 

a Average of 3 determinations. 

The curves are sigmoidal in shape and a lag-time in 
the appearance of formazan is observed. It is also 
seen that as the concentration of catalyst was de- 
creased, the lag-time increased, and the sigmoidal 
shape of the curve was emphasized. The observed 
behavior indicates that here production of formazan 
was the result of a series of consecutive reactions. 
A logical assumption is that hydrolysis of the ester 
was prerequisite to a reaction resulting in the 
generation of formazan, i.e., 

kt 

0 H- 
cortisone acetate - cortisone + acetate 

k? 

OH- 
cortisone -f blue tetrazolium - formazart 

If the steroid is present in limiting concentration, 
kl and k? are pseudo first-order rate constants and the 
time course for increase in absorbance would be 
given by; 

where E = itiitial concentration of cortisone acetatc. 
Thc validity of this model was checked by cal- 

culating the value of kl by iteration based on a 
knowledge of k z ,  a, E ,  and absorbance values a t  par- 
ticular times. The value, in systems prepared from 
the 1% solution of tetramethylammonium hy- 
droxide, was determined to be 12 X min-l. 
The solid line of Fig. 3, corresponding to the condi- 
tion of 1% base, represents observed behavior while 
the circles represent points predicted from the calcu- 
lated rate constants. 

Although the kinetics of formazan generation in 
reaction systems containing the cortisone ester is 
complex, absorbance at constant reaction time is 
directly proportional to the initial concentration of 
ester, and the method of proportional equations can, 
therefore, be used to analyze mixtures of cortisone 
and cortisone acetate. The derivation and nature 
of the equations used in this case are essentially 
identical to those discussed in the case of cortisone 
and hydrocortisone. Analysis of binary mixtures of 
cortisone and cortisone acetate were carried out and 
the results are shown in Table 11. Here rcaction 
times of 8 and 20 min. were found to be appropriate. 

The method was also applied to aged and fresh 
samples of commercially available cortisone acetatc 
ophthalmic suspension with the anticipation that 
the aged preparation niiRht exhibit a detectable 
concentration of free alcohol. Results are shown in 
Table 111. It was found that the cortisone acetate 
content in both preparations was consistent with 
the label claim and that negligible free alcohol was 
present. The low solubility of the steroid in the 
aqueous vehicle is probably responsible for the long- 
term stability of the product. 

111 applying this differential kinetic method to thc 
analysis of dosage forms or to extracts from biological 
systems, the same types of interferences that are 
well recognized in the application of the conven- 
tionally used tetrazolium assay of steroids should be 
anticipated. Thus, for example, the presence in a 
sample of a nonsteroidal reducing agent, acids, or 
alkali would be expected to interfere and would 
necessitate a preliminary treatment by which 
steroidal components are separated from the inter- 
fering substances. In this method, as with other 
analytical procedures based on reaction kinetics, 
careful control of temperature and of the concentra- 
tions of catalyst and reagent was necessary for re- 
producible results. 

REFERENCES 

(1) Chen, C.,  Wheeler, J., and Tewell, H. X., J .  Lab. Clix 

(2) Garmon. R. G..  and Reilley, C. N., Anal .  (:hem., 34, 
M c d . ,  42, 749(1953). 

GOO(1962). 
(5 )  I a z o  A. J. Keutmann E. H. and Burton, R. B., J .  

(4) Johnson, C. A., King, k.. and Vickers, C., Analyst ,  85, 
Clin. EsddcrinoL'Mclab., 17 '889(19b7). 

714(1~601. 
- \ - -  --,- 
(5)  Martin, E. A.. and Salvador, M., Rev.  Can. Biol., 18, I 

(19.59) ,~___,. 
(6) Meyrr, A.  S., and Lindberg, M .  C., Anal .  Chem., 27, 

(7) Recknagel, K. O., and Litteria, M., J .  Lub. Clin. k f e d . ,  
813(1955). 

48, 463(1956). 



Absorption, Disposition, and Excretion of 
’H-Mineral Oil in Rats 

By A. G. EBERT*, C. R. SCHLEIFER, and S. M. HESS 

Thie fate in rats of 3H-mineral oil was studied after both oral and i.p. administrations. 
Five hours following a single oral dose of 0.66 ml. of SH-mineral oil/Kg. about 
1.5 per cent of the dose had been absorbed unchanged, and an additional 1.5 per 
cent of the dose was found in  the carcasses as 3H-nonmineral oil substances. The 
3H-mineral oil concentration in  the carcasses decreased at first rapidly to 0.3 per 
cent within 2 days post-treatment, and much more slowly, thereafter, to 0.1 per 
cent of the amount administered by day 2 1. The absorption and excretion of min- 
eral oil after chronic administration orally was similar to  the absorption and excre- 
tion after a single dose. The physiologic disposition of the drug, 5 hr. after an 
oral dose, indicated that the liver, fat, kidney, brain, spleen, and carcass contained 
3H-mineral oil. After the i.p. administration of labeled mineral oil, it was excreted 
very slowly; 11 per cent was found in the feces during the first 8 days post-treat- 
ment; only trace quantities were found in the urine. The identity of the mineral 
oil following oral administration that had been isolated from tissues and excreta 
was made on the basis of thin-layer chromatography of tissue extracts. The simi- 
larity of the physical properties of the extracts of animals that had received mineral 
oil, i.p. or P.o., supported the view that it was mineral oil that had passed through 
the walls of the gut. The nonmineral oil nature of the substances containing 3H 
after the administration of 3H-water indicated that other substances were not 
mimicking 3H-mineral oil in the assay. 3H-mineral oil was shown to have exchanged 
3H with other substances. Metabolism of 3H-mineral oil to more polar substances 
may also have occurred. The  incorporation in the oil of dioctyl sodium sulfosuc- 
cinate, an emulsifying agent, tended to increase the amount of 3H-mineral oil 

absorbed. 

M I S X B L  OIL, liquid petrolatum L.S.P., 
IS a niixture of thousands of compounds 

(1) ; it has Ikieen employed for over 50 years as a 
lubricant laxative. Despite its widespread and 
often chronic use, little is known of the physio- 
logic disposition of this compound. Several 
reports have bwn published which have dealt 
with this problem, but  the lack of a suitable 
assay and -the indefinite composition of the 
mineral oil employed in the various studies made 
such studies difficult to  evaluate, especially 
cquantitativcly (2-7). A comprehensive bibli- 
ography on this subject has been recently pre- 
pared (8). From the work of Stetten (5) and 
Bernhard and Scheitlin (6) it appeared that 5 
to  25% of the administered doses to  rats had been 
absorbe~d. ‘J’his report contains data  on the 
absorption, tlistribution, and excretion of mineral 
oil by rats that  had received an oral or intra- 
peritoneal dcxe of tritiated mineral oil, randomly 
laheled. 

METHODS 

‘Tritiakd .mineral oil ( 3HH-h10) which met the 
standards for liquid pctrolatuni U.S.P., except for 
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the prescncr of radioactivity, specific activity 1.52 
mc./ml., was administered to Spmgue-Dawley and 
Holtzman rats of cither sex a t  a dose of 0.66 ml./Kg., 
an amount cquivalcnt to the recorrirnended hutnail 
dose. In studies of the fate of mineral oil aftcr 
chronic administration, nonlabcled mineral oil was 
administered for 31 consecutive days at a dose of 
0.66 tnl./Kg. Tritiatcd mineral oil was given as 
the final dose on the 32rid day, and thc animals 
were sacrificed at  intcrvals thereafter. The effect 
on absorption of the nil of adding a wetting agent, 
dioctpl sodium sulfosuccinate, was studied. Kadio- 
activity was measured in the alimentary tracts, car- 
casscs, fcces, and uriries 24 hr. after the oral ad- 
ministration of tritia.tcd mineral oil containing 1.7 
or 8.3 nig./ml. of dioctyl socliurn sulfosuccinatc. 

To study the excretion of thc oil rats were placed 
in metabolism cages where food and water were pro- 
vided ud libitum. Urine and feccs werc collected 
daily and stored at -15” until assayed. 

In the distribution studies rats werc anesthetized 
with ether and killed by exsanguination a t  suitable 
intervals foliowing drug administration. After 
the hair had becn removed with an electric clippcr, 
the alimentary tract was exposed by a. midline in- 
cision, carefully isolated, and ligated a few milli- 
meters from the oral and anal cnds. The tract 
and the remainder of the rat, defined as carcass, 
were separately wcighed arid homogenized with 4 
vol. of toluene. In srveral studies visceral organs 
were removed for individual assays. 

For the assays nf radioactivity in the treated 
animals. tissues, as well as feces, were extracted 
with tolucnr 3 timcs. The residue of each sample, 
after toluene extraction, was cxtracted once with 
p-dioxanc. Radioactivity that had been cxtracted 
from the tissues or excreta was measured in a liquid 
scintillation spectrometer aftcr portions of the ex- 
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by the addition of sodium hydroxide, 1.7 ml. to thc 
first solution, and 17.0 ml. to a 10-ml. aliquot of 
the second. The alkalinized mixtures were ex- 
tracted rcpetitively with heptane until the heptane 
washes were free of radioactivity. The tritium in 
the aqueous layers was mcasurcd by thc use of 
Bray's solution (9). The aqueous layer of the 
1-nil. solution contained 0.89% of the radioactivity, 
whereas the aqueous laycr of the 100-ml. solution 
contained 3.76'7& 

Whether other substanccs acceptcd 3H and 
mimicked the chromatographic characteristics of 
3H-mineral oil was investigated by administering 
orally to rats 0.5 ml. of 3H-watcr with a spccific 
activity of 340 pc./ml., the same dose of radio- 
activity that had been administered to the rats 
that had received 3H-mineral oil. The tissues of 
thcsc animals werc subjcctcd to the extraction and 
chromatographic separation described above for 
mineral oil. 

tracts had been added to toluene or dioxanc scin- 
tillation solutions.' Radioactivity that could not 
he extractcd from the feces or tissues was measured 
by combusting portions of the extracted residue 
by the oxygcn flask technique of Kelly et al. (10). 
Radioactivity in urine was measurcd by counting 
an aliquot of the urine in the dioxane scintillation 
solution directly. 

This tecliniquc made i t  possible to extract in 
cxccss of 9895 of the radioactive material from con- 
trol tissues and from feces to which 3H-mineral oil 
had been added or From tissues and feces of treated 
rats. 

The presence of 3H-mineral oil in the extracts of 
the tissues and feces of the treated rats was dein- 
onstrated by the use of thin-layer chromatography. 
The extracts were evaporated a t  temperatures 
<45" under reduced pressure to small volumes, 
usually less than 5 nil. Measured portions werc 
applied to thin-layer chromatography plates of 
Silica Ccl G 250 p thick. The 30 X 20 cm. plates 
were activated before use by heating a t  120" for 
30 min. After activation, the plates were fully 
developed with Baker's reagent grade bcnzcnc to 
removc interfering impurities (11). The plates 
were dried a t  100" for 5 min. and then spotted. 
They were devcloped in hexane-diethyl ether- 
glacial acetic acid (90: 10 : 1 by volume) (12). 
313-mineral oil was assayed after the plates had 
been devcloped by scraping small areas of the chro- 
matogram into vials, adding a toluene or dioxane 
scintillation mixture, and measuring the radioac- 
tivity in a liquid scintillation spectrometer. Undcr 
these conditions 3H-mineral oil could be detected 
on the chromatographic plate a t  a level of 5 X 
mcg. a t  Rr 0.90 f 0.02. The developed plates 
wcrc visualized whcn neccssary by spraying with 
50% aqueous sulfuric acid followed by heating at 
100" for 15 min. More polar substances remained 
a t  the origin or moved more slowly than mineral 
oil; they did not, however, separate into discrete 
areas, but rcniained as a long smear well separated 
from the 3H-mineral oil. The quantitative nature 
of thc recoveries was dctcrmined by applying ap- 
propriate standards to each of the plates before it was 
developed. Included among the standards were 
3H-mineral oil and extracts of control tissues to 
which 3H-mineral oil had been added at the time 
the extract was applied to the chromatographic 
plate. 

The lability of thc 3H label of thc mincral oil 
was demonstrated by shaking 0.1 tnl. of 3H-~nineral 
oil with 1 ml. of aqueous 0.01 iV HCI. The water 
layer was carefully separated frotn the oil and 
washed 3 times with equal volumes of hexanc. 
'l'hc watcr was vaporized a t  95" and atmospheric 
pressure and cotidensed on a cold fiiiger chilled 
with solid CO? and acetone. The condensate con- 
tained 0.1% of the radioactivity that had bern 
present in the 3H-~nitieral oil. 

I n  another experiment 80 mg. of 311-mineral oil 
was dissolved in 1.0 or 100 ml. of propionic acid. 
The solutions were allowed to stand a t  room tem- 
perature for 18 hr.; they were thcn made alkaline 

1 The toluene scintillation solution contained 4 Gm. of 
PPO, 0.05 Gm. of POPOP in 1 L. of toluene. The dioxane 
scintillation solution of Bray (9) contained 4 Gm. of PPO, 
0.2 Gm. of POPOP, 60 Gm. of naphthalene, 20 ml. of ethylene 
glycol, 100 ml. of absulute methanol diluted to 1 L. with 
p-dioxane. 

RESULTS 

After the admiiiistration of %mineral oil to 
rats, 85% of the radioactivity extracted from the 
tissues by toluene proved to have been 3H-mitieral 
oil. Most of the remaining 15% was present in 
unidentified, more polar substances that remained 
near the origin of the chromatogram. Of the ma- 
terial extracted with dioxanc about 8% proved to 
have been 3H-mineral oil on the basis of its chro- 
matographic characteristics, the remaining 
comprised unidentified, more polar substances. 

Toluene and dioxane extracts of the carcasses 
of rats that had been dosed 24 hr. earlier with 3H- 
water contained 0.3 and 40.9y0 of the radioactivity, 
respectively. After the extracts had been con- 
centrated and chromatographcd, however, no cvi- 
dencc of substances with the characteristics of 
3H-~nineral oil was found in any of the tissues; 
in the carcass, e.g., this was <5 X incg./Gni. 
based on the specific activity of 3H-mineral oil. 

The dispositions of 3H-mineral oil and of tritium- 
containing substances other than mineral oil in 
rats that had rcccivcd 0.66 ml. of tritiatcd drug/Kg. 
orally, either acutely or after chronic administra- 
tion, are illustrated in Fig. 1. It is apparent that 
more than 80% of the total dose had not been 
absorbed before it was excrcted in thc feces. Thc 
highest concentration of mineral oil that had been 
absorbed by the rats a t  any time was 13.8 IIIC~./GIII. 
(1.67, of the dose); this was found 5 hr. after ad- 
ministration. Twenty-four hours after the dosing, 
the small amount of 3H-mincral oil rcmaining in thc 
rats was still largely in the alirnmtary tract, about 
4.51/:, of the quantity administered ; the carcass 
a t  that time contained about 0.6(j&, or 5.2 mcg. of 
mineral oil/Gm. of tissue. Thesc levcls continued 
to fall steadily, 48 hr.  after the administration the 
levels of aH-mincral oil in the gastrointestinal tract 
and in the carcass had dropped to 0.7 and 0.3'A 
of the dose, respectively. 

Figure 1 shows that rats treatcd daily for 31 days 
with unlabeled mineral oil prior to  the terminal 
dose of 3H-mineral oil gave no evidence of facilitated 
absorption. The concentrations of 3H-mineral oil 
found in the alimentary tracts and in the remainders 
of the aninials were similar whcthcr the rats had 
received the drug acutely or chronically. 
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drupped to a txut  8 :  1 at  24 hr. and to 3: 1 at 48 
lir. post-treatmerit. 

In the carcass. however, the evidence for metabo- 
lism of the oil or for exchange of 3H from the 'H- 
mineral oil to othcr substances was more apparent. 
At 24 and 48 hr. post-treatment the ratios of the 
radioactivity in 'H-mineral oil to thc radioactivity 
of other suhstanccs were 1:2 and 1:3, respectively. 

The long-term retention of mineral oil in tlie crar- 
casses of rats is summarized in Fig. 2. The initial 

.in, rI H O W 3  

Fig. l.---I)isposition of radioactivity in alimentary 
tracts plus contents or in the carcasses of acutely or 
chronically dosed rats following an oral dose of 
tritiated r~iineral nil 0.66 ml./Kg. Each point repre- 
sents the data lrom two animals in all the acute ex- 
periments except 24 hr. a t  which time five animals 
mere assayed ; three animals were assayed for cach 
point in the chronic experiments. The difference 
between total :'H :tnd the 3H-M0 represents the 
radioactivity contained in substanccs other than 
JH-mineral oil. The figures in parentheses represent 
1% of tlie close expressed as mcg. of mineral oil/Gm. 
of tissue. Key: 0 :  total 3H, acute; 0, chronic; A, 
JHH-Mo, acute; A ,  chronic. 

0 2  ::i 

4 R 12 16 2 0  24 
DO15 

I!ig. 2,--I,~mi;-term retention of 3H-~nineral oil in 
the carcasses of rats following a single oral dose of 
0.66 ml./Kg. The curves have been drawn through 
the means obtained at  each interval. Each mean 
was bnscd on two animals as shown. Key: -, 
total 3HH-substances; - - - -, 3H-M0. 

'I'liat the  'H in the mineral oil exchanged with 
other substnnccs iu the rat accounted for thc dif- 
ference bet wceii the values of radioactivity in the 
3H-mineral oil and total radioactivity. The pos- 
siblity could not be ruled out that metabolism of 
3H-minerai oil may have contributed to the non- 
mineral oil substances that contained aH. In  the 
alimentary t r a r t  the ratio of radioactivity of 
3H-mincral. oil to the radioactivity of other sub- 
stances was about 1O:l during the period when 
most of the drug was still in the animal; it had 

o,l--/ :4 A 
Hours 

Fig. 3.--r)isposition of radioactivity in the ali- 
mentary tracts plus contents or in the carcasses of 
rats chronically treated orally with mineral oil a t  
various periods after the administratioti of a final 
dose of 0.066 ml. of 3HH-mineral oil. (See t e x t  for 
details.) Each point represents an assay of a single 
atiitnal. The figures in parentheses represent 1% 
of the dose expressed as nicg. of mineral oil per Gtn. 
of tissue. Key: 0. total 3H, alimrntary tracts plus 
contents; 0 ,  total 3H, carcass; 0 ,  "-MO, alimen- 
tary tract plus content; x , SII-I-hIO, carcass. 
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Fig. 4.--Disposition of radioactivity 5 hr. after 
oral adrrlinistration to rats 01 tritiated mineral oil 
0.66 ml./Kg, Height of each bar indicates thc mean 
concentration per Gm. of tissue. Bars indicate the 
range of the actual values (n = 2). 
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sharp drop in the concentration of mineral oil may 
have been due to the elimination of absorbed mineral 
oil in the bile and also to the effects of exchange of 
3H. The slope of the curve of 3H-mineral oil 
changed sharply by day 2, and, thereafter, it  rc- 
flected a much slower elimination of the mineral 
oil. The convergence of the curve denoting the 
total radioactivity with the curve for 3H-mincral 
oil attested to the slower rate of exchange or other 
change in the 3H-niineral oil components after day 2. 
This was reasonably anticipatcd since all the 3H 
atoms in the mineral oil were not equally active; 
those that were most active would exchange with 
H more rapidly than the rest. Significant con- 
centrations of thc mineral oil, 0.7 mcg./Gm. (0.1% 
of the amount administered), were detected in the 
carcasscs 21 days after the single oral dose. 

Evidence that the amount of mineral oil ab- 
sorbed was dcpendcnt on the dose given was ob- 
tained in a chronic experiment in which rats re- 
ceived orally 0.066 1111. of Wmineral oil/Kg., one- 
tenth of the usual dosc. This cxpcriment was 
carried out by administering orally 0.66 ml. daily 
of unlabeled mineral oil/Kg. for 31 consecutive 
days. On the 32nd day the animals received 
orally one-tenth the usual dose, 0.066 ml. of 3H- 
mint-ral oil/Kg.; they were sacrificed at  intervals 
after the final dose. The results of this experiment 
(Fig. 3) indicated that the carcasses of the rats 
that had received the smaller dose contained about 
1% (0.8 mcg./Gm.) of the 3H-mineral oil that had 
been administered 24 hr. earlier, whereas the 
carcasses ol the rats that had received the normal 
dose contained aftcr a comparablc interva.1 0,7y0 
(5.5 mcg./Gm.) of the amount administered. 
These data scemed to offcr preliminary cvidence 
that the passage of mineral oil through the gut 
wall rcsultcd from diffusion. Clcarly, additional 
animals would need to be tested before a firm 
conclusion could bc reached. 

The physiologic disposition in various organs and 
in fat 5 hr. after a single oral dose of 0.66 nil. of 
31X-mineral oil/Kg. is summarized in Fig. 4. The 
livers contained relatively high concentrations of 
the mineral oil a t  that time, 110 mcg./Gm., 0.5T0 
of the dose. The concentrations in the fat, kid- 
neys, brains, and splcens werc relatively low; 
they ranged from 50 to 8 mcg./Gm. I t  was calcu- 
lated that thcsc organs containcd a total of lcss 
than 0.2yo of the dose. The remainder of the 
carcasses2 contained 17.5 rncg./Gm., or l.6yo of the 
dosc. 

B s  was indicated earlier, the major portion of the 
dose, 75yo, still remained in the alimentary tracts 
5 hr. after dosing. Very little alteration in the 
3H-i7iincral oil occurred during that period. Of 
the radioactivity in the alimentary tracts, only 5yG 
was found in substances other than mineral oil. 
In the carcass of thc rat, however, the concentration 
of 3H-nonrnineral oil substances was somewhat 
higher. This may have been due to metabolism 
of the oil, to thc prefcrcntial absorption of sub- 
stances other than mineral oil that had been labeled 
with 3H, by exchange in the gut, or to the in- 
crea.sed opportunity for cxchangc aftcr absorption 
of the mineral oil. 

~ 

2 The carcass in Fig. 4 represented the remainder of the 
animal after the other organs and tissues discussed above 
had been removed. 
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Fig. 5.-Cumulative excretion of radioactivity by 
rats orally dosed with tritiated mineral oil 0.66 d./ 
Kg. Each point in the chronic experiment repre- 
sents the mean for two animals. Each point in the 
acute experiment represents the mean for four ani- 
mals, except days 1 and 2, at which times 11 and six 
anitnals, respectively, were used. The difference 
between total 3H and 3H-mineral oil represents DPM 
of substances other than mineral oil, which contained 
3H, expressed as per cent of the administered dose. 
Only trace quantities of mineral oil were found in the 
urine, 0.3-2.5 X of the dose in the first 24 hr. 
after administration. Key: A, total 3H in urinc, 
acute; A ,  in urine, chronic; a, in feces, acute; 0, in 
feces, chronic; 1, 3H-M0 in feces, acute; 0 ,  in feces, 
chronic. 

The cumulative excretion of radioactivity follow- 
ing oral administration of the drug is illustrated in 
Fig. 5. The major portion of the drug was excreted 
during thc 24-hr. period after the dose had bccn 
administered. About 80% of the dose was re- 
covered in the feces of acutely doscd rats during 
the first 2 days after treatment. Levels of radio- 
activity rccovered in thc feces of chronically treatcd 
animals were slightly, but not significantly higher, 
than the values for acutely treated animals. Two 
standard errors about each point were calculated. 
Typical values are given about the points a t  days 
7 and 8. :Is with the radioactivity in the alimentary 
tract over 90% of the 3H in fcces was in the form of 
mineral oil. 

Seven to  8yo of the radioactivity administered 
was excrcted in urine during the wcck following drug 
adnhistration. Samples collected for an addi- 
tional week contained an additional 1 to 2co of the 
dose. Several urine samples were exhaustively 
extracted with toluene; the toluene extracts were 
carefully concentrated and portions of the con- 
centrate were chromatograplied. In five separate 
cxperimcnts lcss than 2L;Io of the radioactivity in the 
urine excreted during the first day after dosing was 
extractable by toluene; the amonnt of 3H-niineral 
oil in thc urinc varicd between 0.3 and 2.6 rncg./day 
(0.3-2.5 X 10-3y0 of the dosc). 

The fate of mineral oil administered i.p. was 
studied: not only to provide information about the 
disposition of the oil after this routc of administra- 
tion, but also to learn if any difference could be 
detected betwccn the original 3H-mineral oil and the 
3H-mineral oil isolated from the tissues of the hody 
after the drug had passed through the walls of thc 
gut. 

The results of this experiment (Table 1 and Fig. 6 )  
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TABLE I.---CO'\iCENTRATION O F  3H-MINERAL OIL AND NONMINERAL OIL SUBSTANCES CONTAIXI'ING 3H I N  

THE TISSUES OR RATS AFTER THE ADDlINISTRATIOE; OF 3H-MINERAL OILa 
_ _ _ ~ _ _  _ _ ~ -  -_____. 

mcg./Gm. --- Oral- 7 1.p. - 
3H-Nonmineral aH-Nonrnineral 

Tissue SH-Mineral Oil Oil Substances "-Mineral Oil Oil Substances 
Livrr 21.: 19.3 432.5 31.2 
Kidney 3.3 6.2 174.9 70.8 
Brain 3 . 4  2 . 7  6 . 5  2 . 9  
Pat 21.4 4 . 0  20,235.2 <1 .0 

- 
a Rats received 0.66 ml. of 311-mineral oil/Kg. orally (n = 2) or i.p. (n = 3) .  Twenty-luur hours later they were sacrificed 

The specific activity of the nonmineral oil substances was assumed to have and the tissues assayed as desctibed in  the text. 
been the Same a5 that  of 'H mineral oil. 

revealed that Ibe mineral oil isolated after an i.p. 
injection exhibited the same characteristics in the 
extraction and assay as that isolated after oral 
administration; this provided additional evidence 
that mineral oil had been absorbed from the gut. 

It may be scm from Table I that the coucentra- 
tions of labeled material in the brain were rclativcly 
unaffected by the routc of administration. It is 
also apparent that after oral administration the 
nonmineral oil fractions of the total radioactivity, 
found in thc respective tissues, were greater than 
aitei i.p. admiltistration. 

'The cxcrction of mineral oil after an i.p. injection 
was found to have been relatively slow. Only 11% 
of the dosc of radioactivity was excreted in the feces 
during 8 days post-treatment (Fig. 6). About 
95'3, of the radioactivity in the feces was 3€I- 
mineral oil. The chronic i.p. administration of 
tiiitieral oil did not alter the pattern of excretion 
exhibited after :I single acutc i.p. dose. Because of 
the relatively wide variation from animal to animal 
thtre was no sie:nificant difference in the quantities 
excreted in thc feces following a single acutc in- 
,jection or following chronic i.p. administration of 
the drug. 

'The urine excreted during the first 8 days post- 
treatment contained 8% of the total radioactivity 
injected. During the lirst 24 hr. aftcr i.p. dosin:: 
10.4 mcg. of 3H-tniiieral oil was excreted in the urine 
(0.3 x of thc dose). 

The influencat. of an emulsifying agent on the 
:ibsorption arid disposition of mineral oil was tested 
'by treating rat:; with 3H-mineral oil containing 1.7 
or 8.3 mg. of dioctyl sodium sulfosuccinate/Inl. 
'The results of this experiment are summarized in 
]Fig. 7. Total  radioactivity excreted in the urine 
and feces, whic:h accounted for the major portiou 
of the dosc, was not significantly altercd from control 
values by the addition of dioctyl sodium sulfosuc- 
cinate to  the mineral oil. When one considered 
only the relatively sniall fraction of the dose that 
had been absorbed, however, the levels of 3H- 
mineral oil in the carcasses were found to havc 
bcen higher in  'both groups that had received Inin- 
1 . d  oil containiing the ernulsifying agent. 

In terms of total radioactivity in the carcasses 
both prqxdraticms containing the zdditive secrned 
better absorbed than the oil alonc. The increased 
quantities of TI-mineral oil and of 3HH-nonminera~ 
oil substances found in the carcasses atuountcd to a 
total of 0,7y0 of the dosc, a barely sigriificant in- 
crease. In t e r n ~ ~  oi 3H-mineral oil in the carcasses, 
the prcsencc of the additive produced concentra- 

O W %  

Fig. B.--Curnulative excretion of radioactivity by 
rats intraperitoneally dosed with tritiated mineral 
oil, 0.66 rnl./Kg. Each point represents the mean 
of three to five animals. A trace of mineral oil was 
found in the urine, 3.0 X of the amount ad- 
ministered in the first 24 hr. after dosing. Key: 
A, total 3H in urine, acute; A ,  in urine, chronic; 0 ,  
in feces, acutc; 0, in feces, chronic; B, 3H-M0 in 
feces, acute; U, in fcccs, chronic. 

-rat, 

Fig. 7.-Dispositioti of radioactivity in rats 24 hr. 
after oral administration of "-MO (C) or tritiated 
mineral oil containing dioctyl sodium sulfosuccinate, 
1.7 mg,/ml. (1150) or 8.3 mg./ml. (D250). Height 
of each bar indicates the myan percentage of the dose 
recovered. In control animals the means f 2  S.E. 
are listed (1z = 3). I n  experimental animals, the 
mean, and the value for each anitnal are given (n = 
2). The figures in parentheses represent 1% of thc 
dose expressed as rncg. of mineral oil per Gm. of 
tissue . 
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3H-mineral oil in the carcasses lies well below the 
higher figure for a number of the following reasons. 
Exchange had bcen demonstrated in the lumen of 
the gut (Fig. 4). Thc ready absorption of 3H- 
nonmineral oil substances had been demonstrated 
after the administration of 3H-watrr. The i.p. 
administration of 3H-mineral oil t o  rats produced 
relatively large quantities of 3H-mineral oil in the 
organs; nevertheless, in comparison with results 
after oral administration, the Concentrations ol 
3HH-rionmineral oil substances were rather low. 
This suggested that much of the 3H-nonmincral oil 
substances found in the organs of the rat after the 
oral dose arose by a reaction that liad occurred 
in the gut prior to  absorption. 

The failure of the concentration of 311-mineral 
oil in the brain to reflect the large amount present 
in the carcasses after i.p. administration may have 
been due, to  some extent, to an immobility of the 
oil after it had been injected. 

The kidney was able to excrete only trace quan- 
tities of mineral oil. This was demonstrated 
whether the drug had becn given orally or i.p. 
Mineral oil was clearly demonstrated in homogenates 
of kidneys after cithcr route of administration. 

That the excretion of mineral oil after it had been 
absorbed by the rat was slow is apparent on 
examination of Fig. 6. The major portion of the 
dose remained in the animal 8 days following i.p. 
administration. At that time only 6-10% of the 
dose had been excreted. It is likely that one route 
of excretion of mineral oil is in the bile. The 
relatively slow rate of excretion by this route may 
have been due in part to  the immobility of the oil 
after it liad been deposited in the tissues, a sug- 
gestion consistent with that proposed for explaining 
the low concentrations found in the brains after 
i.p. administration; or it may have been due in 
part to the inability of the biliary system to collect it. 

The mechanism of the absorption of mineral oil 
remains unknown. Frazer and Stewart (13) dem- 
onstrated that if mineral oil were emulsified with 
olcic acid and cholesterol to  form particlcs not 
greater than 0.5 cc in diameter, absorption of large 
amounts of the oil would occur. These authors 
commented also that in the absence of cmulsifica- 
tiori negligible absorption of mineral oil had been 
noted. The data in this report substantiate the 
first obscrvation; the prcscnce of an emulsifying 
ageut increased the absorption of mineral oil. 
With respect to the second observation, these data, 
contrary to those of FrdZer and Stewart (13), 
indicate that a small but significant amount of 
mineral oil had been absorbed in the absence of an 
exogenous emulsifying agent. 

The levcls of radioactivity in the carcasses of 
rats chronically treated with 3H-mineral oil were 
similar to those found after an acute dose. This 
cvidcncc suggests that chronic administration did 
not alter the ability of rats to  absorb or t o  excrete 
mineral oil. 

At the dosage level employed in these studies 
only a mild laxativc action was observcd. In thc 
chronic studies this effect disappeared 1 or 2 days 
after initiating the treatment. 

The high levels of radioactivity- excreted in the 
feces of the orally dosed rats reflected the poor 
absorption and the rapid elimination o f  3HH-tnincral 
oil. 

tions that were almost 2 times higher than those 
found in the control group--6.1 and 5.8 mcg./Gm. 
in the groups that had received the low and high 
dose of the emulsifying agent, respectively, and 
3.4 mcg./Gm. in the control group. 

DISCUSSION 

Although the literature contains reports on the 
disposition of mineral oil in animals (2, 5 ,  61, in all 
of the studies, doses far in excess of those normally 
employed by patients were given. Administration 
of high levrls of oil was often required in such 
studies because of the poor specificity and low 
sensitivity of the methods of assay available. 
With the availability of a radioactive product it 
was possible to  administer the oil at dosage levels 
equivalent to those recommended for humans and 
t o  assay tissues and excreta with a sensitivity previ- 
ously utiattainable. 

Following oral administration approxiniately 
half of the radioactivity in the carcasses was shown 
t o  have been 3II-mineral oil. The remaining half 
was 3H-containing substances other than mineral 
oil which had been formed by the exchange of 3H 
which had been shown to occur in uitro. Thesc non- 
mineral oil substances might have been absorbed 
after undergoing an exchange reaction with the 
mineral oil in the gut, or they might have been 
formed after absorption. I t  is also possible that 
some polar metabolites of 311-mineral oil may have 
bcen included in the radioactive nonmineral oil 
fraction. That some 3H in the 3H-mineral oil 
exchangcd rapidly was demonstratcd in vilro by 
mixing the oil with a dilute aqueous acid solution 
or by allowing the mineral oil to  mix with propionic 
acid overnight and measuring the 'H content of the 
aqueous layer after separating the oil. The met- 
abolic alteration of thc mixture of saturated hy- 
drocarbons that constituted 3H-mineral oil was not 
dcmonstratcd by any of the procedures described 
in this report, yet such a change cannot be ruled out. 
In any case, the specific activity of the 3H-mineral 
oil was reduced by the amount of radioactivity 
found iu the nomiinera1 oil fraction. Since efforts 
to dctcrminc the specific activity of the 3€I-mineral 
oil after i t  had been absorbed were uniformly UII- 
successful because 01 the low conceritrations present, 
the values of the 3HH-niineral oil reported in these 
experiments have been based on the original specific 
activity. These data represent, therefore, a mini- 
mum concentration of 3HH-mineral oil. 

If the entire exchange reaction had occurred 
only after the absorption of 3H-mineral oil, the 
quantity of oil that had bcen absorbed would be 
calculated on the basis of the sum of the radin- 
activity 01 the unchanged 3H-mineral oil, the radio- 
activity of the nonmineral oil Substances, the radio- 
activity found in thc urine, and thc radioactivity 
excreted in the bile. It has been calculated tha.t 
in such a condition the concentration of 3H-mineral 
oil reported here to have been 17.5 rncg./Gm. in 
the carcasses (l.-6y0 of thc dose) 5 hr. after an oral 
close (Fig. 4) would have been increased to not 
more than 42.5 mcg./Gm. (4% of the dose) by the 
concentration of nonmineral oil substances con- 
taining the tritium in the carcass and by the con- 
tribution of radioactivity found in thc urinc (Fig. 5). 

It is likely, however, that the actual value of 
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Enzyme Inhibitors XIV 

Syntheses of Some 9- (m-Substituted Benzyl)-6-substituted Purines 
and Their Evaluation as Inhibitors of Adenosine Deaminase 

By HOWARD J. SCHAEFFER and R. N. JOHNSON 

Recent studies have shown that 9- (p-bromoacetamidobenzy1)adenine is an irreversi- 
ble inhibitor of adenosine deaminase. In order to study the effect of isomers on the 
inhibition of adenosine deaminase, a variety of reversible inhibitors of adenosine 
dearniinase have been synthesized which are 9- (m-substituted benzyl)-6-substituted 
purines. In addition, it was found that 9- (m-bromoacetamidobenzy1)adenine is an 
irreversible inhibitor of adenosine deaminase, but the rate of irreversible inactiva- 
tion by the meta derivative was lower than that by the corresponding para isomer. 
This decreased rate of irreversible inhibition by 9- (m-bromoacetamidobenzy1)- 
adenine may be rationalized by assuming that in the reversible E . .  . I  complex the 
alkylating group is not positioned as near a nucleophilic group on the enzyme as it 
is in the case of the corresponding para isomer or that the meta derivative alkylates 
a different amino acid on the enzyme than does 9- (P-bromoacetamidobenzy1)adenine. 

N A recent study, it was found that 9-(p- 
bromoacetamidobenzyljadenine was an ir- 

reversible inhibitor of adenosine deaminase, 
whereas iodoacetamide was not an irreversible 
inhibitor of this enzyme (1, 2). Kinetic analysis 
of the data indicated that the irreversiblc inhihi- 
tion of adenosine deaminase by M-($-bromoacet- 
aniidobenzyL)a.denine occurred only after the 
inhibitor had reversibly complexed with the en- 
zyme. In this complex, then, the bromoacet- 
amido moiety of the inhibitor is held near a 
nucleophilic group on the enzyme, and a reaction 
related to a neighboring-group reaction occurs 
with the formation of a covalent bond. Such 
inhibitors, which Baker has called active-site- 
directed irrewrsible inhibitors ( 3 ) ,  should be 
quite specific in their irreversible inactivation of 
an enzyme. For example, when a comparison is 
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made of isomers of some potential irreversible 
inhibitors, the environment on the enzyme in 
which the alkylating or acylating group of the 
inhibitor is held in the reversible E.  . . I  complex 
(enzyme-inhibitor) could be quite different. 
Thus, it  is possible that the reactive group of one 
isomer could be held near an appropriate nucleo- 
philic group on the enzyme, whereas the reactive 
group of an isomeric inhibitor could be held in 
the reversible E . .  . I  complex in such a position 
that it cannot form a covalent bond with the 
enzyme. In an attempt to determine the speci- 
ficity of %(fi-bromoacetamidobenzyl)adenine 
for adenosinc deaminase, it was decided to in- 
vestigate the possible reversible and irreversible 
inhibition of adenosine deaminase by some 9- 
(m-substituted benzylj-li-substituted purines. 

DISCUSSION 

Chemistry.-Previous studies havc shown that 
adenosine dcamindse (calf intestinal tnucosa) has :i 
hydropliobic rcgion to which the 9-alkyl group of 
some 9-alkylarleninrs can bind (4). Furtherrnorc, it 
has been found t h a t  some R-(p-substituted bcnzyl)-& 
substituted purines were capable of inhibiting 
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and Their Evaluation as Inhibitors of Adenosine Deaminase 
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Recent studies have shown that 9- (p-bromoacetamidobenzy1)adenine is an irreversi- 
ble inhibitor of adenosine deaminase. In order to study the effect of isomers on the 
inhibition of adenosine deaminase, a variety of reversible inhibitors of adenosine 
dearniinase have been synthesized which are 9- (m-substituted benzyl)-6-substituted 
purines. In addition, it was found that 9- (m-bromoacetamidobenzy1)adenine is an 
irreversible inhibitor of adenosine deaminase, but the rate of irreversible inactiva- 
tion by the meta derivative was lower than that by the corresponding para isomer. 
This decreased rate of irreversible inhibition by 9- (m-bromoacetamidobenzy1)- 
adenine may be rationalized by assuming that in the reversible E . .  . I  complex the 
alkylating group is not positioned as near a nucleophilic group on the enzyme as it 
is in the case of the corresponding para isomer or that the meta derivative alkylates 
a different amino acid on the enzyme than does 9- (P-bromoacetamidobenzy1)adenine. 

N A recent study, it was found that 9-(p- 
bromoacetamidobenzyljadenine was an ir- 

reversible inhibitor of adenosine deaminase, 
whereas iodoacetamide was not an irreversible 
inhibitor of this enzyme (1, 2). Kinetic analysis 
of the data indicated that the irreversiblc inhihi- 
tion of adenosine deaminase by M-($-bromoacet- 
aniidobenzyL)a.denine occurred only after the 
inhibitor had reversibly complexed with the en- 
zyme. In this complex, then, the bromoacet- 
amido moiety of the inhibitor is held near a 
nucleophilic group on the enzyme, and a reaction 
related to a neighboring-group reaction occurs 
with the formation of a covalent bond. Such 
inhibitors, which Baker has called active-site- 
directed irrewrsible inhibitors ( 3 ) ,  should be 
quite specific in their irreversible inactivation of 
an enzyme. For example, when a comparison is 
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made of isomers of some potential irreversible 
inhibitors, the environment on the enzyme in 
which the alkylating or acylating group of the 
inhibitor is held in the reversible E.  . . I  complex 
(enzyme-inhibitor) could be quite different. 
Thus, it  is possible that the reactive group of one 
isomer could be held near an appropriate nucleo- 
philic group on the enzyme, whereas the reactive 
group of an isomeric inhibitor could be held in 
the reversible E . .  . I  complex in such a position 
that it cannot form a covalent bond with the 
enzyme. In an attempt to determine the speci- 
ficity of %(fi-bromoacetamidobenzyl)adenine 
for adenosinc deaminase, it was decided to in- 
vestigate the possible reversible and irreversible 
inhibition of adenosine deaminase by some 9- 
(m-substituted benzylj-li-substituted purines. 

DISCUSSION 

Chemistry.-Previous studies havc shown that 
adenosine dcamindse (calf intestinal tnucosa) has :i 
hydropliobic rcgion to which the 9-alkyl group of 
some 9-alkylarleninrs can bind (4). Furtherrnorc, it 
has been found t h a t  some R-(p-substituted bcnzyl)-& 
substituted purines were capable of inhibiting 
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adenosine deaminasc ( I ,  2). In order to study the 
effect on inhibition of this enzyme by other 9-(sub- 
stituted benzyl)-6-~ubstituted purines, the prepara- 
tion of some purines which contained at the 9-posi- 
tion a meta-substituted benzyl group was under- 
taken. Thc key compound for such a study is 9- 
(m-nitrobenzyl)-6-chloropurine, since this compound 
could be caused to undergo nucleophilic displace- 
ment a t  the 6-position to give a variety of products. 
In addition, the nitro group of appropriate inhibi- 
tors could be reduced to an amino group which 
could be converted into a potential alkylating or 
acylating group, such as a bromoacetamido or 
phenoxycarbonylarnino group. 

Thr gencral method which was employed for thr 
synthesis of these compounds is a modification of a 
method that has previously been employed (5) 
and is outlined in Scheme I. Condensation of 6- 
chloropurine ( I )  with m-nitrobenzyl chloride (IT) 
gave a mixture of 9- and 7-(m-nitrobcnzyl)-6- 
chloropurines (I11 and IV) which was separated by 
chromatography on alumina. Whcn 111 was 
allowrd to react with ammonia, methylamine, di- 
methylamine, 1 N hydrochloric acid, or thiourea, 
the corresponding 6-substituted derivatives (V-IX) 
were obtained in good yields. Catalytic hydrogena- 
tion of V gave the corresponding m-arninobenzyl 
derivative (X) which on rcaction with hromoacetic 
anhydride, phenyl chloroformate, and acetic anhy- 
dride gave XI, XII ,  and XIII, respectively. The 
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assignment of structure to XI,  XII, and XIII  is 
based on the observation that N6-acylation of ade- 
nine compounds shifts the ultraviolet maxima to 
longer wavclcngths (6). Thus, it has been found 
(6) that N, Oa’-diacetyl deoxyadenylic 5’-acid 
exhihitcd an ultraviolet maximum a t  273 mp a t  pH 8, 
whereas XI, XII ,  and XI11 exhibited ultraviolet 
maxima either a t  shorter wavelengths than X or a t  
essentially the same wavelength as X. 

In addition, it was found that when 7-(m-nitro- 
benzy1)-6-chloropurine (IV) was allowed to react 
with 20% methanolic ammonia, a mixture of the 
6-amino and 6-methoxy dcrivativcs (XIV and XV) 
was obtained. This unusual formation of a 6- 
methoxy derivative from the reaction of methanolic 
ammonia with a 7-substituted-6-chloropurine has 
been observed previously (7). However, treatment 
of IV with liquid ammonia a t  65” gave, in moderate 
yield, 7-(m-nitrobenzyl)adenine (XIV). When IV 
was allowed to react with aqueous formic acid, a 
good yield of XVI was obtained. 

Finally, the fact that I11 and IV, and therefore 
the compounds which were prepared from them, 
are the 9- and 7-substituted purine isomers, resprc- 
tivcly, was established in the following manner. A 
9-substituted adenine has a unique ultraviolet 
spectrum which allows it to be distinguished from n 
1-,3-, or 7-substituted adenine (8,9). Similarly, by 
ultraviolet spcctroscopy a 1-suhstitutcd adenine 
may be distinguished from a 3-,7-, or %substituted 
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adeninc. However, a 3- and a 7-substituted adenine 
have similar ultraviolet spectra but may be dis- 
tiiiguisl?ed by their differences in pKa' values (9 j. 

A new alkylated adenine (XVIJ)  was prepared by 
allowing adenine to react with nt-nitrobcnzyl chloride 
in the absence of an acid acceptor. In a similar 
alkylation of adenine with benzyl bromide, it was 
found that 3-benzyladeninc was formed (10). A 
comparison of the ultraviolet spectra arid pKa' data 
o f  thcsc isomerically alkylatcd adenines with certain 
known co~npounds is given in Table I. From this 
table, it can be seen that V corrcsponds to the 9- 
substituted isomer, XIIT correspvnds to the 7- 
substituted isomer, and that XVJT corresponds to 
the 3-substituted isomer. These data constitute 
another exaniplc that the alkylation of 6-chloro- 
purine in t.ht presence oi an acid acceptor produces 
a mixture o f  the  9- and 7-substituted-ti-cliloropuriiies 
(2,5, 7). 

93 1 

TABLE I.-lJLTRAVIOLET AND pKa' nA'TA OF SOhtE 
SUBSTITUTED A4DENIiYES 

Compd. - --H +-- _. __ 0x1 -- 
(A?enine hmx c x A m x .  c x 

1-Methyl" 259 11.7 270 14 4 
Derivative) mp 10-a rnp 10-3 pKa' 

3-Methyl" 274 l T . O  273 E . 3  .5.3'~." 
3-( m-Xitrobenzyl) 

7-( m-Nitrobenzyl) 

R-Mcthyl" 260 14.3 260 14.7 
9-( m-Nitrohcnzyl ) 
(V) 261 23.3 262 23.0 

(XVII) 274 23 .0  272 19.6 5 . 7 ~  
7-Methyla 272 15.0 '70 10.5 3.61'." 

(XI\') 270 19.5 267 16.0 3.P 

Thcse data were taken ft-om Reference Y. ' I  Determined 
1)etermincd spectro- titrirnetrically in 507" DhIP in HIO. 

photometrically in 4% U M F  in H20. 

EXPERIMENTAL' 

9- and 7-(1m-Nitrobenzyl)-6-chloropurine (I11 and 
IV).-A niixture of 1.53 Gni. (9.95 mmoles) of I, 
1.80 GIII. (10.5 nimolcs) of 11, and 1.46 Gm. (10.5 
rrimolesj of anhydrous potassium carbonate in 20 
ml. of diiiietliylforniamide was stirred for 20 hr. a t  
room temperature. The reaction mixture was 
poured into 150 mi. of ice cold water, which caused 
the precipitation of a yellow solid. This material 
was collected by filtration. A chloroform solution of 
the crude material was chromatographed on a 
column of neutral alumina. (48.0 Gm). g-(nt-Nitro- 
bcnzyl)-6-chl.,~ropurinc (111) was eluted with chloro- 
form (180 inl.); yield, 1.97 Gin. (68.6%), m.p. 
135'. 'rhe 9-isomer was recrystallized from meth- 
anol and gave 1.36 Gni. (47.5%) of the pure mate- 
rial, m p .  141-142'. Amx, in mp ( e  X pI1 1, 
265 (1.66); pI1 7, 265 (1.73); pH 13, 265 (1.67). 
Y incm-'(K.Br): 1580and 1550(C=NandC=C); 
1520 anti 1340 (NO?). 

Anal.2---Cilcd. for ClsHaClN502: C,  49.74; 11, 
2.78; N ,  24.18. Found: C, 49.52; H,  2.81; A', 
24.34. 

7-(m - Nitrobenzyl) - 6 - chloropurine (IV).-This 
was eluted from the aluniina column with chloro- 
form containing 1% methanol (150 nil.). After re- 
riioval of the solvent in uaczio, 529 mg. of thc ';-substi- 
tuted product was obtained; yield, 18.4y0. The 311- 

alytical sample was obtained by two recrystallizations 
of the crude material frorri ethanol. I t  melt.ed at 191- 
192". Am:bx. iii nip ( e  X pH, 1,267 (1.53); pH 
7, 267(1.53); pH 13, 267 (1.53). vin cm.-'(KBr): 
l60Oand 1570 (shj (C=Narid C=C); 1330 and 1350 

And-Calcd .  for C1zH&INaOn: C, 49.74; H, 
2.78; I$, 24..18. Found: C, 49.42; H ,  2.88; N ,  
24.a ). 

9-(m-Nitrobenzyl)adenine (V).-~~A mixturc of 
1.00 (3.46 mrnoles) o l  111 and 50 nil. o f  20';5, metha- 

(NO*). 

~ -~ 
1 The infrared spectra were determined on a Pet-kin-Elmer 

model 137 spactr~)photometer; the ultraviolet spectra were 
determined on a Perkin-Elmer model 4000 A spectrophw 
tometer, the crizyme studies were done on a Gilford instru- 
ment, model 2000 speclrophotonietei-. The melting points. 
unless otherwise noted, were taken in open capillary tubes on 
a Mel-Temp .apparatus and arc corrected. All analytiral 
samples exhibited only one spot on thin-layer chrormatogi a- 
PhY. 

2 The analyses repot-ted in this paper were performed by 
Galbt-aith hlicroanalvlical Laboratories. Knoxville, Tenn. 

iiolic ammonia was heated in a steel bomb at  90" + 
2' for 20 hr. The white solid was collected by filtra- 
tion, washed with water, and dried. One recrystal- 
lization of the crude material from methyl cellosolve 
gave 716 mg. (76.57L) of the pure product (V), m.p. 
276-278" dec. A,,,. in nip ( E  X pH I ,  
261 (2.33); pH 7, 262 (2.30); pH 13, 262 (2.30). 
Y in crn.-' (KBr):  3320, 3150, arid 1660 (NH);  
1590 and 1.570 (C=N and C=C); 1530 and 1350 
(NO?). 

Anal.--Calcd. for C V ~ H L O N ~ ~ ? :  C, 53.33; H, 
3.73; N ,  31.10. F o ~ i ~ i d :  C, 53.13; H ,  3.83; N, 
30.94, 
9-(rn-Nitrobenzyl)-6-methylaminopurine (VI).- 

A solution of 145 mg. (0.50 mmole) of I11 in 5 mi. of 
ethanol and 8 ml. or aqueous methylamine (40c0) 
was heated in a steel bomb at 98" 3~ 3" for 23 hr. 
The yellow product which precipitated was collected 
by filtration and washed with water. Addition of 20 
ml. of water to the filtrate caused the precipitation 
of an additional amount of purine. Total yield, 101 
mg. (71.17i). Two recrystallizations of the crude 
product from I-propanol gave the analytical sample 
(\'I); yield, 75 mg. (53%), m.p. 210-212". X,,,. 
in mp ( C  X lo-.$): pH 1, 265 (2.68); pH 7, 268 
(2.55); pH 13, 268 (2.49). Y in C I I L . - ~  (KBr):  
3300 ( N H ) ;  1635 and 1570 (C=yN and C=C); 
1.520 and 1340 (NO?). 

Anal.-Calcd. for Cl3H~lK&%: C, 54.92; H, 
4.26; N, 29.57. Found: C, 55.03; H, 4.40; N ,  
29.73. 
9-(m-Nitrobenzyl)-6-dimethylarninopurine (VII). 

-A solutioii of 96 mg. (0.33 mmole) of 111 in 5 ml. 
of ethanol and 5 nil. of aqueous dimethylamine 
(25L;;j was heated in a steel bomb a t  96' i 1" for 16 
hr. The yclloiv solid which precipitated from the 
reaction mixture was collected by filtration and 
washcd with water. To the filtrate was added an 
additional 20 nil. of water which caused the precipi- 
tation of a second crop of product. 'I'otal yield, 86 
mg. (88%).  One recrystallization of the crude 
material from ethanol-water gave the pure product 
(VrI) ;  yield, 64 rng. (637;), m.p. 136-157". A,,,,,. 
in m p  ( E  X lo-'): pH 1 ,  209 (2.55); pH 7, 27.5 
(2.51); pH 13, 275 (2.47). Y in cm. (KBr):  
1590 and 1560 (sh) ( C = = N  and C-C); 1520 ant1 

A n d - C a l c d .  for C14HIIP\I~O~: C, 56.36; H ,  4.7:3; 
1340 ( NOy). 

N ,  28.18. F ' ~ 1 1 t l  : C, Sti.lO; I f ,  4.90; N, 28.01. 
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9-(m-Nitrobenzyl)-6-hydroxypurine (VIII).-A 
solution of I11 (873 nig.; 3.08 inmoles) in 90 ml. of 
1 N hydrochloric acid was refluxed for 1 hr. Evapo- 
ration of the volatile materials in vacuo and two re- 
crystallizatiolls of the crude matcrial from ethanol 
gave thepurc product (VIII); yield, 587 ing. (72.57,), 
m.p. 271-2715", Amna.i1i111p(~ X pH 1, 252 
(1.72); pH 7, 251 (1.85); pH 13, 257 (1.92). v in 
cm.-' (KBr): 3500 (OH); 2800-2300 (acidic 
hydrogen); 1690 (C=O); 1590 and 1550 (sh) 
(C=N and C=C); 1530 and 1340 (NO?). 

And-Calcd. for CIZHgN503: C, 53.13; H, 3.34; 
N,25.=. 
9-(m-Nitrobenzyl)-6-mercaptopurine (IX).-A 

mixture of 146 nig. (0.504 mmolc) of 111, 41 mg. 
(0.54 mmole) of thiourea in 3.0 I d .  of 1-propanol 
was refluxed for 0.75 hr. The product which prc- 
cipitated from the reaction mixture was collected by 
filtration and dried; yield, 140 mg. The analytical 
sample was obtained by dissolving the purine in 
aqucous sodium hydroxide and precipitating it by 
addition of 5y0 aqueous hydrochloric acid; yield, 
126 mg. (81.3%), m.p. 294-294.5' dec. A,,,. in 
mp ( E  X 0.1 N HC1/15% DMSO 325 (2.45); 
H?0/1570 DMSO 322 (2.20); 0.1 N NaOH/15% 
DMSO 314 (2.26). Y in cm.-' (KBr): 2800-2650 
(acidic hydrogen); 1590 and 1570 (sh) (C=N and 
C=C) : 1530 and 1340 ( iV0~) .  

And-Calcd. for C12H9N60aS: C, 50.18; H, 
3.16; N, 24.39. Found: C, 50.35; H, 3.30; N, 
24.32. 
9-(m-Aminobenzyl)adenine (X).-A solution of 

210 mg. (0.778 mmole) of V in 50 ml. of acetic acid 
containing 66 mg. of 576 palladium-on-charcwal 
catalyst was hydrogenated for 1.75 hr. under an 
initial pressure of 60 p s i .  The catalyst was re- 
moved by filtration and the filtrate was evaporated 
in vacuo. An ethatiolic solution of the residual solid 
was heated with decolorizing carbon, filtered, and 
allowed to crystallize. The product was collected by 
filtration and after drying gave 111 mg. (59.77,) of 
the desired product (X), m.p. 230-231'. A,,,. in 
mp (E X lop4): pH 1, 259 (1.53); pH 7, 262 (1.65); 
pH 13, 262 (1.66). Y in cm.-'(KBr): 3300, 3150, 
and 1660 (NH);  1600 and 1550 (sh) (C=N and 

And-Calcd. for ClnHlzK6: C, 59.99; H, 5.04; 
N,34.98. 
9-(m-Bromoacetamidobenzyl)adenine (=).-To 

a cold solution of 200 mg. (0.832 mmolc) of X in 5 
ml. of tetrahydrofuran and 0.8 ml. of 10% aqueous 
acetic acid was added a solution of 351 mg. (1.97 
mmoles) of bronioacetic anhydride in 2 nil. of trtra- 
hydrofuran. The solution was stirred for 1.5 hr. at 
0", then for 0.5 hr. at room temperature. Arter 
filtration, 15 ml. of chloroform was added to the 
filtrate to cause precipitation of the crude product 
which was collectcd by filtration; yield, 271 mg. 
(81.57,). Two precipitations from tetrahydro- 
furan-hexane gave 118 mg. (39.47,) of the analytical 
sample (XI), which did not melt below 400". 
Amax. in inp ( E  X 0.1 N HClIlOGJ, EtOH, 
257 (2.28); HzO/lU7o EtOH, 259 (2 .30 ) ;  0.1 ili 
iYaOH/lOyo EtOH, 259 (2.24). v in cm:.' (KBr): 
3310, 3160 (NH);  1700 (amidc I ) ;  1655 (KH) 
and 1530 (amide 11); 1590 and 1570 (C=N arid 

And-Calcd. for C14HlaBrNoO: C, 46.55; H ,  

Found: C,53.12; H ,  3.31; N,25.63. 

C=C). 

Found: C,59.73; H ,  4.83; N,34.76. 

c-C). 
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3.62; Br, 22.12; K, 23.26. Found: C, 46.57; 
H, 3.81: Br, 21.91; K, 23.52. 
9 - (m - Phenoxycarbonylaminobenzy1)adenine 

(XII).-To a solution of 95 mg. (0.40 mmole) of X 
and 50 mg. (0.50 mmole) of triethylnmine in 25 ml. 
of p-dioxane was added 62 mg. (0.40 mmole) of 
phenyl chloroformate. The mixture was stirred a t  
room temperature for 45 min., filtered, and the fil- 
trate evaporated in VUGUO at room temperature. 
One recrystallization of the crude material from 
methanol-water gave 60 mg. (42%) of pure material 
(XII), decomposition point about 310". A,,,. in 
mp ( E  X 0.1 N HCl/l07, EtOH, 239 (2.08); 
259 (1.58); H2O/lO7, EtOH, 240 (2.04); 259 
(1.58); 0.1 N 'NaOH/lO% EtOH 239 (2.54); 259 
(1.70). v in em.-' (KBr): 3310 and 3140 (KH);  
1700 (C=O and KH);  1530 (amide 11); 1610, 
1590, and 1570 (C=N and C-C); 1200 (C-0-C, 
ester). 

And-Calcd. for C1YH16N602: C, 63.32; H, 4.48; 
N,23.32. 
9-(m-Acetamidobenzyl)adenine (XIII).-To a 

cold solution of 150 mg. (0.652 mmole) of X in 5 nil. 
of tetrahydrofuran and 0.60 ml. of 10% aqueous 
acetic acid was addcd 154 mg. (1.51 mnioles) of 
acetic anhydride in 2 ml. of tetrahydrofuran over a 
period of 7 min. The solution was stirred a t  0" for 
2 hr., and the resulting precipitate was collected by 
filtration to give 108 mg. (58.6%) of product melting 
a t  234-238'. Recrystallization from ethanol-water 
gavc 77 mg. (42Yi) of the analytical sample (XIII) ,  
m.p. 237-239". Amax. in mp ( E  X lo-*): 0.1 N 
HC1/10% EtOH, 255 (1.84); HtO/lO% EtOH, 
254 (1.90); 0.1 N IYaOH/lOC/, EtOH, 254 (1.99). 
Y in cm.-' (KBr): 3340, 3180 (IYH); 1670 (amide 
I ) ;  1650 (sh) (NH) and 1540 (amide 11); 1600 and 
1570 (C=N and C=C). 

And-Calcd. for CIIH1.lN~O: C, 59.56; H, 5.00; 
N,29.77. 

7-(m-Nitrobenzyl)adenine (XIV) and 7-(m-Nitro- 
benzyl)-6-methoxypurine (XV).-A mixture of 0.29 
Gm. (1.0 mmolc) of IV and 21 i d .  of 20%> methanolic 
ammonia was heated in a steel bomb at 106' f 3" 
for 3 hr. The solution was filtered to give 36 mg. 
( 13Y0) of the 6-methoxypurine derivative (XV), m.p. 
19%193.5". One recrystallization from water gave 
23 mg. (8"r,) of the analytical matcrial, m.p. 195- 
196". A,,,. in IIIP ( E  X lop4): pH 1, 260 (1.66); 
pH 7, 261 (1.49); pH 13, 262 (1.45). Y in an- '  
(KBr): 1610 and 1550 (C=N and C=C); 1520 
and 1350 (NOz); 1250 and 1070 (=C-O-CH3). 

And-Calcd. for ClrHllN60a: C, 54.73; II, 
3.89; N, 24.55. Found: C ,  55.00; H, 4.03; N, 
24.75. 

Evaporation of the methanolic ammonia solution 
from which the 6-methoxypurinc was obtained, 
produced a yellow solid which was extracted with 
hot methanol3 (2 X 1 ml.). The residue (57 mg., 
21%) which did not dissolve melted a t  254-259'. 

One recrystallization from methanol gave 35 mg. 
(13yi) of the pure 7-(m-nitrobenzyl)adenine (XIV), 
m.p. 265-267' dec. Amax. in mp ( E  X 
pH 1, 270 (1.96); pH 7, 268 (1.67); pH 13, 267 
(1.66). Y in cm.-l (KBr): 3380, 3150, and 1660 

Found: C, 63.17; H, 4.74; A-, 23.51. 

Found: C, 59.67; H, 5.01; N,29.95. 

4 By thin-layer chromatography this extract was shown 
to  be a mixture of 7-(m-nitroben~yl)-6-methoxypurine aud 
7-(m-niLrobenzyl)adenine. Since the desired 6-aminopurine 
was prepared hy an alternate method, no attempts were made 
to further separate this mixture. 
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(NH) ;  1600 and I540 (C=N arid C=C); 1520 
and 1340 (NOs). 

Annl.---Calctl. for C,ZH~ONGO?: C, 53.33; H, 
3.73; N, 3.1.10. Found: C, 53.26; H, 3.90; N,  
30.90. 
7-(m-Nitrobenzyl)adenine (XIV).-A mixture of 

290 mg. (1.00 mmole) of I V  in about 20 nil. of liquid 
animoriia was heated in a steel bomb a t  65" =t 5" for 
19 hr. Aftcr rvaporation of the ammonia, the crude 
product was recrystallized from water; yield, 169 
mg. (62.60/,), m.p. 255-259' dec. An additional 
recrystallization from nietbanol gave 130 mg. 
(48.1%) of thc pure product (XIV), m.p. 264-265" 
dec. P in cm-l  (KBr): 3390, 3150, and 1660 
(KH);  1600 arid 1540 (C =N and C=C); 1520 and 

7-(m-Nitrobenzyl)-6-hydroxypurine (XVI).-A 
solution of 205 mg. (0.710 mmole) of 1V in 10 nil. ot 
88% aqueous formic acid was heated under reflux 
for 20 miti. T h e  yellow solution was evaporated in 
vacuo, and the rcsidue was recrystallized from water 
to yield 142 mg. (73.276) of the product, m.p. 254- 
256". An additional rccrystallization from water 
gave thc analytical sample, 110 mg. (56.7c/o), m.p. 
255-256". Am&,. i n  tnp ( c  X pH 1, 257 
(1.48); pH 7, 260 (1.62); pH 13, 265 (1.63). Y in 
cm.+ (KBr): 1690 (C=O); 1630 and 1580 (C=N 
arid C=C); 1630 and 1340 (NO?). 

Anal.---C;rlcd. for C12H2J~O3: C, 53.13; H, 3.34; 
N, 25.83. 
7-(rn-Nitrobenzyl)-6-hydroxypurine (XVI).-Dry 

hydrogen chloiride was passed into a solution of 3.2 
mg. (0.011 mmole) of XV in 1.5 ml. of methanol. 
The solution was evaporated in vacuo, and thc 
residue recrystallized from water to givc 2.6 mg. 
(727;) of the hydroxypuriiie (XVI), m.p. 255- 
255.5". Am,,x.: pH 1, 257; pH 7, 260; pH 13, 265. 
P in (KBr): 1690 (C=O); 1630 (sh) and 
1580 (C==N mid C=~-C); 1530 arid 1340 (NO*). 
This sample: was ideritical with a sample prepared 
by the previom procedure. 

3-(m-Nitrobenzyl)adenine Hydrochloride (XVII). 
--A mixture of 6.33 Gm. (37.0 rnmoles) of adenine 
dihydrate and 19.0 (111 mmoles) of I1 in 100 ml. of 
iV,N-dirnethglacetamide was heated a t  115" for 20 
iir. The solution was evaporated in iacm to a yel- 
low solid which was triturated with water and then 
with ethanol. The residue, 9.16 Gm. (80.5%), m.p. 
2ti4-26T0 dec., was recrystallized from water to givc 
6.79 Gm. (59.5%) of the analytical material, m.p. 
264-266' dec. A,,,. in mp ( 6  X 0.1 N 

(1.82); 0.1 N NdOH/4yo EtOH, 272 (1.96). P in 
cm.-' (KAr): 3090 (NH);  1670 (C:=KH+); 1610, 
1580, and 1520 (C=-C and C=N); 1.540 and 1350 

Anal.-Calcd. for C12HIlClN~02: C, 46.98; H ,  
3.62; C1, 11.5fj; N, 27.40. Found: C, 46.86; H,  
3.64; C1, 11.45; N ,  27.26. 

1340 (NOz). 

Found: C, 53.11; 11,335; N, 26.07. 

HC1/4% EtOH, 274 (2.30); Hz0/4% EtOH, 272 

(NO?). 
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then (c) 0.81 rnM solution of the alkylatirig agent in 
2-methoxyet hanol. 

The reaction mixture was incubated at 37" and 
at appropriate time intervals, a 3-nil. aliquot was 
removed and cooled hricfly in an icc bath. Then 
1 ml. of triethylaniine was added to ~ciierate the 
colored quinoid-like free base, and the absorbance 
was immediately determined a t  373 mp against a 
blank which had been treated in an identical manner 
arid contained all of the reagents except thc alkylat- 
ing agent. A comparison of the initial rates of 
reaction is given in Fig. 2. 

REAGENTS AND ASSAY PROCEDURE 

Adenosine and adenosine deamiiiase (type I j 
[rum calf intestinal tnucosa were purchascd from 
the Sigma Chemical Co. The assay procedure for 
the rcvcrsible inhibitors has been described by Kap- 
lan (14). The measurements of the rates of the 
enzymic reactions were performed at  25' in 0.05 dd 
phosphate buffer a t  pH 7.6. The stock solutions 
of the enzyme, substrate, and inhibitors were prc- 
pared in 0.05 Mphosphate buffer at pH 7.6. Those 
inhibitors which were oiily slightly soluble in phos- 
phate buffer were dissolved in phosphate buffer 
containing 10% dimethylsulfoxide. The addition 
of dimetliylsulfoxidc caused a slight decrease in the 
initial rate of the enzyme reaction. Consequently, 
in those experiments where it  was necessary to 
employ dimethylsulfoxidc to dissolve the inhibitor 
in phosphate buffer, the stock solutions of enzyme, 
substrate, and inhibitors werc all prepared in phos- 
phate buffer containing lOy0 dimethylsulfoxide. 
In this way, a coristaiit l0yo conccntratiori of 
dimcthylsulfoxide is maintained during the deter- 
mination of the velocities of the enzymic reactions. 
In ordcr to determine that the diIriethylsulfoxidc 
did not cause variation in the index of inhibition, 
the following experiment was performed. For an 
inhibitor which was readily solublc, the index of 
inhibition was determincd in one set of experiments 
where all reagents were dissolved in 0.05 M phos- 
phate buffer and in another set of experiments 
where the enzyme, substrate, and inhibitor were 
dissolved in 0.05 M phosphate buffer containing 
10yo dimethylsulfoxide. In this way, it was found 
that the iiidex of inhibition did not vary in the two 
different determinations. 

The method employed to study thc irreversible 
inactivation a t  37" of adenosine deamiriase has been 
described previously (2) and is i~ modification of a 
published procedure (15). 

CHEMICAL REACTIVITY OF THE 
ALKYLATING AGENTS 

Thesc cxperiinents were performed by a modifi- 
cation of a procedure described in the literature 
(11-13). Equal volumes (10 m1.j of the following 
prchcated (37") solutions were mixed: (a) 5% 
4-( pnitrobenzy1)pyridine in 2-methoxyethanol, ( b )  
0.05 ilf phthalate buffer (pH 4.2) in water, and 

RESULTS A N D  DISCUSSION 

The results of the enzymic evaluation of these 
compounds are given in Table 11. For those com- 
pounds which were substituted at  the 9-position 
of the purine nucleus by a m-nitrobenzyl group, 
i t  was found that the 6-amino atid 6-methylamino 
analogs ( V  and VI) were significantly inhibitory ; 
the 6-amino compound (V) being approximately 
three times more effectivc than the &methylamino 
derivative (YI). Those compounds which were 
substituted a t  thc 6-position of the purine nucleus 
by a chloro, dimethylamino, hydroxy, or mercapto 
group (111, V I I ,  VIII, or I>() whcn tested a t  0.12 
milf concentratioli werc either noninhibitory or a t  
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ADENOSIXE DEAMISASE 
TABLE II.-~NHIBITION INDEX O F  SOME 9-( m-SCBSTITUTED BENZYL)-~-SUBSTITIJTED PURINES WITH 

V NHz KO2 
VI NHMe NO* 

0.016 f 0.004c 0.30  f 0.03c 
0.063 f 0.001 0.96 f 0.02 

X NHz NH2 0 .20  f 0 . 0 2  3 . 0  f0.3 

XI1 NH2 NHCOOC6Hs 0 . 0 3 8 f 0 . 0 0 4  0.58 f 0.05 
XI11 NHz NHCOCH3 0.095 f 0 . 0 0 4  1 . 4  f O . l  

XVI I NHz H 0.10 f O . O 1  1 . 5  4 ~ 0 . 2 ~  

XI NHz XHCOCHaBr 0.0% f 0.003 0.85 f 0.05  3 . 6  =I= 0 . 9  

a None of these compounds served as substrates of adenosine deaminase. ‘ The concentration of adenosine in all experiments 
was 0.066 mM. In that case 
where a higher concentration is shown for 507, inhibition, the value was obtained by extrapolation of a plot of VO/  V vs. I 
where Va = initial velocity of the uninhibited reaction, V = initial velocity of the inhibited reaction at various inhibitor con: 
centrations, and I = the various concentrations of inhibitors. [I/S]o.a = the ratio of the mM concentration of the inhibitor 
for 50% inhibition to the mM concentration of the substrate. 

In no experiment of reversible inhibition did the concentration of inhibitor exceed 0.12 mM. 

Average deviation. Data taken from Reference 2. 

best, very weakly inhibitory relative to the corre- 
sponding adenine derivative (V). Thus, it would 
appear that the 6-amino group of V makes a con- 
tribution, either directly or indirectly through the 
purine nuclcus, to the binding of the inhibitor to 
adenosine deaininase. In addition, when the 7- 
substituted isomers (IV, XIV, XV, and XVI) were 
evaluated as inhibitors of adenosine deaminase a t  
0.12 m M  concentrations, they were essentially 
noninhibitory or a t  best, very weakly inhibitory 
relative to V. In the case of XIV, one could ration- 
alizc this result by assuming that the enzyme has 
little bulk tolerance for a group a t  the 7-position 
of the purine nucleus of an inhibitor or that an im- 
portant binding group at the 9-position of the inhibi- 
tor is absent. Similar results have been obtained 
earlier ( 7). 

With regard to the metu substituent on the 9- 
benzyl group of the 6-arninopurines, it was found 
that the reversible inhibitory power of the com- 
pounds decreases in the following order: -NOz 
(V)> -NHCOOCGH~(XII)> -NHCOCHzBr 

It was observed by the double reciprocal plot method 
(16) that XI is a competitive inhibitor of adenosine 
deaminase with a K; of 3.6 X M .  This order 
of decreasing inhibition is different from that ob- 
tained with the corresponding para derivatives (2  j. 
As one example, the [1/.S]n.6 for the nz-nitro deriva- 
tive ( V )  is 0.3, whereas the [I/.‘?],., of g-(p-iiitro- 
benzy1)adenine is 3.6 (2).  Thus, of the adcninr 
derivatives prepared in the meta series, the m- 
nitro derivative ( V j  is the most potent reversible 
inhibitor of adenosine deaminase whcrcas in the 
corresponding 9-( +-substituted benzyl)adenines, the 
p-nitro derivative is the weakest reversible inhibitor 
of the serics. The reasons for the differences in 

(XI)> -NHCOCHa(XIII)> H (XVII)> NHz(X). 

the order of reversible inhibition in the two series 
is not yet clcar. Further studies on this problem 
are planned and will be thc subject of a future 
paper. 

Finally, when the two potential irreversible inhibi- 
tors (XI and XII )  wcrc incubated with adenosine 
deaminase, it was found that the m-phcnoxycdr- 
bonylamirio derivative (XII) did not cause irrever- 
sible inactivation of the enzyme whereas the m- 
bromoacetamido derivative (XI)  irreversibly inhibi- 
ted the cnzyme but a t  a rate which was very low 
relative to 9-( p-bromoacetamidobenzy1)adenine. It 
was found, however, that both XI and S-(p-bromo- 
acetamidobenzy1)adenitie were capable of causing 
more than 90y0 irreversible inhibition of adenosine 
deamiiiase. The inactivation of the enzyme by 
these compounds was not reversed by dialysis. A 
comparison of the apparent first-order loss of enzyme 
activity caused by X I  and 9-(p-bromoacetamido- 
benzy1)adenine is givcn in Fig. 1. Because the 
reaction of XI with adenosine deaminase is slow, 
these cnzyme inactivation experiments have larger 
experimental errors than in the case of 9-( p-bromo- 
acetamidobenzy1)adenine. Since thc irreversible 
inhibitors have limited solubility in phosphate 
buffer, the reactions were performed in phosphate 
buffer containing 10% dimethylsulfoxide but even 
with the addition of dimethylsulfoxide, a concen- 
tration of 0.20 miVl was near the upper range of 
solubility of XI. However, an examination of Fig. 
1 revcals that XI irreversibly inhibited adenosine 
dearninase a t  concentrations of 0.10 and 0.20 miW 
a t  a much lower rate than did 9-(p-bromoacetatnido- 
benzy1)adenine at a concentration of 0.03 mM. 
This significant difference in the rate of irreversible 
inactivation of thc cnzyme is not caused by a lack 
of chemical reactivity of the mela isomer since the 



V d .  55, *Vo. $1, September 1966 935 

TIME lmlnl 

Fig. 1 .-Irreversible inactivation of adcnosinc 
dwminase. Key: @, enzytne control; 0, iodo- 
acetamidc (1.0 mM); +, 9-nz-bromoacetamido- 
bcnzyladenine (0.10 mM);  A, 9-m-bromoacet- 
arriidobenzyladenine (0.20 mM); 0, 9-p-bromo- 
acetamidobtnz.yladenine (0.030 mM). 

TIMEimml 

Fig. 2 ---Comparative chemical reactivities of 
some alkylating agents with 4-(p-nitrubexizyl)- 
pyridine a t  pl l  4 2 Key: 0, iodoacetamide (0 27 
mM); 9-(p-bromoacetainidobenzyl)adenine 
10.27 m M ) ;  A, 9-(rn-bromoacetaniidobenzyl)- 
adenine (0.27 mM). 

meta isomer (XI) is actually more reactive than the 
para isomer when 4-(p-nitrobcnzyl)pyridine (11-13) 
was used as thc nucleophilic reagent (Fig. 2). In 
atlditioti, the differences in the rates of irreversible 
inactivation ol adenosine deaminasc by XI and 9- 
(p-brornoncrtainidobcnzyl)adenine cannot bc ex- 
plained by the suggestion that XI is rapidly des- 
troyed by the phosphatc buffer solution. This sug- 
gcstion was excluded when it was found that less 
than 107:, of the alkylating ability of XI is lost 
duriug a 4-hr. incubation of XI with phosphate 
buffer contaiiiling 107,; dimethylsulfoxide at 37". 
Because iodoacetamide does not significantly irrever- 
sibly inhibit adenosine deaminase even at concen- 
tration of 1.6 mM, the authors believe that the 
irreversible inactivation which is caused by XI 
occurs mainly through a reversible E . . . I complex 
and riot sigiiificantly by a raticlotn binmokcu~ar 
proccss. In  addition, XI11 did not cause an 
irreversible itiactivation of the enzyme. Thus, 
the irreversible inactivation of the enzyme hy XI 
appears to be specifically related to its alkylatiiig 
ability through an E . . , I complex. 

When a comparison of the irreversible inactiva- 

t h i  of tlil. mzymr is rriadc 011 the bask of tlir 
amouiit o f  tlic enzyme in the rcvcrsible E . . . I 
complex, it is found that 9-(p-bromoacetarnido- 
benzy1)aderke is still much more reactive than the 
corresponding meta derivative (XI). Baker (17) 
has derived Eq. 1 for the calculation of the fraction 
of the total cnzyme that is in the E . . . I cumplex. 

I n  the case whcrc a 0.10 mM solution of XI is 
incubated with the enzyme, the amount of the total 
enzyme (E,) in the reversible E . . . I complex is 
0.73 El, and the half-life of the inactivation is 
> 600 min. When a 0.030 mM solution of 9-(p- 
bromoacetarnidobenzy1)adenine is employed under 
identical conditions with identical total eiizytne 
concentration, the amount of the total enzyme in 
the reversible E . . , I complcx is 0.70 El,  and the 
half-life for the inactivation is 94 min. Thus, even 
when the concentration of thc rcvcrsible E . . . I 
complex for the two inhibitors is nearly equal, the 
rate of inactivation by the meta dcrivative is much 
lower than that of thc para isomer. The authors 
belicvc that these results offer evidence that in the 
initial reversible E . . . I complex between X I  and 
adenosine deaminase, the alkylating agent of XI is 
not positioned as close to a nucleophilic group on 
the enzyme as occurs when g-(p-bromoacetdmido- 
benzy1)adenine is employed ; consequently, the 
rate of alkyldtion by XI in the E . . . I complex is 
lnwcr. However, it is possible that when the 
alkylating group is in thc mela position of 9-benzyl- 
adenine as in XI, it is alkylating a different amino 
acid of the enzyme than when the alkylating group 
is in the paru position of 9-benzyladenine. Further 
studies are necessary to differentiate these two 
suggestions. 
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Analysis of Selected Pharmaceuticals by 
Quantitative Thin-Layer Chromatography 

By J. C .  MORRISON* and J. M. ORR 

Thin-layer chromatography was employed to separate the components of 14 selected 
commercial pharmaceutical mixtures in tablet and capsule form. The components 
included the amphetamines, certain barbiturates, and several related compounds. 
A recording photoelectric densitometer with an electronic integrator was utilized to 
scan and estimate quantitatively the various constituents which were rendered visible 
by specific reagents. Silica Gel G was the adsorbent used and a dioxane-benzene25 
per cent ammonia mixture (40:40:10 v/v) was found to be a suitable developing 
solvent for separating the mixtures examined. Most of the drugs studied could be 
estimated with an experimental error of approximately 5 per cent when applied in 

concentrations of 2 5 to 100 mcg. 

ULTICOMPONENT tablets and capsules pro- M vide two of the most convenient forms for 
the oral administration of drugs since they are 
easily mass produced and provide a compact 
accurate dose in a convenient form. For this 
reason they constitute the method of administra- 
tion for over 75% of all drugs prescribed. 

The widespread use of these dosage forms has 
given rise to problems in pharmaceutical analysis. 
In many cases the concentration of an incorpo- 
rated drug is cxtremcly small-a milligram or less 
-and rapid tcchniques of semimicro analysis 
must be devised for its assay. As the formulation 
of the preparation becomes more complex the 
greater are the assay problems introduced since 
the components must be separated and estimated 
individually. For the purpose of quality control, 
three or more components may have to be iso- 
lated and assayed in the product. 

Since its introduction by Stahl in 1956 (1) 
the tcchnique of thin-layer chromatography 
has been used extensively in many fields. In 
the past 3 years, however, it  has been applied 
increasingly to pharmaceutical analysis because 
of its rapidity and thc high degree of resolution 
achieved. Under spccified conditions the tech- 
nique lends itselF to quantitative interpretation 
and can be used for analytical control and toxi- 
cological investigations. Direct elution tech- 
niques from the adsorbent may be used provided 
no extracted contaminants interfere with the 
assay, although colorimetric reagents can be 
employed to ensure that only specific chemicals 
are estimated (2). Since there is a correlation 
between the amount of drug applied to a plate 
and the area of the developed spot, drugs have 
been estimated by careful measurement of spot 
area (3). By this method Morrison and Chatten 
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estimated antihistamines in drug mixtures and 
measured the spot areas involved manually (4). 

The present work was undertaken to develop 
the technique of densitometric measurement, a 
method in which spot area is calculated electron- 
ically. This method of area measurement is 
simple to operate and compares favorably with 
gravimetric or spectrophotornetric techniques. 
Furthermore, in using a photodectric device, the 
process of measurement is rapid and convenient. 
Such an instrument allows analytical procedures 
to become automated when their reliability 
has been established and these procedures can 
then be carried out by semiskilled operators. 
By employing specific reagents to render the 
drug or drugs visible on the chromatoplate, the 
technique nullifies the effect of any impurities 
present in the adsorbent and ensures that only 
the drug is estimated. The need for elution or 
extraction of the drug is thus eliminated (5-7). 

The authors report the application of such a 
technique to pharmaceutical preparations avail- 
able in Canada and suggest possible sources of 
error in the method. 

EXPERIMENTAL 

Materials and Apparatus.-Glass plates (200 X 
200 mm.) in glass developing tanks !ined with solvent 
saturated filter paper. 

Preparation of the Plates.-The plates were 
coated with a layer of adsorbent 250 mp thick ac- 
cording to  the method of Stahl (1 ). The slurry was 
prepared by mixing 30 Gm. of Silica Gel G with 60 
ml. of 25% 1,2-dimethoxyethane in distilled water. 
This resulted in a smooth even film of adsorbent 
which was not liable to flake or crack. 

Chemicals.-All chemicals and reagents used were 
analytical reagent grade. The chemical purity of the 
standards was checked by observing their melting 
points and comparing them with the literature. As 
further proof of purity, each standard produccd only 
one spot on chromatographic examination. The 
drugs used in this investigation were acetylsalicylic 
acid, salicylic acid, phenacetin, amphetamine sulfate, 
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TABLE I -SPRAY REAGENTS USED FOR DRUG DETECTION 
_. ~~ 

~~~~ ~~ ~ 

Spray Reagent 
SO"/;, aqueous sulfuric 

Furfural spray 
Mcrcury-dithizone 

acid 

Sodium molybdate 
Ferric chloride 

Ilragmdorff's reagent 
(modified) 

Bratton-Mar:;hall 
reagetit 

Constituents 

20% furfural in o-phosphoric acid 
( a )  Suspcnd 5 Gm. mercuric oxide in 100 ml. of 

water and add 20 ml. of conc. HzSOI. Cool 
and dilute to 250 ml. with water. ( b )  10% 
diphenylthiocarbazone in chloroform. Spra.y 
with ( a )  arid then ( b ) .  

O.lyo sodium molybdate in conc. sulfuric acid. 
( a )  1056 aqueous ferric chloridc, 2 parts. ( b )  

577" aqueous potassium ferricyanide, 1 part. 
( c )  Distilled water, 8 parts. Mix and spray 
immediatcly. 

Bismuth subnitrate, 3.4 Gm. Glacial acetic 
acid, 20.0 ml. Potassium iodide, 10.0 Gm. 
Distilled water, 60.0 ml. Dilute 1 nil. of 
above with 3 ml. of glacial acetic acid and 6 
ml. of distilled water. 

( a )  1 N hydrochloric acid. ( b )  5y0 sodium ni- 
trite. (c )  0.1% solution of N-(l-naphthyl) 
ethylene diamine dihydrochloride. Spray 
with ( a )  and ( b ) .  Heat and spray with (c). 

Color, 
Color, Spot Background 

Black-brown White 

Blue-black White 
Reddish-brown Gray 

Brown White 
Bluc-mauvc Pale green 

Orange-red Gray 

Red-purple Gray 

400 

300 
- 
e 

c 
O 200 B 

100 

5 10 15 20 25 

AMOUNT APPLIED (MICROGRAMS) 

Fig. 1.-Relationship betwecn spot area and spot weight for aniphetaniine sulfate. 

methamphetamine hydrochloride, theophylline, car- 
feinc, ephedrine, phenobarbital, amobarbital, buta- 
barbital. pentobarbital, carbromal, meprobamate, Table I. 
and prochlorgerazine maleate. 

used in all cases was diosane-henzene-Z5~~ a n -  
monia (40 : 50: 10 v/v). 

Spray Reagents.-The compositions of the seve!l 
spray reagents used i r r  this investigation are listed iri 

Application of Drugs and Development of Chro- 
Developing; Solvent.-The developing solvcnt matogram.--The samples far aiialysis were applied 

in cthanolic solution approsimately 1 in. lrom the 
edge of the pl:rte, Sclf-filling Intnhdrt pipcts cali- 
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Fig. 2.-Relationship between spot area and spot weight for phenobarbital. 

brated to deliver accurately known volumes were 
used for application, and the spot area was 6-8 xnni. 
in diamctcr. The plates were developcd through a 
distance of 15 cm., dried at room temperature for 15 
min., oven dried for 20 min. a t  110", and sprayed 
with the appropriate reagent. Reference stand- 
ards for each drug mixture wcrc applied on the same 
plate and in concentrations commensurate with the 
drugs in the sample. 

Measurement of Spot Area.--A photovolt dcnsi- 
curd (model 548) was used to obtain quantitativc 
results from the developed chromatograms which 
were positioned directly under the scanning head a t  
a height of approximately 6 nun. The response COII- 
trol selected for the instrument varicd with the 
chemical reagent used to rcndcr the drugs visible. 
The resulting graph plotted by the instrument was 
rendered quantitative by the derisicord electronic 
intrgrator which calculated the area. under the curve. 
Results were calculatcd with reference to  the ap- 
propriate standard. 

Preparation of Standard Curves.-To establish 
the relationship bctmccn spot area arid concentra- 
tion, arnphctamine, phenobarbital, and acrtylsali- 
cylic acid were spotted in various conccntrations in 
their respective detectable ranges. Following de- 
velopment, the chromatograms were scanned and 
the integrated areas found for each concentration. 

Assay of Simulated Drug Mixtures.. -'To check 
the reliability of the method ethanolic solutions of 
several drugs in concentrations approximating those 
of various commercial preparations were spottcd on 
plates and developed. Thc chrotnatogra~ns were 
thcn scanned with the derisitometer and compared 
with relative standards. 

Assay of Commercial Preparations.--Each of tlic 
preparations was treated individually due to dif- 
ferences in the concentrations of the constitucnts. 
The amount of drug applied to thc chromatograrri 
varied from one product to another, but this was 
ncccssary to ensure that the spot would contain thc 
minimum assayable quantity of the drug. Tlic 
general procedure for tablets consisted in crushing 
several weighcd tablets in a mortar and dissolving a 
weighed portion in approximately 15 ml. of ethanol. 
After shaking for 20 min., the solution was filtered, 
rinsed with two portions of ethanol, and made up 
to  volume. Assay limits were established by run- 
ning a series of chromatograms containing several 
concentrations of the drugs. The appropriate 
standards were applied to the plate to  ensure a total 
of 10 assays for each constituent. Standards arid 
samples were spotted altcrnately on the plate to 
facilitate assay and nullify any variation in the 
silica gel layer. After development, the plates 
were sprayed with the appropriate reagent to  de- 
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Fig. 3.-Relationship bctwccn spot area and spot weight for acetylsalicylic acid. 

TABLE II.--DA,m SHOWING CORRELATION BETWEEN vclop visible spots. R,  values were recorded 
arid the chrornatograms scanned by the densitom- 
eter. 

SPOT WEIGHT AND SPOT AREA 

Amt. Applied, Area, 
lhug mcg. Sq. mm. 

RESULTS 
htiiplietatiiine sulfate 5 60 

10 168 
15 
20 
25 
40 
60 
80 

100 
120 

100 
150 
200 
250 

hrt.tylsalicylic acid 50 

204 
276 Relationship Between Spot Area and Concentra- 
348 tion.-By preparing a series of known standards i t  
372 was possible to dcmonstratc a linear relationship 
540 between spot aiea and spot content and to reproduce 
660 this correlation within certain parameters (Figs. 
804 1-3). This relationship was established for amphet- 
936 amine sulfate in concentration ranges between 5 and 
640 25 mcg. and for phenobarbital and acctylsalicylic 
360 acid in concentrations between 40 and 120 mcg. and 

between .iO and 250 mrg , respectively. The slight 528 
64x variation in the slopes of the lines can be attributed 780 

to  several factors such as the intensity of stray light 

TABLE III.-@JANTITATIVE KESULTS FOR SIMULAI’ED 1)RUC: MIxruHss 
~ 

-4mt./Tablel, Mean 70 R, nt t1g mcy. Recovery Value Spray Reayetit 
~~ ~ 

Simulated preparation 6 
d-Amphetxmine sulfate 12 .0  96.4 f 2.3 0.44 507$ sulfuric acid 
Phenobarbital 48.0 97.0 f 2.4 0.62 

Simulated preparation 1 
d-Amphetamine sulfatc 5 . 0  99.7 f 3 . 7  0.21 50y’ sulfuric acid 
Meprobamate 400.0 98.3 =t 2.0 0.51 Furfural 

Amobarbital 32.0 95.4 f 1 . 3  0.79 Mercury-dithizone 
Phenacetiti 160.0 98.7 f 3.6 0.48 Ferric chloride 

Simulated preparation 12 
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TABLE IV-QUANTITATIVE KESULTS FOR COMMERCIAL FHARMACEUTICALS 

Prepn. 
1 (tablets) 

&Amphetamine sulfate 
M eprohamate 

&Amphetamine sulfate 
Prochlorperazine maleate 

d-Amphetamine sulfate 
Amobarhital 

d- Amphetamine sulfale 
Sodium butdbarbital 

d-Amphetamine sulfate 
Amoharhital 

d- Amphetamine phosphate 
Pent n harhit al 

Methamphetamine hydrochloride 
Phenobarbital 

d-Amphetamine sulfate 
Phenobarbital 

Carhromal 
Pentoharhital 

Acetylsalicylic acid 
Phenacetin 
dl-Amphetamine 

Phenobarbital 
Ephedrine hydrochloride 
Theophylline 

Amohai-bital 
d-Amphetamine sulfate 
Acetylsalicylic acid 
Phenacetin 

Acetylsalicylic acid 
Phenacetin 
Caffeine citrate 
Meprobamate 

Sulfamethazine 
Sulfadiazine 
Sulfamerazine 

2 (tablets) 

3 (tahlets) 

4 (tablets) 

5 (tablets) 

6 (tablets) 

7 (tahlets) 

8 (tablets) 

9 (capsules) 

I0 (tablets) 

11 (tablets) 

12 (tahlets) 

13 (tablets) 

Triple-sulfas (tablets) 

Labeled 
Strenzth/ Mean % 

Recovery Tab'iet 

5 . 0  
400 o 

5 . 0  
2.5 

5 .  0 
32.0 

5.0 
32 .0  

15.0 
100.0 

$5. 0 
32.0 

15.0 
64.8 

12 .0  
48.0 

250.0 
ino.  n 

160.0 
160.0 

2.5 

2s. 0 
48 .0  

180. 0 

32. 0 
5 . 0  

160.0 
160.0 

200.0 
150.0 
30.0 

200.0 

167.0 
167.0 
167.0 

99.4 f 3 . 4  
98 .0  f 3.3 

94 .5  rt 2.7 
92.6 i 3.5  

94.6 i 4 . 8  
93.7 i 2.6  

Y7.1 i 5 . 2  
Y4.1 ;t 1 . 7  

95.8 i 5 . 6  
95.9 i 2.2  

96.3 i 3.9 
94.2 i 2.6  

94.0 =t 2.9 
95.2 i 5 . 0  

97.Y i 4.9 
96.2 i 3.9 

96.4 f 4.3 
95.6 ;t 3.4  

98.9 + 5 . 8  
98.5 + 6.5 
9Y.4 i 3 . 8  

97.3 f 2.7 
91.8 f 3.3 
30 recovery 

99.1 =I= 3.5 
100.6 i 2 . 9  
96.5 i 3 . 3  
96.4 i 3.7 

93 .8  i 3 . 0  
93.8 f 3.4 
96.6 rt 2.5 
96.9 + 3.5  

96.6 i 4.Y 
94.5 i- 2.7  
96.3 i 3.8  

on the photocell, the detection spray used, and varia- 
tions in layer thickness (8). The results arc shown 
in Table 11. 

Results for Simulated Drug Mixtures and Com- 
mercial Preparations.-The percentage recoveries 
obtained from the drug mixtures simulating existing 
commercial preparations arc shown in Table 111, 
and the recoveries from the commercial preparatioiis 
are shown in Table IV which includes the labeled 
strength of each preparation and the mean recovery 
From 10 assays on each preparation. The R, valurs 
and the minimum and maximum assayable quan- 
tities are included for each preparation together 
with the staining reagent used to render the drugs 
visible. 

Min. 
Detect- 

able 
Quantity 

mcg. 

10 
80 

5 
5 

5 
40 

5 
40 

5 
40 

5 
40 

5 
40 

5 
40 

85 
40 

50 
50 
10 

40 
10  
... 

40 
5 

50 
50 

SO 
50 
10 
80 

0 . 2  
0.2 
0.2 

Min. Max. 
Assayable Assayable 

mcg. mcg. Reagent Value 
Quantity, Quantity, Spray R f  

10 
80 

10 
10 

10 
50 

10 
50 

10 
50 

10 
50 

10 
50 

10 
50 

100 
50 

50 
50 
10 

50 
10 
... 

50 
10 
80 
80 

80 
80 
30 
80 

0.5 
0 .5  
0.5 

20 
1600 

200 
150 

200 
300 

200 
BOO 

zoo 
300 

200 
300 

200 
350 

200 
350 

300 
300 

3 50 
350 
3 5o 

300 
200 
... 

300 
300 
400 
400 

300 
300 
300 

1600 

50% sulfuric acid 0.22 
Furfural n. 49 

50% sulfuric acid 0.21  
0.38 

507, stilftiric acid 0. 29 
Mercury-dithizone 0.85 

Sodium molybdate 0.27 
Mercury-dithizone 0. -55 

Sodium molybdate 0.31  
0.86 

50% sulfuric acid 0.44 
Sodium molyhdatc 0.73 

50% sulfuric acid 0.20 
0 .85  

50% sulfuric acid 0.46 
0.60 

0.73 Furfural 
Sodium molybdate 0.59 

Ferric chloride 0.00 
Ferric chloride 0.37 
50Y0 sulfuric acid 0. 18 

50% sulfuric acid 0.40 
Dragendorff's 0.18 

... 0.00 

Mercury-dithizone 0.72 
507, sulfuric acid 0. 23 
Ferric chloride 0.00 
Ferric chloride 0.51  

Dragendorffs 0.00 
Ferric chloride 0.63 
Ferric chloride 0.53 
Fnrfural 0.45 

2.5 BrattowMarshall 0.75 
2 5 reagent 0 63 
2.5 0 71 

~ 

From the results obtained in this studv it is SUP- 

DISCUSSION 
" 

gested that the technique of densitometric measure- 
ment is sufficiently accurate for routine pharmaceu- 
tical analysis and can be applied to  pharmaceutical 
dosage forms. The average error involved was 
found to  be about 57,, a figure which is similar to 
that reported in related fields (9-11). 

Several experimental factors were found to be 
critical in obtaining consistent and accurate results. 
Since the area of the spot can increase during de- 
velopment from 25 to  1009;, the size of the initial 
spot application should be as small and as uniform 
as possible. An applied spot of 6-8 mm. was found 
to he satisfactory. Spots which are not uniformly 
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applied may occupy different areas, and this dif- 
ference with its consequent error will be registered 
by the photocell. Similarly, variations in the layer 
thickness of the silica gel can cause alteratioiis in the 
light reflcctcd by the background, and this error 
can be recorded by the deiisitometer since it is de- 
signed to  produce results which are based on the dif- 
ference in photoelectric intensity between the visible 
spot and the background of the plate. For this 
reason it is essential to use spray reagents which 
produce stains specific for individual drugs and which 
do not color lhe background to any appreciable ex- 
tent, otherwise the contrast between spot and back- 
ground will be diminished. If a satisfactory spray 
reagent cannot be developed, it is doubtful whether 
the method could be used for quantitative work, 

In using thin-layer densitometry it was essential 
that the drugs being assayed separated sharply 
and distiuctly as any degree of spot overlap renders 
area measurement techniques liable to error. To 
some extent it was found possible to  counteract 
the eflects of overlap by spraying the plate with a 
stain which rcndered only a particular drug visible 
for purposes (of assay. Alternatively, two or more 
plates could lnc used, one of which was treated to  
allow estimation of one fraction of the drug mix- 
ture while the other plate was developed to  estimate 
any additional compotients. 

The minimum quantity of a drug necessary for 
detection on :a thin-layer plate appeared to depend 
on the specificity of the spray reagent used to  pro- 
duce the necessary color, and it was observed that 
these c1ieinic:tl stains varied in their relative sensi- 
tivities of detection. For example, with the excep- 
tion of phenobarbital, the barbiturates did not ap- 
pear distinctly after charring with sulfuric acid, 
but when a 2yc mercuric sulfate spray was uscd 
followed by 0.1 % sodium molybdate in concentrated 
sulfuric acid both amobarbital aud butabarbital 
appeared as distinct brown spots on a gray back- 
ground and could be assayed satisfactorily. Con- 
sequently, the minimum assayable quantity for 
thcsc drugs using the acid-molybdate spray was 
30 mcg. as opposed to  50 mcg. with the sulfuric acid 
spray. Thus, it was found necessary to vary thc 
amount of solution applied to a plate in such a way 
that the amount of drug being estimated contained 
the minimurrL detectable quantity. For example, 
in preparation 1 the tablets have a ratio of amphet- 
amine to meprobamate of 1-80 and the amounts of 
solution applied to the plate in the assay of this 
preparation tnust be varied t.0 allnw the accurate 
estimation of each drug. 

Due to  the very low solubility of prochlorperaziuc 
maleate in the extracting solvents the agitation 
time during its extraction was increased from 30 to  
60 min. to  ensure its complete removal from the 
tablet. Solubility was also a factor in the assay of 
preparation 1'2 when it was found that the theo- 
phylline in the tablets has such a low solubility and 
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was so slowly soluble that quantitative estimation 
by this method proved unreliable. 

Triple-sulfa tablets TJ.S.P. were included in this 
study to demonstrate the application of the dcnsito- 
metric technique to systems where distinct stains 
exist or can easily be found. Using the niethod 
reported by Wehrli (12) for the qualitative separation 
of these sulfonamides, it was found that quantita- 
tive evaluation of the tablets could be readily car- 
ried out by this method. 

I t  is suggested that if a sensitive spray reagent 
exists and the correct experimental conditions are 
observed regarding the parameters of the assay, the 
densitometric method could be applied in various 
fields of pharmaceutical analysis to yield quantita- 
tive results. 

SUMMARY 

A thin-layer chromatographic technique using 
Silica Gel G as the adsorbent has been devised for 
the separation and analysis of 14 selected pharmaceu- 
ticals which included amphetamines, barbiturates, 
and related compounds. It was demonstrated that 
a linear relationship exists between spot area and 
spot content. Quantitative evaluation was 
achieved without elution from the adsorbent by using 
a photoelectric densitometer coupled to an electronic 
integrator which computed the spot areas. The 
experimental error was found to be approximately 
5Yu. The technique gave quantitative results when 
the drugs were applied to the plates within certain 
concentrations. These concentrations varied with 
individual drugs but were in the range of 25 to  100 
mcg. generally. Dioxane-benzene-25Yo ammonia 
(40:50: 10 v/v) was found satisfactory for resolving 
the selected pharmaceuticals into their respective 
components. Results wcrc obtained morc rapidly 
and with greater convenience than by planimetry 
or visual area measurement. Several expcrimcntal 
factors which influence quantitative recovery arc 
disrussed. The techniquc could be applied routinely 
in microanalysis and has specific application to 
pharmaceuticals. 
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Characterization of Epoxides of cis- and trans-4- 
(p-Chloropheny1)-5-cyanocyclohexene from NMR 

Spectra of Derivatives 

By DAVID B. ROLL* and ALAIN C. HUITRIC 

The epoxidation of cis-4-(p-chlorophenyl)-5-cyanocyclohexene with m-chloroper- 
benzoic acid in diethyl ether yielded trans-4- @-chlorophenyl)-trans-S-cyano-1,2- 
epoxycyclohexane as the only product. Epoxidation of trans-4- (p-chIorophenyl)-5- 
cyanocyclohexene with m-chloroperbenzoic acid yielded cis-4- (P-chloropheny1)-trans- 
5-cyano-1,~-epoxycyclohexane and trans-4- (P-chlorophenyl)-cis-~-cyano-1,2-epoxy- 
cyclohexane in ratio of about 7 to 3, respectively, when carried out in ether but in 
ratio of about 1 to 1 in 1,2-dichloroethane. The epoxides were characterized from 
the NMR spectra of the derived diols, mono-, and diacetates by taking advantage of 
the difference between the spatial 1,3-diaxial deshielding effects of hydroxyl and ace- 

toxy groups. 

N THE course of the synthesis of certain agents I of possible medicinal interest i t  was necessary 
to characterize the epoxidation products of cis- 
and Irans-4-(p-chlorophenyl)-5-cyanocyclohex- 
ene, compounds I and 11, respectively. Com- 
pounds I and I1 were prepared by the Diels- 
Alder condensation of butadiene with cis- and 
tuans-p-chIoro-/3-cyanostyrene (I), respectively. 
Tipoxidation of I with m-chloroperhenzoic acid 
in diethyl ether yielded a single product, while 
epoxidation of I1 yielded two products in ratio 
of about 7 to  3 when carried out  in ether but  in 
ratio of 1 to  1 when carried out in 1,2-dichloro- 
ethane. The  epoxidation of I was not carried 
out in 1,2-dichlorocthane. Analysis was done 
by  gas chromatography. These epoxides have 
been characterized from the nuclear magnetic 
resonance spectra of some of their derivatives 
by taking advantage of the long-range I ,3-diaxial 
deshielding effects of the hydroxyl and acetoxy 
functional groups. 

c 
N 

A 
I1 I 

CONFIGURATIONAL ASSIGNMENT OF 
EPOXIDE DERIVED PROM I 

Assignmcnt of configuration of the siiigle epoxide 
ohtained from I was not. possible from its NMR spec- 
trum. The epoxide was eharacterizcd as thc isomer 
with the epoxy group trans to thc cyano group, coni- 
pound I\', from the NMR spectra of the diol (V), 
the monoacetate (VI), and the diacetatc (1111) 
derivcd from it. It is interesting to note that of the 
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two possible epoxides only I\' was obtained in de- 
tectable quantity. From consideration of steric 
factors i t  is not surprising that the rate of formation 
of IV should be faster than that of the isomer with 
the epoxy group cis to the cyatio group. 

c 
N 

IV ' I' 
H OR 

5 

CN OR' 

V ,  R = R ' = H  

VII, R = R ' = A c  
VI, R=H,R'-Ac 

'I'hc relevant portioiis of the spectra of 17, V I ,  and 
VII, measured in pyridine. are given in Fig. 1, A, R ,  
aud C, respectively. Analysis of the spectra shows 
that in pyridine all three derivatives exist pre- 
dominantly in the chair conformation with the 
aromatic ring in equatorial orientation. 

Spectrum A indicates the equatorial orientation 
for H-1, H-2, and H-5, and the axial orientation for 
H-4. The equatorial orientation is establishcd for 
H-l a t  T 5.65 and H-2 a t  5.46 from their narrow 
signals, half-height width of G to 7 C.P.S. The axial 
orientation is established for H-4 from the sextet a t  
T 6.23. The sextet indicates a coupling constant of 
about 13 C.P.S. between H-4 and axial H-3 with 
additional minor coupling of about 3.5  C.P.S. with 
equatorial H-3 and 11-5. The signal of H-5 at T 
6.73 is partially overlapped with the signal of axial 
H-3, but the approximate width of the signal indi- 
cates that H-5 has the equatorial orientation. The 
signal centcrcd a t  T 7.05, which appears as a main 
triplet with separation of 13 c.P.s., plus additional 
minor splitting, is attributed to axial H-3. The 
main splitting of about 13 C.P.S. results from gemitial 
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Fig. l.-NMR spectra 
of trans-2-hydroxy-cis-4- 
(p-chlorophenyl )-cis- 5-cy- 
anocyclohexanol (A), the 
corresponding 1-acetate 
(B), and the corresponding 
1.2-diacetate (C) at 60 mc. 
in pyridine a t  37”; chem- 
ical shifts in T units; TMS 
internal reference. 

coupling with equatorial H-3 and vicinal coupling 
with axial H-4. The minor splitting results from 
coupling with equatorial H-2. The downfield shift 
(if axial H-3 results from long-range desliielding by 
the axial hydroxyl and cyano groups on C-1 and C-5, 
respectively. Differentiation of the signals of H-1 
and H-2 was clone by spin-spin decoupling. Irradia- 
tion at T 5.46 caused the sextet of axial H-3 at T 7.05 
to collapse into a sharp triplet with separations of 13 
c.P.s., whilc irradiation a t  5.65 caused no change in 
this signal. 

The given {chair conformation is cstablishcd as thc 
predominant structure of VI from spectrum B in a 
similar way. The narrow signals of half-height 
width of about 7 C.P.S. for H-1 a t  7 4.79 and H-2 a t  7 

5.60 indicate the equatorial orientation of these two 
protons. The axial orientation is established for 
H-4 from its sextet a t  T 6.27 with apparent coupling 
(if  13 c.p.s. with axial H-3 and about 3.5 C.P.S. with 
equatorial H-3 and H-5. The half-height width of 
about 8 C.P.S. for the signal of H-5 a t  T 6.72 indicates 
the equatoriarl oricntation of H-5. 

In a similar way the narrow signals of half-hcight 
width of about 6 to 7 C.P.S. for H-1 and H-2 at  T 4.68 
and 4.90, and H-5 a t  7 6.72 in spectrum C establish 
the equatorial orientation of these three protons, 
:and, therefore, also establish the given chair con- 
formation of VII in pyridine. Signals of H-1 and 
H-2 cannot be differentiated with certainty. The 
signal of H-4 is partially overlapped by the signal of 
H-5, but its chemical shift is approximated as 6.61. 
The acetoxy methyl groups are magnetically non- 
equivalent. Assignment was made by comparison 
with spectrum B of VI.  The downfield shift of thc 
qroup on C- 1 is attributed to the long-range de- 
shielding effect of the axial cyano group. 

Having cstablished the conformations of V, VI, 
and V11, the assignment of the configuration of the 
parent epoxidc was possible from the chemical shifts 
of H-4 of the three derivatives by taking advantage 
of the spatial 1,3-diaxial deshielding effect of a 
hydroxyl group on ring hydrogens (2-4) and of the 
largcr dcshielding effect of a hydroxyl group com- 
pared to the corresponding acetoxy group (3, 4). 
The chemical sllifts of H-4 of the diol V and the 
monoacetate VI arc almost identical, T 6.23 and 
6.27, respectively; but the signal of H-4 appears a t  
about T 6.61 in the spectrum of the diacetate (VII), 
about 20 to 23 C.P.S. upfield from that of the mono- 
acetate or diol. This establishes that axial H-4 is 
deshielded by an axial hydroxyl group on C-2 in the 
monoacetate (VI) as well as in the diol (V) and in 
turn establishes that the parent epoxide has the 
cpoxy group trans to the cyano group (IV). The 
established structures of the derivatives indicate 
that the epoxide opening occurred via a transition 
state with the aromatic group essentially equatorial. 
A transition state with the aromatic group axial 
would yicld a diol which would differ from structure 
V by having the trans diequatorial hydroxyl groups. 
The two possible isomeric epoxides would yield 
identical diaxial diols and diacetates but diffcrent 
monoacctatcs zia the transition state with the 
aromatic group equatorial. If the product of 
epoxidation had been the cis-epoxide, the chemical 
shift of H-4 should have bcen almost identical in the 
mono- and diacetate but significantly different in the 
rimnoacetate compared to the d id .  

Hydrogenation of I and I1 yielded cis-2-(p-chloro- 
pheny1)-1-cyanocyclohexane ( I 1  I )  and trans-2-(p- 
chloropheny1)-1-cyariocyclohexane (VII I ) ,  rcspcc- 
tively. Thc NMK spectrum of I l l  measured in 
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pyridine clearly establishes the cis configuration. 
The signal of H-2 appears as a broad multiplet of 
about 23 c.p.s. width a t  T 7.33. The width of the 
signal indicates that H-2 has an axial orientation. 
The signal of H-1 gives a much narrower peak of 
half-height width of about 7 C.P.S. a t  T 6.92, indicat- 
ing that H-l has the equatorial orientation. In the 
spectrum of the trans isomer there is overlapping of 
the broad signals of axial H-2 and H-1 when meas- 
ured in carbon tetrachloride. The spectrum of VIII 
was not obtained in pyridine. 

Journal of P~ulrmuceuticul Sciences 

T 6.42. The quartet gives apparent coupling con- 
stants of 12.0 C.P.S. between H-4 and axial H-3 and 
about 3.5 to 4 c.p.s. between H-4 and equatorial H-3. 
The spectrum is consistent with the conformation 
shown in Fig. 2. 

The given conformation of XIId is established in 
the same fashion from the narrow signals (half- 
height width of 6: to  7 c.p.s.) of H-1, at T 5.74 and 
H-2 a t  T 4.73 which cstablish thc equatorial orienta- 
tion of H-l and H-2, and from the quartet of H-4 at 
T 6.74 (J4s0 N 12 C.P.S. and Jca. N 4 c.P.s.) which 
established the axial orientation of H-4. 

In the spectrum of the diacetate (XIIId), spec- 
trum F, the signals of H-1 and H-2 arc overlapping 
to give a narrow signal a t  T 4.87. The half-height 
width of the combined signals is about 7 C.P.S. 
indicating that H-1 and H-2 have the equatorial 
orientation. Any significant contribution of the 
other chair coiiforiiiation with H-1 and H-2 axial 
would give wider signals for H-l and H-2. In this 
spectrum the signal of 11-4 appears as a symmctrical 
triplet with separation of 8.2 C.P.S. instead of the ex- 
pectcd quartet. The important thing to note is 
that the width of the signal of 16.4 c.p.s. is about 
identical to the width of the signals of H-4 in spectra 
D and E. A deceptively simple spectrum, giving a 
triplet instead of the expected quartet, will occur 
for the signal of H-4 if averaging of coupling con- 
stants J43, and J4ae results due to strong coupling 
effects (5-7). Averaging of coupling constants due 
to strong coupling effects will become operative 
when the difference between the chemical shifts of 
the axial and equatorial protons on C-3 approaches, 
or become smaller than, the genlinal coupling con- 
stant between the two protons on C-3. In the limit 
where the chemical shifts of axial and equatorial H-3 
are equal the signal of H-4 will yield a symmetrical 
triplet with separations equal to (J4aa + J43e)/2 (7). 
Complications due to strong coupling effects do not 
cause any change in the width of the signal. Inspec- 
tion of the upper field portion of spectrum F and 
comparison with spectra D and E indicates that 
similar chemical shifts of the two protons on C-3 
probably prevails in XIIId. In compounds Xld and 
XIId the deshielding effect of the C-1 axial OH will 
cause a downfield shift of the signal of axial H-3 of 
more than 50 C.P.S. when measured in pyridine at 60 
mc. (2). The signal of axial H-3 will, therefore, be 
downfield from that of equatorial H-3 in XId and 
XIId. This is also indicated to be the casc from the 
up-ficld portions of spectra El and E. Since the 1,3- 
diaxial deshielding effect of the acetoxy group is 
about 20 cycles less than that of the OH group, nearly 
identical chemical shifts of axial and equatorial H-3 
is not unexpected and provides a logical explanation 
for the observed triplct of H-4. The width of the 
signal definitely establishes the axial orientation of 
H-4. 

Having established the conformations of XId, 
XIId, and XIIId, the configuration of the parent 
epoxide was possible from the chemical shifts of H-4 
in the three derivatives. The chemical shift of H-4 
is almost the same in the mono- and diacetate but it 
is from 19 to 24 cycles to lower field in the diol. 
This establishes that the acetoxy group is cis to axial 
H-4 in the monoacetate and in turn establishes the 
configuration of its parent epoxide as the isomer 
with the epoxy group truns to the cyano group, struc- 
ture IX. The two epoxides obtained from peracid 

CONFIGURATIONAL ASSIGNMENT OF 
EPOXIDES DERIVED FROM I1 

The NMR spectra of the two eposides (IX and X) 
obtained from I1 did not provide unequivocal 
characterization of the two isomers. 

H H 

IX x 
The major coniponent of the epoxidation reaction 

of I 1  in ether was converted to the diol, monoacetate, 
and diacetate derivatives, compounds XI, XII, and 
XI11, respectively, but the spectra of these three 
derivatives did not allow an unambiguous applica- 
tion of the method used for characterization of 
epoxide (IV) because of overlapping of signals of H-4 
and H-5. In order to obtain reliable chemical shifts 
for H-4 the three corresponding derivatives deuter- 
ated a t  C-5 were prepared. The deuterium ex- 
change on the cyaiio-bearing carbon was accom- 
plished by refluxing I1 in methanol4 in the presence 
of sodium methoxide. Some isomerization occurred 
during the deuterium exchange process and purc 
deuterated I1 was obtained by recrystallization from 
absolute ethanol. Deuterated I1 was epoxidized in 
ether and the major component was converted to 
the diol, monoacetate, and diacetate derivatives, 
compounds XId, XIId, and XIIId, respectively. 
The pertinent portions o f  the NMR spectra of the 
deuterated derivatives measured in pyridine are 
given in Fig. 2. The effect of deuteration on C-5 is 
demonstrated by the portions of the spectra of the 
corresponding nondeuterated compounds shown 
above the signal of H-4 in each spectrum. In the 
spectra of the nondeuterated compounds there is 
partial overlap of the signals of H-4 and H-5. 
Replacement of H-5 with deuterium also simplifies 
the signal of 13-4 which is now coupled only with the 
two protons on C-3. 

The three spectra show that in pyridine all three 
derivatives exist predominantly in the chair con- 
formation with the aromatic ring in equatorial 
orientation. The spectra also establish that the 
epoxide from which they were derived has the epoxy 
group trans to the cyano group, structure IX. 

Spectrum D establishes the equatorial orientation 
of H-1 and H-2 in XId from their overlapping sig- 
nals a t  T 5.65 which give a narrow peak of half- 
height width of about 6 to 7 c.p.s. The axial 
orientation of H-4 is established from the quartet a t  



Vol. 55, No. 9, September 1966 945 

i l  4 

I I 
5.65 6.42 5 "  - 

I XI0 

I 
/;-on 

4.73 5.74 6.74 7.90 

XI10 

I I 
457 

Xlllo 
6.81 

,011 

oxidation of I1 yield the same diol (XI)  on acid 
ciatalyzed hydrolysis. The major product of the 
ejpoxidation reaction in ether is, therefore, charac- 
terized as structure IX and the minor product has 
structure X. 

cis - 2 - ( p  - Chlorophenyl) - 1 - aminomethylcyclo- 
hexane (XIV) and the trans isomer (XV) were pre- 
pared by lithium aluminum hydride reduction of the 
corresponding cyano compounds (I11 and VIII). 
The NMR spectra of thesc compounds were not very 
informative. The hydrobromide salts of the two 
amines elicited strong CNS excitation in mice when 
injected i.p., but there was little observable differ- 
ence in potency between thc two isomers. 

EXPERIMENTAL 

Melting points were determined on a KoRer micro 
hot stage. The: NMR spectra were determined 
with a Varian 11-80 spectrometcr. Spectra were 
taken in pyridine, unless otherwise indicated in a 
concentration of about 150 mg./0.5 1111. with tctra- 
methylsilanc as internal reference. 

cis-4-(p-Chlon~phenyl)-5-cyanocyclohexene (I). 
-~ In a typical :synthesis 20 Gm. (0.122 mole) of 
cis-p-chloro-8-cyanostyrene ( l ) ,  about 80 rnl. of con- 
densed butadiene, 20 nil. of toluene, and a trace of 
hydroquinone were heated with shaking under a 
nitrogen atmosphere in a stainless steel bomb for 16 
days a t  a temperature of 138'. Analysis of the 
reaction mixture by gas chromatography on a 10-ft. 
column of 209& silicon QF-1 on acid-washed Chromo- 
sorb W a t  185" showed a ratio of unchanged styrene 

I 
7.98 

Fig. 2.-NMR spectra of 
trans-2-hydroxy-cis- 4 - ( p -  
chlorophenyl ) -trans- 5- cy - 
anocyclohexanol- 5-d (D),  
the corresponding >acetate 
(E), and 1,2-diacetate (F); 
portions of the spcctra of 
the corresponding non- 
deuterated compounds are 
shown abovesignalsof H-4; 
all at 60 mc. in pyridine a t  
37"; chemical shifts in T 

units; TMS internal ref- 
ercncc. 

to product I of about 2 to 1. The dark crudc ma- 
terial was passed on a column of O.Oi50.2 nun. silica 
gel using benzene as solvent, resulting in the re- 
moval of much colored material. After removal of 
the benzene the residue was washcd rcpeatedly with 
hot isopropyl alcohol. This treatment resulted in 
the extraction of the product and unreacted styrene 
from a considcrablc amount of rubbery polymeric 
material which was left behind. The isopropyl 
alcohol was removed and product 1 was separated 
from the unchanged styrene by numerous recrystal- 
lizations from hexane. Because of the distinctive 
crystal structure of I thc purification could be 
speeded up by preliminary mechanical separation of 
crystals. The separation was also accomplished by 
coluniri chromatography on 0.05-0.2 mm. silica gel 
using petroleum ether-benzene mixtures as solvent. 
Final recrystallization was from isopropyl alcohol- 
benzene mixture, m.p. 48-49'. 

And-Calcd. for C13H&1N: C, 71.72; H, 5.36. 
Found: C, 71.47; H, 5.70. 

trans - 4 - (p - Chloropheny1)-5- cyanocyclohexene 
(II).-Compound I1 was prcparcd by the same 
method as I, cxccpt that the reaction time was 9 
days, the tetnperaturc 130", and the preliniinar~. 
chromatography WdS not used in the purification 
procedurc. There was some unchanged styrene 
present. The product was obtained in 44% yield by 
recrystallization from hexane. 'rhc final crystdliza- 
tion was from a mixture of isopropyl alcohol and 
benzene, m.p. 132.5-134'. 

Anal.-Calcd. for C13HlaCIN: C, 71.72; H,  5.56; 
N, 6.44. Found: C, 72.28; 11, 5.43; N, 6.45. 
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cis- and trans-2-(p-Chlorophenyl)-l-cyanocyclo- 
hexane (I11 and VIII).-These compounds were ob- 
tained by low pressure catalytic hydrogenation of I 
and 11, respectively, using 10% Pd on carbon in 
absolute ethanol. The yields were quantitative. 
An analytical sample of 111 recrystallized from 
hexane melted a t  103.5104.5", whereas VIII re- 
crystallized from the same solvent melted a t  107- 
108". 

And-Calcd. for Ci3H14C1N: C, 71.07; H,  6.42; 
N, 6.38. Found: (111) C, 71.29; H, 6.41; N, 6.65. 
(VIII) C, 71.04; H, 6.47; N, 6.20. 

trans-4- (p-Chloropheny1)- trans - 5 - cyan0 - 1,2- 
epoxycyclohexane (IV), cis-4-(p-Chlorophenyl)- 
trans-5-cyano-l,2-epoxycyclohexane (IX), and trans- 
4- (p- Chlorophenyl) -cis-5-cyano- 1,2-epoxycyclo- 
hexane @).-In a typical synthesis, 3.27 Gm. 
(0.015 mole) of alkenc and 7.68 Gm. of 85% m- 
chloroperbenzoic acid (0.38 mole) were dissolved in 
about 100 nil. of diethyl ether aud allowed to stand 
at  room temperature in the dark for 4 days. The 
reaction mixture was then washed twice with cold 
10% sodium hydroxide. The ether solution was 
washed with water until the washings no longer were 
basic to litmus and dried with Drierite. The yield 
of crude product IV was 89%, which when crystal- 
lized from benzene-hexane mixture, melted a t  109- 
110.6". The yield of the rnixture of epoxides (IX 
and X) from epoxidation of I1 was 867,. These 
were in a ratio of approximately 7 to 3 as determined 
by gas chromatography on a 10-ft. column of 20y0 
silicon QF-l on acid-washed Chromnsorb W at  235'. 
When I1 was epoxidized in a similar maririer as 
above, but with 1,2-dichlorocthane as the solvent, 
the ratio of the two epoxides was about 1 to 1. 
Column chromatography of the mixture of epoxides 
on 0.0h0.2 mm. silica gel using mixtures of purified 
benzene and petroleum ether, followed by mixtures 
of benzene and diethgl ether resulted in the separa- 
tion of substantial quantities of pure IX and only 
small quantitics of X, still somewhat contaminated 
with IX, as well as a number of fractions with vary- 
ing ratios of IX and X. Small amounts of pure X 
could be obtained by crystallizing fractions rich in X 
from absolute ethanol. The analytical samples of 
IX and X, when recrystallized from a mixture of 
benzetie-hexane, melted a t  128.5129' and 148- 
1 5 O 0 ,  respectively. 

And.-Calcd. for CL~H~ZCINO: C, 66.81; H, 
5.18. Found: (IV) C, 67.12; H, 5.47. (IXj C, 
66.94; H ,  5.13. (X) C, 66.93; H, 5.21. 

trans- 2-Hydroxy-cis-4- (p-chloropheny1)-cis-5- 
cyanocyclohexyl Acetate (VI) and trans-2-Acetoxy- 
cis - 4- (p - chlorophenyl) - trans-5-cyanocyclohexanol 
(XII).--In the synthesis of VI, 1 Gm. (0.0043 mole) 
of I\' was dissolved in 6 ml. of glacial acetic acid and 
refluxed for 14 hr. The solution was added to  100 
ml. of cold water, extract.ed 3 times with ether, the 
ether washed with 5Yo NaOH, and dried over 
Drieritc. After drying, the residue was recrystal- 
lized from benzene-hexane mixture yielding 645 mg. 
(51 f;;)) o f  1" which melted at 149 -1.51". 'I'hc rest of 
thr tnatrrinl did not crystallize and was shown by 
coinparison of NMR spectra to be a mixture of the 
rnonoacetate (VI) and the diacctate (VII). In the 
synthesis of XI I ,  to avoid the possible formation of 
diacetate (SI I I ) ,  0.75 Grn. (0.0032 mole) of I S  was 
dissolved in 5 ml. of glacial acetic acid containing 
lO?i, w/v o f  potassiurri acetate arid allowed tn stand 
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a t  room tcmperaturc for 24 hr. The reaction mix- 
ture was worked up in the same manner as the syn- 
thesis of VI above. Crystallization from benzene- 
hexane mixture yielded 685 mg. (737,) of XI, m.p. 
148.5-150". 

And-Calcd. for ClhH&lNOs: C, 61.33; H ,  
5.49. Found: (VI) C, 61.08; H, 555. (XII) C, 
61.19; H, 5.77. 

trans - 2 - Hydroxy - cis - 4 - (p - chloropheny1)- 
cis-5-cyanocyclohexanol (V) and trans-2-Hydroxy- 
cis - 4 - (p - chlorophenyl) - trans - 5 - cyanocyclo- 
hexanol (XI).-In the synthesis of V, 300 mg. 
(0.0013 mole) of IV was dissolved in 3 nil. of purified 
dioxane and 1.5 ml. of distilled water and a drop of 
concentrated sulfuric acid added. In the case of XI 
the same procedure was followed except cither 
epoxide IX or a mixture of epoxides IX and X was 
used, since the glycol ( X I )  is the product of the 
hydrolysis of either IX or X. The reaction mixture 
was allowed to stand at  room temperature for 24 hr., 
suspended in 20 ml. of water, extracted with et.her, 
the ether dried with Drierite, and the solvent re- 
moved. The yields of unpurified crystalline product 
from typical syntheses of \J and XI were 232 mg. 
(717") and 245 mg. (75Yc), respectively. Recrystal- 
lization of both from benzene--acetone mixture 
yielded pure V, m.p. 189-190.5O, and pure XI, m.p. 
175..5177". 

Anal.-Calcd. for ClsHlaCINOz: C, 62.03; H ,  
5.61; N, 5.56. Found: (V) C, 62.26; H,  5.76. 
(XI) C, 61.71; H, 5.62; N, 5.31. 

trans - 2 - Acetoxy - cis - 4 - ( p- chloropheny1)- 
cis-5-cyanocyclohexyl Acetate (VII) and trans-2- 
Acetoxy - cis - 4 - (p - chlorophenyl) - trans - 5- 
cyanocyclohexyl Acetate (XIII).-The monoacetate 
VI or XI1 was placed in 2 nil. each of pyridine and 
acetic anhydride and allowed to stand a t  room 
temperature for 24 hr. The reaction mixture was 
dissolved in ether and extracted with cold 5% HCl 
and the ether layer dried over Drierite. In the case 
of VII, after removal of solvent, the yield of crude 
product was quantitative. Recrystallization from 
benzene-hexane mixture yielded pure VII, m.p. 
127-128.5". In the case of XIII, recrystallization 
From benzene gave a crystalline material melting a t  
58-61". Thc NMR spectrum of this material indi- 
cated the presence of a considerable amount of 
benzene. Heating under vacuum at  80' resulted in 
removal of the benzene. On solidification, XI11 
melted over a wide range, 82-106". The analysis 
was correct and the XMR spcctrum consistent with 
the expected product. 

Anul.-Calcd. for C1TH&1N04: C, 61.08; H ,  
5.40. Found: (VII) C, 61.35; H, 5.48. (XIII) C, 
61.26; H ,  5.16. 

cis - 2 - (p - Chlorophenyl) - 1 - aminomethyl- 
cyclohexane Hydrobromide (XIV) and trans-2-(p- 
Chloropheny1)-1-aminomethylcyclohexane Hydro- 
bromide (XV).-A slurry of compound 111 in ether 
was added to an excess of LiAlH4 in ether at a rate 
that maintained a gentle refluxing. The reaction 
mixture was allowed to  stir a t  room temprraturr for 
1 hr. after the addition was completed. The excess 
LiAIHl was destroyed by dropwisc addition of icc 
water. Aqueous 5%, NaOH was then added to 
increase the water layer, the mixture extracted with 
ether, and the ether solution dried with Drierite. 
Removal of the solvent gave a quaiititativc yield of 
thr crude amine, the infrared spectrum of which 
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showed no ---C=iT absorption. Thc crude amiiie 
was dissolved in n-hexane and HBr gas bubbled into 
the solution. The yield of the salt was quantitative. 
Recrystallization from absolutc ethanol yielded 
pure XIV, 1ii.p. 290--292’. 

In the synthcsis of XV tetrahydrofuran was used 
:is solvent. Due to low solubility, conipound V I I 1  
was added as a slurry to an excess of LiAk1114 in 
tetrahydrofuran. Thc rcst of the reaction and 
work-tip was the same as in the synthesis of XIV 
:tbovc. Thr yield was quantitative for both the 
l‘ree arnine atid the salt. Pure X\r mcltrd a t  23 i -  
239’ when crystallized from absolute ethanol- 
lwnzene mixture. 

AnuI.--CaLcd. for ClsHlsBrCIN: C, 51 2 3 ;  H, 
6.29; N ,  4.61). Found: (XIV) C, 51.46; H, 6.31; 
N ,  4.44. (XV) C, 51.49; H,  6.24; N, 4.45. 

Deuteration on C-5 of 11, IX-XII1.-Deuterium 
cxchangc on 0-5 of I1 was carried out by refluxing 1.5 
Grn. of I1 in 15 ml. of CH,OD in the prescncc of 1 
Gm. of sodium mcthoxide. After cooling, 10 ml. of 
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deuterium oxide was added; the resulting suspension 
was extractcd with anhydrous ether and the ether 
solution dried with Drierite. After reniovallof the 
ether, the NMR spectrum of the product indicated 
that a considerable amount of isoinerization of I1 to 
I had occurred during thc cxchange. Ueuterated I1 
was obtained by recrystallization Irom cthanol. 
Compound I1 deuterated at C-5 was submitted to 
the same sequence of reactions as I1 in order to ob- 
tain compounds IX-XI11 deuterated at  C-5. 
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Hypoiodite Oxidation of 3a-Bromo and 3a-Chloro-2P- 
hydroxy-5 a-androstan-17-one 
By R. E. COUNSELL and G. W. ADELSTEIN 

Hypoiodite oxidation of 3a-bromo and 3a-chloro-2~-hydroxy-5a-androstan- 17-one 
gave the expected 2p,l9-oxide along with lesser amounts of 16-iodinated, 19-hy- 
droxylated, and 19-acetoxylated products. The product composition as well as the 
yield of each product was found to  vary considerably even when the reaction was 
performed under presumably identical conditions. The structures were assigned 
on the basis of chemical and spectroscopic evidence. The  NMR and other spec- 
tro.scopic properties of the epimeric 16a- and 166-iodinated derivatives of 3a- 

bromo-2~,19-oxido-5a-androstan-~ 7-one are discussed. 

NTEREST in 19-substituted steroids as potential 
anabolic agcnts led to the investigation of the 

hypoiodite oxidation of 28-hydroxpandrostanes 
:is a means oji introducing functional groups a t  the 
C-19 position (I) .  During the course of these 
studies it was noted that  a number of minor by- 
products were formed in addition to  the expected 
oxidation product. This report involves a study 
of  this rcactiion and structural elucidation of the 
by-products. 

DISCUSSION 

The convcrsion of 2p-hydroxysteroids to 19- 
futictionalized products has been accomplished by: 
( a )  oxidation with lead tetraacetate alone (2, 3 )  
or in thr prcscncc of iodine (hypoiodite) (4)  and 
( b )  photoly+s of nitrite csteri ( 3 ,  5) I n  each caw, 
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an alkoxy radical (A) is generated which can inter- 
act with the proximal angular methyl group. In 
the hypoiodite reaction, a furan (B) or an iodofuran 
(C) can form depending on the mechanism of 
ring closure. (Scheme I).‘ Although compounds 
of type C have not becn isolatcd, the characteriza- 
tion of the corresponding hydroxy and acetoxy 
derivatives among the rcaction products has sug- 
gested the intermediacy of such an iodinated pre- 
cursor. 

In these studies, hypoiodite oxidation of 3 ~ -  
bromo-2~-liydroxy-5o-~ii~rostari-1T-orie ( I )  in re- 
fluxing carbon tetrachloride afforded a 36‘j: yield 
ol 3a-bromo-2p,19-oxido-~~-~nd~ostan-l’i-one ( 1  11 j 
after chromatography.2 In addition to this ex- 
pected product, three other crystalline products were 
isolated. Two of these products preceded the 
major product on chromatography and were 
characterized as the 166- and 16a-iodinated deriv- 
atives ( IV arid V). These epirriers were obtained 
iii 1.4 and 1.25,  yield, respectively. The third 
product, obtained in lO’jL, yield, followed the major 
product on chromatography and was identified as 
the hemiacetal (\:I). 

~ ~. 
1 The mechanisms involved in the hypoiodite reaction 

have been excellently reviewed b y  IIeusler, K. ,  and Kalvoda, 
J. ,  Angrw. Chrm. I x f e v n .  Ed., 3, ;225(1964). 

2 This product has lieen isolated in yields as high as 53y0 
under presumably the Same conditions (1). 
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The structural assignments for the epirneric 
iodoketoncs ( IV and V) wcre based on chemical 
evidence as well as spectral and elemental analysis. 
The 16a-epimer (V)  was synthesized by first COII- 

verting 111 to its enol acetate (IX) followed by 
iodination with iodine and mercuric acetate as 
described by Mueller and Johns (6). NO 16p- 
isonier ( IV) was isolated in this experiment 

The NMR spectra revealed distinct differences 
between the epimeric iodokctones (see Fig. 1). 
One epimer displayed a profound downfield shift 
of 14.5 c.p s. for the C-18 methyl resonance when 
compared to the unsubstituted ketone (111). Cross 
and Beard (7) have noted a similar deshielding of 
the C-18 methyl protons by 16p-methyl substituted 
steroids. Moreover, the C-18 methyl resonance is 
shifted downficld by 19 C.P.S. in llp-bromo-12- 
ketosteroids and is essentially unaffected in lla- 
bromo-12-ketosteroids (8). On the basis of these 
findings as well as others indicating that introduction 
of a new 1 : 3 rionbonded diaxial interaction with an 
angular methyl group leads to  a noticeable down- 
field shift in the angular methyl proton frequency 
(S), thc iodiue atom in IV was assigned as 16p 
and that in V is 1601. These assignments also agree 
with the observed chemical shifts for the 16 proton 
in each case. The latter appeared as an overlapping 
doublet a t  261 C.P.S. in IV and at 290 C.P.S. in V. 
Thus, if observations madc for steroidal a-halo- 
ketones (10) hold for 16-halo-17-ketosteroids, such 
chemical shifts would indicate that the 16a-hydrogen 
in 1V is pseudoequatorial while the 160-hydrogen 
in V is pseudoaxial. A study of the NMK spcctra 
of more readily available 16-iodo-17-ketosteroids is 
currently in progress. 

Although very few studies have been concerned 
with the ultraviolet absorption of a-iodoketones, 
Djcrassi and co-workers (11) have established that 
absorption in the 260 mp region is due to the iodine 
atom which masks the T-T* absorption band in the 
300 mfi region corresponding to the carbonyl 

1 f---+r ~ T + :  d w 
~ 

Fig. l.-NMR spectra of unsubstituted ketone 
(111) (top) and the epimeric 16p-(IV) (middle), and 
16m-iodoketoncs (V)  (bottom). 

The hypoiodite oxidation of I was repeated 
several times under presumably identical conditions 
using purified reagents and chromatographically 
pure halohydrins and each time the yield of products 
and the product composition were found to vary. 
The 1601-iodo product ( V )  was isolated in subsequent 
experiments, but none of the 16p-epimer could be 
separated. Moreover, in one experiment tritura- 
tion of the crude reaction product with methanol 
afforded a high-melting product in 5.57, yield which 
was subsequently identified as the 19-acetoxy deriva- 
tive (\'It). In this instance none of the corre- 
sponding Whydroxylated product (VI) could be 
distinguished after chromatography. In still an-  
other experiment, V I I  was isolated in 5y0 yield 
after chromatography of the crude product which 
would tend to indicate that this estcr is not hy- 
drolyzed during chromatography. No explanation 
can be offered a t  this time for the variations in 
product yield and composition. 

31 
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Fig. 2.-U.V. spcctra of unsubstituted ketone 

(111) and the epimcric 16p-(IV) and 16a-iodoketones 
09. 
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a singlet a t  318 C.P.S. which shifted to 390 c.p.s. 
upon acetylation. This is the cxpccted region for a 
hemiacetal acetate proton (4, 14) and the downfield 
shift of 72 C.P.S. corresponds to that observed upon 
acetylation of secondary alcohols ( 8 ) .  The hetni- 
acetdl was readily oxidized with Jones reagent (15) 
to the corresponding lactone which Pdcked a proton 
in the 300-400 C.P.S. region. 'Hie configuration of 
the 19-hydroxyl group remains to be established. 

Siiiiilar results were obtained upon hypoiodite 
oxidation of the chlorohydrin (11). The major 
product was the expected 28,lg-oxide (X) but the 
corresponding 16a-iodinated (X1) and 19-acetoxy- 
lated (XII )  derivatives were isolated in low yield by 
chromatography. Although this reaction has been 
carried out several times, no 16B-iodinated product 
has been isolated. (Scheme 11.) 

EXPERIMENTAL3 
Hypoiodite Oxidation of J~-Bromo-ZB-hydroxy- 

5a-androstan-17-one (I).-A mixture of I (21.1 
Gm.), lead trtraacetatc (78.5 Cm.), and iodine 
(29.6 Gm.) in carbon tetrachloride (2.15 L.) was 
stirred undcr rcflux for 8 hr. The rcaction mixture 
was allowed to stand at  room teniperature for 3 hr. 
and filtered. 'I'hc filter cake was washed with 
methylerie chloride until no longer pink. The 
filtrate was mashed with 10% sodium thiosulfate 
solution (2 X 200 nil.) and water (200 tnl.), the 
layers separated, and the organic phase dried over 
anhydrous sodium sulfate. Evaporation of the 
solvent left an orange oil which was dissolved in 
benzene and adsorbed onto a colunin of silicic acid 
(500 Gm.). The column was eluted with benzene, 
followed by benzene containing increasing conccn- 
trations of ethyl acetate. The benzene-ethyl 
acetate (19 : 1 eluates afforded two distinct crystal- 
line products. The first product was established 
to bc 3a-brorr~o-16~-iodo-2~,19~oxi~o-5ru-androstan- 
17-one ( I V ,  0.26 Gm.), m.p. 196-198" (from meth- 
anol); Y ~ ~ ~ .  1'725, 1228, and 1018 cm.-'; A,,,, 
275 inp, log e 2.72; NhfR: 63.5 (C-18 methyl), 
224 (C-19 proton), 251 (C-2 and C-3 protons, mul- 
tiplet), and 261 C.P.S. (C-16 proton, overlapping 
doublet JAX + JBX = 17). 

And-Calcd. for CI9H26BrIO2: C, 46.26; H, 
5.31. 

The other product was characterized as the 
epitller, 3a-bromo- 16a-iodo-2B, 7 9-oxido-5a-andro- 
stan-17-one (V ,  0.3 Gm.), m.p. 210-212" (from 
methanol); ymrx. 1725, 1232, and 645 crn.-'; 
Amax. 285 mfi, log E 2.73; NMR: 50 ('2-18 methyl), 
225 (C-19 proton), 252 ((2-2 and C-3 protons, 
multiplet), arid 290 C.P.S. (C-16 proton, overlapping 
doublet /ax + JBX = 8). 

A?zal.-cdlCd. for C19H2GBr102: c, 46.26; I-I, 
5.31; Br, 16.20; 1 ,  25.73. Found: C, 46.27; 
H, 5.27; Br, 16.35; I ,  25.73. 

Furthcr elution with benzene-ethyl acetate (9 : 1) 
furnished 3a-bromo-2P,19-oxido-5a-androstan-l7- 
one (111, 7.6 Gm.), m.p. 130-132" (from methanol), 

a The melting points were taken on a Fisher-Johns appara- 
tus aud are corrected. Elemental analyses were performed 
by Spang Microanalytical Laboratories, Ann ,Arbor. Mich. 
Infrared spectra were taken in X B r  disks with a Perkio- 
Elmer 337 spectrophotometer. Ultraviolet spectra were re- 
corded on a Beckman DKZA spectrophotometer in 95% 
ethanol. The NMR spectra were obtained in CDCla with a 
Varian A-60 spectrometer using tetramethylsilane as the in- 
ternal standard. The lead tetraacetate used in the experi- 
ments was obtained from Arapahoe Chemicals, Inc., and re- 
crystellized from benzene prior to use. The silicic acid used 
in the column chromatography was Baker and Adamson re- 
agent grade. 

Found: C, 46.42; H, 5.43. 

-. ~~ 

I , X = B r  
11, x = c1 

R Y  

x - L + v l  
H 

I11 
111, X = Br,R = H2,Y = Z = H 
IV, X -Br, R= H,.Y= I. Z = H 
vl x = ~ r ;  R = H;;Y = H,z = I 

VI. X = Br. R = H-0H.Y = Z  =H 
VII; X =Br;R=H- OAc,Y = Z = H  

VIII, X =Br, R = 0, Y = Z =  H 
X,X=C1, R=Ha,Y=Z=H 

XI, X =C1, R= Hz, Y =H, Z = I 
XII, X = C1, R =  H-OAC, Y = Z = H 

0 
I I  

OCCH3 

IX 
Scheme I1 

group. They noted, however, that a bathochroniic 
shift of the maximum was apparent for the axially 
oriented a-iodo-ketosteroids and suggcsted that 
this red shift could be used as a spectral criterion 
for assigning an axial orientation to substituted 
a-iodocyclohcxanones. Ultraviolet analysis of IV 
and V showed maxima a t  275 and 285 nip, respec- 
tively (see Fig. 2). Such results would suggest a 
pseudoaxial orientation for the iodine atom in V 
if the abovc ciriterion apply. Such an interpreta- 
tion is contrary to that drawn from the NMR 
spectra. An attempt to resolve some of these 
disparities is currently in progress in our Iabora- 
tories. 

In the a-ha.locyclohexdnone scrips, Jones (12) 
and Corey (13) were able to distinguish between an 
axial and equatorial halogen atom by the small or 
large shift in the carbonyl frequency. In the case 
reported here, however, no conclusion regarding the 
conformations of the 16 halogens could be made on 
the basis of thc infrared spectra. Both iodoketones 
(IV and V) showed carbonyl maxima at  1725 cm.-', 
the same as for the noniodinated product (111). A 
similar observation was made by Mueller and Johns 
in the estrone series (6). These results emphasize 
the hazards in attempting to translate relationships 
established in the cyclohexanone series to substituted 
cydopentanones. 

The structure of VI was readily determined from 
chcmical and spectral cvidcnce. The NMR showed 
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precipitate collected by filtration. The crude 
product was washed with 10% sodium thiosulfate 
solution, water, and air dried. Recrystdllizatiori 
from methanol gave V (20 mg.), m.p. 205-207", 
undepressed by admixture with the product isolated 
above. 

Hypoiodite Oxidation of 3~~-Chlor+2fl-hydroxy- 
5~~-androstan-17-one (II).-Oxidation of I1 (3.3 
Gni.) with lead tetraacetate (13.6 Gm.) and iodine 
(5.2 Grn.) in refluxing carbon tetrachloride (340 
ml.) was carried out as described above. The re- 
sulting orange oil was adsorbed onto a column of 
silicic acid (100 Gm.) and eluted with benzene. 
This was followed by bcnzcne containi~~g increasing 
concentrations of ethyl acetate. Fractions ob- 
tained by elution w-ith benzeneethyl acetate 
(19: 1) gave 3ol-chloro-16~-iodo-2B,19-oxido-5~~-an- 
drostan-17-one (0.1 Gm.), m.p. 197-200" dec. Re- 
crystallization from methanol afforded pure XI, 
m p .  212-214" dec.; -ym.=. 1725, 1235, and 643 
cm.-l; NMR: 50 (18-methyl), 224 and 227 (C-19 
protons, inner peaks of unresolved quartct), 240- 
265 (C-2 and C-3 protons), and 283-300 c.p.s. 
( 1 6p-proton). 

Anal.-Calcd. for C1gH2&1102: C, 50.85; H, 
5.84. 

Further elution with benzeneethyl acetate (9: 1) 
gave a crude crystalline product (1.7 Gm.), m.p. 
120-128". Recrystallization from methanol gave 
a high-melting compound (0.2 Gni.), m.p. 235236". 
Recrystallization of this product from niethaiiol 
ga.ve a pure sample characterized as 19-acetoxy-3~- 
chloro-2p,19-oxido-5a-androstan-17-one (XII), m.p. 
243-244O; ymX. 1735, 1710, and 1235 cm.-l; 
NMR: 49 ((2-18 methyl), 128 (acetate methyl), 
252-257 (C-2 and C-3 protons) and 384 C.P.S. 
(C-19 proton). 

And-Calcd. for CflH?YC1O,: C, 66.21; H, 
7.67. 

Concentration of the mother liquor afforded a 
crystalline product (0.4 Gm.) shown to be identical 
with authentic 3a-chloro-2~,19-oxido-5a-androstai1- 
17-onc (X)G described previously (1). 

Found: C, 50.97; H, 5.94. 

Found: C, 66.00; H, 7.64. 
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iiudepressetl by ntliiiixturc~ with an :iiithrritic 
sample ( 1 ). Elution with beiizetie--etliyl wetatt. 
( 1 : 1) gave 3~~-bromo-19-hydroxy-2,9,19-oxido-5a- 
androstan-17-one (171, 2.1 Gm.), m.p. 168-170" 
(from methanol-water); T ~ ~ ~ .  3440, 1715, and 1012 
cm.-'; NMR: 52 (C-18 methyl), 249-269 (C-2 
and C-3 protons, multiplet), aud 318 C.P.S. ((2-19 
~ r o t o n ) . ~  

Anal.-Calcd. for CI9IXf7BrO3: C, 59.53; H, 
7.10; Br, 20.85. Found: C, 59.61; H, 7.21; 
Br, 20.92. 

19-Acetoxy-3a-bromo-2p, 19-oxido-5 u-androstan- 
1'7-one (VII).-l!. solution of VI (10 mg.) in acetic 
anhydride (0.5 ml.) and pyridine (0.5 ml.) was 
allowed to stand a t  room temperature for 23 hr. 
The solution was added slowly to cold water and 
the product collected by filtration. Recrystalliza- 
tion from methanol afforded pure VII, m.p. 235- 
237'; ymax. 1725, 1219, 1016, and 1009 cm.-I; 
NMR: 50 (C-18 methyl), 130 (acetate methyl), 
259-265 (C-2 and C-3 protons, multiplet), and 390 
C.P.S. ((2-19 proton). 

ilnal.-Calcd. for C21H2sBr04: C, 59.30; H, 
6.87. Found: C, 59.13; H,6.86. 

3 ~Bromo-2p,  19-oxido- 1 Poxo-S~-androstan- 17- 
one (VIII).-The hemiacetal (VI, 14 mg.) was dis- 
solved in acetonc (2 nil.) and the solution cooled 
to 0". An 8 N chromic acid solution (15) (0.1 ml.) 
was addcd and the mixture stirred for several miti- 
utes. The excess oxidant was decomposed with a 
few drops of isopropyl alcohol. The solution was 
diluted with water and the crystalline product 
collected by filtration. The crude product (12 
mg.), m.p. 192-194", was recrystallized from 
methanol to afford an analytical sample, m.p. 
198-2OOO; [a]: f 92"; ymX. 1750, 1726, and 715 
cm.-'; WMR: 57 (C-18 methyl), 275-287 (C-2 
proton multiplet), 257-268 C.P.S. (C-3 proton, 
multiplet). 

Anal.-Calcd. for Cl9HZsBrO3: C, 59.85; H, 
6.61. 

3 ~-Bromo-2~,19-oxido-5~-androst- 16-en- 17-01 
Acetate (IX).-A solution of I11 (0.5 Gm.) and p-tol- 
uene sulfonic acid (75 mg.) in isopropenyl acetatc (10 
1111.) was slowly distilled for 4 hr. and 5 ml. of distil- 
late collected. Another portion of isopropenyl 
acetate (10 ml.) was added along with sodium 
bicarbonate (0.5 Gm.). The solvent was removed 
by distillation and the remaining traces removed 
in vaacuo. The residue was extracted with cther 
which was subsequently washed with an ice- 
cold saturated salt solution and dried over anhy- 
drous sodium sulfate. The solvent was removed 
in vucuu and the brown residue recrystallized from 
methanol. This afforded pure IX (0.1 Gm.), 
m.p. 15@-151°. 

Anal.-Calcd. for C211329Br03: C, 61.61; H, 
7.14. Found: C,61.51; H,7.20. 

Iodination of 1X.-A solution of IX (55  mg.) and 
mercuric acetate ($4 mg.) in acetic acid ( 3  ml.j 
was cooled in an ice bath. A solution of iodinc 
(50 mg.) in acetic acid (3 ml.) was added dropwise 
with stirring. The iodine was decolorized after 
adding a few drops, but then the color persisted. 
The brown solution was poured into water, and the 

Found: C, 59.88; H, 6.56. 
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Quantitative Determination of Ethinyl Estradiol 
by Gras Chromatography, and a Comparison of 

Gas Chromatographic and U.S.P. Procedures 
By 0. D. BOUGHTON, RHYS BRYANT, W. J. LUDWIG, and D. L. TIMMA 

Ethinyl estradiol was extracted from other tablet or granulation excipients by a 
modified U.S.P. procedure. It was then quantitatively determined by gas chro- 
matography of its trimethylsilyl ether. Estrone was used as an internal standard. 
A comparison of this gas chromatographic method with the U.S.P. method indicated 
that, in general, the precision of the U.S.P. method was superior to that of the gas 

chromatographic method. 

HE ACCURATE analytical determination of 
Testrogenic and progestational substances is of 
interest to all pharmaceutical manufacturers, 
especially those concerned with the now well- 
established oral contraceptives. Analysis of the 
progestational agent is usually much easier than 
analysis of the estrogen, because of the necessity 
for a larger amount of the former in tablets. 

'The authors' main interest has been in the 
analysis of thle estrogen ethinyl estradiol. The 
accepted standard method for assay of this 
material has been that of the U.S.P. XVII (1). 
This method is time-consuming and is non- 
specific in that it may be used for any estrogen 
characterized by a phenolic steroidal 4 ring 

Subsequently, alternative methods using gas 
chromatography have been applied to  thc prob- 
lem. Schulz (3) reported the estimation of 
ethinyl estradiol-3-mcthyl ether in the presence of 
other steroids by gas chromatography. More 
recently, Talmage, Penner, and Geller (4) re- 
ported a gas chromatographic technique for 
determination of ethinyl estradiol in sesame oil 
solutions and solid dosage forms. The ethinyl 
estradiol appears to have been uncontaminated 
with other steroids and was estimated as its 
acetate. 

A quantitative gas chromatographic iiiethod 
for determination of ethinyl estradiol in which 
the active ingredient is ethinyl estradiol alone, or 
ethinyl estradiol plus 17~-liydroxy-6a-methyl-l7- 
(l-propynyl)-androst-~-en-3-one (dimethister- 
one) has been developed. 

A comparison of thc gas chromatographic 
method U ~ T S Z L S  the G.S.P. method to gain insight 
into the precision of the two methods has also 
been made. (No comparison of the two methods 
hati been mark until now, although Talmage. 

( 2 )  . 
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Pcnner, and Gcller stated (4), with no support- 
ing data, that the U.S.P. method was no more 
accurate than =lo%.) 

The method of Talmage et al. depends on initial 
preparation of the 3-acetate of cthinyl estradiol, 
and subsequent gas chromatography of this 
compound. In  attempting to apply this method 
to the problems reported here, two distinct dis- 
advantages in the method were discovered. 
Preparation of the acetate involves the use of ace- 
tic anhydride which must subsequently be re- 
moved by evaporation a t  an elevated temperature. 
Even under the conditions stated in the original 
paper (evaporation under nitrogen on the steam 
bath) (4), this step is time consuming and intro- 
duces a possible source of error. Second, the 
authors wished to analyze for at least 50% less 
ethinyl estradiol than Talmage, Penner, and Geller 
had analyzcd, and for our purposes the acetate- 
derivative did not give sufficient response on the 
chromatograph 

In this method the rthinyl estradiol, after 
extraction, is converted to its trimethylsilyl 
ether and chromatographed. Advantages of the 
use of the trimethylsilyl ether are that it is readily 
prepared, quantitatively, a t  room temperature, 
and is sufficiently volatile to give an excellent 
chromatographic response. (Quantities of 
ethinyl estradiol as low as 1 mcg. after trimethyl- 
silylation arc readily detectable.) Details of 
thc procedure are presented under Expeuimentnl. 

The comparison of the gas chromatographic 
and U.S.P. methods of analysis took the form of 
two experiments. In experiment A ,  the authors 
took a small amount of granulation and further 
homogenized it iising a mortar and peqtle. I t  
was then assayed I 0  times 1))-  h t h  11 S P. (1) 
and gas chromatographic (GLC) methods. In 
experiment B the authors allowed conditions tci 
approach those usually found in analysis of a 
production hatch, when the possibility of a 
certain amount of inhomogeneity cannot be 
ruled out. Both tablets and granulations mere 
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analyzed 10 times by each method. The results 
of these experiments were then analyzed statis- 
tically in order to  obtain the comparisons re- 
quired. 

Journal of Pharmaceutical Sciences 

with chloroform (3 X 20 ml.). After filtration 
through a small quantity of cotton, the combined 
chloroform solution was evaporated to  low bulk 
(about 5 nil.). Petroleum ether (25 ml., b.p. 30.- 
60") was added to the hot solution. It was cooled 
to room temperature and transferred to a 125-ml. 
separator with the aid of several small portions of 
petroleum ethcr. The solution was extracted with 
10% aqueous sodium hydroxide (3 X 10 ml.). 
The extract was acidified with dilute sulfuric acid 
(6 ml., 1 : 1 v/v) and cooled. The acid solution was 
extracted with chloroform (2 X 20 ml.), which was 
passcd through a column (10 X 1.2 cm.) of an- 
hydrous sodium sulfate. The column was rinsed 
with chloroforin (1 X 10 id.). All column eluates 
were combined, 10.0 ml. of internal standard solu- 
tion (estrone) was added, and the solution was 
evaporated to  dryness. Chloroform (1-2 ml.) 
was added to the hot residue. The resulting solution, 
after cooling, was transferred to  a 1-dr. screw-cap 
vial and evaporated to dryness under a gentle 
air stream. I t  was finally dried at 80" for 5 min. 
in vacuo. 

Etherification Step.-To the cooled ethinyl 
estradiol extract in the vial was added 10 drops 
(0.1 ml.) of ctherification reagent. The vial was 
tightly stoppered and the contents thoroughly 
mixed. After 30-60 min. excess reagent was 
evaporated with a gentle air stream (about 15 
min.). (The reaction time was varied from 15 
min. to  60 min. with no effect. The reaction is 
obviously complete in less than 15 min. A lapse- 
time of 30-60 min. was chosen arbitrarily to allow 
simultaneous assay of a number of samples.) 
Immediately prior to chromatography, chloroforni 
(10 drops) was added and the resulting solution 
mixed thoroughly. This solution (5-6 1.1.) was 
injected into the chromatograph. Duplicate iii- 
jections of each sample are to be prcfcrrcd. 

Standard.-A standard was carried through the 
procedure with each set of samples. Twenty milli- 
liters of standard ethinyl estradiol solution was 
shakeu with dilute sulfuric acid (30 ml., 1 N ) .  The 
chloroform solution was drained through cotton, 
and the sulfuric acid cxtracted with chloroform 
(2 X 20 ml.). The combined chloroform solution 
was then treated as for the samples. 

Calculation.-The peaks due to  cstrone and 
ethinyl estradiol have retention timcs of approxi- 
mately 4.5 min. and 7 min., respectively. The 
ratio ( R )  of the peak areas is given by: 

area of ethinyl estradiol peak 
area of estrone peak K =  

For tablets containing 0.1 m g .  ethinyl estradiol: 

GAS CHROMATOGRAPHIC METHOD 

Experimental 

Apparatus.-Gas chromatograph, F and M model 
609, with flame ionization detector. Aerograph 
model 471 digital integrator. 

Column.-Stainless steel column (6 ft. X l / 4  

in.) packed with 3.8Cj, SE-30 on Anakrom ARS, 
60/70 mesh. The liquid phase was deposited by 
the filtration technique (5) from a 2% solution of 
SE-30 in methylene chloride. The column was 
"no flow" preconditioned (no carricr gas flowing) 
for 0.5 hr. a t  325". The carrier gas used was 
nitrogen. 

Chromatography Conditions.-Column tempera- 
ture, 260' ; injection port temperature, 285"; 
detector temperature, 2 6 5 O ;  hydrogen flow, 7; 
air flow, 7; nitrogcn flow, 9 (these flows may vary 
according to the instrument); attenuation, 800X. 

Standard Ethinyl Estradiol Solution.-Solution 
A .-A 100.0-mg. quantity of reference standard 
ethinyl estradiol U.S.P. was dissolved in 100 ml. 
absolute ethanol. 

Solution B.--A 10.0-ml. quantity of solution A 
was diluted to 100 nil. with absolute ethanol. 
(The ethanolic solutions are stable and require no 
special precautions. ) 

Solution C.-A 5.0-1111. quantity of solution B 
was diluted to  100 ml. with chloroform. Twenty 
milliliters of standard solution C contained 0.1 mg. 
of cthinyl estradiol. Solution C was prepared 
fresh daily. 

Internal Standard (Estrone) Solution.-Solution 
A.-A 150.0-mg. quantity of estrone U.S.P. was 
dissolved in 100 ml. absolute ethanol. 

SoEutim B.-A 5.0-ml. quantity of solution A 
was diluted to 100 ml. with absolute ethanol. (The 
ethanol solutions are stable and require no special 
precautions. ) 

Solution C.-A 10.0-nil. quantity of solution B 
was diluted to  100 ml. with chloroform. Tcn 
milliliters of solution C contained 0.075 mg. estrone. 
Solution C was prepared fresh daily. 

Etherification Reagents.-In a screw-cap vial was 
placed a mixture' of anhydrous pyridine2 (4.5 ml.), 
hcxamethyldisilazane~ (1.5 ml.), and anhydrous tri- 
metl~ylchlorosilane~ (0.5 nil,). X o  purification of 
reagents was necessary. The tube was capped 
tightly and the contents mixed thoroughly. It is 
essential to exclude atmosphcric or other moisture, 
which destroys the reagent. The etherification 
reagent was prepared fresh daily. 

Extraction Procedure.-An amount of tablet or 
granulation equivalent to  0.1 mg. of ethinyl estradiol 
was placed in a 125-nil. separator containing sulfuric 
acid (30 ml., 1 N ) ,  and the suspension extracted 

1 This mixture is available commercially from Applied 
Science Laboratories, Inc. 

2 Analytical reagent grade pyridine supplied by Mal- 
linckrodt was used. , I t  was dried with molecular sieve, 
type 4A. 

Hexamethyldisilazane and trimetbylchlorosilane were 
obtained from Peninsular Chemresearch, Inc. 

x 0.100 R for sample tng. of ethinyl estradiol = -___- R for standard 

For granulations containing 0,04yo ethinyl estradiol: 

X 0.0400 R for sample 
R for standard yo ethinyl estradiol = 

RESULTS 
Reproducibility of the Etherification Step.- 

Four aliquots of a standard solution of ethinyl 
estradiol, after addition of estrone, were etherified 
and each aliquot chromatographed in duplicate. 
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TABLE ~.-ETHERIFICATION STEP 

K Av. R 
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Std. 1 1 ,755 1.740 
Std. 1 1,725 
Std. 2 1.695 1.720 
Std. 2 1.745 
Std.  3 1 ,665 1.635 
Std. 3 1.615 
Std. 4 1.650 1.685 
Std.  4 1.720 

TABLE rr. --STANDARD THROUGH EXTRACTION 
 PROCEDURE^ 

- 
R Av. R % Recovery 

Sample I 1.710 1.685 99.4 
Sample 1 1.660 
Sample 2 1.690 1.710 101 
Sample 2 1.730 
Sample 3 1.720 1.670 98.5 
Sample 3 1.620 
Sample 4 1.695 1.730 102 
Sample 4 1,765 
Sample 5 1.670 1.680 99.1 
Sample 5 1.690 

Av. recovery = l00yo, u = rt1.5 

COMPARISON OF T H E  METHODS 

Experiment A 
Samples.-Two granulations were used, one con- 

taining ethinyl estradiol as solc active ingredient 
(EE granulation); the other containing both di- 
mcthisterone and ethinyl estradiol (DMEE granu- 
lation). 

Preparation of Samples.--ii small sample (1 1 
Gni.) of thc EE granulation was finely ground in 
a mortar. (The sample size mas restricted in order 
to ensure as high a degree of homogcneity as 

TABLE I11 -SI ANDARD Pins  PLACEBO THROUGH 
E X  rRACTION  PROCEDURE^ 

~~ 
~ 

~ __ -. 

R Av. R 7" Recovery 
Sample1 1 785 1 765 104 
Sample 1 1 745 

Sample 2 1 740 
Sample 2 1 680 1 710 101 

Sample 3 1 900 1 890 112 
Samplc 3 1 880 
Saniple 4 1 705 1 i15 101 
Sample 4 1 720 
Sample 5 1.680 1.675 98.7 
Sample 6 1.670 

Av. recovery = 103%, u = rt5.2 

a All samples were aliquots of the same standard ethinyl 
estradiol solution. 

a All samples were aliquots of the same standard solution. 

Tablc I incorporates the results. The averagc R 
value was 1.695, u = f0.014. 

Reproducibility of the Extraction.-This was 
checked ( a )  by taking a known quantity of ethinyl 
estradiol through the extraction procedure; ( b )  by 
adding a known quantity of ethinyl estradiol to the 
tablet placebo (containing all excipients including 
i-limethisterone, but  without the ethinyl estradiol) 
and taking this through the procedure; and (c) by 
taking the placebo through the procedure, and then 
adding a known quantity of cthinyl estradiol. 
'The samples were then ethcrified and clirornato- 
graphed in the normal manncr. l 'he results wcrc 
compared with the average R value (1.695), ob- 
tained by  chromatography of the standards which 
had not been takcn through the method, to nive 
1 he percentage rrcovery. 

Reproducibility of the Method.-Table V sutw 
inarizes the results obtained when 4 separate aliquots 
of  the same granulation (containing only ethinyl 
cxstradiol as activc ingredient) wcrc taken com- 
pletely through thc method. The average per- 
centage of rthinyl estradiol was 0.0404, u = 

:*0.0025. 
Table V I  gives similar results for 5 aliquots of 

another granulation, which contained both ethinyl 
estradiol and dimethisterone. I n  this case, the 
percentage of ethinyl estradiol was found t o  bc 

General Applicability.- Somr results of the ap- 
plicability of the niethod to  tablets and granula- 
tions are inchded in Table \-I1 (EE 7 formula- 
tions containing ethinyl estradiol ; MEE = forrnula- 
tions containing both dimethisterone and ethinyl 
estradiol). 

(See Tables 11-IV.) 

0.0412, = ko.0018. 

TAULE IT'.--PLAcEBo THROUGH PROCEDURE, THEN 
ADDITION OF  STANDARD^ 

~- __ 
R Av. R CrL Recovpry 

Samplc 1 1 735 1.695 100 
Sample 1 1 6.55 
Sdmpk 2 1.830 1.850 109 
Sample 2 1.870 

Av. recovery = 104yo 
-.__ 

Samples were aliquots of the same standard solution. 

'rAB1,E 1' -METHOD AkI'PLIED TO BLIQCOTS OF ONE 
GRANULATIOP 

~~ __ _ _  -~ 

R Ethinyl 
T h eo trv Estradiol 

SsIriple 1 0.0407& 0.0377 
Sample 2 0.040 0 0410 
Sample 3 0.  040 0,0390 
Snrnple 4 0.040 0.0436 

Av. yG ethinyl estradiol = 0.0404, u = f0.0025 
- ~ - ~ ~ _ _ _ _ _  - 

Containing only ethinyl estradiol as active ingredient. 

TABLE VI.--MRTHOD APPLIED TO ALIQUOTS OF 
ONE GRASULATION" 

yo Rthinyl 
Theory Estradiol 

Sample 1 0 .040y0 0.0396 
S m p l r  2 0 . 040 0 ,0406 
Sarnplr 3 0.040 0.0414 

Sample 5 0.040 0.0404 
Sample 4 0.040 0.0443 

Av. 7; ethiriyl vstradiol = 0.0412, u = f0 .0018 
. ~~~ 

Containing buth ethinyl estradiol and dimethisterone. 
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TABLE V I I  --KESUI 
_ -  -~ 

1 hem y 

R b  tablet 1 n ion trig 
EE tablet 2 0 loo tng 
EE tablct 3 0 100 mg 
EE tablet 4 0 100 mg 
DMEE tablet 1 0 100 m g  
DMEE tablet2 0 100 mg 
DMEE tablct 3 0 100 m g  
DMEE tablct 4 0 100mg 
DMEE tablet 5 0 100 mg 
DMEE tablet 6 0 100mg 
DMEE tablet 7 0 1 0 0 1 ~ ~  

,TS 
~ ~- . 

~~~ 

Pound 
0.093 mg. 
0.091 mg. 
0.094 mg. 
0.108 mg. 
0.102 mg. 
0.106 mg. 
0.094 mg. 
0.097 mg. 
0.098 mg. 
0.088 mg. 
0 .  i n n  my. 

DMEE granulation 1 0 040Vj, 0.0399 70 
DMEE granulation 2 0 040% 0 0417y0 
DMEB granulation 3 0 040% 0 0398c/;, 
DMEE granulation 4 0 040yG 0 04030/;, 

possible.) A11 10 asaays by tlic U.S 1’. method aud 
all 10 assays by thc gas chromatographic method 
were done on this 11-Gm. sample. 

An 11-Gm. sample of DMEE graiiulation w:t\ 
treated similarly, and all 20 assays performed 011 it. 

Method of Assay.-u.-The U.S.P. method was 
carried out by a single operator experienced with the 
method using 0.500 Gm. of sample for each assay. 
Not more than four assays (two E E  and two 
DMEE) were undertaken on the same day. 

h.-The gas chromatographic method was per- 
formed by a single operator experienced with the 
method using 0.250 Gm. of sample for each assay. 

- - 

TARLE VIII.--PERCENTAGE ETHINYL ESTRADIOL IN 
GRANULATIONS ___ -- 

-EE Granulation-- --DMEE Granulationi---. 
U.S.P. GLC 1J.S.P. GLC 

Method Method Method Method 
0.0383% o . u m %  0.04047; 0.038270 
0.0369 0.0410 0.0408 0.0371 
0.0408 0.0351 0.0414 0.0327 
0.0422 0.0386 0.0445 0.0382 
0 . 0 ~ 9  0.0366 0.0400 0.0399 
0,0417 0.0351 0.0382 0.0387 
0.0425 0.0346 0.0383 0,0336 
0.0376 0.0431 0.0387 0.0387 
0.0377 0.040G 0.0413 0.0391 
0.  0397 0.0406 0.0458 0.0377 

Again, not more than four assays were done on a 
single day. 

Results.-The results obtained in experiment A 
are shown in Table VIII. (Theoretically, granula- 
tions should contain 0.04070 ethinyl estradiol.) 

Statistical Analysis.-Thc rcsults of the statistical 
calculations are included in Table IX. 

Experiment B 
Samples.-Four samples were used: 1, EE 

granulation; 2, DMEE granulation; 3, EE tablets; 
and 4, DMEE tablets. 

Preparation of Samples.-u.-From thc batch 
of EE tablets, 200 tablets were retained as the stock 
of tablets. From this stock each day, 20 tablets 
were taken and pulverized in a mortar; 0.500 Gm. 
of this sample was used for the U.S.P. method, 
and 0.250 Gm. of the sample was used for the gas 
chromatographic method. A separate lot of 20 
tablets was used each day, and 0.500 and 0.250-Gm. 
samples removed from it. 

T A B L E  IX.-sTATISTICAL COMPARISON OF T H E  T W O  hfETHOUS 

EE Granulation PDMRE Granulation- 
I1.S.P. Method GLC Method U.S.P. Method GLC Method 

AV. V d h C ,  ‘‘1 0.04023 0.03884 0.04094 0.03738 
Variancc ( c2) 6.86 x 1 0 P  10.89 x 10-6 6.35 x 10-6 5 . 5 7  x 10-6 

=!=0.0026 f0.0033 =t0.0025 f0 .0024 
f 6 . 5  * 8 . 5  f 6 . 1  f 6 . 4  

4 
5 
6 

8 
9 

10 

- 
i 

TABLE X -COMPARISON OF THE 1J.S P. A N D  GAS CHROMATOGRAPHIC METHODS 
~ ~ _ ~ _ _  ~ _ _  

~ 

-~ 

,-EE Granulation---- -DMEB GrAnuhtion- YEE Tablet--. --DMRE Tablet-- 
U.S.P. GLC U.S.P. GLC U.S.P. GLC U.S.P. GLC 

Method Method Method Method Method Method Method Method 
0 0359 0 0431 
0 0390 0 0342 
0 0353 0 0352 
0 0392 0 0358 
0 0366 0 0341 
0 0386 0 0388 
0 0405 0 0348 
0 0391 0 0371 
0 0398 0 0380 
0 0382 0 0412 

0.0409 0.0405 0.108 0.108 0.106 0.104 
0.0390 0.0438 0.108 0.111 0.106 0.111 
0.0450 0.0374 0.099 0.096 0.101 0,100 
0.041% 0.0401 0.100 0.103 0.105 0.107 

0.0404 0.0411 0.108 0.105 0.119 0.110 
0.0394 0.0492 0.104 0.110 0.105 0.112 

0.0362 0.0418 0.100 0.090 0.102 0.104 

0.0410 0.0576 0.098 n.116 0.100 0.1:ji 
0.0410 0.0397 0.109 0.102 0.098 0.107 
0.0388 0.0450 0.100 0.105 0.100 0.106 

TABLE XI .-Si ATISTICAL COMPARISON OF THE METHODS FOR GRANULATIONS 
____-__-___I 

EE Granulation-- 7- DMEE Granulation-- 
U.S.P. Method GLC Method TJ.S.P. Method GLC Method 

Av. value, 7* 0.03822 0.03723 0.04029 0.04361 
Variance ( ~ 2 )  2.97 X 9.37 x 10- 5.09 X lou6 34.6 X 
S.D. (u) f0 .0017 f O .  0030 f 0.0023 f 0.0059 
S.D. as % *4.5% +8.1% f5.70/, f13.5% 



A stock of DMEE tablets was treated in exactly 
t h e  same way. 

6 .  GranuZntion.s.--From the batch of EE granula- 
tion, 160 Grn. was removed. It was passed through 
a sample splitter to give 2 X 80-Gm. portions. 
Each 80-Gm. portion was passed separately through 
the sample splitter t o  yield 4 X 40-Gm. portions. 
Each 40-Gm. portion was similarly split, aud so on, 
with each subwquent 20-Gm. and 10-Gm. portion 
until 32 X 5-Gm. portions were obtained. Of 
these 32 X Mhi. portions, 10 X 5 Gin. were used 
for the current experiment. 

Each day on,? of the 5-GllI. portions was taken and 
again pulverizcd using a mortar and pestle; 0.500 
Gin. was taken for the U.S.1'. assay, and 0.250 Gin. 
was taken for the gas chromatographic assay. 

'l'hc D M E E  granulation was treated in the same 
way. 

.Method of Assay.-The U.S.P. method was per- 
formed by a single operator experienced with the 
method. Each day for a total of 70 days, one 
cach of the EES tablet, DMEE tablet, EE granula- 
tion, and 1)Mb;E granulation was assayed. 

The gas chronlatographic method was performed 
by a single experienced operator. Each day, for a 
total of 10 days. one each of the EE and D M E E  
tablets, and EE and D M E E  granulations was as 
sayed. 

Results.-The resu1t.s obtained in experiment B 
are summarizcd in Table X. Granulations arc quotcd 
as percentaxrs; tablets as mg./tablet. (Tliev- 
retical content of granulations is 0.040~,c; and of 
tablets 0.100 ing.) 

Statisticai A.nalysis.-'l'hc average values ob- 
tained and the variance (az) and standard deviations 
(a) of the methods are reported in Tables XI (for 
gre.nuletions) and XI1 (for tablets). 

DISCUSSION 

The Gas Chromatographic Method.-Dimethi- 
:itrrone had a rctention titile of 1% tnin. aiid in no 
way interfercd with the other steroid peaks. It was 
therefore unnecessary to  extract the etliinyl estradiol 
completely from dimethistcrone, as is required by 
.the U.S.P. X V I I  procedure. 

'P'hc use of a short rtrlumn of sodium sulfate 
iwlpcd t o  remove any trace of acid which might be 

occluded in the chloroform and subsequently inter- 
fere with the ctherification stcp. 

Comparison of the Methods.-In all cases, the 
standard deviation (as per cent) is lower for the 
U.S.P. method thau for the gas chromatographic 
method. While i t  is also obvious that  the average 
value obtained differs between the methods, statis- 
tically (using the t test) only in the case of the 
D M E E  granulation (esperiment A ) is this 
significant. Also, only in  the case of the UMEE 
granulation (cxperimcnt B ) ,  and possibly the EF: 
granulation (cxperitiieut B ) ,  cat1 any sigriificltnce 
be attached to the difference in variances (F test). 

SUMMARY 

The Gas Chromatographic Method.-Ethinyl 
estradiol was extracted into chloroform from an  
acid suspension and separated from dirnethisterome 
by alkaline extraction. With estrone as an in- 
ternal standard. the cthinyl cstradiol was converted 
to  its trirnetliylsilyl ether and this was chroniato- 
graphed on a SESO column. 

Evaluation of the results contained in 'I'able V1I 
shows that ,  based on an expected value of 0.0400% 
ethinyl cstradiol, the average value found was 
0.039r<;,, a = =tC).ClO2. Based on an  expected 
value of 0.100 mg./250 mg. tablet, the average 
found value w-as 0.098 mg., u = =t0.002. 

The Comparison of Methods.-Under the coti- 
clitioris of our comparisons, the 1i.S.P. method in all 
cases showed a standard deviation lower than that  
of the gas chromatographic method. The over-all 
average stanclard deviation for the 1J.S.P. method 
was ~ t 5 . 5 5 ,  and for the GLC method =!=8.6%,, 
Alttiough the U.S.P. niethod would appear t o  give 
a better precision, in most cases the difference in 
variances is not statistically significant. 
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Drztg Std;tZdmds 

Qualitative and Quantitative Tests for 
Oxymetazoline Hydrochloride 

Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication 
in the Journal of Pharmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for confidence in the quality of new drug products generally, and of those covered 
by the monographs particularly. Such monographs will appear on drugs represent- 
ing new chemical entities for which suirable identity tests and assay procedures are 
not available in  the published literature. The purity and assay limits reported for the 
drugs and their dosage forms are based on  observations made on  samples repre- 
sentative of commercial production and are considered to  be reasonable within ex- 

pected analytical and manufacturing variation. 

6-TERT-BUTYI-3-( 2 -1MIDAZOLIN - 2 - YLMETHYL)- 

2,4-DIMETIIYL-PHEN OL HYDROCHLORIDE ; Cial-Izr 
NzO. I-TCI; mol. wt. 296.84. The structural form- 
ula of oxymetazoline hydrochloride may be rep- 
resented as 

OH CH, 

'CH, 
Physical Properties.-Oxymetazoliiie hydrochlo- 

ride occurs as a white to nearly white, fine crystalline 
powder, m.p. about 300" dcc., 1J.S.P. class I. It is 
soluble in water, freely soluble in alcohol, arid insol- 
uble in ether arid in chloroform. 

Identity Tests.-Dissolve about 2 mg. of oxy- 
metazoline hydrochloride in 1 ml. of water, add 
0.5 ml. of sodium nitroprusside solution ( I  in loo), 
2 drops of sodium hydroxide solution (15 in loo), 
mix, and allow to stand 10 min. Add 1 ml. of 
sodium bicarborrate solution (5 in 100) and allow to 
stand 10 min. : a violet color is produccd. 

A 1 in 20,000 solution of oxymetazoline hydro- 
chloride in water exhibits an ultraviolct maximum 
a t  about 279 mp [absorptivity ( a )  about 6.01 and 
n minimum a t  about 252 mp. The spectrum is 
shown in Fig. 1 .  

The infrared spectrum of a O..jC/, dispersion of 
oxymctazolinc hydrochloride in potassium bromide, 
in a disk of about 0.82 mm. thickness, is shown in 
Fig. 2. 

Dissolve about 60 mg. of oxymctazolinc hydro- 
chloride in  3 1111. of water, add arnrnouia T.S. until 
basic, arid filter. Acidify the filtrate with diluted 
nitric acid and add 1 nil. of silvcr nitrate T.S.: 
a white precipitate forms. which is insoluble in 

Kcceived March 3,  1966, from the Drug Standards 

FOUNUATION, Washington, D. C .  20037. 
Accepted for publication June 10, 1966. 
The Schering Cory., BluomGeld, N. J., has coupelated by 

furnishing samples and data to aid in the development and 
preparation of this monograph. 

Laboratory, AMERICAN I'HARhlACEIITICAL A s s ~ c ~ A ~ I O X  

diluted nitric acid, but soluble in ammonia T.S. 
(presence of chloride). 
Purity Tests.-Dry about 1 Gm. of oxymetazolinc 

hydrochloride, accurately weighed, at 105" to con- 

Fig. 1.--Ultraviolet absorption spectrum of oxy- 
metazoline hydrochloride in water (100 mcg./ml.); 
Beckman model DK-2A spectrophotorneter. 

Fig. 2.-Infrared spectrum of oxymetazoline 
hydrochloride in potassium bromide disk (0.5SI.); 
Perkin-Elmer model 21 spectrophotomcter, sodium 
chloride prisrrl. 
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mcg./ ml., in I-cm. cells, at the maximum at about 
279 nip, with a suitable spectrophotomctcr, using 
0.5 Nhydrochloric acid as the blank. Calculate the 
quantity, in mg., of CIRH?4iV&.HCI in each nil. of 
the nasal solution taken, by tlie formula 0.1 X 
( C / V )  X (&/A8) ,  in which C is the exact conceil- 
tration of the standard solution, in mcg./ml., V 
is the volume, in ml., of the nasal solution taken, 
A ,  is the absorbauce of the sample solution, and A ,  
is the absorbance of the oxymetazoline hydrochlo- 
ride standard solution. The amount of oxyme- 
tazoline hydrochloride found is not less than 95.0% 
and not more than 115.0% of the labeled atnount. 

DISCUSSION 

U.S.P. and N.F. tcrminology for solubility, 
melting range, reagents, etc., has been used wlicr- 
ever feasible. 

Oxymetazoline hydrochloride,2 synthesized by 
Fruhstorfer arid Mueller-Calgan ( l ) ,  is a nasal 
decongestant for thc treatment of a wide variety of 
allergic and infectious disorders, including rhinitis, 
nasopharyngitis. and sinusitis. 

Identity Tests.-The absorbance maximum for 
oxymetazoline hydrochloride in water or acid solu- 
tion is about 279 mp. -4 bathochrornic displace- 
ment, typical for phenols, is noted by an absorbance 
niaxinium at about 302 rnp in 0.5 N NaOII with a 
calculated absorptivity of about 15.3. 

Quantitative Methods.-The potcntiomctric non- 
aqueous titration for oxymetazoline hydrochloride 
was conducted using glass w i s u s  calomel electrodes. 
The calomel electrode was modified by replacing the 
aqueous potassium chloride salt bridge with 0.02 N 
lithium chloride in glacial acetic acid. The indi- 
cator end point is sharp and corresponds to  a 100- 
150-mv. break iu the potentiometric titration curve 
obtained under identical conditions. An average 
value of YY.9 zt 0.4743 was obtained for oxymeta- 
zolirit hydrocliloride by this titrimetric method. 

Analysis of commercial oxymctazolinc hydro- 
chloride nasal solution by tlie spectrophotometric 
method gave an average value of 110.7 zt 0.9703 
of the labeled amouiit. The suitability of the pro- 
cedure was verified by tlie quantitative recovery of a 
standard oxynictazoline hydrochloride solution 
carried through the extractive steps as included for 
the nasal solution. 
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Marketed as Afrin by  the Schering Corp., Bloomfieid, N. J. 
Maximum deviation from the mean value. 

stant wright ( :~bnu t  2 hi-.): i t  loses not more than 
0 5%) of its weight. 

Char about 1 Gin. of oxynietazoline hydrochloride, 
accurately weighed, cool the residue, add 1 nil. of 
sulfuric acid, heat cautiously until evolution of 
sulfur trioxide ceases, ignite, cool, and weigh : the 
rcsidue does not exceed 0.157,. Retain the residue 
fcir the heavy metals test. 

Dissolve the sulfated ash obtained from 1 Gm. of 
oxymetazoline hydrochloride in a small volume of 
hot nitric acid arid evaporate to  dryness on a steam 
bath. Dissolve the rcsiduc in 2 t i l l .  of diluted acetic 
acid, dilute to 25 ml. with water, and determine the 
heavy metals tcontcnt of this solutiori by the U.S.P. 
heavy metals test, method I: the heavy metals 
limit for oxymetazcllirie hydrochloride is 10 p.p.m. 

Assay.--Transfer ahout 500 rng. of oxymetazoline 
hydrochloridc, accurately weighed, to a tall-form 
200-ml. beaker and dissolve in 50 1111. of glacial acetic 
acid. i ldd  I0 nil .  of mercuric acetate T.S. and titrate 
potentiorrietric:rIly with 0.1 Nacetous perchloric acid. 
L41tcrnativcly, add 2 drops of crystal violet T.S. 
arid titrate to an emerald-green end point.' Each 
milliliter of 0.1 il: perchloric acid is equivalent to 
28.68 mg. of ClaH24iY20.HC1. The atnount of 
oxymctazoline hydrochloride found is not less than 
Y8.5TJ arid not more than 101.5'j(o. 

DOSAGE EORMS OF OXYMETAZOLINE 
HYDROCHLORIDE 

Oxymetazoline Hydrochloride Nasal Solution 

Identity Tests.-Transfer 2 ml. of oxymetazoline 
hydrochloride nasal solutiou to a test tube containing 
2 ml. of alcolinl, add 0.5 ml. of sodium iiitroprusside 
solution (1  i n  lOO),  2 drops of sodium hydroxide 
solution (15 in loo), mix, and allow to  stand 10 
min. =Idd 1 inl. of sodium bicarbonate solution 
( 5  in loo), acljust the pH to about 8 with diluted 
hydrochloric acid, and allow to stand 10 min.: 
a violet color is produced. 

Assay.-Transfer to a separator an accurately 
measured volume of oxymetazolinc hydrochloride 
nasal solution cquivalent t o  5 mg. of oxymetazoline 
hydrochloride. Add 25 1111. of saturated sodium 
borate solution and extract with four 2A-rnl. portions 
of chloroform, combining the extracts in a 250-ml. 
separator. Ex tract the chloroform phase with two 
20-ml. portions of 0.5 N hydrochloric acid, combine 
the acid extracts in a 100-ml. volumetric flask, dilute 
with the acid to volume. arid mix. Concomitantly 
dctcrmine the absorbance of this solution and of a 
standard solution of oxymetazoline hydrochloride, 
in the same medium, at a concentration of about 50 

If the indicator method is used, perform a blank titration 
and make any necessai-y correction. 

~ 



Technical Articles- 

Compressed Coated Tablets I1 

Influence of Size Distribution of Coating Granulation on 
Weight Uniformity of Tablets 

By LEON LACHMAN, HANNA D. SYLWESTROWICZ, and PETER P. SPEISER* 

Compressed coated tablets were prepared on a Manesty machine from four granula- 
tions of the same formulation, each having a granule of different size as its major 
component. The  effect of granulation size on the weight variability of tablets was 
determined. The  coating granulation sizes which give minimum and maximum 
weight variability are illustrated and are shown to be reproducible. The relation- 

ship that exists between weight variation and core centration is discussed. 

T IS EVIDENT from the numerous compressed I coated tablets on the market today that the 
principle of coating tablets by compression has 
met  wide acceptance in the pharmaceutical 
industry. 

Literature reports (t-9) appearing on the 
subject of dry coating are concerned with (a)  
the  physical properties required for core and 
coating granulation to give suitable compressed 
coated tablets, (bj  coating and core formulations 
adequate for use in compression coating, (c) 
formulations concerned with disguising a bitter 
taste, eliminating discoloration, and improving 
the stability of an active ingredient, (d) formula- 
tions for imparting sustained-action properties 
to  a drug, and ( e )  forming enteric-coated tablets. 
Howcvcr, studies relative to  the factors influenc- 
ing the quality of the compressed coated tablets 
appear to  be lacking. Accordingly, investiga- 
tions along these lines were initiated in our lahora- 
tories. An initial report (10) from these studies 
was concerned with the factors influencing core 
centration and methods of evaluating same. 

In  this report, it  will be shown that coating 
granulation size influences the weight variability 
of compressed coated tablets prepared on the 
Manesty Dry Cota machine. The relationship 
that  exists between the weight variation results 
and the core centration data  presented in an 
earlier report is discussed. Thc utility of these 
evaluation techniques to determine the coating 
granulation sizc lor a particular formula com- 
- ~~- 
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pressed coated tablet to  give optimal centration 
arid weight uniformity is illustrated. 

EXPERIMENTAL. 

The Manesty Dry Cota shown in Fig. 1 basically 
consists of two rotary tablet presses coupled by a 
single drive shaft and a special transfer device in 
such a manner that corc tablets can be compressed 
and coated in one continuous cycle. 

Core Granulation.-The formula and procedure 
of preparation of this corc granulation have been 
described in a previous study (10). The formula is 
as follows: 

Material and Formula 
Lactose U.S.P.. . . . . . . . . . . . .  .lo. 000 Kg 

. . . . . . . . . . . .  2.750 
m'. . . . . . . . .  . O .  750 

Gelatin U.S.P. . . . . . . . . . . . . . . .  0 ,250 
Stearic acid, spray dried. . . . . .  .0.625 
Charcoal . . . . . . . . . . . . . . . . . . .  . @ .  125 
Talcum U.S.P.. . . . . . . . . . . . . .  .0. 500 
Purified water. . . . . . . . . . . . . . . . . .  y.s. 

Thc sieve analysis for a representative samplc 
of this formulation is given in 'Fable I .  

Coating Granulation.-The formula. and proce- 
dure of preparation of this coating granulation 
h a w  been describcd in an carlier report (10). The 
formula is as follows: 

Material and For~iiula 
Lactose U.S. . . . . . . . . .  .16.000 Kg. 
Aerosil comp . . . . . . . . . . .  1.500 
Gelatin U.S.P.. . . . . . . . . . . . . . .  0.500 
Wheat starch, . . . . . . . . . . . . . .  .2.50@ 
Atrom-mot starch. . . . . . . .  
Talcum U.S.P.. . . . . . . . . . . . . .  . I  .@00 
Stcaric acid, spray dried. . . . . . .  1.000 
Purified water. . . . . . . . . . . . . . . . . .  q.s. 

Thc abovc granulation was fractionated through 
screens to give four granulations of different size 

1 Composed of 85% colloidal silica and 15% hydrolyzed 
starch. 
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samples or In@ tablets cach for e x h  of the four gram 
ulations. This experiment was repeated one-half 
ycar latcr to determine the reproducibility of the 
data. In the first experiment, 15 tablrts were 
taken at raiidorn from each of the seven samples 
o f  100 tablets; and for the sccond experiment, 10 
tablets were taken a t  random from each of thr 
second set of sevcn samples of 100 tablets. The 
tablets in each of these subsamples were weighed 
individually on an analytical balance and the 
weights analyzed statistically. Thereforc, the sct of 
data from tlie first experiment consisted of 28 sarnplcs 
or 15 tablets, arid the set of data from thc srconrl 
experiment consisted of ’28 samples of 10 tablets. 

Statistical Analysis of Data: -For thc samples of 
tablets taken at  the seven time periods for thc 
four granulations in each experiment, the means 
arid standard deviations 01 tablet weights were 
computed. The sample means at  the various time 
periods will be hereafter called “time-means.” 

To pcrmit a cornparjson of the variabilities “be- 
tween time-means” and the variabilities “within 
time-means” of the tablets proclucecl horn the four 
coating granulations, a simplc manner of rating 
these variabilities is provided. 

An Index of Vuclrinhility was calculated to describe 
the variations that exist “between time-means,” and 
an nzwage trnrinnce for 1 hr. of machine operation 
was used to describe the variability which exists 
“within time-means.” Both measures of variability 
are based n u  an atialgsis of variance on individual 
tablet weights of cach granulation. ’I’he indices 
are prnvided by “between time-means” variance 
components, and the average variances are provided 
by residual terms o f  analysis of variance (Table V). 
The homogeneity of sample variances (seveu time 
samples of two exprritnents = 11 variances for each 
granulation) was checked by Bartlett’s test (11). 

Fig. l.-Photi~graph illustrating the Manesty Dry- 
Cota machine. 

distribution, each one having a different size granule 
a:; its major component. The sieve analyses for 
these four gratiulations are presented in Table 11. 
In an earlier study concerned with core centration, 
granulation fraction 12 was numbered 8, and 
grmulation fraction 20 was numbered 35. 

Preparation of Compressed Coated Tablets on 
Manesty Dry lCota.--The compressed coated tablets 
were prepared on the Manesty Dry Cota model 350 
a t  a rate of 18,000 tablets/hr. The cores weighed 
150 mg., were 7 mm. in diameter (0.376 in.), and 
had a radius of curvaturc of 13 mm. Thc coated 
tablets weighed 400 rng., were 10 rnrt i .  in diameter 
(0.394 in. j ,  and had a radius of curvature of 18 mtn. 

Influence of Coating Granulation Size Distribu- 
tion on Weight Uniformity.-By varying the size 
distribution of the coating granulation and main- 
taining the size of the core granulation constant, 
tlie influence of coating granulation on tablet weight 
uniformity was investigated. Tablets were com- 
pressed for 1 hr.  with cach of the four granulations. 
The Manesty machine was regulated for tablet 
wcight uniformity a t  the start of the hour’s run. 
Then 100 tablets were collected initially arid every 
10 min. thcrezftcr during thc hour without adjusting 
the machine. This resulted iri a collection of seven 

TABLE I.-SIEVE ANALYSIS OF CORE GRANULATIOX 

Sieve N o  
8 

12 
21) 
30 
50 

On Screen, Yo 
60.5 
34.5 
4 . 0 
0 .5  
0 . 5  

RESULTS AND DISCUSSION 

I t  should be noted that the estimations of tablet 
weight variability prepared from thc four different 
granulation fractions of the same formulation was 
bascd on data obtained from compressed coated 
tablets. The variance of coated tablets equals the 
variance of core plus the variance of coating plus 
twice thc covariance of cnre and coating expressed 
as follows: 

I f t  = Vc + IT,, + 2 Coo, c f  U3q. 1 j 

where V, = variance of coatrd tablets; V ,  = vari- 
ance of core; Vc: = variance of coating; and Cov, 
= covariance or core and coating. 

A preliminary study on .50 core tablets prepared 
from the core granulation used for all the coIriprcssed 
coated tablets in the first expcrimerit indicated that 

TABLE II.-SIEVE -4NALYSIS OF THE FOUR COATING GRANULATIONS 

’I‘hnrugh Srrrrti. 
Granulatioii rhl Scleen, L4, R 

Fraction NIP. 8 N,,. I ?  Nu. 20 N,,. 30 fi<~. X! NIP. I ( J ( 1  

I2 8 . 0  (68 .  .i 1 1 F, . ,5 2 .0  5.0 1 . o  

5( 1 0. 0 0 . 2  13.5  9 . 0  (5ti.O) 21.3 
100 0.0 0.0 0 - 0  0.1 15.5 W.4)  

21) 0 . 0  26 .  0 (43.5) 6 . 0  l X . A  6 .0  
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TABLE III.-MEANs OF TABLET WEIGHTS FOR THE SEVEN TIME PERIODS FOR Two EXPERIMENTS 

Sample lahlr t  W t .  Means at Time Periods, inin.------- -~ - 
12 I 10 396.6 415.2 422.8 411.6 402.1 421.5 421.5 

I1 15 398.8 419.5 427.4 416.8 407.8 421.2 425.6 
20 I 10 393.4 404.6 407.5 407.6 406.8 407.3 398.2 

11 15 393.9 408.5 412.4 408.9 412.0 412.8 399.4 
50 I 10 410.6 404.1 405.0 403.3 408.2 402.5 409.2 

I1 15 414.3 405.1 409.7 407.7 411.2 406.3 411.3 
100 1 10 385.3 395.2 396.5 388.9 380.8 393.2 400.1 

I1 15 395.2 396.0 401.9 391.2 384.5 395.7 400.7 

Granulaliun Expt. Size 0 10 20 :3 0 40 50 60 

12 

10- 

TABLE It'.---sTANUARD DEVIATIONS O F  THE MEANS O F  TABLET WEIGHTS FOR THE S E V E N  TIXE PERIODS O F  
Two EXPERIMENTS 

~~ 

~~~~ 

G1-anula- Sample Y----- S. L). of Tablet Wt. at Time Periods, niin -~ -- 
tion Expt. Size 0 10 20 30 40 50 60 

0 = 4 

s 18- 
,6- G R A N U L A T I O N  50 

12 I 10 7.89 2.49 5.29 5.10 5.02 4.72 2.4% 
I1 15 7.47 4.11 4.31 4.25 3.67 4.34 2.43 

2 0  I 10 2.59 2.22 2.64 2.12 2.53 1.95 2.25 
I1 15 2.41 2.79 2.31 2.53 2.78 1 .91  3.25 

G R A N U L A T I O N  100 

A 

50 I 10 2.50 3 .63  2.79 4.57 3.82 3.44 1 .62  
11 15 1.76 6.02 3.46 4.60 4.68 3.60 3.11 

100 I 10 5.52 15.93 5.91 11.34 4.96 1.87 4.53 
11 15 9.38 15.95 10.15 6.10 4.24 7.04 4.16 

value to the the variance of variancc covariance of of core coated of (V , )  core tablets and is very ( Vt). coating small Thc (Cov, absolute relative x .,) :. 
is a t  most thc square root of the product of variance 8 

6 %  I \  

4 ; yv.,' -._ 
2' 

I I I I I I I  

of core ( Vc)  and variance of coating ( Vet) (Eq. 2) 
- - _  

, ., _.-. 
I COO, x c t  1 I 47, 4% (Eq. 2) 

and is small relative to the variance of the coated 

0 1 o z o x ) 4 o H I w  0 1 0 2 0 y l 4 0 x ) 6 0 '  
3801 I . .  . . , I  I I m y .  I 

T I Y E  I" Y l N Y T E S  

Fig. 2.-Means of tablet weights a t  10-min. 
intervals for 1 hr. tablet press operation. Key: 
__- , cxlirriment I ;  ------------ , experiment 
11. 

/\\ I '\\ ,' I\ \ 
~, 

were not made, and the analysis was performed on 
the assurnptiori that variance of coating equals 
variance of coatcd tablets ( VCt = V t ) .  This 
assumption is further justified by the fact that the 
authors are more interested in relative values of 
the four granulations "estimates of variances" 
than in their absolute values. 

The  computed meails and standard deviations 
for each sample of 10 or 15 tablets of the two cxpcri- 
ments are summarizcd in Tables 111 and IV. 

To depict more clearly the variability of the tablet 
weights for thc two expcrimcnts over the 60-min. 
time period of the compression operation. the means 
and standard deviations are plotted in Figs. 2 and 
3, respectively. It is interesting to note that cach 
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13etween lime 
means (1749.68 5 1849.Ma 

Between experi- 
merits' 561.69 1 561.69 

Interaction 138.61 5 27.72 
Residual 2305.60 138 16.71 
Indices 
(’l’he estimates of ~ 

bet ween time- 
means variance ‘349.94-27.72 = 53 
components) 25 

Average variancesd 
(Within time- I,-iz = 17 

means provided 
by residual) 

2113.75 5 488.76R 829.88 5 165.98’’ 

479.60 1 479.60 367.35 1 367.35 
107.71 5 21.5ab 55.07 5 11.81 
866.07 138 6.28 2233.70 138 16.15 

In = Is0 5 

- G  488.76-21.64 ~ 1o 165.58-11.81 ~ - 
25 25 

vzo = 6 vso = 16 

S.S. d.f. N1.S. 
16546.47 149 

5304.27 5 1060.85a 

236.13 I 236.13 
58.64 5 19.73 

10507.43 138 79.04 

I100 = 

= 42 1060.85-IY. 73 
25 

vloo = 79 

a Significant a t  p = <0.001. Significant a t  g = 0.01. “Retween expel-iments” mean scpa~-es are not tested for sig- 
nificance since they I-eflect initial adjustment of tablet press. “Interaction” mean squares are not significant for firanulations 
12, 50 ,  and 100, indicating that time variation of means does not differ significantly from experiment to  experiment, e.g., these 
time patterns are systematic. “Interaction” mean sqnares fot- gt-anulation 20 at-e significant. Hnwevet- t h e  “between time- 
means” mean square is much larger than the “interaction” mean squale so that  although the time patter; docs differ between 
experiments, the common part 01 the pattern is much greater than the difference between experiments (Fig. 2 ,  granulation 
20). However, the samples 
with heterogeneous variances were included in the analysis of variance so that the variability ”within time-means” is measured 
by thme average vaiiancc for the whole run of the machine. The ratio of “between time-means” mean square and “residual” 
mean square is suiticiently large so tha t  the significance of the former is not in doubt. 

The varianctis of 12 samples for granulation 100 are not homogeneous across an  hour run. 

granulation has a. typical pattern of variability for 
tirne--means and a different pattern for standard 
dcvisttions which was similar for both experiments, 
even though they were performed ahout 6 months 
apart. It is evident from the plots in Fig. 2 that 
granulatioii 12 shows the greatest scatter of mean 
tablct weights ovcr the time pcriod of compression 
and granulation 50 the least. However, tlie standard 
devia.tion of the mcan tablet weights is the smallest 
for granulation 213 and largest for granulation 100 
as sccn from the plots in Fig. 3 .  

The results obtained from Bartlett’s test showed 
that for granulation 12 and 50, the zero time vari- 
ances. differ significautly (are heterogeneous) when 
comparcd with tht: remaining 12 samples’ variauces 
from 10 to 60 min. Granulation 20 showed homo- 
ge-news variancca; for the mean weights of the 0- 
to 60-min. samples. Granulation 100, however, 
showed heterogeneous varianccs for the mean tablet 
weights for the @, lo-, and 20-min. samples as 
compared with the other time pcriods. As a result of 
these findings, the zero time data were eliminated 
from further andysis since it was felt that the 
tablct press was riot get standardized at  the zero 
time sampling. Although the 10- and 2U-min. 
samples of granulation 100 exhibited heterogeneous 
variances, they were retained for the analysis of vari- 
ance. The justification for this is given with Table 
V which shows the analysis of variance and thc 
calculations of indices ( I ) ,  as wcll as average vari- 
ances ( V )  for each granulation. 

I t  ivas found that granulation 12 had an I = 53,  
granulatioti 20 an I = 19, granulation 50 an I = 
6, and granulatiori 100 an 1 = 42. The higher the 
index, the larger the variability of the tablet weight 
time-ineans during the 1-hr. compression period. 
The granulations exhibit the following order of 
incrcaw of variability of time-means ovcr the 1 hr. 
duiration of tablet manufacture: 50 < 20 < 100 < 
12. It is interesting to note that the granulations 
of the medium particle sizc rangc show the smallest 
indiccs. The average variances for the four granu- 

lations are Vlz = 17, Vzz0 = 6, V5” = 16, and Vlo0 = 
79. It is evident from these data that the following 
increasing order of variability exists within the 
mean tablet weights for the four granulations: 
20 < 50 < 12 < 100. The average variances for thc 
four granulations demonstrate that granulation 100 
exhibits the worst variability. 

Comparison of Weight Uniformity and Core 
Centration Data.-In order to  permit this evalua- 
tion, the tablets used in this study and in a previous 
one on core centration (10) were from the same 
batch. When tlie results obtained in this study 
are compared with the core centration data, i t  is 
found that the tablets prepared from coating granu- 
lation fraction 20 also exhibited optimal core cen- 
tration. 

SUMMARY 

The influence of coating granulation size distribu- 
tion of thc same formulation on the weight vari- 
ability of compressed coated tablets prepared on a 
Manesty macliinc was studied, and simple measures 
of Cdbkt weight variability were presented. The 
following summarizcs thc findings. 

The size distribution of the coating graiiula- 
tion substantially affects the weight uniformity of 
the compressed coated tablets. 

For each granulation, there is a pattern of 
time variation ol means which is systematic for the 
experiments. 

3 .  Granulations 12 and 100 cause the lagest 
variability in tablet weight means during the 1-hr. 
period of tablet press opcration. In addition, 
granulation 100 has the largest variability of all 
the granulations when scatter of tablet weight within 
a sample of 10 or 15 tablcts is taken under considcra- 
tion. 

4. Granulatiolls 20 arid 50 cause small scatter 
of means of tablet weights; arid in addition, 
granulation 20 shows particularly low variability of 
tablct weights within samples of 10 or 15 tablets. 

1. 

2. 
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Lined and Unlined Rubber Stoppers for Multiple-Dose 
Vial Solutions I1 

Effect of Teflon Lining on Preservative Sorption and 
Leaching of Extractives 

By LEON LACHMAN, WAYNE A. PAULI, PRAWN B. SHETH, and 
MIRIAM PAGLIERY 

This report demonstrates the protective action of Teflon linings on the sorption and 
leaching characteristics of polyurethan and natural rubber stoppers. This lining 
was effective in essentially eliminating extractives from appearing in water, 5 0  per 
cent polyethylene glycol 3 0 0 , S O  per cent N,N-dimethylacetamide, 10 per cent ethanol, 
and 2 per cent benzyl alcohol when these solvents were in contact with the closures 
for 6 hr. at 11 5 '. Sorption of the preservative, p-chloro-p-phenylethyl alco- 
hol, from aqueous solution was effectively retarded by the Teflon lining on the stop- 
pers. Reduced protection against sorption and leaching was found when Teflon 
lined closures, which previously underwent multiple puncture with a 20-gauge hypo- 

dermic needle, were used. 

ITHIN recent years, the influence of rubber 
wclosures on the contents of multiple-dose 
vial solutioiis has received considerable attention 
(1, 2). It has been shown that both leaching ol 
rubber extractives from rubber closures into 
solution and sorption of materials frotn solution 
by rubbcr stoppers can be detrimental to mul- 
tiple-dose injectable preparations. Since many 
of the materials extracted from closures are re- 
active chemicals, they could cause stability (3-5) 
or tnxicity and pyrogenicity (6, 7) problems with 
the vial contents, as well as interfere with assay 
methods (2), making i t  difficult or impossible 
to quantitatively identify active ingredients. 
The loss of antibacterial preservatives from mul- 
tiple-dose vials resulting from sorption into rub- 
ber closures and/or reaction with rubber cx- 
tractives is recognized as a serious problem. 
Since these agents are added to multiple-dose 
injectable preparations to insure bacteriostasis 

~ 
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for the life of the product, any significant loss of 
the antimicrobial agent from solution can seriously 
undermine sterility maintenance of the product. 
Various attempts have been made to retard sorp- 
tion of materials frotn vial solutions and to reduce 
the amount of extractives leached frotn closures 
into solutions. Certain rubber stopper manu- 
facturers have attempted to eliminate these in- 
compatibilities between vial solutions and clo- 
sures by application of a lacquer lining to the in- 
ner surface of their closures. This lining appears 
to he essentially noneffective in retarding both 
sorption and leaching effects (8). A recent report 
from these laboratories (9) contains an evaluation 
of the protective action of an epoxy lining on rub- 
ber stoppers of varying composition. Although 
this lining was found to afford partial protection 
against leaching, no prutcctive action against 
sorption was observed. 

This study was initiated t o  tfcleriniric the cx- 
tent ol protection aflorded hy Trllon linings, 
described by IHopkins ( lo) ,  on polyurethan arid 
natural rubber stoppers against sorption arid 
leaching. The sorption characteristics of the 
lined and unlined elastorner closures were tcstetl 
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leaching characteristics of polyurethan and natural rubber stoppers. This lining 
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ITHIN recent years, the influence of rubber 
wclosures on the contents of multiple-dose 
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(1, 2). It has been shown that both leaching ol 
rubber extractives from rubber closures into 
solution and sorption of materials frotn solution 
by rubbcr stoppers can be detrimental to mul- 
tiple-dose injectable preparations. Since many 
of the materials extracted from closures are re- 
active chemicals, they could cause stability (3-5) 
or tnxicity and pyrogenicity (6, 7) problems with 
the vial contents, as well as interfere with assay 
methods (2), making i t  difficult or impossible 
to quantitatively identify active ingredients. 
The loss of antibacterial preservatives from mul- 
tiple-dose vials resulting from sorption into rub- 
ber closures and/or reaction with rubber cx- 
tractives is recognized as a serious problem. 
Since these agents are added to multiple-dose 
injectable preparations to insure bacteriostasis 
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for the life of the product, any significant loss of 
the antimicrobial agent from solution can seriously 
undermine sterility maintenance of the product. 
Various attempts have been made to retard sorp- 
tion of materials frotn vial solutions and to reduce 
the amount of extractives leached frotn closures 
into solutions. Certain rubber stopper manu- 
facturers have attempted to eliminate these in- 
compatibilities between vial solutions and clo- 
sures by application of a lacquer lining to the in- 
ner surface of their closures. This lining appears 
to he essentially noneffective in retarding both 
sorption and leaching effects (8). A recent report 
from these laboratories (9) contains an evaluation 
of the protective action of an epoxy lining on rub- 
ber stoppers of varying composition. Although 
this lining was found to afford partial protection 
against leaching, no prutcctive action against 
sorption was observed. 

This study was initiated t o  tfcleriniric the cx- 
tent ol protection aflorded hy Trllon linings, 
described by IHopkins ( lo) ,  on polyurethan arid 
natural rubber stoppers against sorption arid 
leaching. The sorption characteristics of the 
lined and unlined elastorner closures were tcstetl 
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with an aqueous buffered solution of the preserv- 
ative, p-chloro-8-phenylethyl alcohol, stored in 
multiple-dose vials. The leaching tendencies of 
water, 10% ethanol, 50% polyethylene glycol 
300, 50% N,~'-dimethylacetamide, and 2% 
benzyl alcohol on the closures were evaluated. 
Identification of the extractives leached from the 
stoppers was attempted. 

EXPERIMENTAL 

Materials. p - Cliloro - p - phenylethyl alcohol 
(Ciba), b.p. 80-83", a t  1.07 mm.; thiazole-typc 
accelerator, thiurani-type accelerator, dithiocar- 
bamdte reaction product, urethan monomer 
glycol-amine ciuring agent, and an organo-metallic 
catalyst were supplied by the rubber manulacturcr. 

Polyethylene glycol 300 (Union Carbide) ; N , N -  
diiriethylacetatiiide (E. I. du Pont); benzyl alcohol, 
reagent grade (Fisher Scientific Co.),  double dis- 
tilled at  Ciba; 10.275 M citric acid-sodium phosphate 
buffer of pH 4.0; polyurethan and natural rubber 
stoppers Teflon lined and unlined, 13 mrn. (West 
Co.); C.S.P. type 1, 10-ml. clear ampuls and vials 
(K-imble Glass Co.) ; three-piece aluminum caps for 
vials (West Co.),  Ko. 13-30 were also utilized. 

:Equipment.---Beckman model DB recording spec- 
trophotometer, Beckman model G pH meter, and 
microdistillatiori apparatus, as previously de- 
scribed in an earlier report (2),  were employed. 

:Preparation of Ampuls, Vials, and Stoppers.- 
Tliese units were washed and dried in accordance 
with the procedures described in a previous publica- 
tion from this laboratory (1). 

Sorption of Preservative from Solution.-To 
evaluate the effectiveness of Teflon lining against 
preservative sorption, lined and unlined closures of 
the same basic rubber formulations were used. 
The preservative solution used in the evaluation, 
0.3Cj;: p-chloro-j3-phenylethyl alcohol was prepared 
on a weight to volume basis with water for injection 
buffcrcd to a plH of 4.0. Before being filled into 10- 
tnl. clear glass ampuls and vials, the preservative 
sol.ution was filtered through a medium porosity 
sinterecl-glass filter. iznipul closure was accom- 
plished by the customary pull sealing technique with 
an oxygen-gas flame. The vials containing the 
preservative solution were then divided into four 
rqual parts antd stoppered with Teflon lined and 
unlined polyurc-than and natural rubber stoppers. 
The stoppered vials were sealed with three-piece 
aluminum caps using a Fermpress hand crimper. 
'Hie ampuls and vials containing the preservative 
sollutiori were then placed into constant-temperature 
cabinets regulated at 25, 50, and 60 -ir 1.5'. Half 
of the vials were stored upright and half invertcd; 
and at  designated time intervals, samples were witli- 
dr:twn and cvaluatcd for residual preservative cori- 
tent. 

To investigate the effect of multiple puncture of 
lined closures L I ~  preservative sorption, Teflon lined 
natural rubber stoppers were punctured 5 times with 
a :%)-gauge hypodermic necdlc. Ten-milliliter clear 
vi:Lls containing the 0.3y0 buffered prcscrvativc solu- 
tion were stoppered usin5 these closures and then 
capped as deseribcd previously. Hall of the vials 
were stored upright and half inverted a t  the Same 
conditions mqdoycd for the other vials. 
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Sealed 10-m1. clear nmpuls of the preservative 
solution served as controls a t  tlic various storage 
conditions. 

Rubber Closure Extractives.--To determine the 
eflectivcness of the Teflon lining on the two dinerent 
closures against leaching nf unrcsactcd materials and 
reaction products iritv the vial solution, several sol- 
vents commoiily found in pareriteral formulations 
were employed. These solvents, including water, 
10% cthanol, 5075 polyethylene glycol 300, 60% 
N,~-dimethylacctamidc, and 2yo benzyl alcohol, 
were filled into 10-nil. clear glass vials and stoppered 
with the unlined and Teflon lined polyurethan and 
natural rubber closures. Multipunctured Teflon 
lined natural rubber stoppers were also employed to 
evaluate the possible loss of protection resulting 
from the multiple perforations in the Teflon film. 
'I'he stoppered vials were then sealed with three- 
piece aluminum caps again using the hand crimper 
described previously. After autoclaving the vials 
in an inverted position at  115" (10 p.s.i.) for 6 hr., 
the solutions in the vials were scanned spectro- 
photometrically to obtain ultraviolet absorption 
curves of the rubber extractives. 

Identification of Extractives.-- For thc various 
organic additives and their possible reaction prod- 
ucts of the two rubber compositions used in this 
study, saturated solutions were prepared in the five 
solvcnt systems and scanned spectrophotomctrically 
to obtain their characteristic ultraviolet absorption 
spectra. This madc possiblc a qualitativc identi- 
fication of the materials extracted from the poly- 
urcthan and natural rubber closures. 

Analytical Method.-The assay methud employed 
for p-cliloro-~-pl~enyletliyl alcohol has becn de- 
scribed in an earlier publication from these labora- 
torics (1). 

RESULTS AND DISCUSSION 

Thc protective action of a Teflon lining on poly- 
urethan and natural rubber stoppers against sorp- 
tion of the preservative, p-chloro-p-phenylethyl 
alcohol, from solution and leaching of extractives 
from the stoppers by several solvents was investi- 
gated. The cornposition and per cent rubber con- 
tent of these stoppers are presented in Table I. 

Sorption Studies.-The sorption tendencies of 
Teflon lined, niultipunctured Teflon liued, and un- 
lined rnbber stoppers wrre evaluated with vial solu- 
tions of ~-chluro-~-pheriylethyl alcohol buffered to a 
pH of 4.0. The protective action o f  thc 'i'eflon lin- 

~~~ . 
TABLE I.-CLOSURE COMPOSITION 

- 

Natural Rubber Polyurethan Rubber 
Natural crepe" Urethan moiiomcrb 
Calcined clay A mine-glycol curing 

Barium sulfatct Organo-metallic 

Zinc oxide Titnniurn dioxide 
Iron oxide 
Stearic acid 
Paraffin wax 
Thiazole-type accelerator 
Thiuram-type accelerator 

agent 

CatdlySt 

a Rubber contmt: 56Li; of total composition. 11 I<uhher 
content: 95% c)i  total composition. 
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CHLORO-~-PHENYLETHYL ALconoL FROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL PRE- 
TABLE II.--EFFECTIVENESS OF TEFLON LINING ON NATURAL RUBBER STOPPERS AGAINST SORPTION OF p -  

SERVATIVE 

--- Temp., 6O0- 
Time, -Cpright-. - - Inverted - .-- Upright - --Inverted- --Upright- --Inverted---. 
r-- Temp., 25O- 7 ,  Temp., 50"- 7,- 

Wk. Ln P U  P I, PTJ P A L PLI P T. PIJ P A L PlJ P I, PU P 4 
O . . . . . . . . . . . . . . . . . .  100 . . . . . . . . . . . . . . . . . . . . .  98 ioo . . . . . . . . . . . . . . . . . .  
2 90 98 96 9Y 95 90 100 99 81 YO 90 70 90 84 9Y 89 78 98 
4 100 98 95 100 95 88 99 100 9 1  83 08 84 77 99 100 88 78 100 81 75 Y Y  
8 HR 98 88 100 94 81 101 99 84 74 99 81 70 101 99 77 63 100 63 92 

12 102 95 91  102 91  82 102 102 80 72 102 80 71 102 102 74 64 108 :i 63 102 

" L  = Teflon lined; P U  = multipunctured Teflon lined; I' = plain; A = ampul. 
.~____. 

TABLE III.-EFFECTIVENESS OF TEFLON LINING ON POLYURETHAN RUBBER STOPPERS AGAINST SORPTION 
OF ~-CHLORO-~-PHENTYLETHYL ALCOHOL FROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL 

PRESEKVATIVE 

,- - ---Temp., 25O-- ---Temp., 50°---. ---Temp., 60°--- 
Time, Upright Inverted Upright Inverted TJpright Invcited 
W k .  La P I, P A L P L P A I* P L F A  

0 . . . . . . . . . . . .  100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 99 85 98 51 97 99 74 97 37 98 99 69 98 38 98 
4 96 63 97 42 97 96 51 96 29 97 96 45 97 30 97 
8 97 61 96 38 95 97 39 97 26 97 101 24 96 23 97 

12 100 78 99 36 99 100 34 99 23 99 97 20 101 19 101 

a L = TefIon lined; P = plain; A = ampul. 

TAnLE Ib7.--ABSORBANCE VALUES OF EXTRACTIVES LEACHED BY SEVERAL SOLVENTS I N  10-1111. VIALS PROM 
TEFLON LINED A S D  UNLINED RUBBER STOPPERS AFTER AUTOCLAVING THE VIALS I N  AN INVERTED POSITIOX 

AT 115' FOR 6 hr. 
- -~ 

r Natural - -- -Polyurethan- 
Wave Absorbance------- Wave Absorbance 

Solvent length, mp Pa P U  L length, mp P L 
Water 310 0.74 0.02 0.01 276 0.07 0.01 

Ethanol, 10% 308 0.86 0.03 0.01 274 0.17 0.01 
230 0.83 0.07 0.02 

228 0.91 0.11 0.02 
Benzyl alcohol, 2yo 312 0 77 0 03 0 01 280 0 14 0 02 
Polyethylene glycol 300, 50% 324 0 66 0 13 0 02 270 0 85 0 12 

248 0 71 0 40 0 27 250 0 88 0 21 
IV,1V-Dimethylacetamide, 50% 326 1.95 . . .  0.01 278 1.55 0.01 

__ -~ 

a p = plain, P U  = multipunctnred Teflon lined; L = Teflon lined. 

ing 011 natural rubber closures against sorption of 
the preservative from solution can rcadily be seen 
from the data in Table 11. A t  all temperature 
conditions throughout the 12-week period, no de- 
crease in preservative content is noted for auy of the 
vials with lined closures. The observed loss of p -  
chloro-p-phenylethyl alcohol from vials with plain 
closures appears to level off at around the 8-week 
period. This plateau could indicate the presence 
of an equilibrium condition. It is intercsting to 
note that only for the unlined closures do vial solu- 
tions stored in an inverted position show greater loss 
of preservative content than those stored upright. 

To evaluatc the effectivcncss of the Teflon lining 
after the stopper was punctured sevcral times by a 
hypodermic needle, Teflon lined natural rubber 
closures were punctured 5 times with a 20-gauge 
hypodermic needle and employed as closurcs for 
vials containing the preservative solution. These 
vials were stored a t  the same conditions and for the 
same time period as the other group. Results show 
that even when perforated several times by a hypo- 
dcrmic necdle, the Teflon lining still affords some 
protection against sorption whcn comparcd with 
loss of preservative for the unlined closures. 

The data in Table I11 summarizc the sorption 
tendencies of lined and unlined polyurethan clo- 
sures for p-chloro-p-phcnylethyl alcohol a t  the various 
temperature conditions. Excellent protection was 
afforded by the Teflon lining against sorption at all 
storage conditions throughout the 12-week evalua- 
tion. Again, only for the unliued closures do the 
vial solutions stored in an inverted position show a 
greater loss of prcscrvative than those stored upright. 

Since there was no diminution of preservative 
concentration in the ampul solutions, the loss in the 
vial solutions stoppered with natural and poly- 
urethan closurcs must be attributed to closures. 

Although no physical changes in the natural rub- 
ber closures were rioted at  the various clevated 
temperature conditions employed, both the lined 
and unlined polyurethan closures deformed mark- 
edly a t  these same temperatures. In fact, the un- 
lined closures were so badly deformed that the loss 
data of prcscrvativc in the vials could be due to loss 
around the closure and out to the atmosphere in 
addition to that sorbed by the closure. 

Leaching of Extractives.-Several solvents com- 
monly used in injectable formulations were em- 
ployed to  evaluate the leaching of extractives from 
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surrimarized in Table V. With this information, 
positive identification of each of the various extract- 
ablcs was made possible. 

For the natural rubber stoppers, the Iriaterial 
responsible for the absorption a t  308-326 nip aiid 
228-230 nip is believed to be the thiazole-type 
accelerator. 'The solvent decompositiou products 
and/or the dithiocarbamate reaction product could 
account for the absorption at 248 mp iu myo poly- 
ethylene glycol 300. In the case of the poly- 
uretlian closures, the absorption at 270-280 nip can 
be ascribed primarily to the organo-metallic catalyst 
employed with the possibility of minor coritributioii 
from the urcthan monomer. The observed peak 
found for 509; polyethylene glycol 300 of approxi- 
mately 250 mp can be attributed to  solvent decom- 
position aiid not to extractives from the rubber. 
Even though slight ultraviolet absorption mas ob- 
served for the glycol-amine curing agent, the absorp- 
tion spectra of this agent in the various solvent sys- 
tems employed were rather diffuse with no defin- 
able maxima. 

m 

0 

WIVE L E N G T M  mp , 

Fig. 1. - Ultra- 
violet absorption 
curve of leached 
extractives. Rub- 
ber, natural; solv- 
ent, water; stor- 
age condition, 6 
hr. a t  115', vial 
inverted. 

flon lined and unlined stoppers when used on 
multiple-dose vials. Table IV lists thc ultraviolet 
mixima and co'rresponding absorbances representing 
extractivcs from the polyurctlian and natural rub- 
ber closures appearing in the various solvents. It 
can readily be seen that for each of the rubber com- 
positions employed and in each of the solvent sys- 
tems, the Teflon lining afforded considerable protec- 
tion against leaching of cxtractablcs from the rlo- 
sures a5 evidenced by the extremely low absorbance 
values 0htainc.d when lined closures were used. 
Considerable protection against leaching was also 
provided usin& the nuiltipunctured Teflon lined 
closures. Representative ultraviolet absorption 
spectra for the extractives found in the vial solutions 
containing water and stoppered with lined, multi- 
punctured lined, aud unlined natural rubber stoppers 
are given in Fig. 1. 

It is interesting to note from the data in Table 1V 
that of the fivc solvents investigated with the lined 
closures, only 50yL polyethylene glycol 300 appeared 
to be successful in leaching nut a significant amount 
of extractives from both polyurethan and natural 
rubber. To explore whether decomposition of the 
polyethylene glycol 300, when exposed to the cx- 
trttme conditions of the evaluation, gave degradation 
products which also showed ultraviolet absorption, 
samples of this solvent were sealed in clear glass 
anipuls and heated for the same period at the same 
temperature a:j the vials. The ultraviolet absorp- 
tion spectra of the 50% polycthylenc glycol 300 
solution heated in ampuls and an untreated control 
are given in Fig. 2. The appearance of an absorp- 
tion peak a t  approximately 250 ~ n p  for the heated 
g1:ycol solution indicates that the decomposition of 
thc glycol most likely contributes to the relatively 
high absorbance values found with this solvent from 
vi.& using Teflon liued closures. 

Identification of Extractives.-Materials of the 
rubbcr compositions studied, which would tend to  
give absorptioin in the ultraviolet region, were ob- 
tained from the rubber stopper manufacturer and 
ultraviolet absnrption spectra taken in the solvents 
studied. This inforination was employed to aid in 
the ideutificirtion of the extractives leached from the 
polyurethan and natural rubber stoppers. The 
absorption data for thcsc various ingredients are 

SUMMARY 

Teflon lined and unlined polyurethan and natural 
rubber closures were evaluated for their sorption and 
leaching characteristics. Multiple-dose vials con- 
taining an aqueous buffered solution of the preserva- 
tive, p-chloro-~-phenylethyl alcohol, were stoppered 
with the lined and unlined rubber closures for the 
sorption studies. Several solvents commonly used in 
injectable formulations were employed to  evaluate 
the leaching of extractives from the lined and un- 
lined closures wheu used on multiple-dose vials. 
The solvents used were water, 1076 ethanol, 2%, 
benzyl alcohol, ~r,N-cliti~ethylacetamide, and 
50% polyethylene glycol 300. The following re- 
sults were obtaiued. 

The Teflon lining was found to afford excel- 
lent protection against sorption of the preservative 
into either the polyurethan or natural rubber 
stoppers. 

l'he lining was found to btr. effective in pre- 
venting the leaching of extractives from the rubber 
closures by the various solvents employed. 

1. 

2. 

3. The extractives leached by the diffcrcnt sol 

TREATED 

I 
2 W  240 280 320 360 

W A V t  LENGTH mp 

Fig. 2. - Ultra- 
violet absorption 
spectra of a 50';; 
polyethylene glycol 
300 solution after 
autoclaving in seai- 
ed ampuls for 6 hr. 
a t  115", 10 p.s.i., 
and an untrcatcd 
control. 
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TABLE ~.-ULTRAVIOLET ABSORPTION MAXIMA OF RUBBER CLOSURE INGREDIENTS 
-~ 

7 Wavelength, m s  -- 
50y0 Poly- 

2yo Renzyl 50y0 N,N-Di- ethylene Glycol 
Rubber Stopper Water 107, Ethanol Alcohnl methylacetamide 300 

Natural 
Thiazole-type accelerator 312 312 312 322 322 

227 230 I . .  . . .  228 
Thiuram-type accelerator 274 274 278 276 278 
Dithiocarbamate reaction product 274 276 I . .  274 274 

. . .  2.50 . . .  257 253 
Polyurethan 

Urethan monomer 
Orgatlo-metallic catalyst 

__ 

. . .  . . .  . . .  288 
272 274 272 274 

287 
274 

vents from both the unlined polyurethan alld 
natural rubber closures were qualitatively identified. 

were perforated several times by a hypodermic (5) Wing, W. T., ibid., 5, ~ ~ ~ ( I s s R ) .  
needle, still afforded some protection against sorp- 
tion and considerable protection against leaching. 

52, t14[ i~6$yn,  r, . ,  Urbinyi, T., and Weinstein, s., ibid.. 
( 3 )  R ~ ~ ~ ~ ,  A, ,  and Sykes, G., J .  pharm. phavmacol., 9, 

4. Teflon lined natural rubber stoppers, which 814(195i). 
(4) Weiner, S., ibid., 7, 188(196cij. 

{:{ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ , s ~ ~ ~ ~ , 8 ~ ~ ~ ~ ) ~ a ~ , n .  Se / skop , ,  13, 121, 

(8) Garnet, J. K., Auslralion J .  Phorm., September 29, 
1962, 908. 

(9) Lachman, L. ,  Sheth, P. B., and Urbinyi, T., J .  
Phuvm. Sc i . ,  53, 211(1964j. 

135(1951). 
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Notes 

Phosphorus-Nitrogen Compounds V. 
Some Guanidine and 2-Aminopyrimidine Derivatives 

By LINDLEY A. CATES and NOEL M. FERGUSON 

Five amidino (thio)phosphoramidates and six 2-pyrimidyl (thio)phosphorami- 
dates were prepared for screening in four cancer test systems. Three of these 
derivatives were also tested against Plasmodium berghei. None of the compounds 

exhibited significant antineoplastic or antimalarial activity. 

HE SYNTHESIS of phosphordmidopyrimidines was T undertaken to further ascertain the effect of 
phosphorus bonding on the cytotoxic properties of 
heterocyclic anlines The preparation of similar 
pyridine-containing compounds was described in an 
earlier report in this series (1). 

The rationale for antineoplastic activity by these 
derivatives originates from an hypothesis concerning 
the mechanism of action of cyclophosphamide. 
According to this theory, cyclophosphamide exists 
as an inactive transport form in oivo until the P-N 
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bond is cleaved by the enzymatic action of phospha- 
midases or ph0SphdkdSeS to yield the alkylating 
ethylenimmonium ion (2). Thus ,  replacement of 
the bis(khloroethy1)arnino group by an atnino- 
pyrimidine moiety might give rise to an antirnet- 
abolic activity of a more specific nature than ~vvould 
be realized by administration of the parent com- 
pound. More recent evidence ( 3 ) ,  however, sug- 
gests that the conversion of cyclophosphamide 
in Y ~ W  into a cytostatically effective activation 
product is the result of a metabolic process de- 
pendent on the presence of oxygen atid not the result 
of simple hydrolysis. A t  this time it can be stated 
that no direct proof of the postulated biochemical 
trat~sformations of cyclophosphamide and related 
congeners is available. 

Since guanidime and some of its derivatives are 
known to possess antiprotozoal properties (4) three 
of the arr1idinojthio)phosphoramidate intermedi- 
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TABLE ~.--AMIDINO( TIIIO)PHOSPHORAMIDATES 

X 

(KO)2-P--NH-C 
II ”H 

967 

C‘omyd. R X M p., O C Q  Foi mula 
r Methyl S 108-1 10 C J H ~ O N ~ O ~ P S  

I1 Ethyl S 87-88 CSHI~N~O~PS 

I11 Ethyl 0 127-129 C5HIJJaOBP 

I \I n-Propyl S 73-74 CiHisNa02PS 

v n-Butyl 0 83-84 CgH22h ,<031’  

Vlc Phenyl 0 119 C I ~ H I ~ N ~ ~ J ’  

-- Anal., %h- 
Calcd. Found 

c, 19.7 c, 19.8 
H, 5.5 H, 5.6 
N, 22.9 N, 23.3 
C ,  28.4 C, 28.6 
H, 6 . 7  H, 6.8 
N,  19.9 N, 19.9 
C, 30.8 C, 30.9 
H, 7.2 H, 7.4 
N, 21.5 N, 21.8 
C, 35.1 c, 35.2 
H, 7.6 H, 7.8 
N, 17.6 N. 17.4 
c; 43.0 C, 43.2 
H, 8.8 H, 8 . 8  
K, 16.7 N ,  16.6 

H, 4 . 8  H, 4 . 8  
N, 14.4 N, 14.5 

C, 53.6 c, 53.4 

~______ - 
All melting points were determined on a Fisher Johns apparatus and are uncori-ected. * Elemental analyses were run on 

a Fisher CHN analyzer. Previously pt-epai-ed by different methods [reported m.p. 118’ (6, 8)1. 

T A B L E  II.-~-Pk.RIMIDYI.(’~HIO)PHOSPHORAMIDATES 

X 

R” 

- ~- 

-Anal., %”- 
Comgd. I< X R’ R ”  M p..  ‘(2.’’ Formula CdCd. Found 
VII Phenyl O H  H 137-139 C16H14NaOaP C, 55.6 C, 55.6 

. H20 H, 4.7 H, 4.7 
N, 12.2 K, 12.0 

VIII l’h~tlyl 0 CH3 CH3 

I x Ethyl S 011 OH 

?i 1~ I’ropyl S OH OH 

XI n I’ropyl S 011 NHy 

52-153 CISHI8N3OxP C, 57.9 
’ HzO €1, 5.4 

N, 11.3 

08-109 CIOH18N304PS C, 39.1 
H. 5 . 9  
N: 13.7 

N. 18.3 

C, 58.1 

K, 11.3 
c, 34.3 
H, 5.1 
N ,  14.4 
c, 39.5 
H ,  6 .0  
K, 13.5 
c, 39.5 
H, 6 .3  
N. 18.3 

H, .5.4 

XI1 n Propyl S OH CH3 127-128 CIIIImNaO~PS C, 43.3 C, 43 3 
H. 6 6 H. 6.7 
N; 13.8 N: 13.9 

.~ 
” All melting points were dctc~-n~ined on a Fisher- Johns apparatus and are uncoi-rected. ‘ Elemental analyses were run 

o n  a Fisher CHN analyzer. 

at’es, which contain the guariidino moiety, were halo- and hydroxy-substituted pyrimidines em- 
incidentally tested for antimalarial activity. ploying alkyl and aryl phosphorochloridates proved 

The pyrimidine derivatives were prepared by two unsuccessful. This failure is attributed to the 
different niethods : phosphorylation and condensa- relatively high pKb values of these pyrimidines. A 
tion. Two of the products were synthesized by recent report ( 5 )  indicates that halo-substituted 
direct acylation using diphenyl phosphorochlori- 2-aminopyrimidines will, however, yield phosphor- 
date, whereas several attempts a t  phosphorylation of aniidic dichlorides and phosphorimidic trichlorides 
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when the more reactivc phosphorus pentachloride is 
employed. 

As an alternate route pyrimidinc synthctic meth- 
ods involving double condensation between cyano- 
acetic, malonic and P-kcto esters and substituted 
guariidines were employed. The arnidinophosphor- 
amidatcs and aniidinophosphoramidothiondtes re- 
quired in these conderisatioris were obtained by the 
reaction hctcveen phosphorochloridatcs or phos- 
phorochloridothionates and guanidiue. The latter 
rcactant was prcparcd in situ using gudnidine hydro- 
chloride and alcoholic potassium hydroxide. The 
synthesis of amidinophosphoramidatcs is somewhat 
controvcrsisl in that Shvachkin and Prokof'rv ( 6 )  
reported that the preparation of diphenylphos- 
phorylg~~anidi~ir iroui phosphoryl chloride, phenol, 
and gnanidinc. (7)  could not be duplicated, and they 
synthesized the product using diphenylphosphoro- 
chloridate and guanidine. This procedure was also 
reported by Cramer and Vollmar (8 ) ,  as well as an 
alternate rnethod involving the treatment of guani- 
dine hydrochloride in aqueous sodium hydroside 
with diphenylphosphorochloridate in benzene. The 
guanidine hydrochloride-alcoholic potassium hy- 
droxide process reported in this paper is considered 
to be a convcnient and cconomical method for the 
synthesis of phosphoryl( t1iio)guanidines. Of the 
guanidinc dcrivativcs prcparcd, the ethyl and n- 
propyl arnidinophosphorarriidothioriates were se- 
lected for pyrimidine condensation. 

EXPEKIMENTAL 

Chemistry 
Amidinophosphoramidates and Amidinophos- 

phoramidothionates (Table I).-A solution of po- 
tassium hydroxide (0.2 mole) in 100 ml. of absolute 
ethanol was added in portions to guanidine HCl 
(0.2 mole) in 100 ml. of absolute ethanol at 0" 
with stirring. This temperature was maintained 
and the appropriatc phosphorochloridate or phos- 
phorochloridothionate (0.1 mole) was introduced 
dropwisc with stirring. The reaction mixture was 
allow-ed to remain overnight and then spin evap- 
orated over a steam bath to yield a white mass or 
oil. The residue was dissolvcd in hot benzcne and 
ethcr mas added to precipitate guanidine hydro- 
chloride. The filtrate was again spin evaporated to 
yield a white Inass or oil. Compounds I, 11, and 
I11 were isolated by crystallizing from hot benzene. 
Compounds IV and V wcrc obtaincd in purc form by 
washing an rthereal solution of the residue with 10% 
sodium hydroxide solution and water, drying over 
anhydrous calcium sulfate, and concentrating the 
ethcr filtrate. Known compound VI  was purified 
according to a prcviously dcscribcd mcthod (6). 
All products were white crystalline solids. 
2-Pyrimidylphosphorarnidates (Table II).-A mix- 

ture of 2-arninogyrirriidine or 2-amino-4,6-dimethyl- 
pyrimidine (0.2 mole) and diphenyl phosphoro- 
chloridate (0.1 mole) in 500 ml. of reagent dioxane 
was refluxed for 0.5 hr. and allowed to remain over- 
night. The reaction mixture was spin evaporated 
to yield a brown mass which was washed with 
petrolcum ether and water and the residue dissolved 
in hot ethanol. After treating with activated char- 
coal, clouding with water, and cooling, the product 
formcd as a white crystalline solid. 

2-Pyrimidylphosphoraidothionates (Table 11.F 
The appropriate amidinophosphoramidothionate 
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(0.05 mole) was rduxed for 1 hr. with sodium 
(0.25 mole), which was previously reacted with 300 
mI. of absolute ethanol, and the reaction mixture 
was allowcd to sct overnight. fivefold excess of 
diethyl malonate, ethyl cyanoacetate, or ethyl 
acetoacetate was added, the mixture refluxed for 
2 hr., and allowed to remain overnight. The reac- 
tion misture was conccntrated by spin evaporation 
and any precipitate dissolved by addition of the 
least amount of water. Following filtration the 
solution was adjusted to pH 8 using 570 hydrochloric 
acid and a Corning pH metcr. The resulting pre- 
cipitate was collected and crystallized from ethanol- 
water. 

Infrared Spectra 

All starting materials and products were examined 
by means of a Beckman IK-8 spectrophotometer 
using a Kujol mull. The new guanidine derivatives 
showed the following characteristic absorptions, Y 

in cm.-': 3200 (NH), 1020-1060 (POCalkyl), and 
1240 (P=O in compounds I11 and V) .  Some of the 
principal absorptions given by the pyrimidine de- 
rivatives were, v in the cm-': 1520-1580 (C=C, 
C=N in all compounds), 1240 (P=O in compounds 
VII and VIII), 1080-1090 and 1200 (POC aryl in 
compounds VI I  and VIII), 1020-1055 (POC alkyl in 
compounds IX-XII), and 3350 (NHz in compound 
XI). The lack of a frce amino group (except, of 
course, in compound XI) indicates the correctness 
of the proposed structures, eliminating an alterna- 
tive course of the coridensations. No assignment 
of I-'-N absorption was attempted since this band, 
usually designatcd around 715 em.-', falls in thc 
skeletal structure absorption range. Derkach (9) 
reported the infrared spectra of some related phos- 
phoratnidates and assigned the 893-910 cm. -1 

range to P-N. This assignment may not be correct 
since a similar strong pcak was notcd in the cotu- 
pounds reported here but only in the case of the 
phenyl csters. The rcliability of assigning P-N 
absorption in the region of 715 cm:-' has also been 
qucstioncd by Bellamy (10) and Thomas (11). 

Screening Data 
Samples of the new compounds w r c  submitted 

for antitumor testing against sarcoma 180, Lcwis 
lung carcinoma, lymphoid leukemia L-1210, and KB 
cell culture.' Results of that testing which have 
been completed indicate that only compound I has 
a pcr ccnt T/C (ratio of tumor wcight of tcst ani- 
mals to control animals; expressed as per cent) of 
lcss than 50 whrn screened against sarcoma 180 
arid that a t  a dose of 500 mg./Kg. The most toxic 
member of the series was compound V which gave 
no survivors a t  a dosc of 101) mg./Kg. The py- 
rimidine derivatives exhibited relatively low acutc 
toxicities having lethal doses in excess of 260 rng./ 
Kg. Five micc WCIC infectcd with a lethal dosc of 
Plasmodium berghei 3 days prior to administration 
of compounds I, 111, and V in doses of 40, 160, and 
640 nig./Kg.* At the higher dose lrvcl compound 
111 (most active) extended the survival time by 
only 3570. Compounds I and I11 showcd low 
acute toxicities and thc relatively high toxicity of 
componnd V was confirmed in these tests. 

1 Testing results furnished by the Cancer Chemothet-apy 

2 Testing results furnished by the Walter Reed Army 
National Service Center, Bethesda, Md. 

Medical Center, Washington, D. C. 
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Tracer and Radioactivation Studies on Tartar Emetic Impurities 
By A. ALIAN, YEHIA M. DESSOUKY*, and R. SHABANA 

The problem of contamination of tartar emetic with arsenic and lead was examined 
using the radioactive isotopes, j6As and 209Pb. Neutron activation and radio- 
chemical separation methods have been applied for the determination of arsenic 
and lead concentrations throughout the different stages of tartar emetic synthesis. 
It has been shown that, while most of arsenic is eliminated during the synthesis 
process, the major portion of lead remains in  the final product. It was also found 
that the two impurities can be eliminated by successive washing of the starting ma- 
terials with 0.2 M nitric acid and water. Tartar emetic synthesized from purified 

starting materials conforms to  the requirements in  pharmacopeias. 

NE OF T[IE most important problems of the 0 pharmaceutical industry is thc production of 
synthetic drugs in a suitably pure conclition. The 
c!lassical methods of tracing impurities are either 
niisleading, tedious, or inaccurate. Antiniony po- 

nionly employed drug in the treatment of bilhar- 
ziasis, schistosomiasis, leishmaniasis, filariasis, as- 
cxiasis, and other tropical diseases (1 ) .  I t  is one 
O F  thc early drugs found to be active against tryp- 
anosomes (2). The drug is widely used in Africa, 
Asia, and Latin America because of the simplicity 
atid easiness of  its synthesis and acccptancc among 
patients and physicians. It is still the drug of choice 
in the treatment of bilharziasis in Egypt as well as 
other countries where infections occur ( 3 ) .  Cases 
of toxicity nntl inconvcniencc of intravenous injec- 
tion of this drug are reported. however, and have 
been attributed, a t  lcast partly to the presence ol 
toxic impurities such as arsenic and lead (3,4). 

Most pharmacopcias in which tartar emetic is 
mcntioncd require certain specilicatiotis for arsenic 
atid lead limits for the sake of its mrrliral safrty. 
‘ihcsc limits vary in the case of arsenic to not more 
tlian2OO p.p.ni. in thc U.S.P. (5), 10 p.p.m. in the E. 
P. ( 6 ) ,  8 p.p.tm in the R.P .  (7),  and in casc of lead to 
not more than 10 p.p.m. in the E.P. and 5 p.p.m. 
iu the B.P. 

The quantitative dctermiiralion of the two metals, 
particularly arsenic, a t  such low conccntrations in 
the presence of antimony caiinot b P  performed with 
accuracy by the convenliorlal analytical methods 
(8-1 1). The utilization of radioactive isotopes in 
solving some production proble~ns and in working 

t, ‘issium .. tartrate (tartar emetic) is the most com- 
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up technical operations in the pharmaceutical 
industry has found its way only recently (12). Some 
studies have been published on the manufacture 
of pure tartar emetic (3 ,  13), but none of the authors 
have made use of radioactive isotope techniques. 

The purpose of the present paper was to find an 
ecotiomical method to eliminate arsenic and lead 
and to produce tartar emetic in pure form. For 
tracing these two metals, the radioactive isotopes, 
’6As and 203Pb, have bccn used, while their concen- 
trations in the starting materials arid in the final 
products havc hccn dctcrmined by a neutron radio- 
activation procedure. 

EXPERIMENTAL 

Materials.--Unless otherwise stated, all chemicals 
employed were analytical grade reagents. The 
radioactive isotopes j6As and 209Pb wcre prcparcd by 
irradiating spectrographically pure arsenic trioxide 
and lead. Arsenic trioxide was then dissolved 
in dilute hydrochloric acid, while lead was dissolved 
in dilute nitric acid. Standard and carrier solutions 
of arsenic and lcad were prepared by dissolving inac- 
tive arsenic trioxide and lead in a similar manner. 

Apparatus.--The instruments used were an EKCO 
scintillation assembly for counting the y radiation of 
‘ G A S  atid a Philips counting instrument with an cnd 
window G.M. tube for measuring 2D9Pb p-radiations. 

Irradiations.-Samples to be irradiated were 
wrapped in thin alunlinum sheets and were en- 
closed in aluminum cans which were then irradiated 
a t  a flux of about 1.3 X l0l3 neutrons/cm.2/sec. in 
the U.A.-KR-1, 2 MW reactor. For the radioacti- 
vation analysis of arsenic and lead, every sample 
Was placed together with the standards in one can and 
exposures were of about 5 hr. duration. 

Procedure.-All experiments on the study of 
arsenic and lend uptake were performed in 100-m1. 
conical flasks. For evaluatitig arsenic uptake on 
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TABLE  ARSENIC UPTAKE OF TARTAR EMETIC" 
~- 

Arsenic Content 
Drpt. Synthesis Conditions Original Arsenic, p.p.m. in Tartar Emetic, p.p.111. 

I h  1000 8 . 2  
I Rcaction mixture 1000 6.6 
3 (paste) was left 1100 9 . 6  
4 for 24 hr., then 1250 12.0 
5 boiled for 15 1500 13.0 
tjC niin. 1500 39.0 
7 d  1500 18.0 
8 Reaction mixture 1000 7 . 0  

was refluxed for 1500 13.0 9 { 1 hr. 

The values given are the average of two nr three experiments. ' Solution of tartar emetic was cooled in refrigerator. 
EDTA was added to the 1-eaction mixture. 8-Hydroxyquinoline was added to the reaction mixture. 

TABLE II.-LEAD UPTAKE O F  TARTAR EMETIC* 
~- 

Original Lead Lead Content in 
Added, p p.m. 

-200 -130 
-200 -110 

Tartar Emetic, p.p.m. 

The values given are the avet-age of two or three ex- 
pel-iments. 

TAHLE III.-\'ARIATIOI\' OF ARSENIC UPJAKE WITH 
ITS AMOUNT BEFORE RECRYSTAI.I,IZATION" 

Arsenic Content of 
Amt. of Arsenic Synthesized Tartar 
Added to Tartar Emetic Crystals, 

Hxpt.  Emetic, p.p.m. p.p.m. 
1 6 . 7  0.12 
2 1 6 . i  0 .20  
3 33.3 0 .27  
4 5d 0 .75  
5 127 1 . 9  
6 163 3 . 6  
7 b  163 4 . 9  
8 203 
9b 203 

10 1000 

6 . 0  
7 . 5  

19.2 

a The valnrs given a t p  the avet-age of four experiments. 
I' Cooled in refrigerator. 

t:irtar vnwtic ,  in ttic coarsc o f  its syntlicsis, the 
following procedure was followed: 1.5 Gm. of 
antimony trioxide, 1.8 Gin. of acid potassium tar- 
trate, both in a finely powdered form, wele thor- 
oughly mixed with a few drops of distilled water 
arid a known amount of arscnic containing its radio- 
active isotope. The paste was left for 24 hr., boilcti 
with 12 ml. of distilled water for 15 miti., filtered 
while hot, and thc clear filtrate was left to crystallize 
at room temperature or in a refrigerator. The crys- 
tals of tartar emetic thus obtained, after being 
filtered off and washed with ice cold watcr, were 
dried. The arsenic content of the filtrate and 
crystals were determined by measuring the radio- 
activity of 7gAs. In some other series of experiments 
a mixture of antiniony trioride, acid potassium tar- 
trate, and arsenic was refluxed with 12 nil. of 
distilledwater for 1 hr.,filtered while hot, and the pro- 
cedure was completed as mentioned bcfore. The 
study of tartar emetic purification from arsenic by 
recrystallization was carried out as follows: 3 Gm. 
of tartar emetic was dissolved in 10 ml. of hot dis- 

tilled water to which was added a known amount of 
arsenic. The mixture was then cooled, and tartar 
emetic was examined for its arsenic content as in thc 
above two series. 

The lead contamination of tartar emetic was 
investigated by refluxing the reaction mixture to 
which is added a known amount of lead, and in 
thc same manner as in the casc of arsenic. The puri- 
fication of tartar emetic from lead was studied also 
as in the casc of arsenic. Lcad which is addcd in the 
above two cases, however, was prepared by mixing 
a known volume of lead solution in nitric acid with 
0.5 i d .  of concentrated hydrochloric acid. Lead 
chloride thus precipitated was washed once with 
ice cold water before being used in the experiment. 

The purification 01 antimony trioxide (SbpOa) 
was studied by stirring 5 Gin. of crude SbeOa wit11 
different washing solutions. The Sb203 was then 
filtered off and examined for the arsenic and lcad 
content. 

Radioactivation analysis of arscnic and lead was 
done by methods similar to those published in the 
literature (14, 15) except for somc modifications to 
fit with the given samples. For arsenic, a double 
distillation process was necessary to scparatc it 
from antimony, while the preliminary separation of 
lead from antimony was donc by extraction (16). 

Radiochemical Purity-This was checked by 
measuring thc spcctra (arscnic) or from the decay 
curves (lead) of the corresponding radioactive 
species. 

RESULTS AND DISCUSSION 

Arsenic and Lead Uptake on Tartar Emetic 
During Its Synthesis.-The experimental results 
of arsenic uptake on tartar emetic throughout the 
process of its synthesis (Table I) show that this 
uptake incrcascs with the increase ol its amount 

TABLE I\,'.-\rARIATION O F  LEAD UPTAKE ON 
TARTAR EMETIC WITH THE CONDITION OF EXPERI- 

MENTa 
- 

Lead Uptake 
on Tartar 

Condition Original Lead Emetic Crystals. 
uf Expt. Added, p.p.m. p.p.m. 

Cooled at room 

Cooled in 
temp. -200 - 132 

refrigerator -200 - 138 

a The values given are the average of two experiments. 



1,‘ol. $4, No. 9, September 1966 971 

‘LABIZ V. -~JRIFICATION O F  AwrIMosV ’I‘RIOXII)E~~ 
. . -~ -- _____ 

,- ~ Before Washing--- ,----Aftel Washing---- - ~ 

Washing :;oh As, p.p.m. Pb, p.p.m. As, p.p.m. Pb,  p.p.m. 
Watvr 460 60 75 58 
Water 75 58 1 5% 
10% ammoniuui acetatc 450 60 3x0 56 
5% sodium carbonate 4.40 60 425 t i 0  

0.1 M nitric acid 450 ti0 . . .  5 
0 . 1  M nitric acid I . .  5 ... 1 
0 .2  M nitric acid 45u 60 . . .  1 

‘’ The values given are the average of two oi- three experiments. 

originally present in the reaction mixture. The 
uptake, however, is always less than lY0. It is 
clear, also, that when tartar emetic is left to crystal- 
lize gradually a t  room temperature, the arsenic 
uptake on the crystals is less than in case of en- 
hancing crystallization by cooling the solution. 
The addition of some complexing agents such as 
ethylenedianiin~etetraacctic acid (EDTA) and 8- 
hydroxyquinoline to the reaction mixture increases 
the arsenic contamination of tartar emetic. The 
cointamination, however, is the same for the syn- 
thesis of the di-ug by the two methods, i.e., with or 
without refluxiiig the reaction mixture. 

‘The uptake of lead, on the othcr hand, was found 
to be about 60(% of its amount originally added to 
thte reaction mixture (Table 11). 

Purification of Tartar Emetic by Crystallization.- 
Table 111 presents the experimental results of the 
recrystallization of tartar emetic in the presence of 
different amounts of arsenic. It is evident that 
the uptake of arsenic is about 2-3%) of its original 
amount. Cooling the solution increases the arsenic 
contamination. The percentage uptake, however, 
is higher than in the case of tartar emetic synthesis. 
This is most probably due to the uptake of some 
arz.enic onto the unreacted residue. 

In some separate experiments, it  has been found 
that the addition of a little amount of hydrochloric 
acid decreases the arsenic uptake onto the crystals. 

It is 
clear that, while most arsenic can be removed from 
tartar emetic by recrystallization, thc major part of 
lead remains in the crystals. 

The preliminary investigation has shown that the 
two impuritie:. are mainly present in antimony 
trioxide, hence, the authors’ efforts were directed 
toward the study of its purification. Water and 
other washing solutions have been tried for elim- 
inarting arsenic and lead from antimony trioxide. 
The results are presented in Table V. 

Washing antimony trioxide with water and 0.2 M 
nitric acid is evidently sufficient to eradicate the 
arsenic and lead impurities, while losses are negligible. 
Moreover, this is simpler than eliminating arsenic 
as arsine using reducing amalgam or complexing 
lead by a chelatirig agent (13). Acid potassium tar- 
tra.te containing arsenic and lead can be sufficiently 
purified by washing in a similar manner. 

‘rhc uptake of  lead is given in Table IV. 

RECOMMENDED PKOCEDUKE A N D  CONCLUSION 

The foregoing data show the different possibilities 
of eliminating arsenic and lead impurities from 
tartar emetic. In light of the above discussion, 
the recoinmended procedure for the synthesis of 
highly pure tartar emetic is summarized as follows. 

Antimony trioxide is washed once with 0.2 :W 
nitric acid and then tw-ice with water. Thc volurnc 
in liters of nitric acid and of water must be fivefold 
the weight in kilograms of antimony trioxidc. 
Every washing should be followed by filtering the 
slurry produced. Antimony trioxide is then thor- 
oughly mixed with the calculated amount of sirn- 
larly washed acid potassium tat trate to obtain a ho- 
mogeneous paste, and left for 24 hr. The paste is 
then boiled for 15 min. with distilled water, filtered 
while hot, and the filtrate is left to cool. The crys- 
tals of tartar emetic thus obta.ined arc washcd with 
cold water and then dried. This procedure, while 
rctaining a better yield, is more cconomic. The 
product obtained is almost free from arsenic and 
lead. 
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Desoxycholic Acid Enhancement of Orally Administered Reserpine 
By MARVIN H. MALONE, HOWARD I. HOCHMAN*, and KARL A. NIEFORTH 

Quantities of 1 : 2,1: 4,1: 8,1: 16, and 1 : 32 molar amounts of resergine : desoxycho- 
lic acid were dissolved in  alcohol and/or chloroform, chilled to - 5 , and solvents re- 
moved under reduced pressure. When administered orally to  mice, the presence 
of desoxycholic acid hastened blepharoptotic activity and increased blepharoptotic 
potency of reserpine. Maximum enhancement was observed with 1 : 16 reserpine- 
desoxycholic acid where 1 mg. of reserpine as the combination was equivalent to 
3.8-2.5 mg. of reserpine base using observations 2 and 24 hr. after dosage, respec- 
tively. An equivalent physical mixture prepared by trituration was significantly 
more potent than reserpine base but much less potent than the prepared combina- 

tion. Desoxycholic acid alone was without blepharoptotic activity. 

HE ENHANCED absorption of various medicinal T agents upon concomitant administration with 
desoxycholic acid may be attributed to its ability to 
reduce interfacial tension and/or to form inclusion 
or clathrate compounds. Previous work concerning 
this increased absorption usually has been restricted 
to thc effect of desoxycholic acid on thc absorption 
of the fat-soluble vitamins and closely related ana- 
logs where the effect was thought to be due to the 
surface action of desoxycholic acid. This report is 
concerned with an increase in thc blcpharoptotic 
activity of reserpine when given in intimate com- 
bination with desoxycholic acid. 

The general role of bile salts in absorption, the 
ability of desoxycholic acid to form inclusion com- 
pounds (choleic acids), and the relative inefficiency 
of reserpine absorption prompted this study of the 
effects of combining reserpine and this acid prior to 
oral administration. Evidence of an interaction 
between reserpine and desoxycholic acid was re- 
ported by Lach and Pauli (1) after thc completion 
of the work reported here. The interaction was 
demonstrated by an increase in the solubility of 
reserpine in hydroalcoholic solutions of desoxycholic 
acid, Simple interfacial effects of desoxycholic 
acid were not thought to be the sole contributing 
factor for this increased solubility, and it was sug- 
gested that the interaction might result from a 
coinbiiiation of micellar solubilization and inclusion 
formation. 

EXPERIMENTAL 

Preparation of Reserpine-Desoxycholic Acid 
Combinations.-The usual method for the formation 
of desoxycholic acid inclusion compounds (dissolving 
both desoxycholic acid and the guest component in 
cthanol and allowing t.he inclusion compound to 
crystallize) was not used in this instance due to the 
poor solubility of reserpine in anhydrous alcohol. 

Method A .-The calculated quantity of purified 
desoxycholic acid (Nutritional Biochemicals Corp., 
lot 2185) was dissolved in 5 ml. of commercial grade 
absolute ethanol in a 20-ml. round-bottom flask. 
The desired amount of rescrpine (C grade, Calbio- 
chem, lot 502858) was added and dissolved with 
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slight warming. The flask and its contcnts were 
chilled in an ice-salt bath to -5" and the soIverit 
removed under reduced pressure and trapped in a 
cold finger coolcd with a dry ice-acetone bath. 
The contents of the flask were protected from light 
as completely as possible. The residues were 
dried for 12 hr. in a vacuum to remove the last trace 
of alcohol. 

Method B.-This method was essentially thc 
same as above except that 5 ml. of chloroform was 
used to dissolve the reserpine, and this solution was 
added to  the desoxycholic acid dissolved in 10 nil. 
of absolute alcohol. The resultant solution was 
then treated as described under Method A .  

Method C.-A physical mixture of desoxycholic 
acid and rcscrpine was prepared by intimately 
triturating the two dry powders without previous 
dissolution in any solvent. Table I summarizes 
the physical properties of all the test mixturcs. 

Blepharoptotic Assay.-White mice were obtained 
from E. G. Steinhilber, Oshkosh, Wis., and main- 
tained in this laboratory on Purina laboratory chow 
and water ad libitum for a t  least 4 days prior to  tcst. 
All animals were taken off food 10 hr. prior to 
dosing and placed back on food after recording the 
f 6  hr. observations. Free access to water was 
allowed throughout the entire test period. Thc mice 
wcre dosed orally using precision grade syringes and 
cut-off, blunted, polished 20-gauge hypodcrmic 
ncedles. A constant dosage volume of 30 ml./Kg. 
was maintained for all injections usiug 0.25Vc 
aqueous agar as the dosing vehicle. Test drugs 
and comhinations wcrc suspended by trituration. 
A11 test solution suspensions were coded and the 
animals dosed in a random test pattern using a 
3 X 3 assay format with further randomization 
between the two sexes of mice aud the two dosing 
technicians. Prior to  ptotic scoring, each mousc 
was manually aroused and placed on a scrccn facing 
the scorer a t  the scorer's eye level. Ptosis for each 
eye was rated following the scalc used by Rubin 
et al. (2): 4 = complete, 3 = 3 / 4 ,  2 = I/?, 1 = '/4 

closure of the eyelids. Nonptotic responses were 
scored as 0. All scorcs of 4 were checked to insure 
that the lid was not encrusted shut by eye secre- 
tions. The individual metarneter was the sum of 
the ptotic scorcs for both eyes so that the graded 
test response could vary from 0 -8 per animal. 

RESULTS AND DISCUSSION 

As shown in Table 11, eight balanced log dose- 
rcsponse blcpharoptotic assays were conducted 
assaying reserpine (in combination with desoxy- 
cholic acid) against reserpine base as a standard. 
For the assay calculations the reserpine cotitetit of 
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T A B L E  I.-pREPARATION OF RESERPINE-DESOXI'CHOLIC A C I D  AND R E S E R P I N E  P L U S  DESOXPCHOLIC A C I D  
TEST MATERIALS 

Exact molar Prepn., --Quantities, mg.- h,Ieltinx 
Identificatio~i Ratios Method Reserpine Acid Range, O C. 

1 : 2  1:2.06 B 5 9 .  o 80.0 80-110 
1:4 1:4.02 B 62.0 161.5 98-125 
1:8 1 3 . 4 4  A 16.2 77.9 114-125 
1:16 1:16.31 A 29.7 312.6 114-145 
1:32 1:31.89 A 15.2 311.7 145-148 
1 + 16 1 + 17.16 c 28.6 316.4 . . .  

TARLR IT.--PLPPAHENT ORAL POTENCIES OF RESERPINE IN VARIOCS DESOXYCHOLIC ACID COXBINATIONS 
AS COMPARED TO RESERPINE BASE AI,ONR 

- ~ - - 
Ilientifica. ~ -- hr. Aftev Dosage----------- -. - - _--_ 

tion 2 4 G 10 24 
0 : 0 . . .  . . .  
l : o  0: 581 1 : 000 0.957 0:92s 1 . 078 

(0 .53-1.138)"  (0.836-1.196) (0.793-1.155) (0.741-1.162) (0.776-1.496) 
1:2 2.293 1.924 1.658 1.587 2.144 

11.46&3.602) 17.482-2.499) 11.326-2.073) 11.282-1.966) f1.672-2.747) 
1 4  2 A42 2 542 2.428 2 2811 2.692 

(2 182-3 199) 11 885-3 428) (1 959-3 010) (1 859-2 799) (2  135-3 394) 
7 8  2 828 2 349 2 732 1 918 2 056 

1 10 3 779 3 201 3 262 2 594 2 487 
( 1 858-4 306) (1 607-3 433) (1 739-4 291) (1 393 2 724) (1 084-3 901) 

( 2  870-4 974) 12 221-4 615) ( 2  6 4 5 4  022) 12 072-3 247) ( I  767-3 499) . .  
1:32 3.352 2.650 2.471 2.650 1. 966b 

1 + 16 1.382 1.882 1.876 1.719 . . .  
(2.403-4.674) (2.075-3.384) (1.930 3.165) (2.074-3.386) (1.143-3.382) 

(,0.990-1.928) (1.393 -2,542) (1.355-2.596) (1.157-2.553) 
c 

- 

Range of figures within parentheses indicate the calculatcd 95% confidence limits for the potency. Significant depar- 
Re- ture fi-om yarallclism ( P  = 0.01-0.05) in 3 X 3 assay; 

covery was sufficient so that  neithei- statistical nor graphical estimates of potency could be determined with validity. 
best gi-aphical estimate of potency = 2.49 X reserpine base. 

the cotribinations was handled using the "exact" 
ratios shown in Table 1, although the approximate 
molar ratios are used in this text to identify the 
various combinations. Doses of 3, 6, and 12 mp./ 
Kg. were used for the reserpine standard (C grade, 
Calbiochem, lot 502858) aiicl for the reserpine of the 
1 : 2, 1 : 4, and 1 : 8 reserpine-desoxycholic acid com- 
biinations. 1)~oses of 1.5, 3, and 6 mg-./Kg. and 0.75, 
1.5, and 3 mg./Kg. were used for the reserpine of the 
1 : 16 and 1 : 32 combinations, respectively. Where 
enhancement ol the reserpine-like activity did not 
allow 3 x 3 calculations, a 2 X 2 assay was cal- 
culated matching two dosages of the standard with 
two doses of  the combination in the Same linear 
portion of the dose-responsc curve. Significant 
departure from parallelisin was noted in  only one 
calculation. The statistical treatment for the 3 X 3 
(120 mice, 20 mimals/dosage level) and 2 X 2 (XO 
mice) assays involved atialysis of variance, factorial 
analysis, and  calculation of potency and its 95'5<, 
confidence limits using the techniques of Bliss and 
Calhoun (3). A n  average A valuc (s/b) of 0.27 
was obtained for the 32 valid assay calculations 
reported in Tahlc TI, which value agrees well with a 
A of 0.29 reported earlier for this assay technique 
(4 ) using a dif'fererit mouse stock, reserpine acetate 
as the standard, and water as the dosage vehicle. 

A s  shown in Fig. 1, the 1:2 to  1 : l A  reserpine-- 
desoxycholic acid combinations show a progressive 
increase in the apparent potency of reserpine with 
the 1 : 16 rese:rpine-desoxycholic acid combination 

4 c  

R i l l 0  Pi-r, rne C ~ . ~ l r c i ~ ~ ~ 8 c  A ~ , I  

Fig. 1.-Variation of ptotic potency of reserpine 
wdien administered orally in lhe form of various 
molar ratio cvprecipitatcs with desoxycholic acid. 
Key: 0, +2 hr.; i), +4 hr.; 0 ,  +6 hr. ;  o, +10 
hr.; U, +24 hr. 

producing the iriaxirIium erihancemcnt of activity. 
The decrease in activity shown by the 1:32 con-  
bination would appear to indicate that the rnaxinium 
attainable activity (1 : 16) has been physically 
diluted by excess desoxycholic acid. 

As illustrated in Fig. 2, the potency of 1 : O  re- 
serpine-desoxycholic acid does not significantly 
deviate from the theoretical value of 1.0, while 
maximum distortion of the apparent pvtency of the 
1:2-1:32 combinations was apparcnt a t  +2 iir. 
after oral administration. This appears to indicate 
that desoxycholic acid increases the speed of absorp- 
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(+4-6 hr.), and the potencies were significantly 
less (P 5 0.001) than those reported for the 1 : 16 
intimate combination. In all rascs where mlcula- 
tion was possible, the 1 + 16 mixture was signifi- 
cantly more potent than reserpine base alone 
(observed P: 0.025-0.05 a t  +2 hr. and 5 0.001 a t  
+4, 6, and 10 hr.). 

While there is debate as to whether palpebral 
ptosis is a peripheral or central manifestation of 
reserpine-like activity (44 ) ,  this characteristic 
symptom does indicate absorption of reserpine 
from the gastrointestinal tract. Copredpitates of 
reserpine and desoxycholic acid both increase the 
potency of reserpine and produce a more rapid 
onset of reserpine-like activity when administcrcd 
orally. No attempt has been made here to define 
the exact physical/chcmical nature of the reserpinc- 
desoxycholic acid combination. 
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Fig. 2.-Variation with time of the oral potencies 
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tion of reserpine as well as increasing the potency. 
Considcring the 9575 confidence limits of potency 
reported in Table 11, rescrpine administered as the 
1 : 16 combination behaves equivalent to a t  least 
1.8 mg. of reserpine basc (+24 hr.) and possibly 
equivalent to  as much as 5.0 mg. of rcscrpine 
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onset of the period of maximum enhancement 
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Utilization of Hydrophilic Gums for the Control of Drug 
Release from Tablet Formulations I. Disintegration and 

Dissolution Behavior 
By H. E. HUBER, L. B. DALE*, and G. L. CHRISTENSON 

Tablet formulations and data to illustrate rate of drug dissolution and tablet volume 
decay during in vitro disintegration tests are presented. I t  was found that tablets 
prepared by compression of hydrophilic gums, excipients, and drug in specified 
ratios result in prolonged release of drug. Assay of simulated gastric and intestinal 
fluids from in vitro tests show the drug to  be released at essentially a uniform rate 
after an initial hydration phase. The  mechanism of prolonged release is proposed 
as a combination of drug diffusion from, and attrition of, a dynamically changing 

gel barrier at the tablet periphery. 

RAL CONTROLLED release dosage forms have 0 been recognized as a therapeutically sig- 
nificant advance in dosage form design, whereby a 
more uniform and prolonged tissue concentration of 
drug substance may be achieved. The methods 
used for obtaining prolonged action have been re- 
viewed by Ballard and Nelson (1) and Yarrott (2) 
and various systems are described, whereby an 
initial therapeutic dose is released followed by a 
continual release of additional drug substance over a 
prolonged period of time. 

In 1962, a system was developed by Thc Wm. S. 
Merrell Co. (3) describing a novel approach for the 

Received April 11, 1966, from the Pharmaceutical Research 
and Development Department. Scientific Laboratories, 
The Wm. S. Merrell Co., Division of Richardson-Merrell. 
Inc Cincinnati, Ohio. 

Abcepted for publication Jpnr 1, 1906. 
Presented to the Industrial Pharmacy Section, A.PH.A. 

Academy of Pharmaceutical Sciences, Dallas meeting, April 
1966. * Present address: 8607 Bradmoor Drive, Bethesda, Md. 

control of drug substance release rate from tablet 
formulations. The method described involves 
mixing a medicinal agent or agents with certain non- 
digestible, hydrophilic gums and compressing the 
mixture into tablets. When such a tablet is exposcd 
to water or digestive fluids, a rapid release of drug 
substance from the dosage form to the dissolution 
mcdium is initially observed. However, hydration 
and gelation of gum a t  thc tablet-liquid interfacc 
also occurs to form a viscous gel barrier. The 
remaining drug substance is then released a t  a 
much slower rate that apparently depends on ditk- 
siou from and/or attrition of the gel barrier. The 
nature of the phenomenon is illustrated by Fig. 1, 
which shows, in cross section, the appearance of such 
a tablet after exposure to solvent. I t  can be seen 
that the intact tablet core is surrounded by a gel 
barrier layer of significant size. 

The present communication is concerned with 
studies that wcrc conducted to obtain preliminary 
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after an initial hydration phase. The  mechanism of prolonged release is proposed 
as a combination of drug diffusion from, and attrition of, a dynamically changing 
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nificant advance in dosage form design, whereby a 
more uniform and prolonged tissue concentration of 
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substance from the dosage form to the dissolution 
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also occurs to form a viscous gel barrier. The 
remaining drug substance is then released a t  a 
much slower rate that apparently depends on ditk- 
siou from and/or attrition of the gel barrier. The 
nature of the phenomenon is illustrated by Fig. 1, 
which shows, in cross section, the appearance of such 
a tablet after exposure to solvent. I t  can be seen 
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fluid were withdrawn, treated with sodium hydroxide 
solution, and extrdctcd with 3 vol. of ether. The 
combined ether extracts were re-extracted with 0.1 N 
HCI and assayed spcctrophotometrically for pyril- 
amine content. Tablets from two diffcrcnt batches 
were subjected to this study. Three determinations 
were made on each batch. 

Per Tablet, 
Formula 2 mg. 

Quinidine suliate. . . . . . . . . . . . . . . . . . . .  300 
IIydroxypropylmethylccllulose. . . . . . . .  150 
Magnesium stcarate.. . . . . . . . . . . . . . . .  9 

The powdvrs were granulated with water and t.lic 
granulation was ground to a coarse powder. Lu- 
bricant was added and the mix was compressed on 
7/16-in. punches to yield tablets weighing approxi- 
mately 459 nig. each and a Pfizer hardness of ap- 
proximately 12 Kg. 

Five of thcsc tablets wrre individually subjected 
to the release test described for antihistamine tab- 
lets, Here, however, the baskcts were trans- 
ferred to fresh solution a t  the end of each hour. 
-411 aliquot of each solution was pipcted into a 
volumetiic flask and made to volume with 0.1 N 
HCI. The solutions wcrc filtered and assayed spcc- 
trophotometrically for quinidine sulfate content. 

Volume Decay of Tablets.-In order to den]- 
onstrate the change in volume during disintegra- 
tion, quinidine sulfatc tablets (disk shaped) were 
measured, prior to disintegration, with an Ames 
micrometer gauge. Thcy were disintegrated as 
previously described for 1, 2, 3, 4, and 5-hr., re- 
spectively, removed from thc fluids, allowed to 
dry, and again measured. Tablet volumes were 
calculated from the formula s r2h. A displacement 
method for volume determiuation was also done to 
verify the micrometer procedure. Volumes were in 
close agreement with the micrometer procedure. 

RESULTS 

Influence of Gum Content on Disintegration 
Behavior.-Tablets made with hydroxypropyl- 
methylcellulose and nicotinic acid had disintegra- 
tion times proportional to the per cent gum. As 
the gum content was increased, thc disintcgration 
time was extended. The results are given in 
Table I. 

In Vitro Drug Release Characteristics.-Drug 
substance release patterns from the antihistamine 
tablets and quinidine sulfate tablets arc shown in 
Figs. 2 and 3. It can be seen that in both cases, 
an initial rapid release of drug substance occurred. 
For example, approximately 26% of the pyrilamine 
content was released from the antihistamine form- 
ulation in 1 hr., while approximately 32Oj, of the 
quinidine sulfate was relrased in the Same time 
period. After the initial rapid release phase, a 
much slower constant rdte of release occurred until 
about the 7th hour. It was observed a t  this time 
that the tablets were completely hydrated and 
proceeded to dissolve. 

Volume Decay of Tablets.-Tablct volume dccay 
data, obtained for quiiiidine sulfate tablets, are 
shown in Fig. 4. An initial rapid decay is noted 
during the initial period of tablet hydration in 
gastric fluid followed by an interim change in rate 
of decay when transferred to intestinal fluid. 
Linear decay of the dry tablet core takes place 

Fig. 1.-A bisected quinidine sulfate tableL after 1 
hr. in simulated gastric fluid. 

1'AHI.R ~.-IIr\lFLUENCE; O F  GUM CONTENT ON DIS- 
INTEGRATIOS TIME 

- 
~~~ ~ 

_. _. 

I)rug/guiu 
ratio 10/1 2/1 1/1 1/4 1/16 

1)isimtegration 
time, min. 105 250 450 570 650 

information on the dissolution and disiutegration 
behavior of such tablets and the influeuce of formula- 
t ion variables on their behavior. 

EXPERIMENTAL 

Influence of Gum Content on Disintegration 
Behavior.-Six batches of tablets containing nico- 
tinic acid and hydroxypropylniethylcellulose 4000 
cps. in the ratio of 10:1, 2:1, 1:1, 1:4, and 1:16 
were prepared as follows. Thc powders were 
mixed and lY0 zinc stearate added as lubricant. 
The mixes were comprcsscd on a 3/s-in. standard 
cup punch to yield tablets weighing approximately 
250 m g .  each Six tablets from each batch were 
placed in the basket of a U.S.P. modified Stoll- 
Gershberg apparatus. The baskrt was lowered 
into an 800-nil. beaker containing 600 nil. of sim- 
ulated gastric fluid maintained a t  37" f 0.5" and 
the apparatus operated in the manner prescribed 
by the U.S.P. At the end of 1 hr. the basket was 
transferred to an 800-ml. beaker containing 600 ml. 
of simulated intestinal fluid, and the operation was 
continued until disintegration was complete. The 
time required for complete disintegration was noted. 

In Vitro Drug Release Characteristics.-The 
in vitro releaae charactcristics of two formulations 
were investiga.ted. 

Per Tablet, 
€ormula 1 mg. 

Doxylarnine succinate . 20 
Pheniramine maleate. . . . . . . . . . . . . . . .  20 
Pyrilamine inaleate. . . . . . . . . . . . . . . . .  20 
Sodium car: lcellulose.. . . . . .  640 
Magnesium . . . . . . . . . . . . . . . .  40 
Stearic acid. . . . . . . . . . . . . . . . . . . . . . . .  10 

The sodium carboxymcthylcellulose was slugged, 
granulated, and mixed with the remaining powders. 
Magnesium trisilicate was addcd to act as an ab- 
sorbant for the eutectic formed by the antihist- 
amines. The mixture was compressed into 7/18- 

in. tablets at $50 mg. each and a Stokes (Monsanto) 
hardness of approximately 16 Kg. These antihista- 
mine tablets' were placed in the Stoll-Gershberg ap- 
paratus and treated as described, except that simu- 
lated intestinal fluids were changed at  the end of each 
2-hr. period. At various time intervals, aliquots of 

1 Marketed as Tridecamine tablets, by National Drug Co., 
13ivision of Rirhardson-Merrell, Inc., Philadelphia, Pa. 
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over the rcmaining time period until hydration is 
complete a t  approximately 7 hr. The 5-hr. sample 
was the last point a t  which a large enough dry core 
was available for accurate measurement. 

DISCUSSION 

The studies which have been describcd do not 
pcrmit a complete elucidation of the exact mecha- 
nism involved in this approach to control of drug 
substance release from tablet formulations. How- 
ever, the data do support the theory that hydration 
and gelation of the gum at the tablet-liquid inter- 
face constitute an important step in the mecha- 
nism. The existence of a gel barrier would be 
expected to retard drug substance release by limiting 
thc cxposurc of solid drug to the dissolution liquid. 
Attrition of and/or diffusioii from the gel barrier 
with concomitant formation of fresh gel could ex- 
plain the constancy of release rate observed over a 
considcrable timc period. 

As illustrated by the experiments with the nico- 
tinic acid formulations, the percentage of gum in the 
formulation has a marked influence on the disinte- 
gration and dissolution behavior of the tablet. 
It should be recognized, howevei-, that this behavior 
will differ, in quantitative terms, with different 
drugs and different gums. It has been the author’s 
experience that the most useful gums arc thosc 
which hydrate readily arid rapidly a t  body tem- 
perature. Two examples are sodium carboxy- 
methylcellulose and hydroxyprogylmethylcellulose. 
The antihistamine and quinidine formulations il- 
lustrate the type of behavior observed when these 
gums are used. The dissolution rate patterns here 
arc especially interesting in that a constant ratc of 
release occurred over a considerable time period. 
This is in contrast to many other systcms designed 
for controlled release where it has been found that 
release ratc dccrcascs as the drug substance contcnt 
in the dosage form reservoir decreases. 

Although no dircct correlations between in vztro 
and in vier0 behaviors of specific formulations have 
bccn attempted, it is interesting to note that Halpin 
(4) in his clinical investigation of the antihistamine 
formulation reported that the clinical response 
extended over a 12-hr. period. Ile also reported a 
rapid onset of activity. His observations were con- 
firmed by Hansel ( 5 ) ,  who reported an antihist- 
aminic effect lasting for 12 hr. Joues et al. ( 6 )  
using an iritradermal wheal test, found that the 
preparation suppressed wheal size for a 12- to 14-hr. 
period. 

The approach that has been described appears to 
offer attractivc possibilitics for sustaining the rclcasc 
of drug substances administered orally. The 
availability of many different gums, the utilization 
of other excipients, and the application of tech- 
niques such as multiple compression of tablets 
offer the possibility of varying qualitative and quan- 
titative aspects of release rate patterns over a wide 
range. 
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Effect of Glyceryl Trinitrate on Extracellular 
Fluid Space of Aortic Strips 

By 0. J. LORENZETTJ*, AKTHUR TYE, and JOHN W. NELSON 

Extracellular fluid space (ECF) was determined in  untreated rabbit aortic tissue and 
in tissue exposed to  0.1 per cent glyceryl trinitrate. The ECF space determinations 
were made in tissues bathed in a normal Krebs solution, calcium-free Krebs solu- 
tion, magnesium-free Krebs solution, and calcium-magnesium-free Krebs solutions. 
The glyceryl trinitrate increased the ECF space in all solutions except the magnesium- 

free solution. 

HE INCREASING importance of the concentration T and distribution of ions in tissuc during the 
state of contraction and relaxation necessitates the 
determination of distribution of tissue water (1 ,  2). 
Of importance in studying some effects of glyceryl 
trinitrate on smooth muscle relaxation was the 
determination of the cxtracellular fluid space (ECF). 

The direct methods used to determine the dis- 
tribution of water between extracellular and intra- 
cellular compartments are based on the measurement 
of the volume of distribution of an impermeable 
solute molecule, e.g., urea, mannitol, inulin, and 
radio-iodinated serum albumin. Although these 
substances penetrate the tissue at various ratcs 
dependent on their molecular size, the use of any 
one substance will give an estimate of the relative 
distribution of the water in the extracellular fluid 
space. 

For the authors' measuremcnts the ECF space was 
determined by use of inulin, using the anthrone color 
reaction for spectropliototnetric analysis of the inulin 
concentration (3). The anthrone color reaction is 
highly sensitive for determinations of sinall quan- 
tities of inulin, as low as 5 mcg./ml. of solution. 

The purpose of this paper is to provide data on 
the measurement of the ECF space of the rabbit 
aorta exposed to  various ionic media, before and 
after treatment with glyceryl trinitrate. 

MATERIALS AND METHODS 

Male. albino rabbits weighiug 2-3 Kg. were killed 
by a blow to the back of the neck. The thorax and 
abdomen w-ere opened, and the descending aorta 
from the arch extending down 9 cm. was isolated 
from surrounding tissuc. The thoracic aorta was 
mounted directly onto a glass rod and kept moist 
with Krebs-bicarbonate solution a t  room temper- 
ature. 

The aortic strips were cut by rotating the rod 
against a fixcd scalpel bladc according to the mcthod 
described by Furchgott (4). All of the aortic 
strips conformed to the following dimensions: 
2.0 i 0.55 mm. wide, 2.0 f 0.3 cm. long, and 450 
+50 p thick as noted under a microscope. Through- 
out this procedurc thc tissue was kept moist with 
Krebs-bicarbonate solution and gassed with 95% 
oxygen and 5c4 carbon dioxide. 

The isolated aortic tissuc was placcd individually 
into 12-ml. weighing bottles containing 5 i d .  of 
1.0% w/v inulin in modified Krebs solution. Inulin 
was substituted for glucosc in all Krcbs solutions. 
Three solutions with various concentrations of 
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electrolytes were crnployed iti  addition to the normal 
Krebs solution. The composition of these modified 
solutions is shown in Table I. The osmotic con- 
centration of the solutions was between 314.5 and 
317.5 ~nilliosnioles. The ionic strength ranged from 
0.168 to 0.174. The pH was adjusted to 7.36 f 
0.08. Some aortic muscle strips were exposed to  
0.1 yo glyccryl trinitrate and were called treated 
strips. 

TABLE I.-COYPOSITION OF BATH MEDIA FOR 
AORTIC STRIPS IN mrnoles/L.a 

____ 
Calcium 

Krebs- cium- slum- Magne- 
HCOa Free Free sium-Free 

NaCl 118.5 120.0 120.0 128.0 
KC1 4 . 8  4 . 8  4 .8  4 . 8  
CaCl2.2HnO 1.9 . . _  1.9 . . .  
KH?P04 1.2 1 . 2  1 . 2  1 .2  
NaH2P04 . . .  . . .  1 . 2  . . .  
M ~ S O I * T H ~ O  1.2 1.2 . . .  . . .  
KaHCO, 26.0 25.0 25.0 25.0 
Dextrose 10.0 10.0 10.0 10.0 

CalL M3gne- and 

a Ionic strength, 0.168 to 0.174; osmolarily, 314.5 to 
317.5; pH, 7.28 to 7.44. 

Both treated and untreated aortic strips were 
allowed to equilibrate for 12 hr. The tissue was 
then removed, blotted, and placcd in 5 nil. of dis- 
tilled water contained in another weighing bottle. 
.4t the end of a 12-hr. period in the distillcd water, 
the tissuc was removed from its container, was 
blotted, and was weighed. The tissue was then 
carefully homogenized in 2 ml. of distilled water 
usinn a 10-ml. hand homogenizer. The homogenate 
was centrifuged a t  6000 r.p.m.'s for 3 min,  and the 
supernatant was decanted and analyzed for inulin 
as described below. 

Inulin Assay.-Two samples of the distilled water- 
inulin solution were removed, placed in 22 X 176- 
mm. Pyrcx test tubes, and cooled in a cold water bath 
to 8 j= 1" for 10 Inin. Then 2 nil. of freshly prepared 
anthrone reagent was added dircctly to the solution 
in the test tube and mixed by swirling. Thc an- 
throne reagent consisted of 0.0270 w/v anthrone 
and 0.1% w/v thiourea (to prevent oxidation of the 
active eiiol tautonier of anthrone) in 96% sulfuric 
acid. The anthrone reagent was precooled to 8 
f 1". Then the samples were immediately heated 
for 6 min. a t  90 3= 3' on a water bath. The tubes 
were cooled for 5 min. in an ice bath to 8" and were 
allowed to conic to room temperature. The result- 
ing turquoise-green solutions were read on a Beck- 
man spectrophotometer a t  620 mp within 20 min. 
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of their removal from thc water bath, against a 
distilled water-tissue blank. The blanks gave a 
reading of 0.97 =t 0.04% ECF per wet weight of 
tissue, as determined on 20 tissue blanks taken at 
random. The inulin concentration was read from a 
standard curve, constructed from determinations on 
inulin in distilled water. Thc inulin space is equiva- 
lent to the extracellular fluid space and was expressed 
as the mg. of inulin per 100 mg. of aortic tissue, wet 
weight, divided by the mg. ml.-I of inulin in the 
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Fig. 1.-Extracellular fluid space of aortic strips 
in Krcbs solution. Key: 0,  untreatcd; 0, glyceryl 
trinitrate (1 mg.) added; I, standard deviation. 
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Fig. 2.-Extracellulnr fluid space of aortic strips 
in calcium-free Krebs solution. Key: 0 ,  un- 
treated; 0, glyceryl trinitrate (1 mg.) added; I, 
standard deviation. 
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Fig. a.-Extracellular fluid space of aortic strips 
in magnesium-free Krebs solution. Kry: 0 ,  
untreated; 0, glycrryl trinitratc ( I  mg.) added; 
I, standard deviation. 

0- 
0 1 2 3 4 

TIME, hr. 

Pig. 4.--Extracellular fluid space of aortic strips 
in calcium and magnesium-free Krcbs solution. 
Key: 0 ,  untreated; 0, glyceryl trinitrate (1 mp.) 
addcd; I, standard deviation. 

ECF times 100 to give per cent ECF per wet weight 
of tissue ( 5 ) .  

In the tissucs cxposed to 0.1 yo glyceryl trinitrate, 
it was found that the nitrates interfered with the 
assay. The solutions obtained from tissue treated 
with glyceryl trinitrate were passed through an 
anion exchange resin,' contained in a 3-Cni. ( id . )  
X 30-cm. colurnn. The resulting glyceryl tri- 
nitrate-free solution was then assayed for inulin as 
describcd. 

RESULTS 

The rate of pernieability indicated by a plot nf 
the per cent of extracellular fluid space per 100 mg. 
tissuc wct weight u w s w  time (Figs. 1-4) shows that 

?do. 
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saturation of the inulin spaces occurs in approxi- 
m,ately 4 hr. 

The results for the normal Krebs solution in Fig. 
1 show that the presence of glyceryl trinitrate 
inscreases the permeability of the cell niembranr 
in the tissue a:; represented by the increase in ECF. 
The increase was significant from the first to the 
fourth hour. The values obtained wcre high relative 
to those reported in the literature by the use of 
other methods. I t  was not intendcd that the 
measurement would be an exact value of the extra- 
cellular fluid space since the incomplcte pcnetration 
of inulin into the connective tissue has not been 
considered. Nichols and co-workcrs have shown 
that the ECF space measurements obtained with 
chloride are better estimations, since chloride pene- 
trates much more rapidly than inulin (6). 

The muscle exposed to glyceryl trinitrate in a 
calcium-free medium also shows a significant in- 
crease in the ,extracellular fluid (Fig. 2). The re- 
sults indicate that absence of calcium does not 
affect the increased ECF space induced by thc 
presence of glyceryl trinitrate. 

The magnesium-free Krebs media produccd an 
inhibition of the ability of glyceryl trinitrate to 
increase thc ECF space of thc smooth muscle over 
most of the 4-hr. period (Fig. 3). The Krebs media 
without calcium or niagnesiuni showed no change 
in the ECF space for the first 2 hr., then a significant 
increase in ECF in the last 2 hr. as seen in the 
unmodified Krebs medium (Fig. 4). 

The approximately &5yo of the calculated mean 
in the ECF space dctermination reflects some vari- 
ability among the multiple samples. That may be 
attributed to an actual section-to-section variation 
within the aorta, with rcspect to thc inulin spacc or 
endogenous carbohydrates . 

DISCUSSION 

Although th,e velocity of inulin distribution is not 
aflected by incubation of the muscle with glyceryl 
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trinitrate, the apparent volume of distribution of 
inulin is increased. This indicates an increased 
permeability of the tissue in the presence of nitratc 
and nitritc. The increased permcability was not 
observed in ttic abscnce of magnesium with calcium 
prcsent. 

In  all the bathing solutions, an early rapid phasc 
and a late slow phase was notcd bcfore equilibrium 
was attained. This could be attributed to diffcrcnt 
water compartments, but recent studies have indi- 
cated that thcrc are more than the two classic water 
cornpartrnents (7) indicated in this study. Pos- 
sibly, the phases noted could be characteristic of the 
tissue investigated, indicative of latent penetration 
of inulin into more complex extracellular structures 
as suggested by Page (8) for heart muscle. 

Saturation of the inulin space occurred in 3 to 4 
hr. in thcse studies. Even after this prolonged 
time, nitrates and nitrites can still exert ati effect 
on the cell membrane (9). 

SUMMARY 

Glyceryl trinitrate increases the extracellular 
fluid spacc of rabbit aortic tissue in normal Krebs 
and calcium-magnesium-free Krcbs solutions. Only 
the magnesium-free Krebs solution railed to produce 
an elevation of the extracellular space of aortic 
tissue after treatment with glyceryl trinitrate. 
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Interactions of Surfactants with Lipoproteins 
By H. TAKRURI and B. ECANOW 

The interactions of bentalkonium chloride and sodium lauryl sulfate with 01- and 
p-serum lipoproteins have been studied. Both fractions, below their isoelectric points, 
form insoluble complexes with the anionic surfactant. At higher concentrations 
of the surfactant the insoluble complexes are resolubilized completely. Above the 
isoelectric point, the lipoprotein fractions exhibit the same phenomenon with 
benzalkonium chloride. The charge and the hydrophilic nature of the macro- 
molecules are the major factors in  these interactions. The  formation of insoluble 
complexes and the resolubilization of these complexes are modified considerably by 

the addition of urea to the systems. 

HE INTERACTIONS of benzalkonium chloride and with the anionic surfactant. At higher coneentra- T sodium lauryl sulfate with a- and @-serum lipo- tions of the surfactant the insolublc complexes arc 
proteins have been studied. Both fractions, below rcsolubilized completely. Above the isoelectric 
their isoelectric aoints. form insoluble comDlexes uoint. the liuourotein fractions exhibit the same 
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phenomenon with benzalkonium chloride The 
charge and the hydrophilic nature of the macro- 
molecules are the major factors in these interactions. 
The formation of insoluble complexes and the 
resolubilization of these complexes are modificd 
con5iderably by the addition of urea to the systems. 
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saturation of the inulin spaces occurs in approxi- 
m,ately 4 hr. 

The results for the normal Krebs solution in Fig. 
1 show that the presence of glyceryl trinitrate 
inscreases the permeability of the cell niembranr 
in the tissue a:; represented by the increase in ECF. 
The increase was significant from the first to the 
fourth hour. The values obtained wcre high relative 
to those reported in the literature by the use of 
other methods. I t  was not intendcd that the 
measurement would be an exact value of the extra- 
cellular fluid space since the incomplcte pcnetration 
of inulin into the connective tissue has not been 
considered. Nichols and co-workcrs have shown 
that the ECF space measurements obtained with 
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increase thc ECF space of thc smooth muscle over 
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hr. in thcse studies. Even after this prolonged 
time, nitrates and nitrites can still exert ati effect 
on the cell membrane (9). 
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Glyceryl trinitrate increases the extracellular 
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an elevation of the extracellular space of aortic 
tissue after treatment with glyceryl trinitrate. 
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The interactions of bentalkonium chloride and sodium lauryl sulfate with 01- and 
p-serum lipoproteins have been studied. Both fractions, below their isoelectric points, 
form insoluble complexes with the anionic surfactant. At higher concentrations 
of the surfactant the insoluble complexes are resolubilized completely. Above the 
isoelectric point, the lipoprotein fractions exhibit the same phenomenon with 
benzalkonium chloride. The charge and the hydrophilic nature of the macro- 
molecules are the major factors in  these interactions. The  formation of insoluble 
complexes and the resolubilization of these complexes are modified considerably by 

the addition of urea to the systems. 

HE INTERACTIONS of benzalkonium chloride and with the anionic surfactant. At higher coneentra- T sodium lauryl sulfate with a- and @-serum lipo- tions of the surfactant the insolublc complexes arc 
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phenomenon with benzalkonium chloride The 
charge and the hydrophilic nature of the macro- 
molecules are the major factors in these interactions. 
The formation of insoluble complexes and the 
resolubilization of these complexes are modificd 
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CONCN. OF SODIUM LAURYL SULFATE, Grn. % X lo2  

The lipoproteins have been studied recently in 
connection with their possible rolc in the patho- 
genesis of atherosclerosis and other diseases. Cer- 
tain subfractions of p lipoprotein were found to bc 
definitely linked to plaque formation (4, 5 ) .  The 
effects of nonionic surfactants on lipoproteins were 
studied in vivo and in vitro (6-8). The effects of 
ionic surfactants on the electrophoretic mobility of 
these fractions were also studied (1) .  p Lipoproteins 
have thc property of forming several complexes, 
soluble and insoluble, with heparin and other poly- 
saccharide sulfates. These interactions depend on 
several factors, including pH, ionic strength, and 
metal ions. These interactions arc utilized in the 
scparation and characterization of p lipoproteins. 
Cornwell and Kruger (3) reviewed these interactions 
in detail. 

This paper is a report on a study of the inter- 
actions of an anionic and a cationic surfactant with 
a arid 0 lipoproteins carrying charges opposite to that 
of the surfactant. The influence of urea on these 
interactions was also studied. 

EXPERIMENTAL 

Reagents 
Human a lipoprotein, fraction IV-l (Nutritional 

Biochemical Corp.), human fi  lipoprotein, fraction 

111-0 (Kutritional Biochemical Corp.), bovine 
01 lipoprotein fraction I\'-1 (Pentex), cephalin- 
cholesterol reagent (Wilson), sodium lauryl sulfate 
(Fisher), benzalkonium chloride solution, 17% 
(Winthrop Laboratories). 

Procedure 
Interaction with Sodium Lauryl Sulfate.--A stock 

solution of 1% sodium lauryl sulfate in distilled 
water was prepared. Dilutions were made of this 
stock solution by adding a specified volume to 200- 
ml. portions of 0.04 iM sodium chloride solution. 
One milliliter of 0.1 N hydrochloric acid was addcd 
to each solution to give a uniform pH of all the 
solutions. The solutions of the lipoproteins were 
prepared by dissolving 250 mg. of human p lipo- 
protein or bovine a lipoprotein in 50 Inl. of 0.04 M 
saline. These solutions were dialyzed for 4 hr. 
a t  room temperature against a large volume of 0.04 
M saline. After dialysis, 1.5 ml. of 0 1 NHCI was 
added to each solution and each was made up to 
60 ml. 

Three milliliters of the lipoprotein solution were 
addcd to 22 ml. of the various dilute solutions of 
sodium lauryl sulfate. This gives a concentration 
of 50 mg. yG of the lipoprotein. This concentration 
was found to be thc optimum concentration for 
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the determination of turbidity. After the surfac- 
tan-lipoprotein solutions were vigorously shaken, 
they were left to stand for 30-60 min. before the 
measurements were performed. The interaction 
w:is instantaneous and the only observation that 
required t h e  was the sedimentation of the floccules. 
The turbidity was measured in a Coleman junior 
spectrophotometer. The nleasurements were per- 
formed a t  450 mp. The choice of this wavelength 
wxs arbitrary. In the study of urea-containing 
systems, the lilpoprotein solutions were subjected to 
thc action of 6 M urea for I hr. before they wcrc 
added to the surfactant solutions. 

Interactions with Benzalkonium Chloride.- 
Himian lipoprotein fractions, 125 mg. of each, were 
dissolved in 50 ml. of 0.04 M saline, dialyzed for 4 
hr. a t  room temperature against 0.04 M saline, and 
then diluted to 250 ml. with the same solvent. The 
pH was adjusted to 7.5  F 0.2 with 0.1 N NaOH. 
Twenty milliliters was measured out in 1-oz. bottles 
and specified volumes of benzalkonium chloride 
stock solutions (0.1, 1, and 10%) wcre added to the 
individual hottlcs to givc thc desired corirentration 
or the surfacta.nt. In studying the effect of urea, 
the lipoprotein solutions were subjected to the action 
of 3 Murea for 36 hr. before adding the surfactant. 

The intcraciion of ccphalin- cholcstcrol reagent 
arid benzalkonium chloride was also studied. This 
reagent is employcd as a livcr-fuuction test. The 
rriechanisni of the test was reviewed by Bauer (2). 

RESULTS 

Figurc 1 shows the turbidity of thc various lipo- 
protein-sodium lauryl sulfate systems as a function 
of thc concentration of the surfactant. The curves 
show that cy lipoprotein complexes are solubilized 
a t  a lower concentration than p lipoprotein com- 
plexes. Also they show the negligible effect of 
hcating the lipoproteins solutions for 4 hr. a t  60” 
and the significant effect produced by urea. 

Figure 2 shows the turbidity of various lipo- 
protcin-benzal:konium chloride systcms and the 
system beriza1k:oniuni chloride-ceplialin-cholesterol. 
The turbidity curves resemble in shape those ob- 
ta:incd with sodium lauryl sulfate. 

DISCUSSION AND SUMMARY 

The plasma concentration of most lipids, in- 
cluding Cholesterol, glycerides, and phospholipids, 
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has been studied cxtensivcly in relatiou to many 
diseases and pathological conditions. But the 
fact remains that practically all these lipids are 
found in blood as lipoproteins. The physicdl- 
chemical properties of these colloids are very im- 
portant in determining their behavior and inter- 
actions in the body regardless of the total concen- 
tration of a particular component, e.g., cholesterol or 
phospholipids. 01 and p lipoproteins differ con- 
siderably in their colloidal properties. The main 
difference could he exprcsscd in tcrms of their hy- 
drophilic nature. 

The results of this study show that negatively 
charged lipoproteins, both a and p, arc precipitated 
and then resolubilized by cationic surfactants. 
Positively charged lipoproteins are, on the other 
hand, precipitated and resolubilized by anionic 
surfactants. The interaction does not require di- 
or polyvalent metal ions and the insoluble corn- 
plcxcs arc not dissociatcd a t  very high ionic strength 
(up to 20570 NaC1). These results are in contrast 
to the interactions of polysaccharide sulfates with 
lipoproteins. The results show that the more 
hydrophilic 01 fraction is solubilized a t  a lower 
concentration than thc p fraction. Heating the 
lipoproteins causes a slight modification of these 
interactions. Urea produces a major change in 
these interactions. The concentration a t  which no 
observable turbidity is attained is considerably 
lowered in the presence of urea. The effect is 
related to the action of urea on the lipoprotein struc- 
ture, the water structure, and the critical micelle 
concentration of the surfactant. The pH profiles 
of the lipoprotein-surfactant systems as a function 
of the concentration of the surfactant throw a light 
on the mechanism of these interactions. This 
aspcct will bc the subject of a futurc communica- 
tion. 
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Chromatographic Study of the Alkaloids of Aquilegia f’rmosa 
By G. H. CONSTANTINE, JR., M. R. VITEK, K. SHETH, 

P. CATALFOMO, and L. A. SCIUCHETTI 

Chromatographic investigation of alkaloid fraction from the roots of Aquilegiu 
jormosu Fisch. (Rununculuceae) revealed the presence of five alkaloidal spots. 
Two of them were identified as magnoflorine and berberine. A thin-layer chro- 
matographic procedure was developed which effectively separated berberine, 

palmatine, and jatrorrhizine. 

PIIYTOCHEMICAL investigation of plants COII- A sidered to he of medicinal value by certain 
Iiitlian tribes of I he Northwest, particularly those of 
the Warm Springs Reservation, Ore., revealed the 
presence of alkaloids in the roots of Aquilegia jnrmosa 
Fisch. 

An cthnobotanical survey conducted by French 
i 1) noted that numerous species of Apuilegiu have 
beeu widely used by the Indians of h’orth America 
for a host ol rriedicinal purposes. The reputed 
medicitial uses include diuretic and analgesic ac- 
tivity, treatment of diarrhea or smallpox, a stimulat- 
ing tea, etc. Species of Aquilegiu were employed 
not only as medicines but also as perfumes (2), 
and were used in certain magical rites. Hitch- 
cock et al. ( 3 )  indicate that there are approximately 
70 species of Aquilegia native to the north temper- 
ate zones. They are commonly referred to as 
“columbines,” and many are available as horti- 
cultural varieties. 

A comparativc paper chromatographic screen of 
10 horticultural varieties of Apuilegiu was conducted 
hy Winek et al. (4). Their screen did not include 
A .  formosa. From the entire group, three alkaloids 
were established-magnoflonne, berberine, and 
aquileginine. Chromatography also revealed other 
alkaloids, but their identities were not established. 
The presence of palmatine remained equivocal 
because the solvent systems used did not separate 
this alkaloid frotn berberine. An investigation of 
-4. hybrida by this same group ( 5 )  revealed eight 
alkaloids in this species. Three of the isolated 
alkaloids were identified as berberine, magnoflorine, 
and aquileginine. 

Sincc. preliminary studies indicated alkaloids in 
A ,  fnoymxa, and readily available quantities could 
be collected in the wild, the present study was undcr- 
taken. The objectives of this investigation were to 
identify the alkaloids in this species and to develop a 
thin-layer chromatographic procedure to identify 
thc alkaloids encountered. 

The others remain unknown. 

EXPERIMENTAL 

Collection and Extraction.-A. formosa was col- 
lected at  the flowering stage during the month of 
May in Renton County, Ore. The roots were 
separated, cleaned, and dried in a forced-air dryer 
at 48’ for 5 days. The dried roots were ground to a 
coarse powder in an Abbk mill. A 2.36-Kg. 
quantity of this material was continuously extracted 
with alcohol in a Soxhlet extractor until the cx- 
tractive gave a negative test with Mayer’s reagent. 
The extract was concentrated to a syrupy residue in 
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a flash evaporator a t  40” under reduced pressure. 
The residue (approximately 600 Gm.) was stored in 
a refrigerator while portions of i t  were investigated 
chromatographically. 

Separation of Alkaloidal Fraction.--,% 200-Gm. 
portion of the extract was dissolved in a solution 
containing 100 ml. of 2Oj, hydrochloric acid and 500 
1111. of distilled water. A 2:/, solution of ammonium 
reineckate was then added until precipitation ceased 
(approximately 400 ml,) ,  The mixture was re- 
frigerated for 6 hr., the liquid decanted, and the 
residue dried in z‘ucuo. The dried residue was 
then taken up in warm acetone (250 ml.), arid an 
equal volume of distilled water w-as added. To this 
mixture was added 430 ml. of 0.6% silver sulfate 
to precipitate silver reineckate (6). The mixture 
was filtered and the filtrate saved. The precipitate 
was washed with several portions nf 50% acetone 
(total 500 ml.) and the washings added to the orig- 
inal filtrate. The filtrate was then concentrated to 
a thick syrup in a flash evaporator. 

Chromatographic Procedures.-The initial sepa- 
ration and identification procedures utilized were 
modified techniques of Winek et al. (5). The con- 
centrate described previously was adsorbed onto 28.0 
Gm. of activated alumina’ and pulvcrized to  a fine 
powder with a mortar and pestle. Ten grams of 
this mixture was placed atop an activated alu- 
mina column (35 X 150 mm.). The column was 
then developed successively with benzene, chloro- 
form, several varying chloroform-methanol mixtures, 
and finally inelhano1 alone (‘Fable I, AB). Each 
fraction was concentrated to approximately 10 ml. 
in a flash evaporator and subjected to analysis 
using paper chromatography. The extracts were 
spotted on Whatrnan No. 2 filter paper and de- 
veloped with the upper phase of n-butanol-acetic 
acid-water (BAW 5 :  1 :4) using the ascending tech- 
nique, or n-propanol-ammonium hydroxide-water 
(PAW 2 : 1 : 1) employing the descending technique. 
The spots were revealed by examining the sheets 
under ultraviolet light and by spraying them with 
Dragendorff’s reagent (7). The results obtained 
in this nianncr were not completely satisfactory, 
and subsequent analyses were conducted with thin- 
layer chromatography (TLC). TLC plates of 
Silica Gel G2 were prepared according to standard 
techniques. Several recommended solvent systems 
for alkaloids (8) were tried. Effective separation 
of alkaloidal constituents was not realized. The 
combination of systems finally utilized were BAW 
(4:1:5) upper phase, BAW (4:1:1), and PAW 
(2:  1 : 1). The spots were located as previously de- 

1 Alumina activated, chromatographic grade, Matheson, 

2 Accoi-ding to  Stahl, Rrinkmann Instrument<, Inc., 
Coleman and Bell, East Rutherford, N. J. 

Westbury, Long Island, N. Y .  
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TARLE IX.-PAPER CHROMATOGRAPHY OF COLUMN FRACTIONS AND REFERENCE COMPOUNDS" 

- - 

Fraction Solvent 
1 Benzene 
2 Chloroform 
3 CHCl?-MeOH 97:3 
4 CHOl;-MeOH 94:6 
6 CH(3Is-MeOH 88: 12 

6 CHC13-MeOH 82: 18 

7 CHC13-MeOR 75:25 

8 Methanol 
Reference Compd. 

Magnoflorine 
Ja.trorrhizine 
Palmatitie 
Bcrberine 

Vol., ml. 
500 
500 
500 

1500 
600 

500 

<500 

500 

c Paper Chromatography -, 

U.V. Rf U.V. Rf 
BAW (5:1:4) PAW ( 2 : l : l )  

. .  . . .  . .  ... 
. . .  . .  . .  . . .  

. .  

B 
B 
Y 

B 
B 
Y 

B 
B 
Y 

. .  

. .  

. .  
. .  

. .  
Traces 

0.46 
0.56 
0.75 
0.89 
0.46 
0.57 
0.73 
0.88 
0.52 
0.62 
0.71 
0.89 

Traces . . 

. .  

B 
€3 
. .  
. .  
13 
B 
. .  
. .  
B 
B 
. .  
. .  
. .  

. . .  
Traces 

0.52 
0.59 
0.87 

0.49 
0.57 
0.87 

0.52 
0.61 
0.87 

. . .  

. . .  
Traces . . .  

B 0.56 I3 0.47 
Y 0.68 Y 0.56 
Y 0.68 Y 0.68 
Y 0.68 Y 0.60 

O1 BAU' (5 : 1 :4:8, n-butanol-acetic acid-water, 5 : 1 : 4 (upper phase) ; BAW (4: 1 : 5), n-hutanol-acetic acid-water, 4 :  1 : 5 
(upper phase); BAW (4:  1 : 11, n-hutanol-acetic acid-water, 4 :  1 : I ;  PAW (2:  1 :  I ) ,  rr-propanol-amtnoniilm hydroxide-water, 
2:  1 : 1. Detection, U.V. fluorescence and 1)ragendorff's reagent: B, blue; Y ,  yellow. 

T A B L E  IB.--THIN-LAYER CHROMATOGRAPHY OF COLUMN FRACTIONS AND REFERENCE COMPOUNDS' 
- . _. __ 

Fraction Solvent 
1 Benzene 
2 Chloroform 
3 CHCkMeOH 97:3 
4 CHCIs-MeOH 94:6 
5 CH(313-MeOH 88: 12 

6 CHCI, McOH 82:18 

7 CHCi-MeOH 7 5 : 2 5  

8 Methanol 
Reference Compd. 

M agnoflorine 
J a.trorrhizine 
Palmatine 
Berberine 

-_____~ 
a See Poolnufe o,  Table IA. 

Vol . ,  ml 
,500 
500 
500 

1500 
600 

500 

500 

500 

-~ 

Thin-Layer Chromatography - 
R 4 W  (4: 1 : 5 )  PAW (2:l:l) RAW (4:l:l) 

U.V. Rf U.V. R f  U.V. Rf 

. .  . . .  . .  . . .  
Traces Traces 

Y 0.02 Y 0.60 
B 0.07 B 0.63 

. .  0.66 0.19 
B 0.24 
Y 0.35 
Y 0.02 
B 0.05 
. .  0.15 
B 0.21 
L' 0.31 
Y 0.02 
B 0.07 

0.19 
H I1 2.1 
Y [I . 3.5 

Traces 

1' 0 .  
Y 0.  
B 0 .  
. .  0 .  
Y 0 .  

. .  
70 
60 
64 
66 
69 

. .  . . .  
IT 0.62 
n 0 . 6 4  

(1.6; 

\' f l . i l )  
'"races 

. .  . . .  
Traces 

Y 0.01 
. .  0.08 
B 0.12 
. .  . . .  
Y 0.32 
Y 0.02 
. .  0.07 
B 0.12 
Y 0.32 

Y 0.02 
. .  0.  ox 
rJ, ( I .  l:i 

I t  XR 1' 

. .  . . .  

'I'm w s  

B 0.24 B 0 .61  B 0 .  I:! 
Y 0.42 Y 0.66 Y 0.33 
Y 0.34 Y 0.68 Y 0.26 
Y 0.36 Y 0.68 Y 0.32 

scribed. The results are summarized iu Table I ,  AB. these alkaloids were also present iii A .  fo,mosu. 4 
T h e  7J.V. fluorescence was rioted only for those portion of colurriri fraction 5 (Table I, AB) was spot- 
coinpounds which gave orange spots with Dragen- tcd hcavily in three differcnt channels on Silica Gel C, 
dorff's reagent. TLC plates. Authentic magnoflorine3 was spotted 

Presence of Magnoflorine and Berberine.-Winek 
el al. (4, 5) reported the presence of rnagnoflorine 8 The atlthors a1-e grateful to ~ r o f r t s ~ o r  J. L. B e d ,  School 
arid berberine in several AQUilegia species. 
preliminary chromatography, it appeared that rhizine. 

~ 

of Pharmacy, Ohio SLaLe University, Columbus, for authentic 
samples of magnoflorine, berherine, palmatine, and jatror- Based 
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TABLE 11.-RESULTS OF CO-SPOTTING EXPERIMENTS 

Rf Values - 
Eluate + Eluate + 

Magnofiorine Magno0orine Berberine Berberine 
Solvent Eluate Chloride Chloride Eluate Chloride Chloride 

BAW (4: 1 :5) 0.22 0.22 0.22 0.36 0.35 0.36 
PAW (2: 1 : 1) 0.64 0.63 0.64 0.70 0.72 0.72 

in a fourth channel. The plates were devcloped in 
BAW (4:1:5). The three zones possessing blue 
fluorescence and corresponding to magnoflorine 
(R, 0.23) were removed from the plate by means of a 
zone extractor and clutcd with 10 ml. of hot meth- 
anol. The solution was reduced to a small volume 
(approximatcly 0.1 ml.) and divided into two por- 
tions. A chromatoplate was prepared containing 
the one portion of eluate and magnoflorine spotted 
individually and one spot containing the other por- 
tion of the eluate plus magnoflorine. The plates 
were developed in PAW (2:l:l). Examination of 
the plate under U.V. light or spraying with Dragen- 
d o e s  reagent (blue fluorescence under U.V., orange 
spot with Dragendorffs reagent) revealed that the 
eluate and the co-spot of eluate plus magnoflorine 
gave only onc zone which had an identical Rf value 
to that of reference magnoflorine. Similarly, 
fraction 5 was chromatographed in PAW (2: 1:l). 
The blue fluorescent zones corresponding to known 
magnoflorine (R, 0.65) were extracted and eluted 
with hot methanol and the co-spotting experiment 
was run using BAW (4: 1 : 5). Comparable results 
were obtained. 

The presence of berberinc was established in an 
identical manner. In this instance, column frac- 
tion 7 was used since visual inspection of prelimi- 
nary chromatograms indicated higher concentration 
o f  the suspected berberine in this fraction. Yellow 
fluorescent zones corresponding to reference bcr- 
berine [ R f  0.39 and 0.75 for chromatoplates de- 
veloped in BAW (4:1:5) and PAW (2:1:l), re- 
spectively] were extracted and eluted with meth- 
anol Concentrated eluates were co-chromato- 
graphed with berberine in a manner similar to that 
for magnoflorine. The results of these experiments 
are summarized in Table 11. 

TLC plates of fractions 5 and 7 were prepared and 
developed in BAW (4: l :  1). Solutions of reference 
rnagnoflorine and berberine chloridcs were spotted 
singly and in combination with extracts 5 and 7, 
and theqe were compared to plates of extracts with- 
out additions. Detection of spots was carried out 
as before. The procedure revealed the presencc of 
both alkaloids. 

Other Alkaloids.-Preliminary paper chroma- 
tography revealed the presencc of other alkaloids in 
fractions 5 and 7. When these fractions were 
chromatographed in the TLC system, additional 
spots were noted (Table I). These spots were not 
identified, but co-chromatography experiments using 

the three solvent systems described earlier indicated 
that they mcrc not palmatine or jatrorrhizine. 

DISCUSSION 
Winek et al. (4, 5) reported the presence of al- 

kaloids in 10 spccics of Aquilegia which, howcver, 
did not include A .  formose.  On the basis of chro- 
matography, particularly TLC, the presence of a t  
least five well-defined alkaloids has been demon- 
strated. Consistent with the results of Wiriek 
et al. (4, 5 ) ,  A .  formosu also contained magnoflorine 
as the principal alkaloid and berberine as one of the 
minor alkaloids. Since the majority of the con- 
ventional solvent systcms (8) failed to providc cf- 
fcctive separation of these alkaloids (perhaps be- 
cause of their quaternary naturc), two systems- 
namely, BAW ( 4 : l  :5, acidic) and PAW (2:1:1, 
alkaline)-were used during co-spotting cxperi- 
ments. In all instances, the alkaloidal mixture 
along with an authentic sample of cithcr magno- 
florine or berberine was run in one system and the 
subsequent co-chromatography was run in the 
other. Thus, thc eluted spot and the authentic 
sample were subjected to an entirely new environ- 
mcnt. In every case there was no separation of the 
co-spot. 

Berberine and palmatine could not be distin- 
guished by TLC employing BAW (4:1:5), How- 
ever, BAW (4 : l: l )  separated these two closely re- 
lated alkaloids clcanly. Co-chromatography using 
the combination of three TLC systems (Table I, AB) 
climinatcd the presence of palmatine in A .  fomzosa. 
In a similar ~riariner, the presence of jatrorrhizine in 
the alkaloid mixture was also eliminated. It will 
be necessary to isolatc adequate quantitics of the 
other alkaloidal substances in order to establish 
their identity. 
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Determination of In TJitro Release Rates of Sustained-Action 
Preparations by Paper Chromatography and Electrophoresis 

By H. SCHRIFTMAN 

Determination of in vitro release rates of experimental formulations requires multiple 
analyses by conventional methods. A general procedure is presented for determin- 
ing in vitro release patterns using paper chromatography and electrophoresis tech- 
niques which eliminates the tedious manipulations involved with the evaluation of 
such formulations by conventional methods. Application of these chromatographic 
and electrophoretic procedures to a preparation containing phenylpropanolamine 
HCI, dextromethorphan HBr, and chlorpheniramine maleate is described. The 
procedures compare favorably in accuracy and speed with the conventional tech- 
niques. A scheme for the rapid evaluation of several experimental sustained-action 

formulations using the above techniques is suggested. 

RUGS th:st liavc bcen in gcncral use for a long -D tinic are now becoming available in sustained- 
action formulations containing other active com- 
pounds. In  handling the assay of these prepara- 
t.ions, the customary methods, i.e., ultraviolet spec- 
t roscopy and colorimetry, become laborious and 
unwieldy because additional filtering and extraction 
steps arc generally necessary for their successful 
application. In addition, the difficulties are mag- 
nified by the need to assay many samples in order 
to  determine the in vitvo release patterns. The 
assays and release studies of these multicomponent 
preparations are considerably simplified by paper 
chromatographic and electrophoretic procedures. 
In general, separations of the various compounds 
are accomplished through ascending and descending 
paper partition chromatography by selection of 
appropriate solvent systcms or by paper electro- 
phoresis with selected pH buffer systems. The 
papergrams are sprayed with an appropriate color 
developing rcagcnt and assayed quantitatively by 
photoelectric densitometry. These techniques have 
been described previously for conventional multi- 
component formulations (1-3). 

Application of these procedures to a sustained- 
action preparation containing phenylpropanolamine 
HC1, dextro~methorphan HBr, and chlorphenir- 
amine maleate is described. In addition, a scheme 
for the rapid evaluation of experimcntal sustained- 
action formulations using the above techniques is 
suggested. 

EXPERIMENTAL 

Reagents.---n-Butanol A.C.S., 1 Ar hydrochloric 
acid, absolu-te alcohol U.S.P., methanol A.C.S., 
modified Dragmdorff’s rcagcnt (iodobismutliate) as 
described before 12, 3),  ninhydrin (Fisher reagent), 
c-admium acetate .2Hz0 (Baker reagent), glacial 
acetic acid A.C.S., pH 4 acetate buffer (0.1 M), 1 N 
sodium hydroxide, petroleum ether (Fisher reagent), 
:jimdated galjtric juice, and intestinal juice were em- 
ployed. 

Equipment.-Whatman No. 1 and 3 mrn. chro- 
Iliatographic paper, micropipets,’ 0.005 and 0.010 
:rill., photovolt dcnsitometer, model 530 with record- 
ling and integrator attachments, pressure plate 

Received Apiil25, 1066, from the Pharmaceutical Research 
and Development Laboratories, Warner-Lambert Research 
Institute, Morris Plains, K .  J .  07950. 

Accepted for publication June 16, 1YGlj .  
Presented to the Drug Standards, Analysis and Control 

Section A.Pn. A. Academy of Pharmaceutical Sciences, 
Dallas meeting, April 1966. 

Drummond Scientific Co., Philadelphia, Pa. 

- - 

1 Micmcaps. 

paper electrophoresis cquipmcnt, model EC-455-18 
in. with power supply Ko. EC453 and ice water 
circulator No. EC322 (E. C. Apparatus Co.),  rotat- 
ing bottle apparatus (Smith Kline & French) as de- 
scribed before (4), and appropriatc chromatographic 
containers were used. 

Procedures.-Totals and release rates of a 
sustained-action capsule containing chlorphenir- 
amine maleate, 4 mg., phcnylpropanolaminc hydro- 
chloride, 50 mg., and dextrornethorphan hydro- 
chloride, 30 mg., are assayed as follows. 

Paper Chromatography.-Powdered contents of 
two capsules are used directly for total assay while 
the residues obtained from the usual rotating bottle 
technique for release studies are dried and ground 
to a fine powder. These powders are transferred 
to a 25-nil. volumetric flask to which 15 ml. of ab- 
solute alcohol is added. After heating the flask 
on a steam bath and shaking mechanically for 1.5 
min., the flask is cooled and diluted to mark with 
absolute alcohol. This mixture is well shaken and 
undissolved material is allowcd to scttle to the bot- 
tom before spotting the sample. A standard solu- 
tion containing known amounts of “actives” are 
likewise prepared in absolute alcohol. These solu- 
tions are spotted with micropipets (0.04 ml. in 
0.01-ml. incrcments) on Whatman No. 1 paper which 
was prewetted with a 1 : 1 mixture of butanol (satu- 
rated with 1 N HCl) and methanol. This moist, 
blotted paper is used for separating and quantitating 
the dextromethorphan HBr and the chlorphenir- 
amine maleate, while another similarly prepared 
paper is spotted with 0.005 nil. for the assay of the 
plienylpropanolamiiie hydrochloride. A descending 
chromatographic technique is used with butdnol 
saturated with 1 A’ HCI as the solvcnt system. An 
overnight migration of the solvent is sufficient for 
scparating the chlorpheniramine maleate and dex- 
tromethorphan HBr. The air-dricd chromatograms 
arc sprayed with modified Dragendorff’s reagent 
and the resultant orange-rcd spots arc quantitatively 
evaluated and compared with a pliotovolt densi- 
tometer containing recording and integrating equip- 
ment (1). The other papers containing phenyl- 
propanolaniine spots are also analyzed by photo- 
electric densitometry after spraying with a specinl 
ninhydrin reagent (0.27, ninliydrin plus 0.5(,,h 
cadmium acetate in 957, alcohol containing 25:. 
glacial acetic acid) and heating for 10 min. a t  100”. 
Figure 1 shows the relative migration of the active 
ingredients. 

Paper Electrophoresis.-Again the powdered con- 
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pattern. The filtered aqueous portions are placed 
into a 250-ml. separator and 5 ml. of 1 N sodium 
hydroxide is added. The alkaline solution is ex- 
tracted with 2 X 75 nil, of petroleum ethei, which 
is evaporated to small volume on a steam bath. 
Evaporation is continued to dryness a t  room tem- 
perature with the aid of a stream of nitrogen. The 

Fig. 1 .-Paper chromatograms of phenylpro- 
panolatnine, dextromethorphan, and chlorphenir- 
arnine. 

Fig. 2.-Elcctrophoretic separation of cllorphen- 
iraniine and dextromethorphan and their respective 
recorded arid integrated density curves. Chlor- 
phenirdmime is the faster moving spot. 

tents of two capsules and residues are dissolved 
and prepared as described for the paper chromato- 
graphic procedure. Whatman No. 3 mm. paper 
strips are prepared for electrophoresis with pH 4 
acetate buffer (0.1 &I) as described previously (1). 
Two strips are spotted with 0.04 nil. (in 0.01-ml. 
increments) of standard and sample solutions, while 
two other strips are spotted with 0.005 ml. of each 
solution. The papers are placed in an EC apparatus 
horizontal-type electrophoresis equipment (18 in.) 
for 16 hr. a t  250 v. a t  4' (in a walk-in refrigerator). 
Alternately, the migratiou can proceed at 600 v. 
for 6 hr. using salted ice water circulated by a peri- 
staltic pump through the plates. One set of com- 
pleted and dried electrophoretograms containing 
the 0.04-ml. spots are sprayed for the detection of 
the chlorpheniramine maleate and dextromethor- 
phan HBr while the other strips are sprayed with 
riinliydriti reagent for phenylpropanolamine HCl 
as described abovc. Again, as described under 
Paper Chromatography, the resultant spots are 
analyzcd and compared by photoelectric densitome- 
try. Figures 2 and 3 show relative migration of 
spots as well as their typical recorded and integrated 
curves. 

Application of Paper Chromatography and Paper 
Electrophoresis to Aqueous Portions of Release Studies. 
-It may be necessary a t  times (usually on initial 
runs) to assay the filtered aqueous portions as well 
as the residues from a sustained-release study in 
order to check out the assay and vcrify the release 

Fig. 3.-Ninhydrin sprayed pink spot of plienyl- 
propanolamine after clcctrophorcsis on 3 mm. paper, 
combined with its recorded and integrated density 
curve. 

TABLE I.-'~YPICAL DATA FOR SUSTAISED-ACTION 
COLD CAPSULES~ 

<- 70 Released 
Paper Chrom. Paper Rlectr. Conventional 

Total 
" 96 95 93 
I )  100 99 100 
c 100 99 98 

I' 35 38 37 
I) 8 0 30 34 c 27 26 25 

P 55 57 57 
L) 54 47 49 
C 51 50 50 

1' 70 72 72 

1 hr. 

2 hr. 

4 hr. 

D 
C 

. .. 
58 
58 

.~ 
50 
60 

60 
61 

5 hr. 
P 72 74 73 
D . . .  54 60 
C . . .  62 61 

P 80 78 79 
D 67 71 64 
C 65 68 66 

7 hr. 

u. Theory: each capsule = 4 mg. of chlorpheniramine 
maleate (C), 50 mg. of phenylpropanolamine hydrochloride 
(p), and 30 mg. of dextromethorphan hydrobromide (U). 
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TABLE 11 .--~IOMPAKISON OF ASSAYS OF I~ESIDUES 
ASD AQUEOUS PORTIONS 
_. - - 
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responding aqueous portioiis obtained frotii the re- 
lease studies. In general, a scan of the results ob- 
tained from the respective and coiiibined aqueous 
and residue contents of “actives” approaches within 
2 to 3% of the theoretical 100%) combiried values. 

DISCUSSION 

The comparative ease and success of applyirig 
these procedures to a sustained-action formulation 
lends credence to the following proposed scheme for 
the rapid evaluation of these preparations. Thc 
pharmaceutical developer could semiquantitatively 
compare his various formulations using the above 
techniques, as follows. 

Large sheets of Whatman No. 1 chromatographic 
paper or several strips of Wliatman No. 3 mm. 
paper are prepared by spotting known quantities 
of the “actives” in the release pattern that  is re- 
quircd, i . ~ . ,  50yo relcase of active KO. 1, 2056 release 
of active KO. 2, and 25%, of active No. 3 for 1 hr., 
followed by thc requirements for 2, 3, 4, 5 hr., etc. 
The various formulations after the various hours of 
the release study are then subjected to procedures 
as described here, and their resultatit spots are 
compared visually with the respcctivc reference 
spots. This rapid surveillance could indicate which 
formulation (if any) approaches the desired release 
pattern. In this manner, many formulations could 
be evaluated and compared at the same time, thus 
saving the cvpcrimcntal formulator valuable time. 
In  addition, the analyst obtains fewer samples for 
final and aecuratc quaiititation; and using the 
mcthods preseiitcd here, lie saves further titne whicli 
flees him for the performance of other assays. 

SUMMARY 

Paper chromatographic and electroplioretic pro- 
cedures have been successfully applied for studying 
the release pattern of a mtilticompoiient sustained- 
nctioii preparation. 

The procedures compare favorably in accuracy 
and speed with the conventional techniques. 

Simplicity and ease of applicatiou of thesc methods 
have led to the suggestion that  several sustained- 
action formulations could be rapidly evaluated by 
the product developer. 
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1) 
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1’ 
I> 
C 

P 
D 
C 

r’ 
I> 
0 

1’ 
D 
C 

__ 

-% Releused (Aqiieoii+- 
Chrom. Eleclr 

1 11s. 
35 33 
3 1 30 
24 25 

57 55 
53 52 
50 49 

69 70 
5% 55 
60 61 

74 I J 
ti:! 60 
tXi 6.5 

80 81 
64 66 
67 66 

2 Iir. 

4 hr. 

5 hr. 
C. 

7 lir. 

- 

-7” ],eft in Residue- 
Chrom. Elecii. 

63 64 
68 69 
76 73 

41 43 
46 46 
48 51 

3 0 28 
40 44 
38 39 

24 24 
35 38 
34 3 3  

30 17 
34 31 
31 33 

residue is dissolved iri absolute ~dcoliol and trans- 
ferred to a 25.1~1. volumetric flask and brought up 
to mark witli alcoliol. The analysis of this solutiou 
is then contititied via paper chromatography arid 
elcetrophoresis :is described. 

RESULTS 

The results liisted in Table I indicate that  the pro- 
cedures presented here compare favorably with a 
coiriventiorial method involving a periodatc oxidation 
of phenylpropanolamine hydrochloride as reported 
by Chafetz (5) followed by bicotnponent spectral 
analysis of thc other two ingredients, which must 
include coirections for interference from basc ma- 
terials. Thus, in addition to eliminating the tedious 
iimnipulatioris involved in the assay of these prep- 
ratintis by thc conventional methods, paper chroma- 
tography a r i d  t4ectrophoresis h a w  dispensed with 
the need for correction factors which have to be de- 
termined every time a new formulatioii is devised. 
Reliancc of the proposed mcthods are further sub- 
stantiated by data contained in Table 11, which 

ys of the residues with their cor- 



Some Factors Affecting Inhaler Dosing 
By KENNETH R. HEIMLICH and MARY C. GINKIEWICZ 

Some factors affecting the dose from an in- 
halant dosage form have been studied. It 
was found that rate of dosing, but not pres- 
sure, inffuenced the amine dose from propyl- 

hexedrine inhalant N.F. 

OME ASPECTS of inhaler technology were discussed S in this journal in 1962 by Kcnnon and Gnlcsich 
(1). From their work they concluded that the 
vapor pressure of thc drug and additivcs in an 
inhalant dosage for111 was not the dose-detenriiriirig 
factor. They contended that inhalcr dosing is a 
process controlled by factors affecting the rates of 
volatilization, whereas, vapor pressurc values rcprc- 
sent an equilibrium situation. Recently, in answ-er to 
an inquiry from the National Aeronautics and Space 
Administration, the authors have substantiated the 
above findings and further studied the factors affect- 
ing thc dosc from an inhalant dosage form. The in- 
quiry from KASA concerned the possible inclusion of 
propylh~xcdrine inhalant N.F. in the medical kit for 
the Apullu Space Program. Since the pressure in- 
side the spacecraft is maintained a t  5 Ib./sq. in. ab- 
solute (p.s.i.a.), it  was necessary to know the 
amount of propylhexedrine per inhalation which 
would cmanate from the inhaler a t  this reduced pres- 
sure. 

EXPERIMENTAL 

A dosing chamber (Fig. 1) which could be operated 
a t  rcduccd pressurcs and varying flow rates was 
constructed. An oxygen source was attached to 
thc inlet valve of thc system and thc outlet was 
attached to an aspirator. The ChdIIiber then was 
adjusted to maintain the desired pressure at a 
specific fluw rate of oxygen. At the time of dosing, 
a valve which maintained an open system between 
the chamber and the dosing lube mas closed. This 
causcd the oxygen flow to pass through the inhaler 
unit carrying vapors down into the dosing tube 
which contained a standardized solution of sulfuric 
acid. The assay of the amine was done by making 
the solution alkalinc and cxtracting with chloroform. 
The chloroiorm extract was titrated potcntio- 
metrically in an isopropanol --ethylene glycol solu- 
tion with hydrochloric acid. Thrcc inhalcrs wcrc 
dosed and assayrd a t  cach condition. 

RESULTS A N D  DISCUSSION 

'The rcsults of thc inhaler dosings are given in 
Table I. 

The data indicate that reducing the pressure above 
the inhaler to  5 p.s.i.a. does not affect the dnse 
delivered by the inhaler. Iiowever, the rate a t  
which thc oxygen is passed through the inhaler 
significantly affects the dose. 

Received June 8, 1966, from ihe Product Development 
Laboratory. Menley and James 1,aboratoiies. Ltd , suh- 
sidiaiy of Smith Kline & French J.ahoratoi ies, Philadelphia, 
Pa. 

Accepted ior publication July 6,  1966. 
The authors thank Dr. E. Garrett for his helpful comments 

concerning this work, and MI-. Russell Lantz foi- constiucting 
the dosing chamber. 

Fig. 7 .-Dosing chamber for inhaler units. 
Chamber can be operated at varying pressures and 
flow rates. 

'TABLE I .-MILLIGRAMS O F  PROPYLHEXEDRINE 
FROM INHALERS DOSED AT VARYING PRESSURES 

AND FLOW RATES 
__ -~ 

Propyl- 
hexedrine/ 

L. of 
Oxygen 
passed 

Flow Rate through 
through Iuhaler Pressure Inhaler, mg. 

6 L./min. 5 p.s.i.a." 0.39 

1 L./min. 5 p.s.i.a. 0.71 
6 L./min. Atmospheric 0.45 

1 L./min. Atmospheric 0.75 
- 

Pounds per square inch absolute. 

The dosing of an inhaler may be considered 
analogous to a distillation process in that thc active 
driving force of the system is the tendency for liquid 
and vapor to approach equilibrium. In the inhaler 
system this equilibrium is never attained. The 
fact that the vapor dose varied at different flow 
ratcs is direct evidence of this. If sufficient time 
were allowed for the passage of a constant volume of 
oxygen through the inhalcr, thc amount of drug 
evaporated would be independent of time since 
equilibration would occur. However, a t  a certain 
dosing ratc of oxygcn pcr unit time, the cvaporation 
rate becomes dose determining. Thus, a t  a con- 
stant evaporation rate more drug is obtained per 
unit volume from a slow dosing rate than from a 
faster rate. 

Since thc change of prcssurc did not affect the 
dose, i t  may be assumed that the gases are behaving 
ideally a t  the pressures present in the system. Had 
the system been operated a t  higher pressures, 
collision with higher concentrations of molecules 
would have retarded the amount of aniine vaporized 
arid conceivably the dose would become pressure 
dcpendcnt. 
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Commzcnzcatzons 

Possibility of Simultaneous 
Apparenlc Zero- and First-Order 

by apparent first-order formation of another 
metabolite (metabolite 11) , the following model 
will apply: Kinetics in the Itz Viuo Formation 

of a Single Drug Metabolite 21 metabolite I 
kr 

.%r : drug in body -----+) 
k? 

The biotransformation of many drugs is - drug in urine 
describable b y  first-order kinetics and most of or metabolite I1 
the theoretical models in pharinacokinetics 
have becn developrd on that basis (1, 2). I t  is 
now known that several important biotransforma- 
tion processes have a limited capacity (S, 4) and 
proceed by apparent zero-order kinetics in the 
therapeutic dose range (4). The purpose of this 
comniunication is to propose the possibility that 
a single biotransforrnation product may be 
formed by :t combination of simultaneously 
occurring apparent zero- and first-order proc- 
esses. 

Many biotransformation processes are known 
to occur in more than one tissue. For example, 
significant etiizymic transformation of phenol 
to phenol sulfate has been demonstrated in 
human liver, adrenals, kidneys, and small 
intestine (5). These tissues differ in intrinsic 
(maximum rate per unit weight of tissue) and 
absolute capcity Tor this process. Therefore, 
it is likely that, a t  a sufficiently high drug con- 
centration in body fluids, biotransformation in 
one tissue proceeds a t  a maximum rate while the 
same process in another tissue follows apparent 
first-order kinetics. 

Such mixed kinetics in the formation o f  a 
single metabolite (metabolite I) might involve, 
for example, one apparent zero-order process’ 
in parallel with one or more apparent first-order 
processes which do not reach “saturation” at 
any reasonah1,e drug concentration. If the drug 
is also eliminizted partly by renal excretion or 

f I t  is assumed as a matter uf convenience that the ca- 
pacity of this process is so low that  a maximum rate is reached 
with very low doses. 

where ko and kl  are apparent zero- and first- 
order rate constants, respectively, for the 
formation of metabolite I, and kr is the apparent 
lirst-order rate constant for renal excretion of 
unchanged drug or for formation of metabolite 
11. Under these conditions, the fraction of the 
dose which is excreted as metabolite X will de- 
crease with increasing dose. However, unlike 
the rase where one of the metabolites is formed 
solely by apparent zero-order kinetics, the frac- 
tion of the dose excreted as metabolite I will 
approach a relatively constant value at high 
doses. This is so because the contribution of the 
apparent zero-order process to the total eliniina- 
tion process will become negligible a t  suffi- 
ciently high doses. At  these high doses, the 
fraction of the total excreted drug which is 
metabolite I will approach the value k , / ( &  4- 
kr) as in apparent first-order kinetics (ti). The 
dose range where this occurs will depend on the 
values of K O  and K I .  
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Stereochemistry of Methadol 
Diastereomers 

Sir: 

Previous i~ivestigations (1, 2) have shown that 
catalytic or lithium aluminum hydride reduction 
of methadone (I) proceeds stereospecifically to 
afford a-mcthadol (IIa), while sodium in pro- 
panol reduction gives rise to a mixture of diastere- 
omers in which the @-isomer (IIb) predominates. 
The stereochemistry of these isomers is of great 
interest because of the remarkable changes in the 
configurational selectivity of analgesic receptors 
(Table 1) which takes place in the a-series. 
Such changes recently have been rationalized in 
terms of differing modes of analgesic-receptor 
interactions (3). 

In this paper evidence is presented which leads 
to the complete stereochemical assignment and 
conformational preference of these diastereomers. 

Quaternization oi racemic a- and @-methado1 
with rncthyl iodide afforded the corresponding 
methiodides, IVa (4) and IVb, n1.p. 189-191'. 
Pyrolysis of IVn  and IVb proceeded stereo- 
specifically to give rise to isomeric tetrahydro- 
furan derivatives \'a, m.p. 00-9lo ( 3 ) ,  and Vb, 
m p .  01-63', respectively. Catalytic hydrogena- 
tion of VI which was obtained by the method of 
Easton (5, G ) ,  afforded a mixture of V a  and Vb 
in 60y0 yield, whose composition was estimated 
by NMR analysis to be in a ratio of 2 to 1. 
Molecular models (Stuart-Bricglcb) indicate 
that the top face of VI is more accessible to the 
hydrogenation catalyst than is the side which is 
cis to  the C-5 methyl group. This stroiigly 
suggests that Va corresponds to the cis-isomer 
and Vb represents the tvans-diastercomer. 

In view of the stereospecificity of the ring 
closure to V and the reported (7) formation of 
optically active VI from enantiomers of metha- 
done metliiodide, it  is evidcnt that the cycliza- 
tion of LVa arid IV6 involves inversion a t  the 
C-6 asymmetric center. ?'he relative stereo- 
chemistry of IIa and IIb therefore can he desig- 
nated as (3S:GS) or (3R:GR) and (3R:6S) or (3s: 

V b  V1I 

6R), respectively. This assigrinient was corrobor- 
ated by determining the dissociation constants of 
a- and 0-methadol in methanol. The pKa of ITa 
is 8.15 while that of IIb is 7.85. According to the 
current concepts (8) concerning thc base strength 
of diastereomeric amino alcohols, the pKa of these 
diastereomers is a reflection of the difference in 
the ability of the protonated species of IIa and 
I16 to form intramolecular hydrogen bonds of the 
type illustrated by formula VII. The diastereo- 
iner which is hydrogen bonded more strongly is 
more highly dissociated. The fact that a- 
methadol (IIa) is a stronger base therefore indi- 
cates that there is less steric hindrance to intra- 
molecular hydrogen bond iormation. Molecular 
models show that this is consistent with the 
stereochemistry proposed above for IIa and IIb, 
since it can be seen that the cyclic hydrogen 
bonded conjugate acid of P-methadol (VIIIb) has 
both the methyl and ethyl groups on the same 
side of the quasi ring, whereas the lcss hindered 
a-isomer (VIIIa) has these groups on opposite 
sides. 

High resolution infrared studies of IIa and IIb 
in carbon tetrachloride show that the bases are 
intramolecularly hydrogen bonded in as high a 
concentration as 0.25 114, thus indicating strong 
association. This was substantiated by NMR 
analysis of thc bascs in deuterochloroform. The 
hyclroxylic protons of IIa and Ilb resonate a t  
unusually low field (8.6 and 5.9 p.p.m., respec- 
tively) and have peak half-widths of 3 0  and 23 
c.P.s., respectively. The fact that the hydroxy- 

I'ABLE I -ANALGESIC ACTIVITY OF METHADOIS AID ACETYLMFTHADOLS (2) 
O=C--Bt Me -+ HO-CH--Et MC -+ AcO CH-Et Me 

1 I I I I I 
Ph2 C -CH~-CH-XMO Ph-C-CH?--C€I-NMet Ph2-C CHA-CH-NMC~ 

I11 __ __ ~~ 

I1 

S-( + ) 25 7 a ,  ( - ) - a  3 5  (-)-a 1 8  

R-( - 1 0 8  a (+)-a 24 7 (+I a 0 3  
7 6  ( - 1-0 0 4 

-~ 
I 

Configuration EDma Isomer E D 6 0 C  Isomer ED50a 

6 ,  (+?-@ 63 7 ( + ?-6 4 1  

6 ,  ( -1-0 - ____ 
a mg./Kg. injected subcutaneously in mice. 
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ylic proton resonance for IIa is broader than that 
of IIb indicates that the lormer free base forms 
stronger intramolecular hydrogen bonds than 
does the latter. The conformation of the bases, 
therefore, are very similar to  the hydrogcn bonded 
conjugate acids. 

.Further evidence for the stereochemistry of the 
inethadols wais obtained by application of Pre- 
log’s rule (9). Treatment of (-)-IIa with 
henzoylformyl chloride produced in 95% yield 
the benzoylforiiiate ester hydrochloride (IX) , 
m.p. 195’, [a];; --74.9’, which was converted to 
its methiodide (X), m.p. 208’, [a]: -42.8’ (70% 
yield). Reacting either IX or X with methyl- 
magnesium iodide followed by saponification, 
afiorded (80%; over-all yield from X) S-(+)- 
atrolactic acid (XI), [alg +4.30 (1% in 1 N 
NaOH), corresponding to 8% optical purity (10). 
In accordance with Prelog’s rule (9), the stereo- 
chemistry a t  0 - 3  therefore is assigned to the S- 
series. 

.Since the alisolutc configtiratinn oi (+)- and 
(--)-methadone, which are precursors of optically 
active a- and 8-niethadol (see Table I) has been 
determined (1 l ) ,  thc complete absolute stereo- 
chemistry is 8.s shown below. The (+)-a-  and 
(--)-@-series are the mirror image forms rorre- 
sponding to the projection formulas. 

Ph H 
I I  
I I  

COOH ph-c.. ... .C.. .Et 

H O - C ~ M ~  CH2 OR 

Ph MesN- C-H 

XI (3s : 6s) 
M e  

I I n , R = H  1 
I I I U ,  R = A c j ( - ) - N  

T’li OK 
I 

I I  
PIL-& ...... C...Et 

CHz H 

Me2N- C-H 

M e  
(3R:6S) 

Possible reasons lor thc rhangcs in analgesic 
receptor stereoselectivity will he discussed fully in 
a definitive publication. 
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Carbonate Prodrugs in 
Formulation and Therapeutics 

Szr: 

The authors have noted that numerous car- 
bonate diesters can be made of drugs con- 
taining the hydroxy group. Often such car- 
bonates are prodrugs, i.e., new compounds hav- 
ing physical-chemical properties different from 
the parent drugs but retaining qualitatively 
identical pharmacologic effects and reverting 
to the parent drug in the body. That they are 
prodrugs which are hydrolyzed to the parent 
drugs in the body is attested to by in vbro cleav- 
age studies where blood serum has been shown 
to be a good source of enzymes for catalyzing 
the hydrolysis reactions. 

The principle of prodrug formation has 
special utility where the parent drug possesses 
undesirable pharmaceutical features. For ex- 
ample, trichloroethanol possesses interesting 
scdative proprrties; but i t  is a volatile liquid 
with an unpleasant odor and taste. As such, 
it is not conveniently suited for therapeutic 
use: but by reaction with phosgene, it can be 
converted into his-tricliloroethyl carbonate hav- 
ing a melting point of 86-87”, This previously 
unreported crystalline compound is virtually 
tasteless, has sedative properties, and can be 
encapsulated or tableted. 

CCL-CH~--O-CO-O-CH~-CC~S 
bis-Trichloroethyl Carbonate 

Similarly, for example, a trichloroethyl car- 
bonate diester of acetaminophen has been made 
by reacting it with trichloroethyl chloroformate. 
I t  is a crystalline compound, m.p. 151-153.5”, 
possessing the analgetic and sedative properties 
of the parent drugs from which it is derived, 
and is also virtually free of taste. - 
CHa- CO - NH 9 0- CO - 0- CH2 - C C1, 

2,2,2-Trichloroethyl-4-acetamido-phenylcarbonate 

These compounds, and some related ones, are 
interesting new compositions of matter. With 
but few exceptions (quinine ethyl carbonate, 
alkyl erythromycin carbonates) carbonate dies- 
ters have not been utilized as therapeutic agents, 
and to our knowledge it has not been demon- 
strated, heretofore, that diester Carbonates are 
prodrugs. Studies on their physical-chemical 
properties, cleavage rates, biochemistry, and 
pharmacology along with studies on their phar- 
maceutic and therapeutic utilities will be sub- 
jects of more detailed publications. 
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The Chemistry of the Carbonyl Group. Vol. 11. Edited 
by SAUL PATAI. Interscience Publishers, London, 
England, 1966. sii + 1027 pp. 16 X 23.5 cm. 
Price $32.50. 
This book is the second in an ambitious series of 

treatises dealing with the chemistry of functional 
groups; the first volume was The Chemistry of 
AZkenes. Volume two is an extensive collection of 
information on the carbonyl group, written by an 
international team of highly competent authors. 
The  work is somewhat encyclopedic in nature, 
although this is not necessarily a fault. The 
authors have emphasized recent advances and 
newer developments in critical discussions of the 

chemistry involved. This reviewer is not aware 
that any other single volume possesses the scope 
of this one. Among the subjccts considered are 
physicochcmical and spectral properties of the 
carbonyl group; laboratory synthesis; biological 
formation and reactions; analytical procedures, 
photochemistry; and aspects of thiokctone chern- 
istry. As is indicated in the “Foreward,” two 
chapters failed to materialize: “Equilibrium Ad- 
ditions to Carbonyl Groups” and “Syntheses and 
Uses of Isotopically Labelled Carbonyl Com- 
pounds.” These omissions, while unfortunate, do 
not detract from the over-all merit of the work. 

The chapters are well documented and about 
1964 references are included The general sub- 
jcct index is somewhat brief and is not useful, 
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but each chapter begins with an excellent table of 
contents. The binding of the book is fairly good; 
thc print is rea’rlable; and the quality of the paper 
is good. 

The book is addressed to research workers and 
gra.duatc students, and it will be highly useful as a 
reference to organic chemists, biochemists, physical 
organic chemists, analytical chemists, and (to a 
lesser extent) to physical pharmacists. It is recom- 
mcndcd for the research library, with the hope that 
the entire set ol’ “Chemistry of Functional Groups” 
will be of the same quality. 

Reviewed by Joseph G. Cannon 
Unizersity of Iowu 
Iowu City 
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Nonexistent Compounds: Conipotinds of Low Sta- 
Llility. By W. E. DASENT. Marcel Dckker, 
Inc., 95 Madison Ave., New York, N. Y. 10016, 
1966. ix + 182 pp. 16 X 23.5 cm. Price 
4i8.60. 
‘!To anyone concerned with preparing or using 

istable compounds, the unstable ones are of interest, 
if only for the purpose of avoidance, Stid, of course, 
-there are many shades of gray between the possible 
rind impossible. 

This little book has taken as its theme those in- 
#organic compounds that arc on the verge of stability, 
iisually arranged in such classes that some of the 
members are stable and somc arc not. The com- 
~oouiids are discussed in terms of the reasoris for 
their variations in stability. 

The book opens with a chapter on various geueral 
approaches to stability, e.g., valence and structure, 
thermodynamics, tendencies iii chain and multiple 
bor~d formation. A chapter illustrating each of 
scvcral typcs O F  stability then follows. ’l’he semi- 
stable compounds of nitrogen, sulfur, phosphorus. 
zinc1 silicon have thc most representatives, but there 
are illustrations from almost all the elements except 
the electropositive metals and the two rare earth 
series. There is a ten page discussion of compounds 
of the noble gases. I t  is difficult to give a typical 
exatnple of the types of compounds included, so 
varied arc they. Thc purely ionic compounds are 
spelcifically excluded. 

Eixplanations and discussions arc wcll grounded 
theoretically and are well documented. There are 
extensive tabulations of energetic data. The author 
leans heavily on Pauling’s “Nature of the Chemical 
13ond” as concerns valence and bond energies, 
and writes generally in the same spirit as Pauling. 

The book is not a mere curiosity, as suggested 
by the facetious title. I t  will find its best use as a 
rich. source of illustrative material for the principles 
involved in the stability of inorganic and metal- 
organic chcmist.ry. Somc readers will be disap- 
pointed that i t  contains little of direct value for the 
urgariic chemist. A book in that subject would 
kiave a larger audience, and its point of vicw would 
he much different. Of course, it woulcl have a differ- 
ent author. 

Rewiewed by  L. Dallas Tuck 
.School of Yhaimacy  
The Uniuersity of Culiforn itr 
S u n  Francisco 

Remington’s Pharmaceutical Sciences. XI11 cd. 
Editor-in-Chief ERIC W. MARTIN. Mack Publish- 
ing Co., Easton, Pa., 1966. xii + 1954 pp. 
21 X 29 cm. Price $23.50 
In keeping with the increased emphasis on thc 

scientific hasis of pharmacy, this classic has changed 
its title-from “Remington’s Practice of Pharmacy” 
to “Remington’s Pharmaceutical Sciences.” The 
basic outline of earlier editions has been followed; 
however, many chapters have been revised arid 
several new chapters have been added to rcflcct thc 
latest developments in analytical arid manufacturing 
procedures. The greatest amount of ncw material 
has been in the field of physical pharmacy-four 
areas are covered in new individual chapters- 
biopharmaceutics, quantum theory, reaction ki- 
netics, and thermodynamics. A chapter on plastics 
has bccn added to the manufacturing section and 
includes the more recent developments in the nature, 
uses, and testing of plastics used in medicine. 

Drugs arc discussed individually as in previous 
editions. The use statements might more properly 
be called a therapeutic summary; uses are given, of 
course, but also included in the discussion are  action, 
special advantages and/or disadvantagcs, side 
effects, and cautions. 

Tests and assays for official (U.S.P. and N.F.) 
items are no longer included, sincc the respective 
compendia may be consulted for this information. 

The physical make-up of the book is excellent; 
type size and column width make it easy to read, 
and it is well indexed. 

The Kemiugton is up to date, with the changes in 
the N.F. arid U.S.P. being reflected. 

It is difficult to review a book so familiar to all 
pharmacists and already of proved value. The 
summation which appears on thc title page seems 
most appropriate. “Remington’s Pharmaceutical 
Sciences” is: “A treatise on thc manufacturing, 
standardizing, and dispensing of pharmaceutical 
products with biological and chemical propertics 
and tests, assays, uses, and doses; also a guide to the 
legal obligations of the pharmacist and the profes- 
sional services rendered in helping to maintain 
community health. A textbook and reference guide 
for pharmacists, physicians, and other medical 
scientists.” 

Encyclopedia of Industrial Chemical Analysis. 
Vol. 1, General Techniques A-E. Edited by F. D. 
SNELL and C. I,. HILTON. Interscience Pub- 
lishers, a div. of John U‘iley & Sons., Inc., 605 
Third Ave., New York, N. Y. 10016, 1966. 
xv + 763 pp. Price $35.00 per 
copy with subscription. $45.00 per single copy. 
l‘lie structure of the chemical industry, the nature 

of the chemical products, and the methods and tech- 
niques of analysis have undergone radical changes 
in recent years. As a result, a comprchcnsivc view 
of industrial analytical chemistry was felt to be a 
desirable undertaking. This is the first in a series of 
volumes to fulfill that need. Methods and tech- 
niques used throughout the world for the analysis 
of raw materials, intermediate, arid finished 
products, as well as evaluation of the fin- 
ished product for its intended use, will be 
included. The Enryclopedia will be presented in 

18.5 X 26 cm. 
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but each chapter begins with an excellent table of 
contents. The binding of the book is fairly good; 
thc print is rea’rlable; and the quality of the paper 
is good. 

The book is addressed to research workers and 
gra.duatc students, and it will be highly useful as a 
reference to organic chemists, biochemists, physical 
organic chemists, analytical chemists, and (to a 
lesser extent) to physical pharmacists. It is recom- 
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INTRODUCTION 

HE EVALUATION of chemical compounds for 
Tpotential psychotropic activity involves their 
sequential evaluation in a battery of pharma- 
cologic tests. This screening protocol serves to 
eliminate toxic or inactive compounds and a t  the 
same time allows for the stepwise formation 
of a profile of pharmacodynamic and toxico- 
logical information. The sensitivity of this en- 
tire program is heavily dependent upon the initial 
screening tests involving measurements of animal 
activity. It is ironic that, of all of the procedures 

Received from the Department of Pharmacology, School of 
Pharmacy, University of Pittsburgh. Pittsburgh, Pa. 15213. 
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that comprise a screening program, these are the 
most critical, yet the least standardized. most 
highly individualized, and most vulnerable to 
environmental factors. It i$ therefore, im- 
portant that careful thought and organization 
of tcst critcria precede actual laboratory work. 
The investigator should determine the optimum 
set of experimental conditions for his laboratory, 
since external influences on drug responses will 
vary from one laboratory to another. It is the 
purpose of this paper to acquaint the reader with 
the problems of evaluating animal activity, the 
advantages and limitations of present-day test 
apparatus and procedures, the parametric vari- 
ables which may alter drug response. and the 
design and statistical techniques which may in- 
crease the efficiency of this type o f  csuerimenta- 
tion. 

OBSERVATIONAL TECHNIQUES 

General Considerations.-The subjective 
observation of drug-induced changes i n  the 
activity of laboratory animals has long been a 
preliminary procedure in drug testing. This 
initial procedure can provide information c011- 
cerning general pharmacological and be- 
havioral drug actions as well as preliminary 
toxicological data. These total data comprise 
one facet of the preclinical experimental 
protocol needed for any attempt on the part of 
the investigator to predict the clinical activity 
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of the drug. Two approaches can be utilized 
in the evaluation of potential psychotropic agents 
through the use of gross observational techniques 
(I). The first of these is the crilerion behavior 
approach in which a form of abnormal human be- 
havior is selected and its basic characteristics are 
determined. The next step is the induction in 
test animals of a form of behavior which is as 
nearly as possible similar to this human behavior. 
The search is then made for new drugs which will 
modify this behavior a t  low doses. This might be 
exemplified by the production of “cxperimental 
neuroses” in laboratory animals and the examina- 
tion of test drugs on this behavior. The second 
approach is the use of criterion drugs. The ef- 
fects of clinically established drugs are deter- 
mined in animals using a wide variety of tests, 
and then the ncw compounds are studied on the 
most sensitive of these tests. Most laboratories 
actually use a composite of these procedures. 

The generation of an adequate rating scale for 
observational procedures requires that the 
behavior patterns of the experimental animals be 
carefully examined. As the spontaneous behavior 
of animals is studied, the events occurring within 
the animal’s behavior can be organized into pat- 
terns thal are dependent upon the variability of 
these events (2). Careful examination of these 
behavior patterns can be made and documented 
to provide a basis for rating programs (8). , 5’ ince 
these obser\rable patterns are under the influ- 
ence of innumerable internal and external factors, 
the emphasis on the development or a rating pro- 
gram must be placed upon the use of carefully 
controlled conditions. There are many variables 
that must be carefully regulated before the ob- 
servational test procedure can be used efficiently. 
The allimportant variable is the test animalitsclf. 
Certainly, all of the attributes of the proper ex- 
perimental design used in any pharmacologic pro- 
cedure should be followed in the selection of 
the test animal. The health of the animals 
should be a primary concern, and the operations 
of the animal colony should ensure that a minimal 
stressing of the animals occurs. If female animals 
are to be used, the effect of the estrus cycle must 
be taken into consideration. The development 
of estrus in the cat periodically alters baseline 
activity of the animal, and total ovariectomy will 
eliminate this problem, yet allow for general 
behavior patterns to remain virtually unchanged 

Ihvironrnent will play a major role in the 
animal’s total behavioral response. As noted by 
Brady (j), the effects of drugs upon behavior 
depend upon the environmental conditions af- 
fecting the animal when the pharmacologic agent 

(4). 
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is being evaluated. The initial standardization 
of the observation area in regard to temperature, 
humidity, range area of the animal, ctc., should 
not be altered throughout the experiment in 
order to prevent minute behavioral changes from 
occurring. Consideration must also be made 
of the “arousal-provoking” quality of the ex- 
perimental situation (6). Irwin (7) used a sound- 
proofed or sound attenuated room for the ex- 
amination of cat behavior, whereas other inves- 
tigators have used a standard laboratory room 
that permitted external auditory stimuli to reach 
the test animals. The question arises here 
as to whether unexpected external stimuli 
can be used as an indication of aniinal awareness. 
It would appear that they could contribute to a 
more adequate assessment of thc animal’s atten- 
tiveness. 

The observer is an extremely important vari- 
able in the test procedure. This person must 
be a highly trained, observant, and patient indi- 
vidual. He must be fully cognizant of the ani- 
mal’s normal behavior and totally aware of the 
possible changes in behavior that a drug can 
produce. He must be able to recognize and 
record not only those events that arc listed in 
the test program, but also any others that may 
occur. The training of an individual is based 
on experience and is very critical; it  cannot be 
achieved by the presentation of written or oral 
material describing the procedure. Each of 
the behavioral changes must be shown to the 
observer through the use of control drugs, and 
many experimental trials must be performed 
to ensure adequate reproducibility of the ob- 
server’s rating. 

The mechanics of the rating procedure should 
be considered in the design of the rating sheet. 
Most investigators use a single sheet to note 
any drug effects over the experimental time 
period. In order to negate subjective bias or 
the observer, a booklet form can bc used for 
rating (4). Each of the observational time 
intervals is placed on a separate page so that the 
observer does not see the previous rating entries. 
Also, to help ensure that the observer is examin- 
ing each item on the list, a place can be allowed 
a t  each rating point for “no observable change.” 
The design of the sheet or booklet may also be 
governed by the type of information retrieval 
program used by the laboratory. If the material 
is to be placed on punch cards for later printing, 
the rating sheets should also be designed so 
that the key punch operator may accurately 
transfer the information from the rating sheet 
to the punch card. The choice of items to be 
placed on any rating scale must be dependent 
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upon the skill of the supervisor and the observer 
in the dctcrrtiination of the animal’s ongoing 
behavior patterns in response to the test situa- 
tion. rating scale should originally include 
as many items for rating as possible, based upon 
the general behavior of the animal and the dis- 
crete items that occur within each behavior 
pattern, as well as  upon known changes elicited 
by the prototype compounds. Following use 
of thc tcst scale, certain itcms can be eliminated 
from the program if the frequency of these 
events is found to  occur at a very low level. 
As noted bj- Irwin (81, i t  is better t o  have an 
excess of rating points rathcr than a deliciency 
for the test scale. 

There are several weaknesses present in 
multidimensior~al observation procedures. First, 
observer.: vary in their ability ; this is only over- 
come by standardizing the rating scale and quan- 
tifying the observed behavior on the basis of 
an all-or-nont. rating of cvents. Second, a 
tendency toward subjective bias exists as  well 
as  a tendency to  have an insufficient number 
of steps in the rating scalc. This latter point 
would possibly cause a loss of information from 
tlie behavioral observation. Subjective bias 
may lie orercomc by the use of blind procedures 
for drug administration and observation, and 
t h e  loss of information can be overcome by  add- 
ing morc rating itcms. This excessive subdivision 
does not appear to distort the data (8). Two 
further problems must be considered : repro- 
ducibility o f  procedures and data  between labo- 
ratories, and Ihc diiVculty of summarizing the 
information developed from the test procedure 
(9:i. The difficulty in transferring the experi- 
mental mctho8d from one laboratory t o  another 
is well known. These procedures arc highly 
individualized a r d  dependent upon the scientist 
generating thc scalc. Extremely well-defined 
profiles are required to  overcome this limitation. 
Their delinition must not only be in writing- but  
in :some pictorial form as well. 

Observational Procedures with Rodents.- 
Ohserrational test procedures involving ro- 
dents \-ar?- greatly depending upon the  specific 
rlemed of the particular laboratory. Some in- 
ve’jtigators (11). 11) use little or no detail in 
their rodent tiosts, b u t  these programs arc only 
a minor par t  of a larger over-all program of 
drug evaluation. Janssen (1 2) used a protocol 
which inl-olvxl a largc number o f  tests in 
rodents and clogs; among these wcrc an open 
field measure, hot and cold plate tests, a toe 
pinching procedure, a rotarod test, etc. The 
question wliich arises from this type of program 
is whether these multiple tests are necessary for 
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the evaluation of drug effects at the early level 
of pharmacologic screening. Perhaps early 
screens should not be overly burdened, but  
rather allow for fewer, more definitive tests to  
show potential drug action. A fairly complete 
rating scale for mice or rats has been clearly 
defined by Irwin (13). ITis procedure for the 
evaluation of the general activity and acute 
toxicity produced by the test drug is written 
in a manner tha t  allows for accurate interlabora- 
tory replication. The paper includes a rating 
chart used in his laboratory, and shows drawings 
of tlie animal postures rated for the righting reflex 
and passivity items on the scale. Norton (2) has 
developed a rating scale that  is more behaviorally 
oriented than those produced by others. Her pror 
file for the hamster is well defined and includes 
five main behavior patterns: sociability, con- 
tentment, excitement, defensive hostility, and ag- 
gressive hostility. Undcr each of these main cat- 
egories there are five subheadings which arc spcci- 
lied itcms of behavior. As an example, the items 
of squawk, pulling, chasing, biting, and rearing 
are subheadings under the category of aggrcssivc 
hostility. She compared the results with the ham- 
ster to  those obtaincd from monkey and cat 
studies, and noted that  the test animals re- 
sponded differently to the individual test drugs. 
For example, chlorpromazine caused a n  increase 
in  sociability in  all animals, but causcd a n  in- 
crease in  contentment in the inonkey and ham- 
ster with a decrease in contentment in the cat. 
It induced an increase in excitement in the cat 
and monkey, but a decrease in the hamster. 

The depressant activity of drugs has h e n  
identified rather well for many years, and the 
utilization of some of these procrdures may 
contribute to  the efficiency of rating programs in 
psychopharmacology. T,im et al. (1-1) used a 
procedure t o  evaluate sedation in rats. Animals 
wcre housed individually in sniall cages and pic- 
tures taken of their posture and degree o€ eye 
closure, with the activity of the animals being 
measured by a photocell system. The animals 
were startled periodically with a mild air blast, 
and the changes in posture and degree of eye 
closure rated. The illustration of depressed 
postures of rats and dogs in this paper can aid in 
the replication of its data. Cohen and Nelson 
(1.5) rated depressive activity of rats, noting thc 
cficct of chlorpromazine and pentobarbital on thc 
loss of spontaneous motion, response to stimuli, 
and the degree of ataxia. Each of these were sub- 
divided into four or live rating items. A simplc 
measure of motor activity that  has been used to 
test depressants is the open field test, a procedure 
that  can easily be incorprated into a rating 
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program. Furthermore, Brimblecombe (10) con- 
sidered the open field test with the rat to be a valid 
measure of emotionality. He noted, however, 
that by itself i t  may not be accurate, but in a 
battery of tests i t  does givc some indication of the 
drug action on the emotional behavior of the 
animal. In the classical test, the animals are 
placed a t  the center of a circular (17) or rectan- 
gular (18) open area which has been suitably 
marked off, and the number of times that an ani- 
mal moves across the zone lines is recorded. In 
addition other rating points such as the degree of 
grooming and defecation can be checked simul- 
taneously (16, 19, 20). This test can utilize 
individual or paired rats (19), and has been used 
as a measure of motor deficit, emotionality, and 
exploration. These behavior patterns can also 
be analyzed in different ways. Randrup and 
Munkvad (21) rated the behavior of individual 
rats by counting the different types of grooming 
that occurred as well as recording their locomo- 
tion within an area through the use of multi- 
exposure photography. They noted that amphe- 
tamine produced a stereotyped activity which 
they could alter through the use of perphenazine. 
Bindra and Baran (22) evaluated drug-induced 
changes on sniffing, lying, grooming, and general 
activity of male hooded rats, which werc in- 
dividually housed in foot square boxes. Many 
other behavioral signs can be added and scored 
in this procedure. Cole and Dearnaley (23) 
utilized a simple rating program in the evaluation 
of the effects of reserpine and morphine in rats 
and mice. They illustrated Straub tail reactions, 
and also noted the effects of the test drugs on 
such items as the graspreflex, piloerection, tremor, 
and posture. Catalepsy and palpebral ptosis 
have also been used as observational test items 
(24). Tornan and Everett (2.5) called particular 
attention to unusual aspects of behavior; for 
example, hunching and squinting which are 
characteristic responses to reserpine. Lim (20)  
included items of morphine-like fixation of posture 
and pseudohypnosis in his profile for rating drug 
effects on rats. 

One hesitates to talk about emotionality in 
rodents, but there are certain aspects of behavior 
that investigators use for its evaluation. Raitt 
et al. (2i) and King (28) used a six-item program 
with each component rated on a 5- or 6-point 
w d e .  Rats were evaluated on their reaction to 
the presentation of a probe to their snout, re- 
sponse to a light rap on the back with a probe, 
resistance to capturing, resistance to handling, 
vocalization during stages of capture and han- 
dling, and urination and defecation during these 
stages. This procedure certainly allows for the 
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assessment of drug effects on the stress induced 
by the observer’s interaction with the test animal, 
but one wonders if this type of emotional rating 
can be correlated with clinical effects. 

Sulser et al. (29) have utilized a different test 
situation in their rating of drug effects on be- 
havior in the rat. The animals were placed on 
top of a box about 1 It. high. Control animals 
would move about and explore their surroundings 
for a few minutes, then cluster together, and 
groom themselves, but would not leave the top 
of the box. Test drugs altered this response; 
for example, rats given a benzoquinolizine com- 
pound (RO-41284) remained motionless and iso- 
lated from each other for about 3 hr. Rats 
treatcd with amphetamine would dash about 
helter-skelter, while rats given RO-41284 plus 
desmethylimiprainine would move around the 
edge of thc box and fall off or leave the box. 
Votava et al. (30) examined the effect of ex- 
perimental drugs on the central nervous system 
with thc aid of a test involving orientation ac- 
tivity in the rat. The animal was placed in a 
small chamber and after a short interval was 
allowed to move into a second and larger chamber 
when a barrier was removed. The animal was 
then rated on various motor responses, such as 
the number of times it moved through the door, 
the amount of grooming, etc. Welker (31) has 
examined sniffing as an aspect of exploratory be- 
havior in the albino rat. In a rather detailed 
paper, he noted the various aspccts of this be- 
havior and how it was altered by various stimu- 
lants and depressants. 

Most rodent rating scales utilizc individual 
animals, but the social interaction of these animals 
should not be overlooked. If social interaction 
is to be included in a rating scale, some excellent 
discussions (32 ,  33) of this behavior in rats and 
inice can be consulted. Silverman (34) has re- 
cently discussed the use of ethology as a mcans 
of observing animal behavior with increasing 
precision. Ire has developed a well-defined and 
integrated rating profile for social interaction, 
which includes the categories of exploration, 
investigating, mating, aggression, and other signs. 
Rats were isolated for several days and then 
introduced into the observation cages in pairs ; 
only one of the test animals was treated with 
placebo or chlorpromazine, and a counterbal- 
anced order of presentation was introduced into 
the experimental design. Chance and Silver- 
man (35) evaluated chlorpromazine, amphet- 
amine, and amobarbital on the latter test. I t  is 
possible that within groups of rats, different de- 
grees of social interaction will occur. Irwin (36) 
reported that there was a significant negative 
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correlation between individual treadwheel counts 
arid the time devoted to interactional behavior 
of rats; i.e., animals which showed a high degree 
of spontaneoiis activity in the treadwheel did 
not score highi in social interaction. 

Certain aspccts ol social behavior lend them- 
selves well to the testing of psychotropic drugs. 
Tlhe aggressive tendency of rodents in certain 
situations has been used in an attempt to  duphratc 
clinical situations. When mice are isolated for a 
period of time and then placed together, an ag- 
gressive behavior, which can be rated (37-39), 
is produced between the two mice. An instinc- 
tive behavior that is seen in some rats is the 
mouse-killing reaction. Certain rats will almost 
immediately kill a mouse when it. is introduced 
into the rat's cage. While many psychotropic 
drugs are not specific antagonists of this response. 
it  has been noted that antidepressants will block 
it (40). 

If aniinals .are to be re-used in these test pro- 
cedures, prior experience must be taken into 
consideration. Marriott and Spencer (41) ex- 
amined the exploratory behavior of rats under 
the influence of various psychotropic drugs. 
Their studies, based on that of Steinberg et al. 
(42), used a Y-shaped box and noted the number 
of complete entries that the rat made with all 
four feet into one of the arms of the box. They 
found that chlorpromazine reduced exploratory 
behavior, but that meprobamate and chlordiaz- 
epoxide increased it. However, the effect of 
chlordiazepoxide on exploration was completely 
inhibited by a single previous exposure to the 
Y box. This fact should be taken into considera- 
tion if open field tcsts or other forms of explora- 
tory behavior measurements are to be used. 

The addition of many of the aforcmentioned 
behavioral signs or procedures to the standard 
pharmacological screening test used in observa- 
tional studies may aid in the identification of 
potential psychotropic agents. These rating 
scales in their final form should be as quantita- 
tive as possiblle. It is relativcly easy to quantify 
certain physiological signs within the test struc- 
ture; these .include such items as pupil size, 
cardiac and respiratory rates, and body tempera- 
ture. One caution that must be noted is that the 
desire for ex:xcting quantification may yield a 
rating scale that, through the time and effort 
required for its usage, drastically reduces the 
efficiency of the total rating program. 

Observational Procedures with Cats.--A 
requisite for gross observational studies is that  
the test animal must possess a fairly stable 
personality for the prolonged periods of time 
required for laboratory study ; in addition, the 
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animals must show a Sufficient range o f  spon- 
taneous behavioral patterns to allow accurate 
studies to  be made. Cats seem to fit these 
qualifications (43).  Irwin also favors the cat 
as a test animal for its value in predicting drug 
effects in man. He noted that its sensitivity to 
various behavioral drug effects appears to be more 
like that of man than any other laboratory 
animal, with the ratio between doses producing 
behavioral and side effects in the cat being closely 
approximate to that of man. A disddvantagc in 
the use of t.he cat is that it shows atypical effects 
to certain drugs; for example, it  is stimulated by 
certain narcotic analgesics and antihistamines 
(44) : also chlordiazepoxide produces an effect 
in thc cat that lasts for several days. The cat. 
along with the dog and monkey, allows a wider 
range of behavior and drug personality inter- 
actions to be observed than one would see with the 
rat or the mouse (45). 

The cat observational technique is not truly a 
preliminary test in that the rodent screen should 
be initially utilized to eliminate a large number 
of inactive and toxic compounds from the test 
series. This is necessary since the procedures 
involving cats require the use of colonies that 
become invaluable because of the time involved 
in establishing behavioral baselines. Drugs that 
are to be tested on these animals must also have 
some toxicological data available for the estima- 
tion of initial drug dosage. The drugs should be 
given orally to allow a better clinical correlation 
of data, although other routes have been coil- 
sidered (5). Dnigs can be administered in capsule 
form to the cats who are restrained either in a 
box or in the arms of an assistant. The capsules 
arc placed on the hack of the tongue using a long 
curved forceps or hemostat, and the animal's 
mouth is then held shut. Howcvcr. the oral route 
is not without its disadvantages; for example, 
chlorpromazine often produces vomiting in the  
cat (4t"), and t.hns, the animal will not rcceivc 
the full dose of the drug. 

As with the other spccies, the environment and 
method of observation can influence the behavior 
of the cat. Intlividual animals can he observed 
within (43, 4 i ,  18) or when removed from their 
home cage (49). Multiple animals have been 
tested either as pairs of unrestrained, free-roani- 
ing cats (4) or as four cats restrained by leashes 
to allow only niiniinal overlap of animal test areas 
(6). The rating of individual animals allows for 
the notation of behavioral and physiological signs 
influenced by the interaction with the observer 
or with other aspects of t.hc test environment, but 
does not allow for the evaluation of social inter- 
action between test animals. This disadvantage 
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can readily be overcome by using multiple animals 
in the test sequence. As noted before, Erwin 
et al. (6) chose to rate multiple animals within a 
sound attenuated room to minimize external 
stimuli, while others (4) rated the animals in a 
regular laboratory room which allowed for the 
animals to react to random sounds from the ex- 
ternal environment 

The rating scale should be developed with an 
intimate knowledge of normal behavior of the 
cat in the surroundings in which the test is to be 
conducted. It would appear that the test pro- 
cedure and environment should generate as much 
behavior as possible in the test animals. The 
behavior patterns to be observed should be re- 
liable and consistent within the test sequence. 
As an example, the authors, during the prelim- 
inary development of a cat rating program, 
presented to the cats a mouse within a plastic 
chamber All of the cats did not respond with the 
typical mouse-kill pattern of behavior, even when 
the lid was removed from the plastic cage 
This type of test then could not be used as a part 
of the behavioral scheme unless the cats were 
screened for this specific reaction. This type of 
selection, involving the elimination of various 
cats because of the lack of reactit-ity to certain 
test sequences, reduces the hctcrogeneity of the 
test sample. It would appear to be a better 
course to randomly select a series of heaIthy 
cats and build the test around these animaIs 
rather than to find the animals to suit the test 

Various types of rating scales have been de- 
veloped for cats. Norton and deBeer (43) ex- 
amined behavior patterns of individual cats and 
selected four main rating categories (sociability, 
contentment, excitement, and hostility). Soc- 
iability and hostility were categories selected to re- 
present opposite reactions of the animaIs directed 
toward the observer, while wntentmcnt and 
exciterncnt were selected to represent oppoqitc, 
patterns reflecting the emotional attitude of the 
cat in his accustomed surroundings. Each of 
these main headings had five subheadings of 
behavioral signs, and the scoring system was 
based on the frequency of occurrence of these 
signs Using this procedure, drugs were admin- 
istered orally to cats; and it was noted that 
chlorpromazine, among thc compounds tested, 
reduced sociability to the least degree, but pro- 
duced the greatest reduction in hostility. Sharma 
et al. (47), using the same type of rating profile, 
also showed a decrease in sociability with chlor- 
promazine and reserpine. Irwin (6, 13) used a 
much more comprehensive scoring system for the 
evaluation of drug effects. Cats were restrained 
on leashes SQ that they had approximately 1 it. 
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01 interanimal overlap to allow some play or 
aggressive activity. The observer conducted the 
experiment for 5 hr. following drug administra- 
tion. Diiring this time the animals were rat.ed on 
major changes of behavior, changes in inter- 
action with the observer, and changes in inter- 
action between the animals. Items rated in- 
cluded: time to sleep, lying down, alertness, cur- 
iosity, reactivity, locomotion, restlessness, stereo- 
typy, grooming, vocalization, effect (playful, 
placid, fearful, aggressive), staggering gait, pupil 
size, heart rate, respiratory rate, limb weakness, 
relaxation of the nictitating membrane, and deep 
sleep. Chlorpromazine produced a diminution 
of play, grooming activity, fearfulness, or ag- 
gressiveness, especially in low doses. Hostile 
behavior was almost always suppressed, but 
some animals did show an increased fear or ag- 
gression after drug administration (45). Kin- 
nard et d .  (4) used a 32-item rating scale which 
included measures of social interaction, inter- 
action with the observer, and general behavioral 
or physiological changes of the individual animal. 
Activity of the pairs of free-roaming cats was 
stimulated through the use of play objects and 
periodic presentations of catnip to the animals. 
Using this method, chlorpromazine or perphen- 
azine, imipramine, pentobarbital, and d-am- 
phetamine could be readily differentiated from 
each other. Data output from this and other 
multi-item rating programs tends to become 
voluminous, and a need for data reduction is ap- 
parent. Through the use of a computer program, 
adapted from one used for the clinical rating of 
patient symptoms, the 32 variables in the latter 
test were reduced to nine factors of behavior. 
In  the past, investigators have preselected be- 
havioral patterns and then subdivided these 
patterns through the use of specific animal ac- 
tions, such as the subdivisions of yowling, hiss- 
ing, and piloerection for aggression. Through 
the use of the computer program, the results of a 
test can be grouped into major factors based upon 
the intercorrelation of the responses of the animals 
to the experimental drugs. This type of analysis 
of the data may lead to a more eficient definition 
of the drug activity. 

Rice and McColl (50) rated cat behavior using 
a small profile that included autonomic signs, 
somatomotor effects, and behavioral effects. 
The behavioral signs rated were howling, habit 
change, and hostility. Cole and Glees (51) rated 
the ability of cats to obtain food from a horizontal 
glass tube, their ability to walk along a ladder to1 
obtain this food, and their performance in a 
placing reflex test involving the hind legs. 

The procedures previously described have used; 
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the normal behavior of laboratory cats as their 
baseline. However, it  is quite conceivable that 
the effect of the drug on this type of behavior 
might not correlate with the drug’s clinical ac- 
tivity. Investigators have attempted to induce 
abnormal behavior in cats and then test drugs 
upon this altered activity. Masserman ( 5 2 )  
trained cats to open a box to receive a pellet of 
food following a light signal; after learning this 
event, the cat was trained to turn a switch to 
initiate the p’rogram. The animals were then 
subjected to an air blast or a mild shock which 
induced a motivational conflict behavior between 
conditioned hunger and fear. Under these con- 
ditions the animals developed startle and phobic 
reactions to sound and light stiniuli as well as 
other neurotic behavioral patterns ( 5 3 ) .  Jacob- 
sen and Skaarup (54, 55)  have used this tech- 
nique to study psychotropic drugs. They noted 
that chlorpromazine, in total doses of 0.1 to 
2.0 ing. s.c., did not alter the neurotic reaction 
in cats, although benactyzine did. This type of 
response might be compared to the conditioned 
emotional responses (CER) used in rat be- 
havioral tcchriiques. Mixctf results have been 
obtained from this procedure, and it was reported 
that chlorproniazine and reserpine did not alter 
the eniotional response of the rat in this test 
( 5 6 ) .  It is possible that this specific type of 
wnflict behavior in the cat may not he a dr- 
finitive test for all types of psychotropic drugs. 
Sacra et al. (5’7) produced a conflict behavior in 
rats by administering shock through the tail 01 a 
mouse whenever the cat attacked the mousc. 
The cat thus received a shock when it went to 
pick up the mouse. Following several presenta- 
tions of this response, a conflict behavior pattern 
developed. Chlorpromazine and meprobamate 
were found to be effective in protecting against 
this type of response. 

‘The environment arid observer also play a 
major role in the final drug elIects observed in the 
conflict studies. Masserman (58) noted that 
,iedtative and tranquilizing drug effects were 
greater when the test animals (cats or dogs in 
conflict behavior) were in the accustomed security 
(of their home cages than when in a state of alert 
anticipation during transportation to the labora- 
tory; the new environment, on the other hand, 
enhanced the stimulant cffccts of the test drugs. 
He also noted that the drug effects were dependent 
upon the difference in handling of each animal 
by difierenl experimenters no matter how con 
.;tan1 t h v  I-esearcli prutucul was. It has been 
puinted uu t  t lu t  obsrrvei ieliability arid curl- 
sistericy is extremely iriipurtaiit and that this 
c&ould be  rated within the. test p rogam (59). 
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The age of the animal used is also important. 
Pechtel et al. (60) showed that kittens, compared 
to older cats, adapted less well to laboratory 
routine and learned tasks of lever pressing and 
audiovisual discrimination. The young animals 
readily developed neurotic patterns under the 
stress of adaptive conflict. 

Observational procedures have been used in 
experiments that. involved different routes of 
drug administration or types of pretreatment. 
Feldberg and Sherwood (61) have analyzed the 
behavior of cats following the injection of test 
drugs into the lateral ventricle of an unanes- 
thctized animal. Behavioral changes were not 
rated, but were noted in a general manner. 
Haley and Dasgupta (62) ohserved the changes 
caused by an intracerehral injection of LSD 
in conscious dogs and cats, but again no rating 
scale was used. Elder and Dille (($3) admin- 
istered LSD to  singly caged cats and rated 
autonomic responses, spontaneous behavior, and 
response to types or stimuli (auditory, visual, 
and tactile). Various pharniacologic agents 
were then used in an attempt to antidote the 
LSD response. Sturvesant and Drill (64) analyzed 
the effect of mescaline on the behavior of cats. 
Rowe et al. (65) noted the behavior of reserpinized 
cats following inonoatnine oxidase inhibitors, and 
included photographs of the rat’s behavior. 
Burdock et nl. (66) analyzed the behavior of 
laboratory animals before and after the produc- 
tion of hypothalamic and midbrain lesions in the 
animals. Behavior of the animals can also be 
observed and rated in conjunction with neuro- 
physiological recordings of brain activity ( G T ) .  

Observational Procedures with Other Spe- 
cies. --The dog has been used by many investi- 
gators as a test animal for observational tech- 
niques, but apparently i t  is secondary to the 
cat in these procedures. Lang and Gershon 
(68) have used the dog in a procedure involving 
the intravenous administration of yohimbine 
to the animal. The induced behavior before 
and after the use of potential antagonists was 
then rated. The rating program presented was 
extremely well defined with 1’7 main divisions of 
behavior, each with a specified %point scale. 

The monkey would appear to be the ideal 
test animal to use in observational techniques, 
especially if m c  considers its place on the phylo- 
genetic scale. However, the use of the monkey, 
possibly because of costs and other reasons, is 
not so widespread as i t  should be in this type of 
pliarniaculugic program. Many investigators 
(69-75) have tested potential psychotropic drugs 
C J n  monkey behavior. The viciousness of mon- 
keys, such as the rlicsus and the cynomolgus, 
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tivity over short trials, (h )  capable of simple 
operation and adjustment, (i) capable of being 
used with a simple direct-reading digital recorder. 
Needless to say, an instrument possessing all of 
these characteristics has yet to  be developed. 

The photocell activity cage has been used 
extensively as a drug screening device to deter- 
mine the cffccts of psychotropic compounds on the 
spontaneous activity of small animals. It oper- 
ates on the photocell system, in which light beam 
interniptiom due to animals in motion are con- 
verted into electrical impulses which are trans- 
mitted to digital counters. Activity of the animal 
is thus reflected as a summation of light beam 
interruptions due to lateral movements. Many 
modifications of the photocell activity cage have 
been described in the literature and reflect the 
attempts of investigators to maximize its sen- 
sitivity. Dews (79) utilized a rectangular single 
beam unit to study psychomotor stimulants; 
Winter and Flataker (20) also used a single beam 
hut reflected it twice ofT the sides of the cage; 
Kinnard and Carr (80) used a circular single 
beam unit to determine the activity patterns of 
central nervous system depressants, e.g., seco- 
barbital and meprobamate. A circular two-beam 
unit was utilized to study the ataractic properties 
of chlorpromazine and sodium pentobarbital 
(81). Most investigators employ horizontal 
beams; however, an apparatus with a single 
vertical light source has been used satisfactorily 
(82). The beam is directed from the ceiling of the 
unit downward onto several photocells placed 
below a Lucite floor. The use of a single light 
source precludes the possibility of variations in 
light intensity among the beams as in units with 
multiple light sources. The disadvantage is that 
fecal boluses may block off the operation of the 
vertically directed beams. Woodard (83) de- 
signed an apparatus with six photoelectric cells 
equally spaced around the perimeter of a circular 
raceway. A single light source was housed in a 
circular compartment in the center of the cage. 
This design takes advantage of the natural instinct 
of the rodent to confine its activity to the periphery 
of any confined environment; however, it places 
limitations on the spontaneous activity which 
satisfies the animal’s strong instinct for explora- 
tory behavior. 

Tedeschi et al. (84) used another approach to 
the evaluation of psychoactive compounds on the 
motor activity of rats. They devised a photo- 
cell unit which was only large enough for a rat 
to rear up but precluded him from moving later- 
ally. Rats placed in such a test situation at first 
elicited exaggerated behavior which progressed 
to complete inactivity toward the end of their 

ran be used as a tool for the evaluation of poten- 
tial psychotropic agents. The animals, as in the 
rodent or cat studies, can be tested singly or in a 
procedure which involves chained pairs of 
monkeys to allow interaction (74). Knapp et al. 
(50) tested chlorpromazine and piperacetazine 
in dogs and squirrel monkeys, and noted that the 
drug effects may have been more discernible in 
the dog than in the monkey. In spite of this, the 
monkey should still be considered a prime test 
animal for ohservational studies since its be- 
havioral patterns, in comparison to other labora- 
tory animals, more closely resemble those of the 
human. 

INSTRUMENTAL TECHNIQUES 

Spontaneous Locomotor Activity.---Methods 
for measuring small animal activity have becn 
used since the turn of the century. The de- 
vices were. for the most part, mechanically 
operated arid used by psychologists to  study 
the normal behavioral patterns of laboratory 
animals (76, i 7 ) .  However, the search for 
psychoactive agents gave impetus to  the need 
for instruments which would accurately assess 
the ability of these compounds to alter the 
normal spontaneous locomotor activity of small 
animals. 

Activity recording units can be classified into 
four main groups involving four different types of 
activity cages: those which are immobile and 
record activity independently of cage movement 
(photocell activity cage) ; those which rotate 
about a central axis a s  the animal runs (tread- 
wheel) ; those cages which are vertically or hori- 
zontally displaced as a result of animal movement 
(jiggle cage); and thosc which tilt on a fulcrum 
(tilt cage). The first type (fixed) is considered a 
direct recording apparatus because animal move- 
ment itself is recorded, whereas the latter three 
instruments are the indirect type because they 
basically record cage movement rather than 
animal movement. Since Riley and Spinks (78) 
reviewed the early prototypes of these instruments 
in 19.58, this phase of the paper will emphasize 
the types of activity recording units developed 
since then. 

An ideal device for measuring spontaneous 
activity would he one that is (a)  sensitive to all 
types of motor movements, ( b )  sensitive to minor 
changes in animal activity, (c) free of positive feed- 
Imck of stimuli, (d )  free of carry-over momentum, 
( e )  independent of animal weight variation, 
(f) capable of dclineat ing between the activity of 
animals receiving placebo and animals treated 
with small doses of psychotropic compounds, 
(x)  capable of recording a s t a lk  baseline of ac- 
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confinement. The authors suggested that drugs 
which reduce motor activity can be tested during 
the initial period of increased activity and, con- 
versely, drugs which increase motor activity may 
be tested during the latter part of confinement 
when activity is markedly reduced. The effects 
of established psychoactive agents wcrc measured 
in both the confined motor activity (CMA) test 
and the conventional photocell activity cage. 
Caffeine. in an oral dose of 5 mg.//Kg., produced 
a 200% increase in activity in the CMA test; 
whereas, 5 to 350 mg./Kg., orally, did not increase 
the activity llevel in the conventional photocell 
apparatus. Similarly, tranylcypromine (5 mg./ 
K.g. orally), R clinical antidepressant, produced a 
ZOO%:, increase in activity in the confined motor 
activity test; whereas, the chronic administra- 
tion of tranylcypromine (5  mg./Kg., orally, twice 
a day) failed to produce any consistent or signifi- 
cant cffccts Ion motor activity in the conven- 
tional apparatus (85). In the CMA test, the ef- 
fect of d-amphetamine was greatly magnified in 
that 0.24 mg.:’Kg., orally, increased activity 200%; 
whereas, in the conventional motor activity test, 

mzl Ciusc of 5 mg./ Kg. produced only a 407, 
increase in activity. A significant limitation of 
the conventional photocell activity cage was noted 
(86) when an oral dose of 16 mg./Kg. of d- 
amphetamine was administered to mice. This 
dose produced a decrease in lateral movement and 
induced tremors of the head and limbs analogous 
to the well-known clinical side effects of restless- 
ness, irritability, and emotional disturbance. 
This type of activity resulted in a decrease in 
beam interruptions in the conventional unit, 
but under the CMA tests, may have becn ac- 
curately registered as an increase in activity. 
Thus, by monitoring only one component (rear- 
ing) of spontaneous activity, Tedeschi has been 
able to correlate the preclinical and clinical 
effects of well-established stimulants and anti- 
depressants. The CMA test was also effectivc 
fo’r quantiiying the effects of drug which dccrcased 
spontaneous activity, but the sensitivity was not 
significantly greater than that of the conven- 
ti’onal photocell unit. The data suggest that it 
may not be necessary to measure total activity 
but only selected components of activity known 
to be affected by certain classifications of com- 
pounds. The problem is that psychotropic 
agents have a diffuse action on thr nervous sys- 
tem and psychopharmacological techniques in 
existence today cannot, with certain exceptions. 
delineate the component effects of drug action. 

Another novel approach to the recording o€ 
animal activity was the use of electroconductive 
slats placed across the floor of the tcst cage (87). 
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Each slat was made of varnished Masonite and 
painted with silver-based conductive paint. As 
each animal made contact with the slats, an 
electronic relay activated an externally powered 
counter. This appears to be a satisfactory 
method of recording locomotor activity of small 
animals, I t  is less bulky than thc photobeam 
units and can readily be installed to activate 
timers and measure arcas of the test environ- 
ment explored. Mitchell (85) devised another 
type of unit in which the lateral motion of an 
animal on a galvanized iron plate caused it to 
move slightly, inducing an electric current in a 
coil with a bar magnet core. The currents thus 
produced were then amplified electronically and 
recorded as activity. 

More sophisticated methods of monitoring 
small animal activity have been developed, such 
as the transmission of vibrations produced by 
animal motion, using a piezo-electric head (89), 
a 30-gauge galvanized steel diaphragm (go), or a 
crystal phonograph cartridge (91). In  most of 
these procedures, activity is recorded by means 
of a stylus recorder, resulting in rccords which 
are difficult to quantify. Alxtmz-O’Boxzrke (91) 
solved the problem of quantifying such graphs by 
eluting each record with acetone and quantita- 
tively evaluating it with a spectrophotometer on 
the principle that the amount of ink laid down 
by the pen is proportional to the frcquency and 
intensity of the movements of the animal. Otis 
(92) designed a chamber which operated on a 
floor displacerrietlt principle. Normal floor vibra- 
tions which occurred during ~O~OTIiOtiOn were 
transduced into modulxted electrical signals that 
operated from 1 to 3 electromagnetic counters 
depending on the intensity of floor movements. 
Only downward motion was recorded, and the 
counter circuits were preset so that one counter 
will fire a t  the slightest movement of the animal, 
a second conntcr only if the animal’s activity is 
moderatc, and a third, only if violent activity 
occnrs. The value of this apparatus is that it  
detects both the occurrcnce and intensity of 
movement, which the photocell cage is not cap- 
able of. Otis attached this device to a treadwhcrl 
so that the experimental animals would have 
access to either unit. Therefore, he was able to 
compare the effects of psychoactive C O ~ ~ C J U I I ~ S  

on activity with hoth devices separately arid 
combined. The data of his studies indicated that 
the trcadwheel failed to discriminate between 
intraperitoneal injections of placebo and 2.5 
mg./Kg. of amphetamine, 30 mg./Kg. of imi- 
pramine, and moderate doses of other psy- 
chostimulating agents. In contrast, the floor 
displacement apparatus did delineate between 
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placebo treatment and equivalent doses of the 
same stimulating drugs. The over-all conclusion 
of this study was that the combined chamber- 
treadwheel combination was the most sensitive 
method for detecting drug effects. Knoll (93) 
developed an electronic device in which an 
animal moved over four aluminum plates, and 
counters registered every crossing from one plate 
to another. The advantage of this method is 
that as many as 24 mice can be tested at one 
time. Shillito (94) measured mouse locomotor 
movements by a capacitor system including six 
brass probes. When an animal moved past a 
probe, its capacitance was altered. resulting in an 
imbalance in the electrical circuit, which caused 
a dot to  be recorded on a moving kymograph. 
The data were analyzed by merely counting the 
dots, and as many as four mice were tested simul- 
taneously without causing an overlapping of 
marks. This device is similar to the “antenna 
cage” (95) in which a rat moves around a radio 
antenna placed in the middle of the cage; his 
movements change the capacity between the cage 
and the antenna. The latest electronic activity 
device’ generates a soundwave of a frequency 
and level that cannot be detected by most 
animals. Any motion within an experimental 
cage into which this sound wave is directed pro- 
duces disturbances in the received portion of the 
wave, causing the reccivcr to produce electrical 
impiilses which can activate many types of re- 
cording and counting devices. 

Melander (96, 97) used a photographic 
technique similar to Rothlin and Cerletti (%). 
The experimental mice were painted with a dye 
which emits visible light when activated by 
ultraviolet light. The animals were then ex- 
posed for 5 min. to panchromatic film. The 
rcsulting films afforded the investigator informa- 
tion on the types of movement, but they were 
not quantifiable. 

Several modilicatioris of the tilt-type activity 
cage have been described in the literature. 
Basically, the cage pivots on a central fulcrum, 
tilting in response to the weight of the animal 
as he moves from one part of the cage to the other. 
Sensing contacts (microswitches), below the 
platform, register the gross movement of the 
animal on digital counters. The apparatus is 
sensitive only to movement in line with the 
sensing contact on the platform below. Minor 
movements such as rearing. grooming, etc., 
which are not large enough to tilt the cage arc. 
nut monitored. ’Tilt-type uiiits have beeii dr 
scribed by Campbell (99) and Kissel (loo), and 
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the latter reported a lack of habituation to 
the unit probably due to the positive feedback 
typical of all moving-type devices. The limita- 
tion of these units is that only running activity 
is recorded to the exclusion of important minor 
movements (tremors, etc.) which may he drug 
induced. This limitation was overcome by 
Caviezel et (11. (101), who added a closed air- 
Marey tambour system which recorded activity 
by means of a work adder. Thus, while the micro- 
switches below the tilt platform recorded running 
movements, the downward displacement of the 
ball-bearing fulcrum set in motion the tambour 
membrane, and this recorded minor activity. 
Bastian (102) and Bourgault et al. (103) utilized 
a rectangular cage which tilted on a wide metal 
fulcrum, perpendicular to its axis; thus, an 
animal must run along the long axis of the cage 
in order to register a count; movement perpen- 
dicular to the long axis of the cage was not re- 
corded. Also, minor movements were not mon- 
itored, and various types of activity were not 
differentiated as is true of other instruments of 
this class. 

The jiggle cage has been used extensively to 
evaluate the effects of drugs on small animal 
activity. Earlier designs were usually of the 
spring-suspended type in which animal movement 
vertically displaced the freely swinging cage 
(104). Several interesting modifications of the 
jiggle cage have been described. Cho (105) used 
a 500-Gm. Toledo scale for the rat and a 500-Gm. 
dietetic scale for the mouse; movement of the 
animal verticallv displaced the platform of the 
scale causing upward and downward deflections 
of a pen writing on a moving kymograph. 
Schallek (106) and Sandberg (107) used a unit 
(Williamson Development Co., West Concord, 
Mass.) in which the cage was suspended on a 
resilient cantilever beam which permits slight 
sideways motion of the cage in response to the 
animal’s activity. The sideways motion is pro- 
portional to the acceleration imparted by the 
animal. Such motion caused a switch to close 
momentarily whenever the integrated accelera- 
tions reaehcd a predetermined level. A similar 
apparatus was described by Chappel (108) ; 
the cage was suspended by a ball and socket 
joint from a spring steel or spring bronze canti- 
lever beam. Movements of the animals were 
recorded by electrical counters activated by con- 
tact of the cantilever with a stationary screw. 
‘Thc sensitivity of the apparatus can bc adjustcd 
for body weight differences by turning the screw 
iegulating the gap between the stationary con- 
tact and the cantilever beam. The advantage 
of this unit is that small movements such as Ultra-Sonic Motion Detector, Altun Electronics Co., 

Gainesville, Fla. 
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grooming, biting, gross respiration, head bob- 
bing and swaying can be recorded, although 
t:he moveme:nt of the cage, itself, is relatively 
sright. 4 jiggle platform (1,ehigh Vallcy Elec- 
tronics, FogPlsvillc, Pa.) has beeri devcfoped 
which oscillattes horizontally on a set of ball 
hearings. Sudden movements. e.g., turning, 
running, jumping, etc., cause the platform to 
move slightly, making and breaking an electrical 
contact. A wide range of sensitivity is ac- 
complished by the raising or lowering of a conical 
pendulum into or out of a mctal ring. Elowever, 
t:his apparatus is only suitable for measuring the 
activity of rats or hamsters and cannot monitor 
niousc activity. In gcncral, the suspended jiggle 
cage has several limitations. First, most of the 
units lack a dampening effect so that carry-over 
momentum generally exaggerates the amount 
of activity; second, it is a moving or mobile 
unit which may generate a small amount of pos- 
itive feedback stimuli; third, thc animals satiate 
riqidly so that accurate estimation of peak drug 
effect is required or else the effect will be missed; 
finally, the units are difficult to calibrate; at- 
tempts to maximize the sensitivity of such 
cages in order to  pick up minor movements re- 
sult in excessive residual excursions after animal 
activity has stopped; on thc othrr hand, decreds- 
ing the sensitivity precludes the monitoring of 
minor movements. An advantage is that various 
types of behavioral patterns ran bc monitored on 
a pen recorder; however, such records are dif- 
ficult to quantitatc and are only useful for z~isual 
comparison of the changes in behavior elicited 
by various d.rugs. 

The revolxring treadwheel turns as the animals 
run or walk, and revolutions in either direction 
are recorded on counters. For a review of the 
carly units (prior to 1958) the reader is referred 
t o  Riley and Spinks (78). Skinner (10!1) also 
reviewed the parameters of the exercise wheel in 
1933. Hecame of the large positive feedback 
generated by animal movement, habituation to 
this unit does not occur so that it is possibly the 
only unit in which cross-over studies can be car- 
ried out (110). This apparatus is capable of de- 
tecting the  stiInulating efects o f  monoamine oxi- 
dlase inhibitors ( I  10) which cannot be monitored 
with immobile units. Irwin (1 10) indicated that 
the treadwheel can also detect doses of drugs 
which disorganize behavior. Because of the 
mobility o f  the apparatus, animals generally 
sustain their behavior over a long time interval 
and, therefore, it appears that the unit is of more 
value in the study of depressants where it is 
desirable to obtain stable, sustained levels of 
activity as a baseline. In order to study stimu- 
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lants in this type of unit, Wiedemeijer et al. (1 1 I) 
limited the mice to a section of the turning wheel 
by fixing a partition within it causing the animals 
to produce a smaller baseline of spontaneous 
activity. Since the apparatus only measures 
running activity in revolutions, Iioycr et uZ. (1 12) 
increased the information output by attaching 
a tachometer-generator and recorded the output 
on an Es terheAngus  pen recorder. 

Investigators have used both graphic and 
numerical recording techniques to illustrate drug- 
induced changes in spontaneous activity. 
Graphic recording illustrates types of activity 
(rearing, jumping, grooming, etc.), and, therefore, 
can indicate specific qualitative alterations on 
behavior; digital counters, on the other hand, 
rdcc t  only quantitative changes. The tendency 
today is to record only quantitative changes, 
because it is relatively simpler and less expensive 
to attach some type of digital counter to the 
activity unit. However, this must be done with 
guarded caution, for each method of recording 
gives important information about drug effects. 
For instance, Tonini (113) has indicated that 
sedative, subhypnotic doses of barbiturates did 
not decrease numerical values in his actograph 
unit, but did alter the activity graphs (short, 
intense, and more frequent bursts of activity with 
long periods of rest between) : whereas, tran- 
quilizers, in therapeutic doses, decreased numer- 
ical values but did not alter the graphic record. 
Thus, both procedures should he used in the pre- 
liminary evaluation of psychoactive compounds. 

Forced Motor Activity.-The neurotoxic 
effects of psychoactive compounds have been 
evaluated by “fall-time” tests which measure 
motor coordination of experimental animals. 
There are two types of “fall-time” methods: 
those using inclined planes, and those using 
rotating rods and cylinders. A discussion of 
the fixed incline plane procedure can be found 
in the paper by Riley and Spinks ( i 8 ) .  The 
data are usually expressed as the average time 
that a group of animals can stay on or as the per- 
centage of animals falling off within an arbitrary 
period of time. The first of the horizontal rod- 
type of instrumcnt was the hollow screen cylinder 
clcvised by Young and Lewis (11.1) for testing 
insulin. Mice which could not hold on to  the 
rotating cylinder fell into mctal trays. I t  was 
later used in the assay of curare (11.5) and the 
ineasurement of sedation (1 16). The horizontal 
rod method appears to be the more popular devire 
today because of the simplicity o f  construction 
and objectivity of measurement. I t  was uscd by 
Dunham and Miya (1 17) for detecting neurolog- 
ical deficits of psychotropic agents in rats and 



1006 Journal of Pharmaceutical Sciences 

cncc drug response as measured in the various 
devices described above. Such parametric 
effects may differ not only among the various 
classifications of compounds but from drug to 
drug within a single classification. Thus, by ex- 
perimental manipulation of environmental fac- 
tors, a drug may be made to have a stimulant 
effect, a depressant effect, or no effect on motor 
activity (122). I t  is, therefore, of extreme im- 
portance that investigators take into considera- 
tion the parameters which have been shown to 
influence drug response and utilize the combina- 
tion of variables which will produce the optimum 
results. For instance, test and housing aggrega- 
tion size, sex, illumination of the test environ- 
ment, availability of food prior to the test, and 
route of administration can be powerful determi- 
nants of the magnitude of drug effect. Wright 
et al. (83) reported that promazine produced an 
immediate equal decrease in the activity of in- 
dividual mice and groups of mice; whereas, pento- 
barbital in low doses produced a greater increase 
in the activity of animals tested singly than those 
tested in groups. Brown (123) found no differen- 
tial effect of chlorpromazine on the activity of 
single and grouped mice, but Watzman et al. (124) 
reported that. chlorpromazine had a greater de- 
pressant effect on activity of mice tested in ag- 
gregations of fivc than on those tested singly. 
This drug -aggregation interaction may indicate 
that chlorpromazine potentiates the tendency for 
grouped animals to clump together and thus 
register relatively low activity. When dose- 
response curves for test aggrcgations of one, five, 
and nine animals per test unit were compared 
(125), the slopes indicated that chlorpromazine 
produced a greater depressant effect on the larger 
test aggregations than on animals tested singly; 
furthermore, the slopes for both multiple animal 
groups were approxiniately the same so that there 
appeared to be no advantage in using as many as 
nine (126) animals per test unit. It has also been 
reported (125) that chlorpromazine produced a 
significantly greater effect on animals housed and 
tested under the same aggregation conditions than 
thosc housed and tested under different condi- 
tions. Since amphetamine has been shown to 
stimulate aggregated animals more intensely than 
isolated animals ( I  27), the group situation gives 
evidence of accentuating both depressant and 
stimulating drug effects. 

An experimental condition producing a power- 
ful effect on drug response is the illumination of the 
test environment (125). It is well documented 
that the spontaneous activities of rodents (128) 
and rabbits (129, 130) are affected by illumination 
conditions. Chlorpromazine had a greater effect 

mice; Herr (118) compared thc effects of anti- 
depressants and tranquilizers on the rotarod 
performance of mice; and Plotnikoff et al. (119), 
studying the effect of stimulants, was able to 
distinguish between amphetamine which en- 
hanced rotarod performance and caffeine which 
was inactive; Kinnard and Carr (80) studied 
several types of depressants and suggested the 
combined use of the rotarod and the photocell 
activity cage to characterize and differentiate 
between various types of depressants. The 
objectivity of the apparatus was increased 
recently by an electronic circuit which auto- 
matically stops a timer when the animal falls to 
the compartmentalized platform beneath the rod 
(120). 

Otis (121) assessed motor coordination by 
forcing animals to perform on a drum 18 in. in 
diameter. When an animal could not maintain 
his performance, he slipped to the back wall plate 
of his compartment, tripping a microswitch which 
transmitted an impulse to a digital counter. 
Both the number of times and the total time the 
wall plate was depressed were recorded. 

.4n important factor which has bcen neglected 
in forced motor studies is the “free ride” animals 
will take periodically throughout the trial. A 
“free ride” is defined as one revolution in which 
the animal holds on without walking. This 
could result in the failure to detect minor depres- 
sive actions of drugs and neurotoxicity, because a 
drug might decrease motor coordination without 
impairing the ahility of the animals to wrap them- 
selves around the rod and ride. In one study (86) 
the avcirage per cent rides for the training trials 
ranged from 0.2-11.170, and the range among the 
placebo-treated animals was 0.0-10.5%. While 
0.2’% riding may be insignificant, especially a t  thc 
higher speeds and longer time trials, the higher 
value of 11.1% may mask drug effects. The 
results may be affected to a greater degree when 
large doses of a depressant drug are administered, 
because the animals may have enough strength to  
hold on, even though thc drug has affected their 
coordination. Per cent rides as high as 57.6yo 
were recorded with 16 mg./Kg. of chlorpromazine, 
administered orally to mice. It is suggested that 
investigators observe animal performance care- 
fully and take into consideration the possibility 
that erroneous conclusions concerning drug effects 
may be drawn from such data. 

Parametric Influences on Drug Response. 
-Although the literature is filled with many 
papers dealing with the effect of psycho- 
tropic drugs on motor activity, very few in- 
vestigators have been concerned with the vari- 
ous parameters which might significantly influ- 
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on spontaneous niotor activity of mice tested in 
the dark than in the light during the latter half, 
but  not the first half, of a 2-hr. test (125). Under 
tlie placebo condition the decrement in activity of 
mice in the last hour of the trial was much 
steeper and diecreased to  a much lower level in the 
animals testled in the illuminated condition. 
Testing in the dark produced no increase in ac- 
tivity in the initial exploratory phasr hut did 
greatly decrease aclaption during the latter part of 
the session. Apparently-. the high curiosity and 
exploratory behavior in the initial part of the test 
was powerful enough ti? ovcrconic the elTects of 
ill.umination. 

It has also been reported that  the activity of 
females was c~onsistetitly higher than males in the 
photocell activity cage, and that  chlorpromazine 
had a significantly greater depressant effect on the 
spontaneous activity of females than males, dur- 
ing the first 0.5 hr. of the trial ( m j .  I t  was thus 
conclutled that condi tions which elevate normal 
activity (aggregation, darkness. female sex, same 
housing, and test groupings) enhance the depres- 
sant eflect of chlorpromazine on spontaneous 
wtivity. On the other hand, when the normal 
activity level i s  low, such as at the end of a test 
session in an illuminated environmcn t ,  the effect 
of chlorpromazine is slight. The influence of 
these factors appears to  be class-specific. For 
instance, whilr the activity response to perphen- 
azine and chlorpromazine (phenothiazines) is in- 
ff uericed by the same environmental factors and in 
the same direction, the response to pentobarbital 
is not (83, 120). The response t o  pentobarbital 
was not differentially affected b y  test illumination, 
as was the response to phenothiazines; however, 
i t  did produce a consistently greater effect on 
fasted than satiated animals. while responses 
to tlie phenothiazine compounds were not differ- 
entially affected by the feeding condition of the 
animals. The authors rccommendcd (12.5) that 
the most sensi Live measure of chlorpromazine ef- 
fect in the phntoccll activity rage could he ob- 
tained by testing an aggregation of five female 
mice for a period of 0.5 hr. beginning 30 min. 
after i.p. administration of the drug (86). 

Another parameter, often neglected, which may 
alter response to  a drug is the difference in 
sensitivity among the measuring units. If more 
than one inst.rument is being used, then tht. 
investigator must tfcmonstrate equality of scnsi- 
tivity (131). Failure to do so may lead to  in- 
accurate interpretations of drug effects. Since 
there is ;L difference in sensitivity among photo- 
cell units. even from the same manufacturer (125). 
i t  is iinperative that  the various levels of all 
experimental variables be exposed t o  each unit 
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in a factorid design or else all animals under all 
conditions should be tested in a single unit. 

The location of the photocell beams is also an 
important determinant of drug efiect on motor 
activity. The use of two right-angle (crisscross) 
beams yielded a better delineation of low doses 
of chlorpromazine than three parallel beams 
(132). IHowever, there was a greater drug effect 
with the two peripheral beams than middle 
beam in the parallel arrangement, with no sig- 
nificant drug-beam interaction in the crisscross 
arrangement. The data suggestcd that the most 
sensitive mensm-e of chlorpromazine effect would 
be with an arrangement of two pairs of peripheral 
beams at right angles to  each other. 

The importance o f  evaluating drugs at certain 
test intervals is borne out by  Dews (79) in measur- 
ing the influence of certain drugs on the loco- 
motor activity of mice with the photocell activity 
cage. Ire found that  the initial part of the trial 
(first 15 min.) produccd Inore reliable data  than 
any other test interval. This is the period of 
exploratory hy  perniotility which occurs when 
animals are first placed into a ncw environment. 
The high reproducibility of the data  during this 
period is probably due to  the fact tha t  the animals 
search to the same degree to satisfy their curiosity 
and, therefore, the variability of movement 
among the animals is small. Horsy et nl. (133) 
studied several classical tranquilizers by  their 
ability to inhiljit this orientational hypermotility. 
This appears to he a sound approach to the 
evaluation of depressants because the test coin- 
pounds were made to challenge a natural, un- 
learned reaction similar to the clinical situation 
for which thcsc compounds arc used. Bonta 
(134) reinforced this exploratory behavior by 
moving mice from a large rectangular cage in a 
dark room to a small round test cage in an 
illuminated room and measured spontaneous 
activity for the first hour only. Resrrpine, 
azacyclonol, benactyzinr, and chlorpromazine 
abolished this hypermotility, but  meprohamate 
was successful only in ataxic doses. These tests 
are in contrast to the studies in which drug- 
induced hyperactivity is used as the baseline of 
performance (135, 136). 

Otis (‘32) illustrated the importance of evaluat- 
ing drug effects over long, as well as short, 
periods. He reported that deanol, phenelzinc, 
and imipraniine produced quantitative differences 
in spontaneous activity relative to placebo con- 
trols, depending on whether they were tested for 
3 or 16 hr. The data suggested that  different 
drugs may require different testing periods in 
order to achieve significance. 

Irwin (137) has reported on the influence of 
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the other hand, the disadvantage of repeated 
tests on the same animals is that both drug and 
behavioral carry-over effects may occur from one 
test to the next, especially when thcre is a short 
time interval between sessions. Adler (l45), 
utilizing the photocell activity cage, found a 
greater depressant effect of tctrabenazine on the 
motor activity of rats in the second of two tests 
with a I-week intertrial period. Kushton et nl. 
(146) have shown that even a single brief ex- 
perience in a Y-shaped maze, lasting only 3 min., 
markedly modified subscquent reactions to an 
amphetamine-amobarbitsl mixture. Ross and 
Schnitzer (147) reported an elevation of activity 
level of mice 2 weeks after the animals had been 
tested for locomotion whilc under the influence of 
a single dose of d-amphetamine sulfate. The same 
authors later showed in a separate experiment, 
that the drug was not directly involved in the 
later elevation of activity and theorized that the 
animals learned to be more active due to their 
prior treatment of the stimulating drug. Watz- 
man et ctl. (124) tesled mice twice in the photocell 
activity cage, 1, 3, 7, and 14 days apart. The 
scores in the second test wcre generally lower 
than thosc of the first test, and this behavioral 
carryover effect was greater for groups given a 
second test at intervals of I or 3,  rather than 7 
or 14 days after the first test. Even a t  the 7 and 
14-day intervals the recovery of the original ac- 
tivity level was riot complete. A more important 
finding in this experiment was that clilorprotna- 
zinc produced a greater depressant effect on 
activity in the first 0.5 hr. of the second session 
than of the first session. This effect was clearly 
not due to accumulation of the drug from the 
Grst session because the greater drug effect was 
found in the second session after the 14-day 
interval as well as after the I-day interval. 
The authors concluded that investigators must 
be careful when using the same animals more than 
once in tests of drug effects. They recommended 
that the sequence be counterbalanced giving 
placebo first to half of the animals, and the drug 
first to the other half. The high over-all correla- 
tion in activity between the first and second ses- 
sions showed that the use of repeated tests on the 
same animals can increase the sensitivity of the 
test of drug even though there is a difference in 
performance and a different magnitude of drug 
effect between the two sessions. Thus, the effects 
of the drug can be tested adequately with a 
greatly reduced number of animals by the use of a 
repeated test design. 

Statistical Treatment of Activity Data.-- 
Parametric tests of statistical significance, such 
as the analysis of variance and t tests, assume 

internal and external factors on spontaneous 
activity in the treadwheel; female rats were more 
responsive to drug effects than male animals: 
hyperactive animals were found to be significantly 
more responsive to both stimulant arid depressant 
drugs than hypoactive animals. In the female 
rat, peak running activity occurred every fourth 
day in correlation with the estrus cycle (138). 
Older rats performed more intensely but with 
shorter spurts of activity and maximum tread- 
wheel activity was observed in animals between 
87 and 120 days (139), 175 days (140), arid 300 
days old (141). Jones et d. (142) reported that 
running activity in the wheel varies inversely 
with age and directly with experience although 
these relationships are not linear. Ilesroches 
(143) also found that activity in the treadwheel 
declined with age bu t  reported that prior ex- 
perience in the unit did not influence this de- 
crease. The discrepancy in thc literature is 
prohalily due to differences in environmental 
conditions, such as temperature. illumination, arid 
sound levels of the experimental room. Strom 
has described extensive studies on the suitability 
of the treadwheel for the evaluation of substances 
having potential central depressant action (14.4). 

The literature is sparse with regard to the 
influence of experimental conditions on rotarod 
performance. However, thcre is some evidence 
that manipulation of speed and rod diameter 
alters the magnitude of drug response. l’lotnikoff 
et al. (119) studied the effect of amphetamine and 
other stimulants a t  three different speeds (11.44, 
18.30, and 29.28 r.p.m.) and reported that the 
effect of amphetamine was smallest a t  the lowest 
speed. Watzman et al. (86) found that chlor- 
promazine produced a greater depressant effect 
on mice when they performed on a “in. diameter 
rod rather than on a 1 or 1.5-in. rod. 

I t  is apparent from the foregoing discussion 
that environniental arid experimental factors 
must be carefully controlled; for, as mentioned 
before, the effects of drug on behavior are largely 
a function of the situation in which they are 
studied. 

Repeated Tests of the Same Animals. --The 
advisability of re-using animals in experimental 
situations has been controversial and was 
briefly discussed earlier. It is highly desirable, 
if possible, to give repeated tests to the same 
animals when evaluating the effects of psycho- 
tropic agents O T ~  behavior. Not only is it an 
economic advantage, but a more sensitive test 
is obtained because the consistency of indi- 
vidual performances usually found in repeated 
tests means a smaller variation in scores against 
which the effects of drug can be measured. On 
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that  the frequency distribution of scores is 
rronskewed and tha t  the variance among the 
experimental groups is approximately equal. 
Ilsually, because of the extreme variations in 
activity 1xr:iormance among small animals, i t  
i:; necessary to transform the data and thus 
normalize the frequency distribution. If this 
is not donc, the non-normality is likely to be 
accompanied by a loss of power in the F and t 
tests and a corresponding loss of efficiency in 
estimation OjF treatment effects (148). Further- 
more, extremely high raw scores are likely to 
lead to a misinterpretation of relative magnitudes 
if they are farther froin the mean than the lowest 
scores. Logarithmic or square root transforma- 
tion of data may normalize the distribution of 
xorcs by reducing the magnitude of the high 
scores more than the low ones, In a recent study 
of the photocell activity cage (124), a comparison 
of the raw, square root, and logarithmic forms of 
experimental data indicated that the raw scores 
were skewed in a positive direction with extreme 
high scores being much farther from the mean 
than were the extreme low scores. The loga- 
rithmic scores were skewed in the opposite, 
ncgative direction, whereas the square root 
s’cores were skewed to the least degree (positive 
direction). Also, spontaneous activity appeared 
t(o be most stable when the scores were in thc 
qua re  root form. Irwin (110) has used square 
mot transformation data on locomotor activity 
in the treadwheel, and Kissel (100) found it 
necessary to transform tilt cage data into loga- 
rithmic form. The skewncss of a frequency 
distribution can be roughly estimated by com- 
paring the relative distancc of the highest score 
and the lowest score from the mean or mcdian 
value. A more refined procedure (149) requires 
the estimation of the mean (M), median (Mdn) 
or mode, and standard deviation (S.D.). Either 
of three equivalent equations may be used as 
follows : 
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~ _. _ _ _ _ _ _ ~  ~ ~ _ _ _ _ _ _  - - Id - niodc _ _  M - [M - 3(M - Mdn)] 
S.D. S.D. 

3(M - Mdn) 
S.D. 

The valuc of a normal frequency distribution 
is 0, and therefore data mdiich are distributed in a 
manner approaching normality would have a 
\allue close to 0. 

Because reliability and reproducibility of data 
are of extreme importance to scientific investiga- 
tors, it  is desirable to use the most sensitive 
measure of rleliability. One statistical procedure 
which is extremely useful is the split-half method 
(150). in which stability of performance for each 
animal withiin the same session can bc readily 

computed. For example, if the spontaneous 
motor activity of an animal is measured over a 
2-hr. period in 15-min. segments, the performancc 
of the even time intervals (2nd, 4th, 6th, and 
8th) is correlated with the scores recorded in the 
odd time segments (lst,  3rd, j th ,  and 7th). The 
resulting correlation coefficients can then be 
tested for statistical significance of differences by 
the method described by Edwards (151). 

Rotarod performance of rodents treated with 
central nervous system depressants has been 
recorded as the per cent decrease in performance 
times (81) or the per cent of animals (118, 152. 
l B ) ,  falling off a t  a predetermined time (all-or- 
none method). A more consistent dose response 
effect was obtained for chlorpromazine when the 
‘‘perlormame time” method of recording was used 
(87). The all-or-none method, in principle, does 
not appear to be satisfactory. If an animal scores 
179 scc. under a low dose and 20 sec. under a 
higher dose in a 3-min. trial, a satisfactory dose 
response curve would be achieved under the 
time-response procedure; whereas, under the 
all-or-none method, 1007, depression would be 
reported for both doses. There is even some 
question as to the suitability of the “performance 
time” mcthod of rccording the data. Because 
all trials are terminated at some point of time, 
the data are usually skewed with the majority of 
trained animals scoring a t  the “ceiling” or 
maximum time limit of the experiments with 
some animals scattered throughout the middle 
and lower part of the frcquency distribution. 
Therefore, parametric tests of significance, such 
as the analysis of variance and t tests, cannot be 
properly applied for the reasons given above. 

Since the drug effect may vary with environ- 
mental factors, it  is desirable in activity experi- 
ments to study thc effect of a drug over a range 
of conditions. This can be done efficiently by the 
use of the factorial design which permits broader 
generalizations to be drawn than a group of 
individual studies which are limited to a single set 
of conditions (154). The statistical treatment 
of activity data of this type can be efficiently 
analyzed by the analysis of variance test. I t  is 
a flcxihle statistical procedure which is capable of 
treating several levels of experimental variables 
simultaneously. Ry providing estimates of 
interactions between doses and the other variables 
of the experiment, it  gives important information 
on parameters which govern or influence the 
appearance of a particular drug effect. 

SUMMARY 
It would appear that a total pharmacological 

evaluation of psychotropic drugs must include the 
use of a t  least two different animal species in an 
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observational program. If time and funds are 
available, a third species can be added. The 
rodent (mouse or rat) and the cat would seem to 
be the favored animals for this procedure with 
the monkey being the third species. The rodent 
screen should provide not only behavioral or 
pharmacodynamic data, but also toxicological 
information for the protection of animals used in 
subsequent studies. The rodent observational 
scale should include the signs characteristic of 
autonomic and central nervous system changes, 
and certain behavioral measurements obtained 
through the use of open field tests and the rating 
of signs, such as grooming, etc. More important, 
an additional sequence should involve the meas- 
urement of social interaction of rodents. This 
latter point is too often omitted from the typical 
observational scale. The cat can be used as a 
test animal once sufficient toxicological data has 
been obtained. It provides the stable baseline 
of behavior that may give a better correlation of 
drug effects than the data obtained from the 
rodent studies. The cat procedure should allow 
the generation of a high degree of behavior, and 
the rating scale should include a sufficient number 
of rating points so that information is not over- 
looked. The use of paired, free-roaming cats 
may be advantageous over other techniques in 
that their activity may be increased over caged 
or restrained animals. Data reduction is ex- 
tremely important in these tests, and the use of 
certain computer programs may serve to fulfill 
this need. The clinical predictiveness of obser- 
vational data is undoubtedly more reliable when 
the number of species involved in the tests is 
increased. The addition of the monkey to the 
rating procedurc increases this reliability and 
proirides some natural behavior pat terns 
(aggression) that are not seen routinely in other 
test animals. Even with the additional species, 
preclinical predictiveness is at  best difficult. To 
overcome this and other inadequacies, better 
models of behavior must be developed for the 
test animals. It would appear that the “ex- 
perimental neuroses” developed in test animals 
should be re-evaluated and a new set of baselines 
formed. The present methods of developing 
conflict behavior by using adverse stiniuli may 
not be the suitable method for attempting the 
differentiation of drug effects, but this would 
appear to be a major area for future work in 
observational research. 

The fixed type of activity unit such as the 
photocell cage appears to be the preferable 
apparatus for  monitoring small animal activity. 
It measures lateral motion directly and does not 
introduce any movement artifacts typical of the 
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indirect type of activity cage. The indirect 
measuring units, such as the jiggle cage, are 
difficult to calibrate and the data, too often, 
represent frequency of cage movements rather 
than animal movements. The sensitivity of the 
direct type of activity apparatus has been vastly 
increased by investigators with the use of in- 
tricate electronic circuitry. Further efforts to 
increase sensitivity with still more complex and 
sophisticated instrumental design does not appear 
to be necessary. Present concepts of drug evalua- 
tion are based on the assumption that totcd 
movement must be measured in order to monitor 
drug effects sensitively. However, investigators 
(84) have accurately simulated the clinical effects 
of stimulants by recording only one component 
of behavior, while the recording of total loco- 
motor activity failed to do so. This is not sur- 
prising in view of the fact that the primary effects 
of amphetamines in humans are nonlocomotor in 
nature (restlessness, irritability, anxiety). Simi- 
larly, depressant compounds may alter selectively 
only a few component behavioral patterns of 
total activity. Therefore, research should turn 
its attention toward delineating, if possible, the 
specific behavioral patterns affected by particular 
compounds or classification of compounds. If 
successful, the use of complex, expensive appara- 
tus capable of recording every type and all dc- 
grees of movement would not be justified. Papers 
ha\Te been reviewed which indicate that the quali- 
tative and quantitative effects of a drug are a 
function of the environment in which it is tested. 
Because such parametric influences vary from 
laboratory to laboratory, it  is incumbent upon 
each investigator to determine the optimum set 
of experimental conditions for his laboratory. 

Because of the great variability in activity 
between animals, proper statistical treatment of 
data is extremely important to the behavioral 
scientist. He depends to a great extent on the 
power of tests of statistical differences to give 
meaning to his data. Since parametric tests 
(analysis of variance, t tests) assume that frc- 
quency distributions are normal, it  is imperative 
that investigators consider the transformation 
(log, square root) of raw data before applying 
these statistical tests. 
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Resemcb Articles- 

Synthesis of 14C-Labeled Isomers of 
Dichlorodiphenyldichloroethanes (DDD) 

By R. E. COUNSELL and ROBERT E. WILLETTE 

1,1 -Dichloro-2 -(o-chlorophenyl)-2-(p-chlorophenyl-14C)ethane (o,p’-DDD- ”C), 1,1- 
dichloro-2-(m-chlorophenyl)-~-(p-chlorophenyl-14C)ethane (rn,p‘-DDD-l4C), and 
1,1-dichloro-2,2-bis-(~-chlorophenyl-14C)ethane ( p ,  p’-DDD-I4C) were synthesized 
by acid catalyzed condensation of chlor~benzene-~~C with excess 2,2-dichloro-l- 
(0-, w-, and p-chloropheny1)ethanols. The carbinols were prepared in good yields 
by reverse addition of the chlorophenyl Grignard reagent to dichloroacetaldehyde. 
Purity was determined by thin-layer and gas chromatography. The I.R., IJ.V., and 

NMR spectra of these compounds are discussed. 

NTEREST in the development of radiopharma- prompted the present study. For this purpose, I ccuticals suitable for adrenal photoscanning an agent that selectively concentrated in the 
adrenal and could be labeled with a -,-emitting 

Rereived April 25, 1966, from the Laboratory of Medicinal 
Chemistry, College of Pharmacy, University of Michigan, ~~dionuclide was necessary. This Paper de- 

scribes the synthesis of 14C labeled isomers of 1,l- Ann Arbor. 
Accepted for publication July 1 1966. 
Presented to  the Medicinal Chemistry Section, A.PH A. 

Academy of Pharmaceutical Sciences, Dallas meeting, April 
1966. he utilized in tissue distribution studies. The 

This work was supported by grants CA-08349-01 from the 
National Cancer Institute U. S. Public Health Service synthesis of other DDD isomers and lZ5I and 
Bethesda, Md.,  and PRA’18 from the American Cance; 
Society. New York, N. Y. 

dich10ro-2’2-bis-(ch10ropheny1)ethane (DDD) to 

1311 isomers will be reported elsewhere. 
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TADLE ~ . - ~ , ~ - D I C H L O R O - ~  - 
(CHLOROPHENYL)ETHANOLS __ - 

Isomer moles (la) Yield, g R.p., 'C./mm. 
ovtho 0.2 35 105-120/0.4" 
meta 0.13 53 81-84/0.04* 

118-123/1.2c 
~~ 

para 0.4 63 
a T i t .  b.p. 126-129"/3 mm. (12) and 115-123'/0.5 mm. 

(13). Lit. b.p. 115-llR0/3 mm. (14). Lit. b.p. 140- 
145'/2 mm. (12). 
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I I1 

I 
CHClz a ,  x = u-CI 

lsomers of DDD were chosen for this study 
because they have been shown to have a predi- 
lection for adrenal tissuc. During an investiga- 
tion of the toxicological properties of various 
insecticides, Nelson and Woodard (1) observed 
that  p.p'-DDD (I lk)  caused extensive necrosis 
and atrophy of the adrenal cortex in dogs. This 
otiservation led to unsuccessful attempts to  
utilize this siiibstarice clinically to  produce a 
chemical adrenalectomy (2). Cucto and Brown 
( 3 )  demonstrated, however, that  the adrenocorti- 
colytic activity ascribed to fi,p'-DDTI was ac- 
tually due to the o,p'-isomer (IIIa) which was 
present as a contaminant. They also showed 
Lhat o,fi'-DDIC) concentrated to a greater extent 
than fi,P'-DDD in the adrenals of dogs. 

Several reports concerning the actions of o , p ' -  
DDD have appeared recently. Studies have 
shown i t  to produce tumor regression in cases of 
metastatic adrenal cortical carcinoma (4) and to 
cause remissions of symptoms in patients with 
Cushing's syndrome (5, 6). It was found in- 
effective, however, for the treatment of mammary 
carcinoma (7). o,p'-DDD has also been found 
to  have an effect on steroid metabolism and this 
aspect has received Considerable attention. 
These studies have shown it to stimulate cortisol 
nietabolisrn (8)  , to alter the extra-adrenal me- 
tabolism of cortisol (B), arid to  inhibit specific 
enzymes (10). 

Although o,p'-DDD has been studied to a 
considerable extent, Xichols et al. (1 1) indicated 
that the m,p'-isomer (IIIb) was more effective in 
causing regression of adrenal carcinoma with 
fewer side effects. Despite the interest in o,p'- 
D D D  and its isomers, tissue distribution studies 
with labeled compounds have riot been rc- 
ported. The first synthesis of these labeled 
I IDD isomers is reported here. 

EXPERIMENTAL' 

Synthesis of Isomeric 2,2-Dichloro-l-(chloro- 
pheny1)ethanols (II).-The Grignard reagent, pre- 
pared from the appropriate bromochlorobenzene ( n  
mole), magnesium ( n  mole), and ether in a three- 
necked flask provided with a stopcock-fitted outlet 
on the bottom, was added over 1 hr. to a well- 
stirred solution of dichloroacctaldehyde2 (n mole) in 
ether (total n X 200 1111.) with ice cooling under a 
nitrogen atmosphere. After stirring an additional 
30 min. at room temperature, 6 N sulfuric acid or 
concentrated amiiiouium chloride solution was added 
and the mixture separated and extracted with ether. 
The combined organic layers were dried (MgS04) 
and the ether removed a t  atmospheric pressure. 
The residue was distilled under reduced pressure. 
(See Table I.) 

1 , l  - Dichloro - 2 - (0  - chlorophenyl) - 2 - (p- 
~hlorophenyl-'~C)ethane.- A mixturc of 2.26 Gm. 
(0.01 mole) of 2,2-dichloro-l-( o-ch1orophenyl)etha- 
nol, 29.7 nig of chl~robenzene-'~C (uniformly 
labeled, 0.50 mc.),3 and 530.3 mg. (total 0.005 
mole) of chlorobenzene was stirred at  40' and 6 ml. 
of boron trifluoride-saturated sulfuric acid added 
dropwise ovcr 5 min. The mixture was heated at 
40" with vigorous stirring for 3 hr. and then cx- 
tractcd with petroleum ether (b.p. 30-40", 3 X 25 
nil,). The combined extract mas washed with water 
(2  X 25 1111.) and dried (MgS04 and charcoal). 
The filtered extract was concentrated under vacuum 
and the rcsidue chromatographed on a column of 
35 Gm. of silicic arid, prepared and developed with 
benzene- -hcxane (1 : 1). The eluate was monitored 
with a Geiger survey meter and the radioactive 
fraction collected and evaporated. The oily rcsiduc 
was taken up in metliariul arid refrigerated to give, 
- 

1 Melting points were taken on a Fisher-Johns melting 
point apparatns and are corrected. Elemental analyses were 
pel-formed by Spang Microanalytical Laboratories, Ann 
Arbor, Mich. Iiifrai ed spectra were taken in KBr disks on a 
Perkin-Elmer 337 spectrophotometer. Ultraviolet spectra 
were recurded on a Beckman UKZA spectrophotometer in 
06Yo ethanol. The NMR spectra were obtained with a 
Vavian A-60 spectrometei- in CDCls at a concentration of 
loo/,, with tetramethylsilane as internal reference. Thin- 
layer chi-omatograms (TLC) were run  with 1 in. wide East- 
man Chromagrams, type K301R with fluoi-escence indicator, 
developed with benzene, and spots detected with U.V. light 
and iodine vapor. Chromagrams of 14C-labeled compounds 
wet-e scanned with an Atomic Associates RCS-363 Radio- 
chromatograin Scannei-. Gas-liquid chromatography (GLC) 
was carried out with a P&M, model 400. gas chromatograph 
equipped with an elect!-on-capture detectur; column, 122 
rm:X 3 mm. i d .  glass tube; packing, 3.8% by wt. silicone 
rnbhei- SE-30 on SO--100 mesh Diatoport S, prepared accord. 
in% l o  Horning el al. @ I ) ,  column temperature, 185"; de- 
tector temperature, 210° ; flash heater, 230'; inlet pressure, 
10 p.s.i.; Bow I-ate, about 70 ml./min. Radioactivity 
measurements were made with an Atomic Associates FC-72A 
nw-flow planchrl counter and Baird-Atomic 146 scaler. 
Silicic acid used in the column chromatography was Baker 
and Adamson reagent grade. dried a t  105" for 1 hr. just prior 
to its use. 

2 Colnrnbia Organic Chemicals Co., Columbia, S. C. 
8 Purchased fi-om New England Nucleat Corp., Boston, 

Mass. 
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in two crops, 656 nig. (41%) of colorless needles, 
m.p. 75-76' [lit. m.p. 76-78' (12) and 75.5-76.5' 
(13)] ; specific activity 99.5 pc./mmole. It showed one 
spot (R ,  0.67) on a TLC strip, which scanned as a 
homogeneous radioactive area. vmRX. 3070, 3050 
(Ar-H); 2980, 2930 (CH); 1480, 1465 ( k c ) ;  
1100, 1051, 1029, 770 (1,2-disubstitutcd A-H); 
1083, 1040, 1010, 810 (1,4-disubstituted Ar-H); 
'7.57 (CC12); 608; and 509 cni.-'. A,,,. 229.5 
( E  16,970) and 267.5 mF ( E  640). The NMR spec- 
trum showed doublets a t  5.21 6 (benzylic proton) 
and 6.38 6 (-CHC12) with J = 8.5 c.P.s., and a 
single aromatic-proton peak a t  7.35 6. 

1,1 - Dichloro - 2 - (m - chlorophenyl) - 2 - (p- 
chlorophenyl-~4C)ethane.-A mixture of 2.26 Gm. 
(0.01 mole) of 2,2-dichloro-l-( m-chlorop1ieiiyl)etlia- 
nol, 29.7 mg. of chlorobenzene-14C (uniformly 
labeled, 0.50 mc.)3 and 530.3 mg. (total 0.005 mole) 
of chlorobenzene was stirred a t  40" and 6 ml. of 
boron trifluoride-saturated sulfuric acid added 
dropwisc ovcr 1 hr. After heating a t  40" with vigo- 
rous stirring for 1 hr., 2 1111. of cyclohexane was 
added. After heating 2 hr. longer, the mixture was 
worked up as above and chromatographed with 
benzene-hexane (1 : 4). The radioactive fraction 
was dissolved in an equal volume of 95% ethanol 
and after allowing to stand in the refrigerator 3 
weeks gave 490 mg. (31y0), m.p. 51-52', which was 
recrystallized from ethanol to give 388 mg., m.p. 
53-54" [lit. m.p. 54" (14)], specific activity 89.3 
pc./mmole. TLC showed one spot (Rf 0.67), which 
was the only radioactive area on scanning. vmax. 
3050 (Ar-H); 2995, 2910 (CH); 1580, 1565, 1480, 
1470 (C=C); 1090, 1072, 836, 785 (l,3-disub- 
stituted Ar-H); 1085, 1040, 1009, 808 (1,4-di- 
substituted Ar-H); 759 (CCL); 615; and 602 
cm.-l. A,,,. 219 ( 6  19,770), sh. 226.5 ( e  16,700), 
and 268.5 nip ( C  800). The KMR spectrum showed 
doublets a t  4.57 6 (benzylic proton) and 6.31 6 
(-CHC12) with J = 8.0 c.P.s., and an aromatic 
peak split at 7.26 and 7.29 6. 

1,1- Dichloro - 2,2 - bis - (p - chlorophenyl - 14C)- 
ethane.--% mixture of 2.26 Gm. (0.01 tnole) of 2,2- 
dichloro-1-( p-chlorophenyl)ethanol, 107 mg. of 
chlorobenzene-lT (uniformly labeled, 0.50 mc.),4 
and 456 mg. (total 0.005 mole) of chlorobenzene was 
stirred a t  40" and 6 ml. of boron trifluoridc-saturated 
sulfuric acid addcd dropwisc over 30 min. The 
rcactioii was conducted and worked up as described 
for the meta isomer above. 

The radioactive fraction afforded from methanol 
094 rng., m.p. 107-110°, which was recrystallized 
from methanol to givc 602 mg. (43%), m.p. 109-110" 
[lit. m.p. 109.5-110" (12)], specific activity 106.9 pc./ 
mmole. TLC showed one spot which corresponded 
to the only radioactive area on scanning (221 0.72). 
vms,. 3050, 3020 (Ar-H); 2970, 3910 (C-H); 
1580, 1490, sh. 1475 (C===C); 1087, 1040, 1010, 803 
(1,4-disubstitutcd Ar-H); 763 (CCIz); 532; and 
499 ern.-' A,,,. sh. a t  211.5 ( e  17,060), 217.5 ( e  
15,910), 231 ( E  19,710), and 268 mp ( e  713). The 
NMR spectrum showed doublets at 4.58 6 (benzylic 
proton) and 6.33 6 (-CHClz) with J = 8.0 c.P.s., 
and a single aromatic peak at 7.33 6. 

DISCUSSION 
The syntheses of these three DDD isomers have 

After initial isolation of been reported previously. 
Purchased from Tracer Lab, Waltham, Ma% 
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o,p'- (IIIa) and p,p'-DDD (IIIc) from technical 
"DDT,"6 IIaller et al. (12) synthesized them in 39 
and 63y0 yields, respectively, by the Friedel-Crafts 
alkylation of chlorobenzene with the appropriate 
carbinol (11) in the presence of 100% sulfuric acid. 
They obtained the ortho carbinol (IIa) in only 6% 
yield by the addition of dichloroacctaldehyde to the 
Grignard reagent prepared from o-bromochloro- 
benzene ( Ia ) .  Thc para carbinol (116) was prepared 
in good yields by this method [677, (12)] or by 
reduction of 2,2,4'-trichloroacetopherione [96% 
(15)]. (See Scheme I.) 

In an approach to the synthesis of the more 
biologically interesting o,p'-DDD, Inoi, Gericke, 
and Horton (13) obtained the ortho carbinol ( I Ia)  
by reduction of the more readily available 2,2,2- 
trichloro-1-(o-chlorophenyl jethanol ( IVa) with alu- 
minum amalgam in 90% ethanol. They synthesized 
several diphenyldichlorocthanes by this method, in- 
cluding o,p'-, m,p'- ,  and p,p'-DDD (IIIa, b, and c j ,  
all in good yield. They also improved on the con- 
densation of carbinol (IIa) with chlorobenzene by 
using boron trifluoride-saturated sulfuric acid (47% 
yield). 

Although the biological properties of m,p'-DDD 
(IIIb) have been mentioned several times in the 
literature, reports of the synthesis and physical 
properties have bccn limited. It was prepared by 
the reduction outlined above, being reported as an 
oil, b.p. 178-180°/0.5 mm. (13). Synthesis of the 
meta carbinol ( I Ib)  by the Grignard procedure was 
reported in 32% yield and m,p'-DDD (IIIb), using 
sulfuric acid in the Friedel-Crafts reaction and a 
laborious work-up, in 19% yield (14). 

With the specific intention of preparing the 
14C labeled compounds, interest centered on the 
Friedel-Crafts route since this enabled incorporation 
of the labeled precursor at the last step. In pre- 
liminary investigations on the synthcsis of the 
carbinol intermediates, the authors were unable to 
repeat the aluminum amalgam reduction of the 
trichlorocthanol (IVa) [prepared according to 
Haller et al. (12) and Bergmann et al. (16)]. Atten- 
tion turned to  the Grignard synthesis. It was 
anticipated that slow addition of the Grignard 
reagent prepared from the bromobenzenes (I)  to a 
cold ethereal solution of the unstable dichloro- 
acetaldehyde would give a11 improvement in the 
yields. In this manner, yields of 35, 53, and 63y0 
were obtained for the 0-,  m-, and p-carbinols (TI), 
respectively. 

The condensation reaction was studied extensively 
in an effort to maximize the radioactive yield. It 
is usual in Friedel-Crafts alkylations of benzene and 
its readily available derivatives to have them in 
excess relative to the alkylating agent, and to serve 
as solvent. As the chlorobenzene to be used was the 
labeled precursor and it seemed likely that the 
carbinols (11) would exhibit some instability with 
possible decomposition, trial reactions were run with 
varying proportions of chlorobenzene and carbinols 
and a twofold excess o€ the latter was found to give 
maximum yields. These varied from 56 to 75y0:, 
depending somewhat on the isolation procedure 
used. I t  was found most convenient to chromato- 

8 DDT. of various grades, is the prodnct obtained from 
the condensation of chloral with chlorohenzeue in the presence 
of sulfuric acid, and usually contains about 70% 1,l.l-tri- 
chloi o-2,2,-bis-(p-cliloro~henyl) ethane. 
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not correspond to their melting points, the lower 
melting m,P‘-DDD following the sterically hindered 
o,p‘-DDD. Additional isomers are being prepared 
to study this and other properties, 

We examined the I.R., U.V., and NMR spectra 
of the three DDD isomers for possible use in assess- 
ing purity. Reports on spectral data for these 
compounds have been limited. McDonald and 
Watson (19) employcd I .K.  spectroscopy for dif- 
fercntial analysis of o,p‘-, and p,p’-DDD and used 
the distinguishing bands at  685 and 765 cm-1. 
respcctivcly. In addition, o,p’-DDD has bccn 
observed to exhibit a strong characteristic band at  
608 cm.-’. 

Inoi et al. (13) reported on the U.V. spectra of 
o,fi’-DDU and some related compounds but madc 
no comparisons. In the studies reported here, 
comparison of the o,p‘-, m,p‘-, and p,p’-isomers 
showed them to have similar but distinguishable 
U.V. absorption spectra. 

The NMR spectra showed the greatest distinc- 
tions. In contrast with m,p‘- and p,p’-DDD, the 
benzylic proton of o,p’-IlI)D showed a shift to 
lower field of 38 c.p.s. due to the deshielding cffcct 
of the o-chloro substitucnt. A similar downfield 
shift has been reported for the benzylic proton of 
benzhydryl derivatives possessing a-methyl groups 
(20). In addition, whereas the o,p‘- and p,p‘- 
isomers showed a single strong peak at  approxi- 
mately 7.34 6 for the aromatic protons, the m,p’-  
isomer displayed two major pcaks at  7.26 and 7.29 6. 
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graph the crude product on activated silicic acid 
with benzene-hexane (1:4),  In all three cases, an 
aromatic by-product was eluted before the DDD 
isomers. Since heterogeneous reactions tend t o  give 
variable results, tetrachloroethane and cyclohexane 
were tried as solvents. Yields wcrc lower with the 
former and unaffected by the latter, although it did 
facilitatc stirring. Thc labelcd compounds were 
obtained in about 40%) yields following recrystalliza- 
tion. 

I t  has been pointed out frequently (17) that special 
purity analyses are required for radiochemicals 
intended for biological distribution studies. In this 
investigation the labeled isomers were checked 
for purity by thin-layer (TLC) and gas-liquid 
chromatography (GLC). With TLC, chemical 
purity was cstttblislicd by spot detection with ultra- 
violet light and. iodine vapor, and radioactive purity 
by means o f  a radiochrornatogram scanner. GLC 
w a s  found to l x  thc most effective analytical tool 
for assessment of purity. The type of column and 
conditions employcd have bcen used extensively for 
detection of pesticide residues (18) and gave satis- 
factory separation of the three isomers (Fig. 1). 
The electron-c,zpture detector used was capable of 
detecting trace impuritics. This made it possiblc 
to show that eo.ch was isoinerically pure. This was 
necessary as the condensation of o-, nr-, and p -  
carbinols (11) with chlorobenzene can occur a t  both 
thc ortho and puva positions. Of most concern was 
t h e  complete elimination of o$’-DDD from p , p ‘ -  
D:DD, as the former is known to localize to a niucli 
greater extent in various tissucs. This was readily 
seen as the gas chromatogram of p,p’-DDD-14C 
showed a single peak even when 25 ug. (10 times 
that used in obtaining Fig. 1) was injected. I t  is 
curious to note  that their order o f  rvtention does 
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Potential Anticancer Compounds 

Synthesis of 2-Carbamoyl and 2-Phenyl Carbamoyl 
Derivatives of 1,3-Cyclohexanedione-Type Compounds 

By PHILIPPOS E. PAPADAKIS and GUY HAVEN 

2-Carbamoyl and 2-phenylcarbamoyl de- 
rivatives of 1,3-cyclic diketones (I-VI) were 
synthesized as .potential antibacterial and 

anticancer reagents. 

N PREVIOUS publications (1, 2) the synthesis 
of 2-acyl and 2-aroyl derivatives of 1,3- 

cyclohexanedione-type compounds were reported. 
,Compound I is an example where R = alkyl or 
aroyl and RL = ethyl. 

COORi 

A d  &C-R /I 
1 Boo  
COOR, 
I 

Carbon 2 in formula I has a tricarbonyl meth- 
ane structure. 

A Japanese team of scientists (3 )  found that the 
acylated or aroylated derivatives, a t  position 2 of 
the cyclic diketones they used, inhibited the multi 
plication of the Gram positive bacteria while the 
carbamoyl and phenyl carbanioylated derivatives 
showed potency against both Gram-positive and 
Gram-negative bacteria, as well as a wide spec- 
trum of antitumor activity. An example of such 
derivatives of the 5,s-dimethyl-1 ,kyclohexdne- 
dime (dimedone) is given by the formula (11) 
where R = H or CRHS. 

O C - L R  ,I 

I1 

Papadakis et id. have synthesized derivatives of 
1,3-cyclohexanedione (4-6) which have been used 
as intermediates for the preparation of physio- 
logically important compounds (2, 7-10). Fol- 
lowing are the formulas of such intermediates 
which have structural relationship to dimedone. 

Received May 9, 1966, from thr Special Laboratory of 
Nucleai- Medicine and Biology, Veterans Administration 
Hospital, Omaha, Nebr. 6810:. 

Accepted for publication June 29, 1966. 

In view of the findings of Ukita et al. (3 ) ,  it  
was thought advisable to prepare derivatives of 
each of the compounds 1-1'1 having the -CONH2 
or ---CONIICGlJ5 attached to 2-C of the cyclo- 
hexanedione ring. There are several methods by 
which such derivatives may be obtained but each 
has its own difficulties and side reactions. 
The phosgene (ClCOCl) reaction with thc sodio 
derivative of each of the compounds I-VI 
would seem to afford a direct method for the 
preparation of the products desired. Thc method 
has the disadvantage that when each of the com- 
pounds FI-FG is treated with NaOR, two struc- 
tures result. 

When the sodio derivatives are treated with 
phosgene and subsequently with ammonia. the 
following products may be obtained: 

1016 
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F’roduct IV  predominates. 
may render as by-products urea and 

Ammonolysis of I\’ 

,NH, 

1 0 

Another possibility is the formation of bis 
When the cyclic diketone, derivatives type V. 

V 

FI, reacts with phosgene in the molar propor- 
tions of 2: 3 and the product is treated with am- 
monia. or aniline, cornpound VI is formed. 

0 

0 

Scheme I )-(:oNH! 

The 2-phenyl carbamoyl derivatives 

of any of the formulas FI-F8 can be prepared by 
one of the reactions shown in Scheme 11. 

Similar side reactions can occur here as in the 
case of the preparation of the --CONI-12 deriva- 
tive. In reaction B where aniline was used. there 

0 

H O  0 0 0  0 H 

171 

R = H or C6H6, respectively. 
Such carbamoate or phenylcarbamoate deriva- 

tives have been isolated and analyzcd ( I  I ). 
There is also the possibility of polymerization 

between the :,odioderivatives of F1 and phosgene. 
In another method each of the structures (F1- 

F6) was treated with phosgene in the presence 
of pyridine. Here also there is the possibility 
of formation of bis compounds. When any 
of the compc~unds (structures FI--F,J suspended 
in dioxane is mixed with the pyridine and the 
mixture, from a dropping funnel, is allowed to 
fall dropwise into the reaction mixture flask con- 
t,iining exces’j of a solution of 12% phosgene in 
benzene, the formation of the bis compound de- 
creases. 

Another mcthod involves the reaction of any 
ox’ the compounds (F1-Fe) with potassium cyanate 
in the presence of NaOCH3 and sodium acetate 
using dioxatie and refluxing temperature. 
(Scheme I.) 

is the possibility of carbanilide formation, C~HS- 
NHCONHCeH5. The method of mixing the 
reagents as indicated previously can adjust the 
relative concentrations, thereby decreasing the 
amount of the carbanilide formation. 

EXPERIMENTAL 

In experiments 1,9, and 12, the phosgene inethod 
was used. The apparatus set up, safety prccautions, 
and the general procedure arc dcscrihed in cxperi- 
mcnt 1. 

Instead of writing the long names of the com- 
pounds F,, FP,  F3 . . . etc., the respective letters will 
be used to  reprcscnt the compounds. The names 
of the products will he given in the beginning of each 
experiment. 

In experiments 10, 11, and 13, the proccdurc was 
similar to  that of experiment 1 ,  except that aniline 
was used instead of ammonia, followed by refluxing, 
concentrating, and processing. 

Experiments 3, 6, 7, and 14 were done using the 
phenyl isocyanate method as described. 
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COCll CaHaNHz COCI2 
( A )  F - F-COC1 ---+ F-CONHCeHs; ( B )  anilinc __f 

RONa or 
pyridine F CcHrNCO 

Na or NaOCHs 
NaOR NaOAc 

C6H5NHCOC1 -- F-cONHC6H5; and (C) F -- F-CONHCsHs 

Scheme I1 

1.-5 - (p - Hydroxyphenyl) - 2 - carbamoyl - 1,3- 
cyc1ohexanedione.-A mixture of 10.5 G m  of 
F1 (0.0515 mole), dioxane (30 ml.), and pyridinc 
(8 ml.) was added slowly through a dropping funnel 
into a three-neck flask which contained 130 ml. of a 
solution of 12% phosgene in benzene. The reaction 
mixture Aask was equipped with a dropping funnel, a 
condenscr, and a magnetic stirrer. The top of the 
reflux condenser was connectcd with a flask con- 
taining NaOH to trap any COC12 vapor. All the 
apparatus was set up under the hood. 

The phosgene-benzene solution was kept cold 
during the addition of the dikctone-pyridine- 
dioxane mixture. The reaction mixture was 
allowed to stand a t  room temperature under thc 
hood for 2 days, then it was refluxed for 2 hr. 
The flask containing the NaOH was connected to 
thc water aspirator and controlled reduced pressure 
was applied to remove any unreactcd phosgene. 
Arrangements were made for distillation. The 
heating was continued till the temperature rcached 
98". After cooling, 30 ml. of dioxane was added to 
the mixture, and ammonia gas was bubbled through 
it for 2 hr. The mixturc was allowed to stand 
overnight. The precipitate formed was filtered. 
The filtrate was concentrated to a red-orange syrup 
which was stirred with ether 3 successive times. 
The ether was decanted each time. The light tan 
residue was dried on porous tile. The combined 
solids (9 Gm.) were boiled with a limited amount of 
absolute alcohol and atered hot,. On cooling, the 
Htratc rcndered crystals which were washed with 
distilled water and dried on porous tile, m.p. 

And-Calcd. for C13HI3NO4.H20: C, 58.87; 
H,  5.64; N,  5.28. Found: C, 39.21; H, 5.30; 
N, 5.40. 

The material above was dried a t  100" and 1.5 

167'-176". 

mm., m.p. 18.3'. 
Anal.-Calcd. for CIXHI,NO~: C. 63.15; H. 

5.26; N, 5.66. Found- C, 63.27; H, 5.65; N, 
5.25. 

The material which was not readily soluble in the 
hot alcohol, n1.p. 185', corresponds to the formula 

cyclohexanedione.-llnaZ.-Caicd. for Cl4HYN2O5: 
C, 57.93; H,  4.82. Found: C, 58.02; H,  4.70. 

3.-2 - Phenylcarbamoyl - 5 - (p - 0 - phenyl- 
carbamoate phenyl) - 1,3 - cyclohexanedione.-F1, 
7.28 Gm. (0.035 mole), 0.805 Gm. of sodium dis- 
solved in methanol, and 30 ml. of dioxane were 
mixed in a three-neck flask equipped with a reflux 
condenser and magnetic stirrer. After refluxing 
for 20 min., the apparatus was arranged for dis- 
tillation of thc methanol. The distillation was 
continued until the temperature reached 90". 
Twenty milliliters of dioxane was added and 4.2 ml. 
of phenyl isocyanate. After 6 hr. of refluxing, the 
dioxane was distilled off under reduced pressure 
using a water bath. The residue was cooled and 
then washed with ether. The ether was decanted 

and the residue was stirred with water. The solution 
was acidified and the precipitate which formed was 
filtered and recrystallized from ethanol. It sintcrs 
a t  193". It turns to syrupy droplets at 198" and 
to a red-black melt a t  223'-229". Recrystallizcd 
trom acetone, m.p. 209"-213". 

And-Calcd. for C26Hzz&O5: C, 70.57; H, 
4.97; N, 6.33. Found: C, 70.16, 70.31, 70.53; 
H,  4.73, 5.22, 5.10; N, 6.32. 

4 . 4  - (p - Hydroxyphenyl) - 2 - carbamoyl - 4,6- 
dicarbobutoxy - 1,3 - cyclohexanedione.-Fz (10.4 
Gm.), sodium (0.92 Gm.) dissolved in butanol, 
urea (3.6 Gm.), and butanol (50 ml.) were re- 
fluxed 4 hr. Some urea sublimed and was dc- 
posited in the inner wall of the reflux condenser. 
Some ammonia was also forming, as shown when 
a piece of litmus paper held on the top of the 
condenser turned blue. Some methyl alcohol was 
added to lower the boiling temperature to 95" and 
prevent the subliming of urea. The materials dis- 
solved in thc beginning. Later a fine precipitate 
formed which changed from a greenish to a brown 
color. 

After 4 hr. of refluxing, most of the butanol was 
distilled under reduced pressure. Water was 
added, and the mixture was acidified. The pre- 
cipitate was stirred with cold alcohol and filtered. 
From the filtrate, after cvaporation of the alcohol, 
the material obtained melted at  80"-85", then re- 
solidified, and remelted a t  175". 

And-Calcd. for C13H*908N. I/*H20: C, 60.52; 
H ,  6.57. Found: C, 60.08; H, 6.57. 

5.-5 - (p - Hydroxyphenyl) - 1 - amino - 2- 
carbamoyl - 4,6 - dicarbethoxy - 1 - cyclohexenone 
3.-Fz, 10.4 Gm. (0.03 mole), urea, 3.6 Gm. (0.06 
mole), and dimethylformamide were refluxed 8 hr. 
After the refluxing, most of the solvcnt was evap- 
orated under reduced pressure. U'ater was added. 
Thc mixture was stirred and filtered. The residue 
had a melting point of 187"-190". The product 
shows blue fluoresccnce under ultraviolet light. 

And-Calcd. for 2(CI8Ha207)-H2O: C, 59.84; 
H, 5.51; N, 7.34. Found: C, 59.39; H ,  5.33; 
N, 7.40. 

6.-2 - Phenylcarbamoyl - 5 - (p - hydroxy- 
phenyl) - 4,6 - dicarbethoxy - 1,3 - cyclohexane- 
dione.-F2, 10.4 Gm. (0.03 mole), NaOAc, 2.46 
Gm., CsH5NC0, 7.14 Gm. (0.06 moIe), and 
NaOCH3, 3.18 Gm. (0.03 mole) were refluxed in 
dioxane medium for 8 hr. rlfter that, the mixture 
was acidified and the precipitate was filtered off, 
washed with distilled water and with alcohol, m.p. 
226". The filtrate was concentrated by evapora- 
tion under reduced pressure and the residue re- 
crystallized from ethanol, m.p. 195". 

Anal.-Calcd. for C2sH&Oe.H20: C, 61.84; 
H, 5.60. Found: C, 61.54; H ,  5.75. 

7.--5 - (p - Acetoxyphenyl) - 2 - phenyl carbamoyl- 
4,6 - dicarbethoxy - 1,3 - cyc1ohexanedione.-Fr, 
3.9 Gm. (0.01 mole), CeHsNCO (1.2 Gm.), NaOAc 
anhydrous (1  Gm.), and 30 ml. of dioxane were 
mixed. After 4 hr. of refluxing. most of the dioxatie 
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wits distilled under reduced pressure. The residue 
wits stirred in water 3 hr. and tlicri filtered. The 
cr,ystals were dried and then washed with ether 
three times, 223' dec. Product was almost white 
(little pale yellow). 

iind-Calcd. for C?iH2:09.H20: C, 61.48; H, 
5.!X Found: C, 61.91; H, 5.05. 

Anal.-Calcid. for C ~ I H ~ I O ~ . H ? O :  C, 62.37; 
H .  5.00. Found: C ,  61.91; H, 5.05. 

8.- -4 - (p - Acetoxyphenyl) - 2 - carbamoyl - 4,6- 
dicarbethoxy - 1,3 - cyc1ohexanedione.-A mixture 
of Fa (11.7 G m . ) ,  KOCN (2.43 Gni.), NaOCHa 
(1.62 Gin.), NaOAc (2.46 Gin.), and 50 ml. of 
i~'--dimethylforrnamide was refluxed for 5 hr. The 
solution became greenish, then red-orange, and 
cmmge-brown. Chromatographic paper is stained 
or:mge. Under the influence of U.V. it shows 
strong greenish cream fluorcsccnce. The calculated 
aniount of hydrochloric acid was added to react 
with the KOCN, sodium methoxide, and sodium 
acetate. The solution was evaporated under re- 
duced pressurc and the residue stirred with ice 
water. The insoluble part mas washed with ether 
and recrystallized from methanol, m.p. 193". 

dnd-Calcd. for C241128N20?: C, 56.91; H, 
5.57. Found: C, 66.50; H, 5.57. 

The analytiral results suggest that the aniide 
of the carbamoyl of the title compound may have 
reacted with the di~iietl~ylformamide as follows: 

H 
F--CONH2 + O=C-N( CHa)e -+ 

H 
RCON=CN( CH3)r 

9.-5 - (p - Acetoxyphenyl) - 2 - carbamoyl - 1,4- 
carbolactone - 6 - carbethoxy - 1 - cyclohexenone- 
3.--AIi attempt was madc to make the compound 
(experiment 8 )  by the phosgene method used in 
experiment 1, using as starting material FS instead 
o f  F1. The product begins to gum at  210' and 
tars a t  280". It is insoluble iu ether, dioxane, cold 
alcohol. and water. 

Anal.-Calcd. for [C21H23S00.H20] . --C,H,OH : 
C, 56.29; H ,  4.72. Found: C, 56.50; H,  5.11. 

10.-5 - (3',4L',5' - Trimethoxyphenyl) - 2 - phenyl 
carbamoyl - 4,15 - dicarbethoxy - 1,3 - cyclohexane- 
dione.--F;, 4.22 Gm. (0.01 mole) ( 6 ) ,  dioxane (30 
nil.), and pyridine (1 ml.) wcre added slowly through 
a 'dropping funnel into a three-neck flask contain- 
ing 16 ml. of a. 12% solution of COCll in benzene. 
The apparatus and procedure were similar to ex- 
periment 1 with the exception that 1 ml. of anilinc. 
instead of ammonia was used. After refluxing fur 
several hours, the dioxane was evaporated under 
reduced pressure. The residue was stirrcd with 
distilled water and acidified, filtered, and dried, 
and then it i m s  washed with ether, m p .  193'-195', 
as aniline hydrochloride melts at 198", mixed 
melting points were taken, 150"-155". 

Anel.-Calcd. for C28H3~iYO~~: C, 62.10; H,  
5.:73. Found: C, 62.58; H, 5.48. 

11.-5 - (3',4',5' - Trimethoxyphenyl) - 1 - imino- 
phenyl - 2 - phenylcarbamoyl - 4,6 - dicarbethoxy- 
1,3-cyclohexan8edione.-Experiment 10 was repeated 
with the difference that excess aniline was used. 
A material was obtained which decomposed at 122". 

AnaZ.--Calcd. for Ca4HaaN*Os: 6, 66.88; H, 
8.23. Found: C, 67.11; H,  5.82. 

The analytical data correspond to the title 
compc nlntl. 
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12.--5 - (4' - Cyclohexene) - 1 - amino - 2 - car- 
bamoyl - 4,6 - dicarbethoxy - 1 - cyclohexenone - 3.- 
A mixture of Fe, 11.2 Gm. (0.033 mole), dioxanc 
(50 ml.), and pyridine (3 ml.) was added slowly 
through a dropping funnel into a three-neck flask 
which contained 70 ml. of a solution of 12% phosgene 
in bcnzenc. The apparatus set up, safety pre- 
cautions, and the procedure were described in ex- 
pcrimcnt 1. A4ftcr the ammonia trcatment, the 
mixture was allowed to stand overnight at room 
temperature. Thc prccipitatc formed was filtered 
and then heated with alcohol. The part that did 
not dissolve was washed with ether and dried on 
porous tile. The material had a light tan color, 
m.p. 150", clear a t  152". 

And-Calcd. for C I ~ H ~ G N ~ O ~ .  1/2 HzO: C, 58.91; 
H,6.99. 

13.--5 - (4'- Cyclohexene) - 2 - phenylcarbamoyl- 
4, 1 - carbolactone - 6 - carbethoxy - 1 - cyclo- 
hexenone-3.-Fe, 3.35 Gm. (0.01 mole) in dioxane, 
was mixed with 1 nil. of pyridine. The mixture 
was added dropwise through a dropping funnel into a 
three-neck flask containing 15 ml. of a 12% solution 
of phosgcnc in bcnzcnc. The apparatus set-up, 
safety precautions, and procedure were similar to 
cxpcrimcnt 1 ,  except that after the distillation of 
any unreacted phosgene, aniline instead of animonia 
was used. T o  the reaction mixture 1 rnl. of aniline 
in 24 ml. of dioxane was added dropwise with 
stirring. 

The mixture was refluxed for 1 hr., then concen- 
trated. The precipitate formed was filtered then 
stirred with water to get rid of the pyridinium 
chloride. The residue was dried, washed with ether, 
and recrystallized from acetone, m.p. 230". 

14.-In another experiment cquimolar quantities 
of Fs and CHaONa in dioxane medium were refluxed 
for 0.5 hr. The apparatus was arranged for dis- 
tillation. Part of the solvent was allowed t o  distil 
until the temperature reached 100". To  the re- 
maining mixture, cquimolar quantities of phenyl 
isocyanate and anhydrous sodium acctate werc 
added, and the mixture was refluxed for 2 hr. 
The precipitate formed was washed with water, 
filtered, dried, and then washed with ether. The 
ether was decanted and the residue recrystallized 
from acetone, m.p. 228"-229'; m.p. with carbanilide 
208". 

Anal.-Calcd. for C2aH2aNOs.21120: C, 61.88; 
H, 6.27; N ,  3.13. Found: C ,  62.04; H, 5.86; 
N, 2.90. 

The material dried a t  100" and 1.5 Inin. gave 
the following analysis. 

And-Calcd. for C~~HIINOG:  C, 68.03; H, 6.57. 
Found: C, 68.25; H,  6.56. 

15.-Diethyl - (3 - cyclohexenal) - ma1onate.- 
3-Cyclohexene-1-carboxaldchydc, 218 Gm. (2 moles), 
320 Gm. of diethylmalonate (2 moles), and 15 ml. 
of piperidine were mixed and refluxed 24 hr. a t  105'. 
The mixture became orange in color. Fractional 
distillation was applied under rcduced pressure. 
The fraction boiling at 132°-1380 and 0.7 mm. was 
taken as representing the title compound and was 
used for the next step. 

16.-5 - (4' - Cycloherene) - 4,6 - dicarbethoxy 
1,3 - cyc1ohexanedione.-Sodium (7.8 Gm.) dis- 
solved in absolute ethanol was added with stirring 
to 50 ml. of ethyl acetoacctatc. After 15 min. of 
refluxing i t  was poured into a 1000-ml. flask contain- 

Found: C ,  58.70,58.90; H, 7.29,7.25. 
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ing 100 Gm. of dietliyl-(8-cyclohcxcnal)-malonate. 
The mixture was refluxed for 6 hr. The color of 

(1) Dieckmann, W., and Stein, K., Ber. ,  37, 3370, 3384 the solution turned red. Distillation of the sol- 
vents under reduced pressure followed using a flash (1904). 
evaporator. The residuc was dissolvcd in cold A?, 7;P$ag;., ~5,E~&$$$'~ J.. and Pirruccello, s., 
distilled water. The sohition was extracted twice (3) Ukita, T., P I  al., Caizcev Chemoiherapy Repi., July 13, 

pH 7 and then it was extracted with ether oncc (5 )  Papadakis, P. E., and Mathieson, I<., J. Ors. Chcm..  
more. Tlie water layer was acidified with 3 N 2 1 ~ ~ 3 ~ ~ ~ ~ ~ ~ k i s ,  r. ~ . ,  a,,d w., ibici,, 26, soi5 
hydrochloric acid. White crystals rcsultcd which (1961). 

(7) Papadakis. P. E., and Scigliano, J., .I. A m .  Chein. SOL.,  were filtered, u-ashcd with distilled water, filtered, ,5, 5437(1953!. 
and thcn washed with a 50:50 mixture Of cthrr- (8) Papadakis, P.  E., and Pil-ruccello, S., J .  1'Lar-m. Sci.. 
petroleum ether, m.p. 111"-113". Recrystallized 4 5 1 ~ 3 ~ ~ ~ ~ d a k i s ,  p. E., and Urban, T. J , ,  i ~ i ~ , ,  5 2 ,  7 1 ,  times from absolute alcohol, n1.p. 133"-137". 

Found: C, 64.45; H, 7.32; C, 64.45; H ,  7.19. (11) Payadakis, l'. E., unpublished data. 

REFERENCES 

with ether. The aqueous layer was adjusted to 196i2;F;padakjs, p. E., J .  A,nn. Che-m. 6,, 1799(1945), 

(1963). (,iAzi, Papadakis, P. E., and Andreeta, >f . ,  ibid., 54, 895 dnaZ.-Calcd. for CI8HzaOe: C ,  64.26; H, 7.19. 

Comparative Study of the Alternating and Direct 
Current Polarography of Several E-3-Ketosteroids 

By JAMES L. SPAHR and ADELBERT M. KNEVEL 

A study was undertaken to compare alternating current polarography with direct 
current polarography as a method of analysis of testosterone, methyltestosterone, 
and progesterone. A solution consisting of 50 per cent ethanol, buffer (pH 1.3), 
and tetrabutylammonium iodide was used as the sample medium. Results showed 
that the lowest practical concentrations of detection for both ax.  and d.c. polarog- 
raphy was 3.3 X iO-5M. However, a.c. polarography gave greater precision than 

did the d.c. method. 

STUDY OF the analysis ofA4-3-ketostcroids by A direct current (d.c.1 polarography has been 
reported by several groups of workers (1-3). I n  
the study conducted by Kabasakalian and Mc- 
Glotten (S), i t  was reported that  the diffusion 
current of testosterone and other related A4-3- 
ketosteroids was directly proportional to  the 
concentration in the range of 2 X to 1 X 
10-z,lT. At low concentrations, however, devia- 
tions from linearity were observed in some cases. 
These workers pointed out tha t  the deviations 
may have been due to the method of measuring 
the diffusion current rather than a change in 
diffusion properties, because the diffusion current 
plateau a t  low concentration was too steep. 
This explanation secms reasonable since ill- 
defined polarographic waves are not uncommon 
with ketones. One factor contributing to this 
poor definition may be that  ketone half-wave 
potentials occur very close to the discharge 
potentials of the buffcr components. This 
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e€fect often makes i t  difficult to  separate ketone 
diffusion current from buffcr discharge current. 
Alternating current (a.c.) polarography offers 
the advantage of producing polarograms in which 
the reduction waves of the ketone and buffer 
components are oftcn sufficiently separated so 
that diffusion currents can he measured more 
accurately. Furthermore, this technique is often 
morc sensitive to organic conipounds than is d.c. 
polarography. The objective of this study was 
to compare a c. polarography with d.c. polarog- 
raphy a s  a method of analysis for several different 
A4-3-ketosteroids. 

EXPERIMENTAL 

Apparatus.-The dropping mercury electrode 
capillary used in this study had a length of 9.3 cni. 
Under a pressure of 26.5 cm. of mercury and with 
an open circuit, the drop time was 4.86 see. and m 
was 1.13 mg. set.-'. These characteristics were 
determined a t  25" with the mercury dropping into 
50% ethanol which was 0.1 M in tetrahutylammon- 
ium iodide. 

The electrolysis cell was a tube 7 cm. in length 
with an inside diameter of 2.1 cm. The saturated 
calomel reference used throughout this work was 
contained in a Hildehrand half-cell. Jiinctioti br- 
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accurately. Furthermore, this technique is often 
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polarography. The objective of this study was 
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raphy a s  a method of analysis for several different 
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Apparatus.-The dropping mercury electrode 
capillary used in this study had a length of 9.3 cni. 
Under a pressure of 26.5 cm. of mercury and with 
an open circuit, the drop time was 4.86 see. and m 
was 1.13 mg. set.-'. These characteristics were 
determined a t  25" with the mercury dropping into 
50% ethanol which was 0.1 M in tetrahutylammon- 
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tween the sarnple solution arid the reference was 
made with a bridge of 4y0 agar in saturated KCl. 

The instrument used in this study was a Sargent 
pcilarograph model XXI (E. H. Sargent & Co., 
Chicago, 111.) modified according t C J  Miller (4) for 
a.c. polarography. During the course of this study 
it was found necessary to modify the Miller circuit 
by adding a downscale compensator, The reason 
for the niodification was that the base current of a.c. 
polarography was somewhat larger than the cor- 
responding residual current of d.c. polarography. 
Many times at  high sensitivity settings the sup- 
porting electrolytc alonc caused a pen deflection so 
large that the a.c. peak went off scale. The down- 
scdc compensator on thc model XSI  polarograph 
could not be used to bring the peak on scale, be- 
cause i t  is inoperative during a.c. operation using 
the Miller modification. In this study i t  was found 
necessary to introduce a downscale compensator in 
the a.c. circuit. since low concentrations of steroid 
rcquired high sensitivity values. Although this 
accessory was introduced into the circuit specifically 
for this study, i t  should increase the value of the 
a.c. modification of the model XXI in cases where 
high sensitivity is required. The details of this 
circuit havc bccn reportcd clscwherc (5). 

Reagents.-'The buffers used were those reported 
by Kabasakalian and McGlotten (3). The com- 
ponents were observed to be polarogrdphically 
inert in the voltage range employed. The need 
for a medium of 50% ethanol was dictated by the 
limited solubility of the steroids. The ethanol was 
distilled from commercial absolute ethanol in the 
presence of sodium ethoxide and diethyl phthalatc 
(6). This preparation was necessary because the 
conimercial material contained some rcduciblc im- 
purities. Alkyl phenoxy polyethoxy ethanol' was 
ussed as the maximum suppressor. A polarographic 
grade of tctrahiutylammonium iodide was used as the 
supporting electrolyte. All other reagents werc of 
A.R. grade. Thc steroids studied mere testosterone,% 
methyltestoste~rone,~ and 

Sample Preparation and Handling.-In most of 
this work 500/;, ethanol containing the buffer and 
supporting electrolyte was used its the sample 
medium. Although potassium chloridc is the most 
commonly uscd supporting electrolyte in d.c. 
polarograpliy, it was tiot satisfactory for this study. 
Preliminary a.c. polarograms using methyltesto- 
sttirone in SOY7 ethanol with 0.5 iM KCl revealed 
that ethanol produced a tcnsametric peak. This 
phenomenon has been described by Brcycr and 
Hacobian (7). The peak appeared a t  a potcntial 
very close to the reduction potential of the steroid 
and complctcly obscured the steroid wave. Other 
common inorganic supporting electrolytes such as 
KNOH gave the same results. Organic quaternary 
ammonium compounds were then testcd and found 
to eliminate the ethanol tensametric peak in the po- 
tential rcgion o f  interest. The supporting electro- 
lyte finally chosen for this study was tetrabutyl- 
animoniurn iodide. 

Electrolysis solutions were prepared by pipeting 
the appropriate aliquot of a standard ethanolic 
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TABLE I. COMPOSITION OF BUFFERS IN 507; 
ETHANOL 

PH Buffer Components 
1 . 3  0.100 MHC1 
2 .9  0.100 M malonic acid 0.025 A4 KOH 
3.8  0.100 M malonic acid 0.075 ;If KOH 
6 . 3  0.075 M acetic acid 0.025 M NaOAc 
5.6 0.050 M acetic acid 0.050 M NaOAc 
6 . 1  0.025 M acetic acid 0.075 M NaOAc 
6 . 9  0.100 M malonic acid 0.170 ill KOH 
8 . 7  0.100 M triniethylaInine 0.075 M HCl 
9 . 1  0.100 M trimethylarnine 0.050 M ISCl 
9 . 4  0.100 M triethylamine 0.075 M HCI 
9.9 0.100 M triethylatnine 0.050 M HCI 

10.3 0.100 M tricthylnmine 0.025 M HCl 
~~~~~ ~~~ ~~ ~ ~~~~~~ 

I Marketed as 'Tritou X-100 by Rohm Cli Haas Co., Phila- 

I' Courtesy of Eli Lilly and Co. Indianapolis, Ind. 
:i Courtesy of Wyeth Laboratdries, Jnc., Philadelphia, Pa. 
'1 Courtesy of The IJpJohn Co., Kalarnazoo, Mich. 

delphia, Pa. 

steroid solution into a 10-1111. volumetric flask, adding 
0.1 ml. of 0.2% alkyl phenoxy polycthoxy ethanol, 
s u k i e n t  ethanol to measure exactly 5 nil., a calcul- 
ated amount of supporting electrolyte, and finally 
diluting to thc mark with aqueous buffer. Since 
the volume of the aliquot varied with the final 
concentration of the steroid desired, it was necessary 
to add enough ethanol to measure exactly 5 ml. 
before diluting with buffer. Tetrabutylammonium 
iodide was addcd to the flask before diluting with 
the aqueous buffer because it is only slightly soluble 
in water. Thc concentrations of the aqueous buffers 
werc twice the values desired so that after dilution 
by the rthannl the final buffcr conccntrations were 
those listed in Table I. Sample solutions were 
transferred to the electrolysis cell and deacrated 
with nitrogen for 15 min. During the dcaeration 
pcriod and during tlie polarographic run the sample 
container was partially immersed in a watcr bath 
held at 25" =t 0.1". The d.c. run was ~nade 
immediately after deaeration. The instrument was 
then switched to ax.  opcration and the ax. run 
was made. pH deterniinations of each solution 
were made after electrolysis. The pH of individual 
samples varied slightly (0.1-0.2 units) from the 
values listed in Table I. 

pH Effect on Wave Form.-The object of this 
portion of the research was to determine the pH 
a t  which tlie polarographic wave had the form best 
suited for qunntitativc analysis. The judgment 
mas made on the basis of peak height and form. 

Alternating current and d.c. polarograrns were 
rccorded lor all three steroids a t  all pH values. 
In order to assure that observed cffccts were due 
to  pH it was necessary to keep the ionic strength 
constant. The amount of tetrahutylammotiium 
iodide requircd to bring the ionic strength to 0.2 
was calculated and added to the sample at  the time 
of preparation. 

The solutions for thc pH study were prepared 
by pipeting 5 nil. of an alcoholic steroid solution 
containing 1 mg./ml. of steroid into a 10-ml. 
volumetric flask, adding maximum suppressor and 
supporting electrolyte, and diluting to the mark 
with the appropriate aqueous buffcr. 

The a.c. calibration point was detcrmined as 
follows: using a 2800 ohm resistance6 substituted 
for the cell; a sensitivity setting of 0.300; and an 
applied a.c. voltage of 70 mv., the slidewire cali- 
bration potentiometer was adjusted until the re- 

5 Leeds 8; Northiiip AC-TJC Pecade Resistoi. 
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Fig. 1.-Dircct current polarograni of methyl- 
testostcronc in 50% ethanol and tetrabutylammo- 
nium iodidc at  pH 1.3. 

. 
POTENTIAL 

Fig. 2.-Alternating current polarogram of 
methyltestosterone in 50% ethanol and tctrabutyl- 
ammonium iodide at pH 1.3. CC’ is the peak cur- 
rent. 
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Fig. 3.-Effect of pH on the half-wave potentials 
and wave form of testosterone in 50% efhanol with 
tetrabutylarnrnonium iodide as supporting electro- 
lyte. 

Jnuraal of Pharmaceutical Sciences 

cordrr read 250 mm. The samples were thcn run 
a t  a sensitivity setting of 0.600. 

Quantitative Studies.--All the quantitative work 
was carricd out a t  pH 1.3 using ruethyltestosterone. 
For the steroid concentration range from 3.3 X 
10-4Af (100 rncg./ml.) to 6.6 X 10-3M (2  mg./ml.) 
a 50G,G ethanol solution was used. For the lower 
concentration range, from 3.3 X 10-5M (10 mcg./ 
nil.) to 3.3 X lU-4M, 2,504 cthanol was used. It 
was obscrvcd that the a.c. peaks were slightly higher 
in the lesser alcohol concentration. This was to 
be expcctcd duc to the series resistance effect. 

For all the d.c. studies a direct potential scanning 
rate of 2.34 mv./sec. was used. For the a.c. studies 
a scanning rate of 2.34 mv./sec. was used in thc high 
concentration range and 1.85 mv./sec. in the low 
concentration range. 

The following ax .  calibration point was used 
for the high concentration range. The resistance 
substituted for the cell was 2800 ohms, the sen- 
sitivity setting was 0.300, the applied alternating 
potential was ‘70 mv., and the slidewire calibration 
potcntiomctcr was adjusted until the recorder pcn 
read 250 II~III. The sensitivity was adjusted to 
the sctting which produced a peak height of 50-125 

For the low concentration range the instrunient 
was standardized as follows. The resistance sub- 
stitutcd for the cell was 2800 ohms, the sensitivity 
setting was 0.300, the applied alternating potential 
was 70 mv., the slidewire calibration potentiometer 
was adjusted until the pen read 250 mm., the down- 
scale compensator was adjustcd until the pen read 
100 mrn., and the slidewire potentiometer was re- 
adjusted until the pen again read 250 mm. The 
sensitivity was then set to 0.020 when the samples 
were polarographed . 

In this low concentration range the downscale 
compensator was of the most value because it per- 
mitted the use of liigli sensitivity settings not 
possible without it. It enabled zero to be shifted 
downscale and thus the ax .  curve could be posi- 
tioned on the chart paper. In other words, a t  
high sensitivity settings the a.c. curve appeared 
high on the electrical scale duc to high base current, 
and the downscale compensator enabled the electrical 
scale to be shifted with respect to the chart paper. 

mrn. 

RESULTS 

Results of the pH Study.-The current values of 
the d.c. polarographic waves which are shown are 
the average of the oscillations due to  the dropping 
mercury. All the polarogranis were recorded with 
the damping switch off. The amount of oscillation 
which resulted is shown by a typical polarogram 
of methyltestosterone in 50% ethanol at pH 1.3 
in Fig. 1. 

The current values of tl iP 3.c. curves are the 
values at  the niaxirriurri age of the mex-cury drop, 
i.e., the highest point in thc recorder pen oscillation. 
All alternating current scales are arbitrary since 
the recorder scale was not calibrated in absolute 
alternating current. The values on this scale were 
obtained by multiplying the peak height in mm. 
by the polarograph sensitivity sctting. Figure 2 is 
an a.c. polarograni of methyltestosterone which 
shows: ( a )  thc oscillations due to the dropping 
mercury, ( b )  how the a.c. peak height was measured. 

Figure 3 shows thc d.c. waves for testosterone at  
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pli values 1.3 to 6.1. Figurc 4 shows the corre- 
splonding 3.c. waves. Methyltestostcrone and pro- 
gesterone gave essentially the same a.c. and d . ~ .  
results as those obtaincd for tcstosterone. Above 
the pH range shown, the waves were very similar 
to that obtained at  pH 6.1. 

In general, the polarographic waves of ketones 
are not ideal. They occur at vcry negative poten- 
tials and the diffusiou current plateau and residual 
current have distinctly differcnt slopes. In order 
to  obtain reliable analytical results with thc d.c. 
procedurc, the method of evaluating the wave 
must be rigidly standardizcd. The a.c. wavc tends 
to  facilitate quantitative interpretation. The re- 
duction of the steroid and buffer discharge are 
separated and the chances for error are lessened. 

.From Fig. 4 it was decided that pH 1.3 was opti- 
mum for quantitative work. 

Results of Quantitative Studies.--The method 
used for dctcrmining the diffusion current from 
recorded d.c. polarographic waves was that de- 
scribed by Willard, Mcrritt, and Dean (8) .  Figure 
3 illlustrates how the a.c. waves were evaluated. 

The d.c. results of thc high concentration rangc 
are shown in Frig. 5 and the ax .  results are shown 
in Fig. 6 .  The relationship between a.c. current 
and conccntratioii is not linear at high concentra- 
tion and, therefore, is not as analytically useful as 
the d.c. curve. 

The d.c. results of the low concentration range 
are shown in Fig. 7 and the a.c. results are shown 
in Fig. 8. Each concentration shown in Figs. 7 and 
8 was run in triplicate. Where only two points 
appear, it  was found that two results were identical. 
The concentration-current curves are calculated 
regression line:, arid the experimental points are 
plotted. R for thc d.c. relationship is 0.994 and 
for the a.c. it is 0.997. 

The valuc O F  thc downscale compensator is il- 
lustrated by co8niparirig Fig. 8 and Fig. 9. These 
.are plotted on the same scale. Thc slope for thc 
Line in Fig. 8 is 0.034 and the slope in Fig. 9 is 
0.019. Using the downscale compensator, the 
:peak was ahout twice as high as without it. 
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DISCUSSION 

Whilc d.c. diffusion current depends on con- 
centration gradients near the electrode surface, 
the a x .  curreut depends on the coilcentration of 
electroactive species on the drop surface. Whcn 
adsorption of either the oxidized or reduced form 
occurs on the mercury drop, as is usually the case 
with organic compounds, the conccntration-peak 
current curve is nonlinear. According to the Lang- 
inuir adsorption theory. molecules will be adsorbed 
on a surface until the surface is covered with a 
inonolayer of atlsorbcd molecules (9). This nieans 
that no matter what the bulk concentration of :t 

solutiou of electroactivr species, the a.c. current 
reaches a limiting value when the surface of the 
mei-cury drop bfcomcs saturated. The a.c. current 
is, therefore, not a linear function of bulk concen- 
iral.ion, but approximatcs an adsorption isotherm. 
However, at low hulk concentration, when the 
mercury drop surface is nearly bare, the peak 
current-concenti-aton relationship is essentially 
linear, and can be used for quantitative analysis. 

In the quantitative study of methyltestosterone, 
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Fig. 4.--Effcct of pH on the a.c. wave forni of 
testosterone in 50% etlianol with tetrabutylammo- 
nium iodide as supporting electrolyte. 
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Fig. 5.-Diffusion current-concentration curve 
for methyltestosterone: concentration range, 6.6 X 
10-3 M to  3.3 X M; medium, 50% ethanol 
and te~abutylaniI~ioniuin iodide a t  pH 1.3. 
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Fig. 6.--Peak current-concentration curve for 
methyltestosterone: concentration range, 6.6 X 

,!!I; medium, 50% ethanol and 
tetrabutylammonium iodide at pH 1.3. 

M to 3.3 X 
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0.1 0.2 0.3 0.4 0.5 0.6 
DIFFUSION CURRENT, ramp. 

Fig. 7.--Uiffusion current-concentration curve for 
methyltestosterone: concentration range, 3.3 X 

M to  3.3 X 10-6 IM; medium, 25% ethanol 
and tetrabutylam~noniuni iodide a t  pH 1.3. 

30 t 

I I I I 1 8 

0.5 1.0 1.5 2.0 2.5 
PEAK CURRENT 

Fig. &-Peak current-concentration curve for 
methyltestosterone using the downwale compen- 
sator: concentration range, 3.3 X !W to  3.3 X 

AT; medium, 25% ethat~ol and tctrabutyl- 
ammonium iodide at  pH 1.3. 

it was deterinined t h a t  the lowest practical limit 
of detection for both thr 3.c. and the d.c. methods 
was 3.3 X l O - “ M .  Below this concentration the 
instruruerit did not give a reliable response with 
either method. 

Although the lower liniits of detection arc es- 
sentially the Fame for a.e. and d c ,  the a.c. pro- 
cedure mas found to be more precis?. The presence 
of trace arnounts of oxygen at  low concentrations 
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Fig. 9.-Peak current-concentration curve for 
methyltestosterone without using the downscale 
compensator: concentration range, 3 3 X 10 44 
to 3.3 X M ;  medium, 25% ethanol and tetra- 
butylammoniurn iodide a t  pH 1.3 

of steroid can result in large errors in d.c. polar- 
ography, whereas the presence of oxygen does not 
affect a.c. results. It was observed during this 
study that occasionally 20 min. of deacration did 
not completely remove all of the oxygen present. 
I t  was further observed that adequate grounding of 
the chassis of the a.c. accessory was absolutely 
essential. Without grounding a stable refcrence 
point could not  be maintaincd. Stray a.c. voltages 
from the line cause undesirahle electrical noise 
which can be minimized by shielding leads to the 
polarograph. 

SUMMARY 

An a.c. polarographic method has been developed 
for tho analysis of several A4-3-kctosteroids and 
compared to the d.c. method. The results show 
that lower limits of detection for both methods 
were essentially the same. However, the a.c. pro- 
cedure was found to be more precise. 
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Antagonism of Free Fatty Acid Release from 
Rat Epididymal Fat Tissue by Desmethylimipramine 

By K. F. FINGER and J. G. PAGE 

Desmethylimipramine (DMI) has been shown to be an antagonist of free fatty acid 
(FFA). mobilization from rat adipose tissue by both in vivo and in vitro techniques. 
Utilizing in vitvo adipose tissue slices, homogenates, and cell-free preparations, it has 
been established that (a) the in uitro antagonism of FFA mobilization occurred 
whether the mobilization was induced by catecholamines or by other means and 
(6) the addition of DMI to an already activated lipase preparation caused a prompt 
cessation of lipolytic activity. These results indicate that DMI directly antagonized 
lipolytic enzymes and that effects on  the adrenergic receptor are secondary to the 
primary inhibition phase. Desmethylimipramine antagonism of catecholamine- 
induced free fatty acid (FFA) mobilization was also observed to occur in vivo. 

URING THE past decade, considerable research lD effort has been placed on the investigation 
and development of antagonists of the catechol- 
ainine-induced mobilization of free fatty acids 
(FFA). In  addition to  providing agents of po- 
tential therapeutic usefulness, this type o l  re- 
search can and has served the purpose ol  elucidat- 
ing the role of fat niobilization in certain disease 
5,tates. Among the agents found to antagonize 
eatecholamine-induced mobilization of FFA have 
been nicotinic acid (I), nethalide ( 2 ) ,  the classical 
CY and /3 adrenergic lhcking  agents (3), prosta- 
glandins 141, and most recently, analogs of 
rriethoxamine (5, 13). The therapeutic value of 
antagonists of FFA mobilization, however, re- 
mains to be proved. 

During the course of thc authors' studies 
pertaining to the interaction of catecholamines 
and certain other phenethylamines with the 
adipose tissue adrenergic receptor system, des- 
methylimipramine (DMI) was investigated for its 
possible effects in modifying the action of 
catecholamines in this system. Previous work 
Itad shown that DMI was capable of enhancing 
adrenergic effects on certain receptor systems (7, 
8 ) .  and it was with this in mind that DMI was 
i.nvestigated. Results indicated that  DMI was 
an antagonist of catecholamine-induced niobiliza- 
tion of FFA, iw ciivo (9). This report is concerned 
with further investigations of the action of DMI 
on adipose tissue, and, in particular, its locus of 
action. 

EXPERlMENTAL 
Materials.-Ttir chciiiicnls used in this study 

and their sourccs are as follows: /-epinephrine 
~~~ 
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bitartrate (Winthrop Laboratories); I-norepinephrine 
bitartrate (Nutritional Biochemical Corp.); and 
desmcthylimipramiiie l. 

Methods.-The in oitro experiments described 
in this report utilized nonfasted male, whitc, Holtz- 
man rats weighing between 200 and 250 Gin. All  
animals wcrc maintniiied in their animal quarters 
at least I week prior to their use. The iiiethod of 
sacrifice, preparation, and handling of the epidi- 
dynial fa t  tissue and the assay procedures e n -  
ployed have been described previously (9). 

In those experiments employing lioniogenates 
oi adipose tissue, the homogenates were prepared 
by adding a kiiowii weight of cpididynial fat tissue 
to a volume of 0.25 M sucrose to make a 1: 3 fitial 
homogenate, homogenization being accomplished 
by a motor driven, chilled Tenbrocck glass 110- 

mogenizer. 
Cell-free preparatiotis of lipase were prepared by 

centrifuging the above-described homogenatc a t  
12,000 X g for 10 inin. at 4", discarding the ac- 
cumulated fat cake and aspirating off the superiia- 
tant phase. It was found that the supernatant 
phase contained the active lipase with little or no 
lipolytic activity being associated with either the 
fat cake or the 12,000 X g sediment in this system. 

One milliliter of  supernatant was then added to 
a media containing 2.5 ml. of 207;, of 0.0fi i1.I phos- 
phate buffer, pH 6.8, and 5.0 ml. of distilled water. 
At zero time, 0.5 ml. of substrate (12.5:% emulsion 
of peanut oil prepared with acacia as thc cmulsi- 
fier) was added, and samples were takcn at  0 .  20. 
40, atid 60 min. for assay o f  FFA by the procedures 
previously described (9). Assays of the homcix- 
cnatc system were conducted in an identical manner 
except no exogenous substrate was employed, t h c  
endogenous triglycerides of the adipose tissue serv- 
in!: as thc substratc in thesc experiments. I t  
should be pointed out that acacia was found to be 
the emulsifier of choice primarily because other 
emulsifiers tried, such as the polysorbates, inter- 
acted with the DMI to an extent sufficient to prc- 
vent DMI from cscrting any effect on the system. 

For the in viou esperiments described herein, 
male IIoltzman rats weighing between 400 and 600 
Gin. wcre anestlictized witti sodium pc~titobarbital, 
35 ing./k'g., i.p., thrir femoral arid carotid arteries 
canuulated to provide fur i.v. administration of drug 
and the taking of blood samples for FFA analysis, 

Ziethesdo, Md. 
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respectively. The DMI was administered via 
the femoral vein over a 3-min. period, while nor- 
epinephrine (20 mcg./Kg.) was administered rapidly 
via the femoral vein. Blood samples were collected 
in heparinized tubes and stored over ice until 
centrifuged to obtaiu plasma samples. The FFA 
assays were conducted on 0.5 m1. of plasma ob- 
tained in this manner by the modified method of 
Dole (10, 11). 

J m t r m d  (4 Pharmuceutical Sciences 

rine) to niaxitnally stimulate lipolytic activity 
in the adipose tissue slices and to add the DMI 
a t  a time when FFA release was occurring a t  a 
maximal rate. The results of this study are shown 
in Fig. 1. In thcse expcriments, the adipose tissue 
slice preparation was divided into two portions. 
Epinephrine (final concentration 6.5 X 1W6 M )  
was addcd at  zero time to each vessel and samples 
taken at 15 and 30 min. Imniediately after thc 
30-min. sample, DMI (final conccntration 1 X 

M )  WAS added to one incubation vessel arid 
distilled water added to the other. Samples werc 
thcn takcn at  45 and 60 min. from both vessels. 
FFA analyses indicated that DMI caused the rapid 
cessation of FFA release as is indicated in Fig. 1. 
The control preparation continued releasing FFA 
at  a constant rate. These results indicated that 
DMI was capable of antagonizing an already ac- 
tivated lipolytic system suggesting that the site 
of inhibition may be beyond thc activation stcp, 
although this does not rule out the possibility that 
thc inhibition is a t  the sitc of activation. Recent 
studies (12, 13) have indicated that the activation 
of lipolytic activity by the catecholamincs involves 
the catecholamine stimulated conversion of ATP 
to 3',5'-cyclic AMP which, in turn, activates the 
lipolytic enzymes. Thus, in such a sequence of 
events, several possible sites of inhibition are 
possible. Attempts were made to stimulate FFA 
rclcase hy the addition of :3',5'-cyclic AMP to the 
adipose tissue slices. However, these efforts 
failcd prcsuniably because the cyclic AMP did 
riot enter the adipose tissue sliccs or, as has been 
suggested (12), the 3',5'-cyclic A M P  is not suff- 
ciently stable in this system to stimulate effec- 
tively lipolytic activity. Further attempts will 
he made, in this regard, utilizing more stable and 
lipid soluble analogs of cyclic AMP. 

Effect of DMI on Lipolytic Activity of Adipose 
Tissue Homogenates.-It is characteristic of this 
type of preparation that the process of homogen- 
ization causes thc maximal activation of lipolytic 
activity in the absence of any added catecholamine 
or other stimulant. Indeed, the addition of epineph- 
rine to this system caused no further release of 
FFA above that observed in the absence of added 
catecholamine. Thus, the usc of this system 
allowed the authors t n  invrstigatv the effects of 
I > M I  on lipolytic activity in  the ahsence of any 
added catecholamine. 

In these experiments, a hotnogenate of adipose 
tissuc was divided into two identical portions. 
Each incubation mixture was assayed for FFA 
at  0, 15, arid 30 rnin. After the 30-min. sample 
was takcn, DMT (filial conccntration 1 X M )  
was added to one mixture and distilled water was 
added to the other. Samples were then taken at  
45 and 60 min. from each prcparation. Thc rcsults 
of these experiments are shown in Fig. 2 .  I t  is 
again apparent that the addition of DMI caused t h r  
rapid cessation of FFA release while there was no 
diminution in thc control F F A  release. Although 
inhibition of the activation step is riot entirely 
disproved, these results again suggest that the 
antagonism of FFA release exhibited by DMI 
occurred at  a site remote from the activation step. 

Effect of DMI on Cell-Free Lipolytic Activity.- 
Figure 3 illustrates the results obtained in studies 
conducted with the cell-free prcparations. In 

RESULTS AND DISCUSSION 

Effect of DMI on Catecholamine-Induced FFA 
Release from Adipose Tissue Slices.-In an carlier 
study, it was reported that DMI antagonized 
catecholamine-induced release of FFA from rat 
epididymal fat tissue (9). Those studies were con- 
ducted utilizing a preincubation period in which the 
DMI was allowed to  intcract with the tissue for 
approximately 1.5 niin. prior to the addition of thc 
catecholamine. In the present experiment, it was 
decided to first allow the ratecholaminc (epincph- 
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ples werc then taken at 5-min. intervals for a 20- 
min. period. The results of thcsc experiments arc 
shown in Fig. 4. 

It can be seen in this graph that DMI possessed 
appreciable in vioo activity in antagonizing the 
norepinephrine-induced release of FFA, significant 
reductions in FFA mobilization being apparent at 
DMI doses of 2.0, 3.5, and 5.0 mg./Kg. The dose- 
response relationship for this inhibition is shown 
in Fig. 5. 

It has been reported by Santi and Fassina (14) 
that the aclrninistration of DMI caused an eleva- 
tion of plasma FFA,  the maximal elevation being 
observed 150 min. after the administration of 25 
mg./Kg. of DMI. These findings werr confirmed 
in this laboratory. The apparent discrepancy in 
regard to the effects of DMI on plasma FFA can be 
explained in terms of the doses employcd in the two 
studies and in the time course of events. Utilizing 
the interperitoneal routc of administration, sig- 
nificant elevations of plasma FFA were obtained 150 
min. after drug administration at a DMI dose of 25 
ing./Kg., but not a t  a dose of 10 mg./Kg. or lower. 
Intravenous administration of DMI at  doses up 
to 5.0 mg./Kg. caused no elevation of FFA. 
Furthermore, the elevations of FFA observed at  
the higher dose of DMI were rather slow in onset, 
becoming apparent only after approximately 100 
min. following drug administration. DMI failed 
to elevate FFA, even at  25 mg./Kg., in the reserpin- 
ized rat. These results indicated that DMI may 
mobilizc FFA through its central stimulatory ac- 
tivity (adrenergic inecha~~isins) arid these effects 
may havc a diffcrriit timc. course than thc DMI 
inhibitory effects on FF.4 release. These parain- 
rters arr currently bring investigated and will 
be reported in detail a t  a later date. 

CONCLUSION 

The data obtained in this study show that DMI 
is capablc of inhibiting lipolytic activity in adipose 
tissue slices, hornogenates, and cell-free prepara- 
tions and also cxhibits this property in uivo. The 
results suggest that DMI exerts its primary ill- 
hibitory effects a t  a site beyond the adrcnergic 
receptor, probably at  the enzymic site although 
conclusive proof of this postulate is lacking a t  this 
time. 
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Metabolic Study of 
2 - ( Acetyl-imino)- 3- [ 2 - hy droxy - 2 - (2- thieny1)-ethyl]- 

thiazoline in Chickens 
Detection of an Active Metabolite, 

5,6-Dihydro-6- (2-thienyl)-imidazo[ 2,l-bIthiazole 

By FERNAND T. N. ALLEWIJN and PAUL J. A. DEMOEN 

After oral treatment of chickens with antazonite (R 6438), six basic products have 
been found by thin-layer chromatography in extracts of feces, one of them being the 
parent compound. The most important metabolite (metabolite No. 3)  was isolated 
by column chromatography, and its structure was elucidated by physicochemical 
methods and confirmed by synthesis and analysis. The new product, 5,6-dihydro-6- 
(2-thienyl)-imidazo[2,1-b]thiazole (antienite, R 8 141) was about 4 times as active as 
the original compound. There is some evidence suggesting that the anthelmintic 
activity of R 6438 is due to this metabolite. Two other metabolites were identified by 
comparison with existing substances on thin-layer chromatoplates. Further syn- 
thetic and parasitological work has shown that chemical modification of R 8141 
may result in still more active substances. The most interesting analog, 2,3,5,6- 
tetrahydro-6-phenyl-imidazo[2,1-b] thiazole (tetramisole, R 8299) has been chosen 

for further detailed parasitological and pharmacological investigation. 

HIEXPONT and co-workers (1, 2) assigned good 
"anthclmintic activity to 2-(acctyl-imino)-3- 
[2-hydroxy-2-(2-thienyl)-etliyl]-thiazoline (R 
13438, antazonite). When given orally to chickens 
in a dosc of 160 mg./Kg. body weight, all Ascaridia 
sp., all Hetevakis sp., and about 30% Capillaria 
sp. are expelled within 48 hr. 

In order to gather information about the 
metabolism of R 6438, serum, differcnt organs, 
eggs, and the feces of hens treated with the 
product were analyzed. The samples were 
homogenized, extracted by conventional tech- 
niques, and the cxtracts were analyzed by thin- 
layer chromatography (TLC) on Silica Gel G. 
A modified Liebermann-Burchard reagent was 
used as a spray to reveal the spots. 

In the feces of chickens, a t  least five metab- 
olites o f  antazonite occurred, together with the 
parent compound. Metabolite No. 3 was found 
in the greatest concentration, accounting for 
about 20% of the administered dose. The sum 
of the other metabolites was less than 5% of the 
dose of R F.238 given. 

To ducidatc the structure of the different 
Incttabolites, a total amount of 0 Gm. of R F438 
was given to 8 chickens, each animal receiving 
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750 ing., divided in three oral portions of 250 
mg. The doses were administered at intervals 
of 32 and 3 8  hr. The feces (2.5 Kg.), collected 
over a period of 4.5 days after the first treat- 
ment, were dried, homogenized, and suspended 
in dilute acid. The basic compounds were 
extracted and purified by liquid-liquid extrac- 
tion, and the final solution was concentrated to 
a small volume. This concentrate was used for 
thin-layer and for column chromatography on 
silica gel. 

The fractions of eluate containing the major 
metabolite were combined and concentrated. 
Small samples of it were used for measurement 
of ultraviolet and infrared spectra. Both absorp- 
tion patterns suggested a structure containing a 2- 
substituted, nonconjugated thienyl ring, and a 
C=bi double bond in a fivct-membercd ring. 
I t  was presumed a t  that moment that the 
product could be 5,G-dihydro-G- (2-thienyl) -imid- 
azo [2,l-b]tliiazole. The remainder of the con- 
centrate was treated with oxalic acid yielding 
an oxalate salt, which, after recrystallization. 
gave 190 mg. of a crystalline product. This salt 
was analyzed (basic equivalent, C, H, N,  and S 
determination, U. V. and I. R. spectra, TLC) 
and shown to be CYHgN2S2.CPHY04. TLC 
showed that it was a pure product, whereas 
both spectra and analyses were in agreement 
wi th  ilir proposed lorniula. 'I'restnirnt uf one 
hen with 1U0 Ing. of the material (corresponding 
to 70 mg. of the base) showed that the inetabulitr 
possessed enhanced anthelmintic properties (1 ),- 
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.5,6 - Dihyrlro - G - (2 - thienyl) - irnidazol2,l - h ] -  
thiazole was prepared synthetically (3) ; the 
melting point of its oxalate salt and mixed melt 
ing point with the oxalate of the metaliolite 
isolated from the feces prnvcd the identity of 
the structures. T L C  patterns, ultraviolet, and 
infrared spectra ol both oxalates were also 
identical. 

Two other metabolites were identified by 
comparison of their TLC patterns with those of 
known products related to  R 6438. One of 
them, designated as metabolite No. 1, is an un- 
saturated analog of metabolite No. 3 and is 6-(2- 
thieny1)-imiddzo [2,1-b]thiazole (R 5987) ( 3 ) .  
The other identified product, designated as me- 
tabolite No. 5 ,  is the deacetylated derivative of 
R 6438 and is 2-amino-3 [-2-hydroxy-2-(2-thienyl)- 
ethyl]-thiazoline (K 6299) ( 3 ) .  Both metab- 
olites are practically devoid of anthelmintic 
properties (1). The remaining two metabolites 
(No. 2 and 4) could not be identified with cer- 
tainty. However, i t  is supposed that both 
metabolites are degradation products of meta- 
bolite No. 3. This is supported by the fact that 
an analogous breakdown has been observed 
during metabolic studies on 5,G-dihydro-6-phenyl- 
imidazo[2,l-b]tliiazole (R 8193), which is strongly 
related to  K 8141. The structure of the metab- 
olite No. 2 would then be 2-thio-5-(2-thienyl)- 
imidazolidine, whereas No. 4 would correspond 
to 2-oxo-5-(2-thienyl) -imidazolidine. 

It is supposed that  the anthelmintic activity of 
I< M 3 8  is due to  its major metabolite, I< 8141. 
This is supported by the following facts. 

(a )  R 6435 is active as an anthelmintic in 
poultry, but  not in rats (1). I t s  metabolite, 
I< 8141, is active in both species. This metab- 
'ulite occurs in feces of chickens and pigeons, 
but not in feces of rats. ( b )  About one-fifth of 
the R 6438 administered orally to chickens i s  
found as R 8141 in feces. This metabolite is 
about 4 times as active as R 6438. 

The metabolic degradation of R 6438 is repre- 
sentctd in Scheme I. 

EXPERIMENTAL, RESIJLTS, A N D  
DISCUSSION 

Physicochemical Properties of Antazonite.- 
.%niazonite, 2-( acetyl-itnino)-3- [2-hydroxy-2-( 2-thi- 
eny1)-ethyl]-thiazoline, has the structure as shown 
in Scheme I. I t  was synthetized by Raeymackcrs 
(3).  I t  occurs as a yellowish to brown-white, fine 
powder without odor or taste, with a ineltirig point 
between 131 and 134". The solubility of antazonitc 
in water increases with decreasing pH (Table I). 
I:t is soluble in chloroform, methyl alcohol, ethyl 
alcohol, and acetone, sparingly soluble in isopropyl 
alcohol and methyl isobutyl ketone, and slightly 
soluble in diethyl ether. 
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TABLE I:-SOLUBILITY OF R 6438 AT ROOM TEY- 
PERATURE 

Solvent D H  

Water i . 4  
0 01 N Hydrochloric acid 3.0 
0 1 N Hydrochloric acid 
Hexane 
Chloroform 
Methyl alcohol 
Ethyl alcohol 
Isopropyl alcohol 
Diethyl ether 

2 1 

ilcetone 
Methyl isobutyl ketone 
Ethyl acetate 

Solubility 
< I f  I< 6438, 

y: 
0.065 

1.8 
0 . 5 
5 4  
1.6 
2 . 4  

After First 
Treatment, Wt. of Feces, Gm. Dry 

32 1028 211 21.5 
60 648 147 22.7 
84 424 91 21.5 

108 449 83 18.5 
Total 2549 532 20 .9  

hr.  Prr5h Dried Mnterial, yo 

The change in U.V. absorption upon variation in 
pH of the solutions indicates that  antazonite has a 
pK value of about 3.6. 

Principles of Extraction of R 6438.-The extrac- 
tion of R 6438 is based on the fact that the com- 
pound iorrns a water-soluble salt, thc solubility of 
which increases with decreasing pH. When the 
aqueous solution is made alkaline, antazonite pre- 
cipitates, so the free base can be transferred into a 
water-immiscible organic solvent, such as vther. 
chloroform. or benzene. 
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Based on these principles, the first cxperinients 
were carried out on eggs of chickens, which were 
treated orally with onc dose of 160 mg. K 6438/Kg. 
body weight. After extraction of these eggs and 
TLC of the extracts, four spots were found. The 
total amount of these different compounds was about 
9@260 mcg./egg, within 48 hr. In order to eluci- 
date the structure of these unknown products, 
further work mas done on the feces of chickens. 

Treatment of the Hens and Collection of Feces. - 
Eight white leghorn chickens, niaintained each in a 
cage were given antazonite in KO. 00 gelatin cap- 
sules, with irivervals of 32 arid 38 hr. Each bird 
was given 750 mg. of R 6438 and 600 mg. of sodium 
bicarbonate. They were given water and food ad 
libitum. 

Fecal collections were made 32, 60, 84, and 108 
hr. after the first treatment. (The results of each 
collection are given in Table 11.) 

Extraction of the Feces.-The feces of each collec- 
tion were dried in w c u o  a t  a temperature of 50", 
whereafter the dried fecal output was homogenized 
in a Glencreston ball mill. (Afterward the drying 
process seemed to be unnecessary.) The homo- 
geneous powder is suspended in 3 L. of 1 N hydro- 
chloric acid and shaken for 1 hr. The suspension 
is filtered on a Biichner funnel, and the residue is 
treated again with 2 L. of distilled water. The 
filtrate, which is clcar and deep-brown in color, is 
alkalized with 10 N sodium hydroxide (pH 10) 
and extracted with 4 + 3 + 3 L, of diethyl ether. 

After concentration to about 1 L., the ether 
extract was extracted with 200 + 100 + 50 ml. of 
0.1 N hydrochloric acid. The water layer was 
alkalized with 5 ml. of 10 N sodium hydroxide and 
extracted 3 times with 50 ml. of chloroform. The 
extract was concentrated by evaporation in vucuu 
to a volume of 20 mI.. leaving a clear dark brown 
solution. 

2 

.__ 

0 

0 

0 

0 

- 

0 

0 

0 
U 

0 

- 

6 

.... 

0 

0 

P 
O 

0 

- 

,r,g,n 

Fig. 1.-Thin-layer chromatogram of the con- 
centrated fecal extract on Silica Gel G, 250 p .  
Key: strips 1, 3, and 5 :  1, 2, and 5 mcg. of R6438; 
strips 2, 4, and 6 :  1, 2, and 5 pl. of concentrated 
fecal extract. 
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Fig. 2.--Identification of metabolite No. 1. 
Thin-laycr chromatography of the concentrated 
extract on silica gel, 250 p. Key: strip 1, 1 pl. of thc 
concentrated extract; strip 2, a mixture of 1 and 
3 ;  strip 3, 1 mcg. of R 598i. Solvent systems arc: 
a ,  mcthyl alcohol; b, chloroform-methyl alcohol 
(92:5 v/v); c, methyl alcohol-acetate buffer pH 
4. i  (9O:lO v/v); d, ethyl acetatc; c .  metliylene 
chloride; f, mcthyl isobutyl ketone. 

Thin-Layer Chromatography.-Small aliquots 
(1-5 pl.) of the concentrated extract were spotted on 
Silica Gel G chromatoplates (250 p) and developed 
with a solvent system consisting of chloroform- 
methyl alcohol (95:5, v/v) (Fig. 1). 

The air-dried chromatograms were sprayed with 
a modified Liebermann-Burchard reagent. This 
consists of ethyl alcohol-sulfuric acid, d. 1.84- 
acetic anhydride (80: 10: 10, v /v ) .  Antazonite and 
its metabolitcs containing the thiophene ring 
system produce a blue color with this reagent after 
about 20 min. at a temperature of 110". 

A t  least six Liebermann-Burchard-active spots 
are found; two are very faint (metabolites No. 2 
and 4). 
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Identification of Metabolites No. 1 and 5.- 
Metabolite No. 1 corresponds to 6-(2-thienyl)- 
imidazo[2,l-b Jthiazole (R 5987) (Scheme I). This 
has been concluded after TLC on Silica Gel G with 
different moving liquids (Fig-. 2): methyl alcohol, 
chloroform-methyl alcohol (95: 5, v/v), methyl 
alcohol-acetate buffer pH 4.7 (90: 10, v/v), ethyl 
acetate, methylenc chloride, and methyl isobutyl 
ketone. 

The R, values of metabolite No. 1 correspond to 
those of the synthetically made R 5987. 

Metabolite No. 5 was identified as deacctylated 
:rntazonite, 3-[2-hydrosy-2-(2-thienyI)-ethyl]-2- 
imino-thia.zoline (R 6299). (See Scheme I .)  The 
reference compound was chromatographed alone 
:tiid co-chrornatoRra.phed with the fecal cxtract. 
'Three different moving liquids prow t.hc structure of 
metabolite No. 5 (Fig. 3): methyl alcohol, ethyl 
acetate, and methyl alcohol-acetate buffer pH 4.7 

Identification of Metabolite No. 3.-Isolution Tech- 
nique.-This main metabolite was isolated by 
column chromatography on silica gel 0.060.20 tnm. 
(E. Merck A. G., Darmstadt, 7734). An amount 
of 120 Gm. of thc silica gel was suspended in methyl 
alcohol and poured in sections into a glass tube 
with an internal diameter of 3.0 crn. The column 
(85 cm. in length) was equilibrated a t  room tem- 
pcrature with about 200 ml. of methyl alcohol. 
The cxtract (about 1.5 ml.) was then placed on the 
column. 

The chromatogram was first developed with 
methyl alcohol at a flow rate of 5 ml./hr., 10-ml. 
fractions being collected. After 1000 ml. of effluent, 
the developing solution was replaced by methyl 
alcohol containing 1% ammonia, of which 500 ml. 
was used. 

Results of the Column ChromutnKruphy.-Each 

(90: 10, v/v). 
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Fig. 3.-Identification of metabolite No. 5 .  
Thin-layer chromatography of the concentrated 
extract on Silica Gel G, 250 p. Key: strip 1, 1 pl. 
of the concentrated extract; strip 2 ,  a mixture of 
1 and 3; strip 3, 1 mcg. of R 6299. Solvent systems 
tire: a, methyl alcohol; b, methyl alcohol-acetate 
buffer pH 4.7 (9O:lO v/v); c ,  ethyl acetate. 

Fig. .l.--Iufrared scan of oue of the fractions 
26-64 after evaporation. Keq : a,  KBr-disk; 
b, solution iii carbon tetra chlnride. 

~. 
2 ' 5  2 2 0  2," * A D  15" 160 2 , "  *80 2 9 0  10" 310 320 33s 

"Y 

Fig. c5---lJltraviulet scan of the same fraction (Fig. 
-1) in isopropyl alcohol. 

fraction of emuent was cxamiiied by thin-layer 
chromatography using 10-pl. quantities. The fol- 
lowing separation was obtained: fractions 16 to  24, 
R 5987 and antazonite; fractions 23 to 64, the 
unknown metabolite (No. 3 ) ;  fractions 106 to 124, 
dcacctylated antazonite (R 6299). 

Spectvophotometric Measztrenzents-U.V. and I.K. 
spectra of onc of the fractions 26-64 were run. 
From the I.R. spectrum (Fig. 4) the following 
assignments could be made. The presence of 
-OH, =KH, and C==O is excluded. The 690 
cm.-' band can be assigned to the rCH of the thio- 
phene ring while the 1570 ern.-' band probably 
originates from a C-=K group situated in a five- 
membered ring. 

Examination of the U.V. spectrum (Fig. 5) 
revealcd the presence o r  a nunconjugated thio- 
phene ring (235 m p ) .  In this manner structure I 

mx,d 
I 

could be deduced (5,fi-dihydro-fi-(2-thienyl)-irni- 
dazo [2,l-b] thiazolc). 

Crystallization und A~nulyticul Results.-The frac- 
tions 26 to 60 werc conccntrated by cvaporation in 
vacuo, arid the remaining oily substance was crys- 
tallized as the oxalate salt from isopropyl alcohol. 

The melting point after drying a t  70° for 2 hr. 
was 191-192O. 

ilnd-Calcd. for CeHsKi,Se.( COOH)2: C, 44.28; 
H, 3.38; N, 9.39; S ,  21.50. Pound: C, 44.05; 
H,3.36;  N,Y.55; S,21.51. 
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The m i x d  melting point with the synthetically 
innde oxalate ( R  8025) was not deprcssctl (1%- 
193'). The ultraviolet spectrum (isopropyl alcohol) 
showed absorption bands at 237 rnp ( E 10,200) and 
266 mM ( e  9,320). 

Possible Structure of Metabolites No. 2 and 4.- 
These two metabolites were not identified with 
certainty. Both metabolites could bc degradation 
products of the  major metabolite. This suggestion 
is supported by metabolic studies on 5,6-dihydro- 
(i-phenyl-imidazo[2,1-h]thiazole (R 8193). The 
metabolic fate of R 8193 (antaferiite) is represcnted 
in Schemc 11. 

R 8193 fAnlaIcnitc1 

me, a 

R811G 

met 0 

R E 4 1 0  

Scheme I1 

met c 

R 9372 

Metabolitcs a and b wcrc identified by thin-layer 
chromatography on Silica Gel G with several 
nioviug liquids. The spots were rcvcalcd with 
Dragendorff's rcagent modified by Thies and 
Keuthcr (4). 

Metabolite c was isolated by column clxonia- 
tography on silica gcl 0.05 0.20 mm. in the same 
manner as described above. The structure was 
clucidatcd by infrared spectrophotorrietry, and, 
after synthesis of the product, by  thin-layer chroma- 
tography. 

Comparison between thc nietabolic patterns of 
K 8438 ( R  8141) and K 8193 suggests that  analogous 
breakdown takes place, with the formation of 
analogous metabolitcs. The similarity between 
tlie R, values of both groups of metabolites also 
confirms this suggestion (Fig. 6). It is concluded, 
thereforc, that  metabolite So. 2 could be 2-thio-5- 
(2-thienyl)-iniidaxolidine. Accordingly, metabolite 
So.  4 could be 2-0xo-5-( 2-tliienyl)-irnidnzolidine. 

Anthelmintic Activity of R 8141 and R 6438.- 
One hen was treatcd with 100 mg.  of the oxalate salt 
of metabolite No. 3 (K 8025). This corresponds to 
i 0  rrig. of the base. Examination of the feces 
showed the arithrlniintic activity o€ the metabolite. 
In further parasitological studies the oxalate salt 
( K  8025) was replaced by the hydrochloride salt 
( R  8141). 

The antl~elniintic propcrties of tlie different sub- 
stances in chickens can be summarized as follows. 

( a )  K 6438, 2-(acetyl-imino-3- [2-hydroxy-( 2- 
thieny1)-ethyl] -thiazoline (antazonite). An oral 
close of 160 mg./Kg. body weight has 100% effrc- 

met " " 1  

R 6 4 3 8  

met n'2 

met "'3 

me1 n.4 

met "'5 

2 

0 
0 

0 

0 
0 

0 

met a 

unknown 

met b 

R8193-base 

met c 

unknown 

Fig. 6.-Comparative thin layer chromatographq 
of fccal extracts of chirkens after oral treatmcnt 
with R 6438, resp. R 8193. Key: strip 1, moving 
liquid-chloroform-methyl alcohol (95 : 5 v/vj,  spray 
reagent, Liebermann-Burchard ; strip 2, moving 
liquid, chloroform-methyl alcnhol (YO : 10 v /v ) ;  spray 
reagent, Dragendorff's reagent. 

tivencss against Heterakis sp. and Ascartdin sp. 
Only 30%> of Cupillaria sp. are expelled. 

( b )  K 8141, S,B-dihj.dro-fi-(~-thienyl)-imidazo- 
[2,1-b]thiazole (antienite). Onc oral dose of 40 
mg./Kg. expels all Heterakis sp., Ascavtdia sp., and 
Cupillavia sp. from the chickens. 

( c )  R 8193, j,G-dihydro-6-(2-plieriyl)-imidazo- 
[2.1-6] thiazole (antafcnitc) has the same anthel- 
mintic activity as I< 8141; but  the product is not so 
well tolerated. 

( d )  R 8299, 2,3.5,G-tetra€iyclro-G-pl1e~i~~l-i1nidazo- 
[2,l-b] thiazole (tetramisole)' has been chosen for 
further parasitological and pharmacological work 
for several reasons. T h e  dose required is less than 
20 mg./Kg. body weight; the aqueous solution is 
sufficiently stahlc a t  room temperature; thc product 
can be administered in several ways (orally, sub- 
cutaneously, or intrarriuscularlg); arid no side effects 
were observed (1). 
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1 Marketed under the trade names: Iiipercol, Nilverm, 
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Diffuse Reflectance Studies of Solid-Solid 
Interactions I1 

Interaction of Metallic and Nonmetallic Adjuvants with Anthracene, 
Prednisone, and Hydrochlorothiazide 

By MICHAEL BORNSTEIN* and JOHN L. LACH 

Spectral information is presented on  chemisorption-diffuse reflectance studies of 
metallic and nonmetallic adjuvant interaction with anthracene, prednisone, and 
hydrochlorothiazide. The  systems investigated indicate that the primary mech- 
anism responsible for the bathochromic, hyperchromic, and visual color changes 

is that of charge transfer chelation. 

HIS COMMUNICATION is thc scconcl in :t scries 
'in which diffuse reflectance spectra (DRS) of 
cherriisorhed systerris of  pharmaceutical impor- 
tance are examincd. In thc first report ( l ) ,  the 
coinplexing properties of oxytetracycline, pheno- 
thiazine, antliracene, and salicylic acid have been 
investigated in order to verify the cxistence oC 
such solid-solid interactions in pharmaceutical 
systems. Based on these data  and theoretical 
considerations, it was felt that  these interactions 
probably exist in othcr drug-adjuvant systems. 

The purposc of this study was to continue this 
investigation in order that additional information 
be obtained concerning the nature of these inter- 
actions. Cotnplexing data Tor anthracenc, 
prednisone, and hydrochlorothiazide, with a num- 
ber of metallic and nonmetallic adjuvants, is 
presented along with a discussion of probablc 
mechanisms involved 

EXPERIMENTAL 

Reagents.-..\lcohol recrystallized anthraccnc, 
tri.p. 218" (Eastinan Organic Chemicals); prcclnisorie 
Lr.S.P,, m.p. 233-235' dec. (American Roland); 
liydrochlorothiazide, m.p. 273-275" (Merck, Sharp 
and Dohine) ; acid (anioriotropic) alumina (U'oelrn); 
basic (catinnotropic) aluiriina (Worlrn); alutiiinuni 
hyclroxide, magnesium borate (K 8r K Laboratories) ; 
talc, attapulgite (colloidal) (Minerals and Chrniicals 
Phillip); kaolin (colloidal), calcium carbunate, di- 
basic calcium phosphate, zinc stearate, stearic acid ; 
anhydrous methyl alcohol. 

Procedure.--The routine expcrirncntal proccdure 
for preparing the cornplcxes and method of anal- 
ysis have been described in  a previous report (1). 
All samples were prepared by aqueous equilibration 
in 25 ml. of distilled water for a period of 24 hr. 
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KESULTS AND DISCUSSION 

I t  has been sliown iti our previous publication (1) 
that large spectral shifts involved in the 400 rnp 
region, along with significant color chari:es observed, 
indicate that thcsc interactious are of the donor- 
acceptor or charge transfer type. Spectral data 
dealing with anthracene. prcdnisone, and hydro- 
chlorothiazide further indicate that these inter- 
actions are of a charge transfcr variety. 

ANTHRACENE-ADJUVANT SYSlEMS 

The first group of systems to  bc discussed is the 
aiithracene-adjuvant interactions. Antliracene w-as 
selected in that our preliminary studies, together 
with various literaturc reports. suggest that it 
undergoes various donor-acceptor interactions. 
For example, Akallxrsberg ~t d. (2) ,  in discussing 
coinplexes oi aroniatic hydrocarbons with strong 
Lewis acids, show electronic absorbancc spcctra from 
solution between basic ant1ir:iccnc (M) and such 
Lcwis acids ( A )  as BFB, PF,, SbCl;, arid SO3 and 
imply that these coniplcxes may bc covalent, M A ,  
or contain R.I ' ions. Solution MA spcctra resemble 
those of MH', suggesting addition of  A and H +  at  
the same C atom in the -CHz bridges. Leotihardt 
and Weller ( 3 ) ,  in studying proton-doiior effects 
of liydratcd cations with aromatic hydrocarbons, 
found that the order of proton donor capacity of 
metallic ions was as follows. 

I'erkampus 
and Kraiiz (4) studied anthraccnc complexes of 
AlzOa with the aid of l J . 1 . .  spectroscopy and found 
that the coniplcscs do not fulfill the laws of irorinal 
electron donor-acceptor complexes and concluded 
that these were not charge transfer co~rrplcscs. 
Kooney and Pink (5), in the E P K  study of aiithm- 
ccnr adsorption of  a silica-alumina catalyst. c ~ n -  
pared the color of his complexes with spectra or 
anthracene dissolved in 9x7; H2SOd and found that 
the color of the adsorbed species was identical to thc 
corresponding HzS04 solution, indicating that the 
adsorbed species is a radical resulting from thc 
transfer of a single electron from the aromatic 
molecule to a hole in the surface, probably locatcd 
at n Lewis acid site. Bhaltacharya (6) measured 
charge transfer interaction energies of I complexes 
with atithracene arid other hydrocarbons i n  CC1.t 
arid found t h a t  the charge transfer energy was not 

Mg2+ > Ca2+ > Ba2 > Li+ > X u + .  
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Fig. 1 .--Diffuse reflectance spectra CDRS) of 
anthracene (100 mg.) and acidic alumina (3.50 Gm.). 
Key : .I, control (physically mixed components); 
B, equilibrated sample; C, pure equilibrated acidic 
alumina. with no anthracene present; D. pure 
nnthraccne with no adjuvant prcscnt. 
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Fig. 2.-DKS of anthracene (100 mg.) and mag- 
nesium borate (2.00 Gm.). Key: A, control; B, 
samplc. 
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Fig 3.-DRS of anthracene (100 mg ) and talc 
(2 00 Gm.). Key: A, control; B, sample 

appreciably affected by the change in the dielectric 
constant of the medium, and, therefore, postulated 
that charge transfer must take place betwccn the 
molecule, held together by forces other than electro- 
static. 

The adjuvants chosen for this study were selected 
on the basis of the metal fraction they contain or 
because of their usage in pharmaceutical formula- 
tion. Several of the adjuvants included in this 
study havc also bccn invcstigatcd with respect to 
their effects on the absorption of  various pheno- 
thiazine derivatives (7, 8). 

This type of drug- adjuvant interaction, prrsrnted 
in Fig. 1, deals with the complex formation between 
anthracene and acid (anionotropic) alumina. It 
becomes apparent in examining this figure that 
Fig. 1,B, representing an cquilibrated anthracenc- 
alumina system, is significantly different from that 
of the physical mixture (1,A) and from the spectra 
of the individual components (1,C arid 1,D). 
Upon interaction, a visual color change was evident; 
the physical mixture was white in color while the 

Fig. 4.-DKS of anthracene (100 mg.) and mag- 
nesium carbonate (2.00 Gm.). Kvy:  A ,  control; 
B, sample. 

2M 240 260 300 350 4w 450 500 bM 700 WO 

m u  

Fig. 5.-DRS of anthracene (100 mg.) and 
dibasic calcium phosphate (2.00 Gm.). Key: A, 
control; B, sample. (Top.) DRS of anthracene 
(100 mg.) and calcium carbonate (2.00 Gm ). 
Key: A, control; B, samplc (Bottom.) 

I 

m u  

Fig. 6.-DRS of anthracene (50 mg.) and stcaric 
acid (2.00 Gm.). Key: -4, control; B, sample. 
(Top.) DKS of anthracene (200 mg.) and zinc 
stearate (0.750 Grn.). Key: A, control; B, 
sample. (Bottom.) 

interacted sample acquired a reddish-tan hue. 
Along with the color change, a huge bathochromic 
shift is obscrved in the 400 m p  rcgion along with a 
new shoulder formation and decrease in reflectance 
It might also be pointed out that, in this system, 
the spectrum of the control is somewhat similar to 
that of pure anthracene, but the interacted sample 
loses some spectral fine structure in the region of 
350400 m p .  Furthermore, not only are significant 
spectral changes obscrved in the visible region, but 
a large change also occurs in the U.Y. region uf the 
spectrum. The absorbance prak obscrved a t  290 
rnp in the control is almost absrtit in the equi- 
librated sample, suggesting the complexity of this 
chemisorption phenomenon and the probable cxist- 
ence of a number of mechanisms The individual 
spectrum of pure anthracene and pure alumina, in 
the region of 425900 inp, show no absorption 
while the interacted sample strongly absorbs in the 
visible region. The large bathochromic shift ob- 
served in the equilibrated samplc occurs a t  a higher 
wavelength than that which would be produced by 
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Fig 7.-Transmittance spectrum of anthracene (5 
mg./L ) in anhydrous methyl alcohol 

I L ' ,  I 1 v i 7 - m  

220 240 260 3W 350 Po0 4S0 5W 6W 700 9W 
m u  

Fig. 10.-DRS of prednisone (100 mg ) and 
magnesium borate (2 00 Gni ). Key: A, control, 
I?, sample. 
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Fig. 11.-DIZS of prednisone (100 mg.) with 
kaolin (2.00 em,) or with attapulgite (2.00 G ~ , ) .  

alumina (3.50 Gm.). Key: A, control; B, sample; ~ c y :  A, prednisone-kaolin control; B, pred- 
C, acidic alumina, 100Te; 11, prednisone, 100';. nisonc-kaolin sample; C, prcdnisone-attapulgite 

control; D, prednisoiie-attapulgite sample. 

Fig. 8.--DRS of prednisone (100 mg.) and acidic 
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Fig. 9.-DRS of prednisone (100 mg.) and Fig. 12.-DRS of prednisonc (100 mg.) and 
aluminum hydroxide (2.00 Gin.). Key: A, con- magnesium carbonate (2.00 Gm.). Key: A,  con- 
trol; B, sample. trol; B, sample. 

a summation of the individual spectra of anthracene 
and alumina. Such a bathochromic shift along 
with the iriability to elute the interacted anthracenr 
sample with a large volurnc of water (1) further 
indicates the chcmical nature of this strong intcrac- 
t ion. 

Although the spectra of an anthracenr-baaic 
alumina system are riot shown due to space con- 
sideration, this system does exhibit similar spectral 
changes after equilibration, hut to a lesser cxtent. 
Although a bathochrornic shift and decreased rc- 
llectance were apparent, they were not as pro- 
nounced as the aiithracene-acidic alumina system 
shown in Fig. 1 .  Since the shifts occur with both 
protophilic and protogenic excipients, it is suggested 
that anthracene may function either as an electron 
donor or acceptor, depending on the adjuvant 
available for interaction. Since gra te r  shifts 
were observed in the acid alumina system, under 
the same experimental conditions, it may be 
reasoned that either less energy is required for the 
:+ctivation of the anthracenc-acid alumina system 

or that fewer Lewis base sites were available for 
chcmisorption with the anthracene. Similar changes 
were also observed when equilibrating anthracene 
with aluminum hydroxide. In this system, how- 
ever. a white to orange visual color changr was 
observed alou# with a slightly smrller shift in the 
visible region, but Kreater intensity increase in the 
arca of 22-340 mp. 

In addition to the aluniiiiuiii-containimg systems 
mentioncd above, a group of magnesium-containing 
adjuvants were also investigated. Results of mag- 
nesium trisilicate and magnesium hydroxide inter- 
actions have been previously reported (1). Figure 
2 represents an anthracene-magnesium borate 
system. Here again, the usual bathochromic shift, 
loss of fine structure, and decreased reflectance 
associated with such an interaction, are found in 
the interacted sample. An anthracene-talc system 
may he found in Fig. 3. Talc, defined as native 
hydrous magnesium silicate, with a small portion 
of aluminum silicate, shows relatively little inter- 
action affinity for anthracene, as seen in the small 



Fig. 13.--DRS of prednisolle mg,) and Fig. 16i-Transmittance spectra of prednisone and 

of prednisone (10 mg./L.) in anhydrous methyl 
alcohol: B. snectruni of l~vdrocl~lorothiazide (10 

calciuln (%,()(j Gm, ). Key: A, control; hydrochlorothiazidc solutions. : spectrunl 
€3, sample. 
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Fig. 14.-DRS of prednisone (200 rng.) and zinc 
stearate (1.00 Cm.).  Key: A, control; B, sample. 
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Fig. 7 7.--DKS of liydrochlorothiazide (100 mg.) 
and basic aluniina (3.50 Gm.). Key: A, control; 
B, sample 
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Fig. 15.--UKS of prednisone (100 mg.) and 
stearic acid (2.00 Gin.). Key: A,  control; B, 
sample. 

spt‘ctral changes, both in thc 220-300 mp as well as 
iii the  425-900 nip regions. A larger change does 
ricrur, howcvcr, hctwren :310400 nip. This change 
probably indicatrs soine interaction of the metallic 
ion with tlie adsorbate siiice analogous changes were 
observed with attapulgitr, which is hydrous mag- 
uesiuni alutniuum silicate, and w-ith kaolin which 
is hydrous aluniinuiii silicate. The magnitude of 
~tntliracene-adjuv:Lnt change was foutid to be of the 
lollowiug order: 

l‘hc tiiffcrciice in spectral chaiigcs of metal-con- 
taininy :t~~tliraceneadjuvant systems may reside 
in the fact t h a t  alttiniigh the tnagnrsium or other 
ions i m y  l x  present in talc and other rnetal-contain- 
img systrriis, t i ivy may be held tightly by the anionic 
fraction of the adjuvant and are, tlicreforc, un- 
available for interaction. This metal “attraction” 
difference exists between adjuvants since many sur- 
faces are more saturated than others and the vakncy 
requirements of their surface atoms may be thought 
to be more fully satisfied by bonding with nearby 
atoms, therefore facilitating less chernisorption. 
Another cause for diffrrences in saturation between 
tnrtallic ;idjuvaiits may be thc result ot different 
;miounts of liyclratioii in adjuvaut systems. For 

kaolin > attapulgite > talc. 

m u  

Fig. 18.-DRS of liydroclilorothiazide (100 mg.) 
and acidic alumina (3.50 Gm.). Key: A, control; 
B, sample. 

example, talc (primarily native hydrous magncsiuin 
silicate) may have a large portion or its active 
sites unavailable for charge transfer interaction 
since these sites are occupied by water molecules, 
resulting in the weaker electrostatic forces which 
may include hydrogen bonding. 

An additional rnagtiesium-cotitainitig system, 
found in Fig. 4, represents an anthracene-magnesiuiri 
carbonate interaction. Oii equilibration, one again 
sees the usual bathochrornic shift, along with de- 
creased reflectance. 

I n  addition to  the aluminum aiid magnesiurn- 
containing adjuvants, anthracene interactions were 
also studied with calcium carbonate snd dibasic 
calcium phosphate. The spectra of the anthracenc- 
ca.lcium carbonate system, shown in Fig. A indicatc 
that the degree of interaction was minor, 
spectra ol the equilibrated and noneqt 
mixtures are comparable. The slight increased re- 
flectance observed in curve 5,B (bottom) is attributed 
to  the lass of small amounts of anthracene in the 
equilibmting procedure. The lack of any significant 
interaction with this calcium-containing adjuvant, 
as coiiilxtrctl t o  the large cliarigrs obscrved in the  
maguesiurri and aluminum -containing systems, 
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Fig. 19.-DRS ol hydrochlorothiazide (100 mg.) 
and aluminum hydroxide (2.00 Gtn.). Kcy: A, 
control; B, sample. 

Fig. 20.-DRS of hydrochlorothiazidc (100 mg.) 
;ind ma~ncsiuiri carbonate (2.00 Cm.) Key: A, 
icontrol; B, sample; C, magnesium carbonate, 1 0 0 ~ o ;  
0, hydrochlorothiazicle, 1007,. 
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Fig. 21.-DRS of hydrochlorothiazide (100 Ing ) 
a n d  dibasic calcium phosphate (2 00 Gm ). Key: 
A, control; R ,  satnple (Top.) DRS of hydro- 
chlorothia7ide (100 rrig.) and calciurn carbonate 
( 2  00 Grn ) Key: A, control; B, sample. (Bot- 
tom.) 

wggests that  the mechanism of paramount im- 
portance in this chemisorption proccss is one of 
chelation. This lack of calcium adjuvant-anthracene 
interaction is further illustrated in Fig. 5 (top), which 
again shows minor changes in the anthracene- 
CaHPOa system, Howevcr, sincc CaHIJ04 does 
show- some decreased reflectance as compared t o  
the CaCOj system, one may attribute this difference 
to  proton site interactions, resulting from hydrogcn- 
bond intrraction rather than chelation. l‘lie lack 
of a color cliaiige in the calciurn~contnitiiri~ adjuvant 
systems is in good agreement with the spectrat data. 
;is with the calcium-contaiiiirig adjuvants, zinc 
stearate showed vcry little interaction tendency 
with anthracene, as illustrated in Fig. 6. Although 
other zinc-containing adjuvants were not studied, 
it is felt that  the zinc ion would show low interaction 
tendencies with this anthracene system. It is 
further interesting to  notr that  straric acid itself 
h o w s  no important interactiori iiilitiity for anthra- 
cene and thc minor changes ohservcd in the spec- 

trum, Fig. 6 ,  may be due to  van der Waal or Iiy- 
drogen-bond type of interactions. 

With respect t o  the gcncral mechanism of ehemi- 
sorption, there is no specific agreement by  what 
niechanism(s) this phenomenon proceeds Weiss 
(9) suggested that  all molccular complexes essentially 
have an ionic structure, B+A- .  He points out 
that  a low ionization potential for thc base, B, and 
a high electron affinity for the Lewis acid, -4, 
should give a stable complex. Here the color of 
molecular coniplcses, as in quinones or nitro com- 
pounds with unsaturated hydrocarbons, is clc- 
scribed as being essentially of ionic character 
formed from the two components by an electron 
transfer from unsaturatcd hydrocarbon or its 
derivative (A), to thc quinone or polynitro compouud 
(B). Matsen and assnriates (lo), in discussing 
charge transfer adsorption on metals, describe the 
metals as Lewis acids. In a similar manncr, oiir 

might expect the unsaturated anthracene, due to 
its “basic” character, t o  transfer electrons t o  iz13- 
or MgnT due to  their acidic sites. 

Mulliken (11) suggests that  molecular complexes 
are a union of a Lewis acid (electron acceptor) and a 
Lewis hasc (electron donor) resulting in the forma- 
tion of charge transfer complexes. Here, the elec- 
tron of t h r  adsorbate absorbs a quantum ot radia- 
tion and is excited, not to a higher energy level of 
this molecule, but  rather t o  oue of the vacant high 
energy levels of the adsorbent. Therefore, in 
addition to  absorptioii iri the ground state (N), the 
molecule may combine to  an excited state (E), 
resulting in an intense absorption band XN + AE. 
This probability often accounts for the color changes 
observed tvhcn molecular complcxes arc formed. 
Similarly, in the anthracene-adjuvaiit systems 
presented in this comniunicatioii, the large increase 
in intcnsity observed in the 1 J . V .  region (290 mp), 
Fig. 1, inay be attributed to a charge transfer c o m  
plex between the Lewis base, anthracene, and the 
Lewis acid, .413+. Akamatu (12) has suggested, 
however, that  in some anthracene chemisorption 
complcxcs, the mctallic components transfer elec- 
trons to  hydrocarbons, whirh in this case serve as 
acceptors rather than donors. This is probably thc 
case when using the basic (cationotropic) alumina 
adsorbent discusscd above. 

It is interesting to compare Figs. 3 ,  4, and 0, 
containing anthracene equilibrated with magnesium 
carbonate, talc, and  stearic acid, rcspectivcly ; 
here bathochromic shirts and intensity differences 
also decrease rcspcctively as one compares thc thrcc 
systems. These differences could be explained by 
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Fig. 22.---DRS of hydrochlorothiazide with zinc 
stearate or stcaric acid. Key: A, hydrocliloro- 
thiazidr (”X) mg.) -zinc stearate ( O . i S 0  Grn.) 
control; H,  sample; C, hydroclilorotliiazid~ (100 
tng.)-stearic acid (2.00 Gm.)  control; D, sample. 
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This is further observed in magnesium-containing 
adjuvants, as illustrated in Fig. 10. In this predni- 
son-magnesium borate system, equilibration facili- 
tates small intensity changes in the U.V. region, 
along with a new band formation between 350-400 
mp and a smaller bathochromic shift. Thc usc of 
magnesium trisilicate as the adjuvant results in 
comparable spectral changes, accompanied by a 
larger intensity increase in the U.V. region. 

Furthermorc, even though ions may be present in 
such adsorbents as talc, attapulgite, and kaolin, 
their interaction tendencies with prednisone are 
minor, as illustrated in Fig. 11. As was prcviously 
pointed out in the anthracene-adjuvant systems, 
the degrce of saturation of individual adjuvants 
varies, resulting in different rcaction potentials. 
This diffcreuce in availability or reaction potential 
of these ions is shown in the prcdnisone-magnesium 
carbonate interaction, illustrated in Fig. 12. Here 
again, large intensity and bathochromic changes 
in the U.V. and near the U.V. region are observed. 

A comparison of prednisone-calcium carbonate 
equilibration, Fig. 13, indicates a lack of interaction 
of this drug with calcium, as seen frorii the minor 
intensity changes in the U.V. region. Equilibratioii 
of prednisone with CaH PO4 produccd spectral 
changes of similar nature to the calcium cdrborlatf 
system, except for a slightly greater hyperchromic 
effect. This change in reactivity between CaHP04 
aiid CaC08 may again be attributed to proton site 
interactions possible in the CaHP04 system. 

In addition to aluminum, magnesium, and calcium- 
containing adjuvants, prednisone was also equi- 
librated with zinc stearate. Spectral data presented 
in Fig. 14 indicate a strong reactivity of prednisone 
for this adjuvant. In the previously discussed 
anthracene system, howcver, the same adjuvant 
showed very little interaction tcridency. This dif- 
ference in reactivity of prednisone and anthracene 
for the zinc S k d r d k  adjuvant, along with the lack 
or any interaction of prednisone with stearic acid, 
shown in Fig. 15, illustrates the chemical specificity 
of thcsc chargc transfer reactions. 

The above information presented on these 
prednisoneead juvant systems again indicates that 
although no visible color differences are observed 
on equilihration, large spectral changes do suggest 
strong interactions with various characteristics, 
depending on the adjuvant studied. Although the 
control and equilibrated sample’s reflectance spectra 
somewhat resemble the prednisone transmittance 
spectrum in solutiou (Fig. 7 6,A)  solid-solid inter- 
xtioii oftcn facilitates the clucidatioii of new 
vibratiorial structure in the near U.V. region, not 
present in the prednisone solution spcctra. Fur- 
therniorc, the spectral cliangcs of prednisone com- 
plexes differ from aritliracetic systems siiice a h -  
niinurn-containing adjuvants appear to facilitate a 
greater degree of interactiori with anthracene, while 
zinc ions play an important rolc in prednisone- 
adjuvant chemisorption. 

stating that the larger shifts are related to donor- 
acceptor forces which represent a charge transfer 
interaction along with the weaker hydrogen bonding, 
while in the talc and stearic acid, the weaker electro- 
static forces predominate. It is also probable 
that some small spectral differences do result from 
regular reflection (1) and particlc-size variations. 

On further examination of the anthracene system, 
it  is observed that aqueous equilibration of the 
anthraccne-adjuvant mixture (Fig. 1,B) results in 
the disappearance of the band maxjnia a t  290 mp 
along with a loss of fine vibrational structure in the 
350400 nip region. This band and fine structure 
also exist in anthracenc solution spcctra as seen in 
Fig. 7 ,  as well as in the anthracene-adjuvant une- 
quilibrated physical mixture (Fig. 1,A). In con- 
trast to such a change, the equilibrated oxytetra- 
cycline-adjuvant system previously reported (l), 
show the formation of a new reflectance band at 320 
mp. It is further interesting to note that the 
maximum absorbance band is also present in trans- 
mittance spectra of oxytetracycline solutions but 
absent in the unequilibrated oxytetracycline- 
adjuvant mixture. Although no explanation is 
offered a t  this time, it nevertheless does illustrate 
the complexity of these interactions and the prob- 
ability of a changc of mechanism involved. 

Based 011 the spectral data and visual color 
changes presented and already discussed, it is highly 
likely that the major mechanism involved in this 
anthracene chemisorption interaction, with various 
type adjuvants, is one of chclation since the metallic 
ions do show a specificity with respect to  the degree 
of interaction. For example, aluminum aiid mag- 
nesium interactions were significantly larger than 
those observed with calcium and zinc-containing 
adjuvants. It is, therefore, difficult to  make gen- 
eralizations regarding such interactions in that the 
nature and the degree of interaction will vary with 
the type of drug and adjuvant employed. 

PREDNISONE-ADJUVANT SYSTEMS 

Since a number of reports have appeared in the 
literature dealing with thc possible inactivation of 
prednisone by excipient-type materials used in 
solid dosage forms (13, 14) and since prednisone 
represents a polyfunctional steroidal molecule used 
in milligram quantities in therapeutics, an investiga- 
tion of this drug with various adjuvants was undcr- 
taken. Although no color change was observed 
on equilibration of prednisone with acidic alumina, 
Fig. 8, an examination of the spectral data does 
indicate that prednisone undergoes a significaiit 
interaction. In addition to the usual bathochroinic 
shifts obsrrved, the presence of the equilibrated 
predriisone-,idjuvat spectrum a t  a higher wave- 
length than that of the physical mixture or the 
pure prednisone, further supports this high drgrce 
of reactivity. Equilibration of prednisone with 
basic alumina results in similar spectral changes, 
but to a lesser extent. 

A coniparisoti of prednisone-aluminum hydroxide 
interaction, Fig. 9, with the above alumina system 
clearly illustrates the spectral changes possible 
with the use of different adjuvants. In an alumi- 
num hydroxide system, no significant bathochromic 
shifts are observed, but a large hyperchromic change 
occurs in the U.V. region, suggesting the variety of 
mechanisms possible in such interactions. 

HYDROCHLOROTHIAZIDE-ADJUVANT 
SYSTEMS 

This medicinal agent has been selected for the 
study of these drug-adjuvant interactions due to 
its unique polyfunctional chemical nature and be- 
cause of its widespread use as a therapeutic agent. 
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As in the prednisoneadjuvant interactions, al- 
though no color change was observed on equilibra- 
tion of liydrochlorothiazide w-ith basic alumina, 
an examination of Fig. 17 indicates that this system 
does undergo important interaction. 

A somewhat different spectral graph was obtained 
on equilibrating hydrocldorothiazicle with acidic 
alumina, Fig. 18, as compared to that of the basic 
alumina, since the usual bathochrornic shift was 
absent and an intensity change of only 5%, was 
observed. A possible explanation for this lack of 
reactivity in the hydroclilorothiazide-acid alumina 
system niay be due to the presence of stronger 
electron-donating sites in hydruchlorothiazide. rep- 
rcscnted by thc dioxide or sulfamoyl groups. 
Since hydrochlorothiazide and acidic alumina both 
function as Lewis bases, their lack of significant 
interaction, Fig. 18, is reasonable. However, hy- 
drochlorothiazide does react strongly with basic alu- 
mina (cationotropic) or aluminum hydroxide, Fig. 19, 
which function as Lewis acids. 

In  addition to  the aluminutrl-containilIg adju- 
vants, hydrochlorothiazide was also equilibrated with 
a xroup of magnesium-containing excipieuts. 
Figure 20, B, dealing with a hydrochlorothiazide- 
magnesium carbonate interaction, indicates that 
although no visible color change was observed in 
this, or any other hydrochlorothiazide system in- 
vestigated, large intensity changes are seen in the 
1J.V. region; these hyperchromic changes are also 
accompanied by important shoulder formation, 
not found in the pure hydroclilorothiazidc reflectance 
spectrum (Fig. 2O,D), in the physical clrug- 
adjuvant control (Fig. 2O,A), in the pure adju- 
vant's spectrum (Fig. 20,C), hut prcsent in the 
solution transmittance spectrum (Fig. 16,B). 
Similar spcctral changcs wcrr also secn 011 equi- 
librating liydrochlorothiazide with magnesium bo- 
rate or magncsium trisilicatc adjuvants. 

In contrast to these adjuvants, talc, attapulgite, 
or kaolin produced only minor intensity changes on 
equilibration with hydrochlorothiazide, again iti- 
dicatiug minor iuteraction teudency for this drug. 
Hydrochlorothkazide shows different spectral 
changes with calcium adjuvant equilibration, as 
seen in Fig. 21. An examination of this figure 
indicates that equilibration of hydrochlorothiazide 
with CaCOs faciliedtes the formation of new bands, 
although the usual bathochrotnic shift seen with 
aluminum and magnesium systems was absent. 
This drug was also equilibrated with dibasic calcium 
phosphate. In the anthrdeene and prednisone 
systems, CaHPO4, functioning as thr  adjuvant, 
showed svmrwhat greater iutcactiori tendencies 
than observed with calcium carbonate. However, 
the ititcraction of CaCOa iu the Iiydroclilorothi- 
azide system was found to be in reverse, Fig. 21, 
indicating the CaCO, functions as a stronger Lewis 
acid (electron acceptor) in this system. 

The interaction data presented and discussed 
indicate that a donoracceptor chelation mechanism 
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is operative in these systems and is further sup- 
ported in the zinc stearate, stearic acid interaction 
differences with hydrochlorothiazide, as shown in 
Fig. 22, again pointed out the greater interaction 
tendency of the metal-containin!: adjuvants. 

CONCLUSION 

Chemisorption interaction data have been pre- 
sented for anthracene, prcdnisone, and hydrochloro- 
thiazide with a number of metallic and nonmetallic 
adjuvant systems. Although minor spectral con- 
tributions may be attrihutcd to van der Waal and 
hydrogen bond-type iuteractions, particularly in 
nonmetallic adjuvants studied, the large batho- 
chromic and hyperchromic spectral changes ob- 
served 011 equilibration are primarily the result of 
strong chargc transfer chelation interactions. 

Results indicate that anthracene and prednisone 
function mainly as Lewis acids in alumina systems, 
while hydrochlorothiazide primarily exhibits Lewis 
base properties. The interactions observed are, 
therefore, highly dependent on the chemical prop- 
erties of the adsorbate and the adsorbent. 

Although these surface chemisorption phenomena 
rxist as a unimolecular film arid niay be of no 
great consequence when physically adsorbed multi- 
layers of the drug exist, particularly when the ratio 
of the therapeutic agent to adjuvant is high, they 
do become significant when the drug-adjuvant ratio 
is low. In such systems, where the medicinal agent 
is primarily chemisorbed as a unimolccular layer, 
one would expect to find large deviation in dissolu- 
tion rates and blood levels in biological systems. 
It is of significant interest to  point out here that one 
cannot ovcrlook the distinct possibility of the 
excipient itself existirig as a chemisorbed layer 
covering thc surface of the drug resulting in similar 
alterations of the physical or biochemical behavior 
of the medicament in dosagc forms where the drug- 
adjuvant ratios are high. Diffuse reflectance 
spectroscopy therrforc provides a simple means of 
studying the possible existence or such interactions 
in solid dosage forms. 
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Diffuse Reflectance Studies of Solid-Solid 
Interactions I11 

Interaction Studies of Oxytetracycline with Metallic and 
Nonmetallic Adjuvants 

By JOHN L. LACH and MICHAEL BORNSTEIN* 

Spectral data are presented for chemisorption studies of oxytetracycline and oxy- 
tetracycline HCI with a number of metallic adjuvants containing aluminum, calcium, 
magnesium, zinc, and sodium ions as well as for some nonmetallic adjuvants includ- 
ing stearyl alcohol, cetyl alcohol, stearic acid, silica gel, starch, tannic acid, traga- 
canth, and polyethylene glycol 6000. The interactions, studied with equilibration, 
compression, and moisture techniques, indicate that a metal ion or polyfunctional 

adsorbent molecule is necessary for these charge transfer interactions. 

ix PREVIOUS reports (I, 2), Lach and Bornstein 
have demonstrated that several drugs undergo 

chemisorption wit.h a number of pharmaceutical 
adjuvants. Using diffuse reflectance spectros- 
copy (DKS), it was shown that  salicylic acid. 
phenothiazinc, anthracene, prednisone, and hy- 
drochlorothiazide form complexes with a number 
of adsorbents commonly used in pharmaceutical 
dosage forms. Furthermore, i t  was pointed out 
that these reactions niay occur either by com- 
pression techniques or equilibration of the com- 
ponents of the complex in aqueous or nonaqueous 
media. Interaction properties of oxytetracycline 
with inagnesium trisilicate and activated alumina 
'were also investigated, and results indicate that  
:DRS of equilibrated or compressed samples pro- 
!duce large bathochromic shifts and intensity 
changes accompanied by significant visual color 
variation, indicative of charge transfer inter- 
actions. 

The purposc o f  this investigation is to  further 
study this oxytetracycline interaction with 
various metallic and nonmetallic adjuvants. 
Information from this investigation would give 
additional information as to the possible nature of 
thc mechanism or mechanisms involved in  this 
interaction. 

EXPERIMENTAL 
Reagents.-Recrystallized oxytetrxcycline, m.p. 

182" dcc. (Pfizcr & Co.), oxytetracycline IXCI (Pfizer 
& Co.) ,  calcium phosphate (dibnsic), calciuim 
pliosphate (tribnsic), calcium hydroxide. calcium 
carbonatc, calcium stcarate, cetyl alcohol, stcaryl 
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alcohol, stearic acid, magnesium stcaratc, mag- 
riesiurn oxide, magnesium hydruxide, magnesium 
trisilicatc, magnesium chloride, magnesium silicate,' 
magnesium carbonatc, magnesium sulfate, talc, zinc 
stearnte, alutnitiutn hydroxide, silica gel, polyethyl- 
ene glycol 6000,* starch, tannic acid, acacia, traga- 
canth, and dehydrated ethanol. 

Procedure.-The routine experimental procedure 
for prcparing tlic complexes and mcthod of analysis 
have been described in a previous cornrnunicatiori 
(1). All samplcs have been prepared by equilibra- 
tion in 25 1111. of distilled water for 24 hr., except 
when otherwisc indicated (2). 'rhc following is a 
special technique adopted for this study. 

Xfoisture Effects.-This study involves the es- 
posure of dried, physically tnised drug-adjuvant 
compouents to  humidity conditions. Thc control is 
prepared by triturating a rnixture of drug and 
adjuvant which werc first individually vacuum 
dried for 0.5 hr. a t  115"; the DRS of this physical 
mixture is then measured. 

The moist sarnple is prepared by transferring n 
portion of this physical mixture onto an cvaporating 
dish and placing it in a wax sealed desiccator in 
which water is substituted for the desiccant; 
the material is then allowcd to stand in this humidity 
chamber for a dcsignated pcriod, aftcr which time 
the inoist sample is removed and its IIRS is mea- 
surcd. 

The above moist samplc may also be vacuum 
dried for 0.5 hr. at 115' prior to DRS reading, in 
order to eliminate spectral moisture effects. 

Past Work.-The complexes of intercst in thcsc 
studies vary in dcgrce bctiveen the weaker van der 
Waal variety discussed by Higuchi and Lach (3), 
whose energy of reaction is derived mainly from 
dipole-dipole intcractious, to the stronger intermo- 
lecular electron excliange mechanism described by 
McGlynn (4). These stronger charge transfer trari- 
sitions of donor-acceptor complexes are oftcn found 
asabsorbancee bands in the near U.V. or visible 
region of the electromagnetic spectrurri. According 
to Audrews and Keefer (5), this is oftcn the casc when 
acceptors are T acids. 

Other pertinent reports in this area include corn- 
~ 

1 Ifat-keted as Magnesol by t h e  Wavzl-ly Chemical Co., Inc. 
f Marketed as Carbowax G O O 0  by Carbide & Caibon 

Chemical Corp., New York, N. Y .  
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plcx formation studies bctwccn :rtljuvnnts ((i. 7) 
arid various medicinal agents. Several examples 
may also bc citrd which dcal with the complex 
formation of multivalerit metallic cations, including 
Mg2+ and CaZ+, with tetracyclines (8, 9j. Other 
:tudies deal with the ability of magnesium, calcium, 
and aluminum (10-12) to alter the antibacterial 
:&on of various tetracyclines. 111 view of these 
developments, it is not surprising to  find literature 
reports indicating significant gastrointestinal ah- 
sorption differcnces between complexed and UII- 
complcxed forms of tetracyclines (13, 14). 

104 1 

Aiiother aluiiiiriuiii-coritaiuing systeiii, Fig. 2, 
represents spectra ol aqueous equilibration o f  a dry 
physical mixture of oxytetracycline with alumitiutn 
hydroxide. Although the bathochromic shift is  
somewhat different from that  of the ahnninunr 
sulfate interaction, the change in intensity is greater. 
This hypcrchromic change in intensity is acco~ii- 
panied by a new band formation a t  310 mp. Pnssi- 
ble reasons for this band forriiation have been pre- 
viously discussed (1, 2). 

111 addition to  the alumiriuri~-containing adjuvants 
mentioncd above, several calcium-coiitaiiiiiig sys- 
tems were also investigated. These adjuvants also 
react with oxytetrarycline producing the usual 
bathochromic shifts accompanied by significant 
hyperchromic changes, new hand forrnatiori, as well 
as additional shoulder formation in the visible re- 
gion. It should also be pointed out that  visual 
color changes in calcium-contaiiiing systems were 
smaller than thosc described in thc aluminum-con- 
taining adjuvants; here a color change from light 
yellow to a deeper more intense yellow was often 
noticed. Spectral data of oxytctracyclinc-calcium 
hydroxide equilibration, found in Fig. 3, point out 
some of these changes between the physically mixed 
control (.4) and the equilibrated sample (B) .  An 
examination of this figure illustrates the fact that  
thc bathochromic shift in this calcium hydroxidc 
system is similar in magnitude to the alurniriurri 
hydroxide system found in Fig. 2. A differcncc 
between these two figures is evident, however, since 
thc calciuin-contaiiiiiig system has a smaller inten- 
sity change, especially in the region of 310-330 mp 
where oxytetracycline-aluminum hydroxide band 
formation is more intense than that observed with 
the corresponding calciuni hydroxide system. 
Ncvertheless, calcium hydroxidc docs appear to 
react with oxytetracycline, as seen from various 
spectral changes in Fig. 3. 

Other oxytetracycline systems producing similar 
spectral changes with aqueous equilibration to thosc 
described above include systems containitia oxy- 
tetracycline with calcium carbonate, or calciuni 
stearate, not shown in this communication due to  
space consideration. 

Spectral data of aqueous equilibration of dibasir 
calcium phosphatc or tribasic calcium phosphate, 
with oxytetracycline are somewhat similar to that 
of calcium hydroxide with a bathochromic shift of 
80 mp and small band formation for oxytetracyclinc- 
CaHPOl while the oxytetracycliiie-Ca3( P04)2 sys 
ten1 shows a 30 nip bathochrornic shift accorripanietl 
by intensity changes similar t o  thosc scen with the 
dibasic salt. Color changes from faint yellow to a 
deeper yellow were also observed in these calciniri~ 
containing systems. This interaction difference 
between CaHPOl and Cas(POa)2 with oxytetra- 
cylinr may bc attributed to  thc tact that  the. fornivr 
salt has a proton which could more easily provide i t i i  

active site for interaction, because of its greatcr 
tcndcncy to  accept clectrons from the adsorbatc. 
It is also possible that  a greater degree of hydrogeii 
bonding is facilitated with CaHPO4 systems as 
discussed in a previous report (2). 

Another group of metal adjuvants investigated 
were thosc containing magnesium ions. Figure 4 
represents spectra of an equilibrated and t i o i i -  

equilibratcLd oxytetracyclitie-inagiiesiuiii hydroxidc 
system. The changes observed aftcr cquilibration 

RESULTS AND DISCUSSION 

Survey of Adjuvants with 0xytetracycline.--As 
has been pointed out, this investigation was under- 
takcri t o  further study a nuniber of oxytctracycline- 
adjuvant systems with rcspect t o  this intcraction 
:.~nd the possible mechanism( s) involved. ..\ number 
of representative spectral systems are presctitcd and 
discussed. Other spectral data obtained in this 
study arc not included in this rcport due to space 
consideration; however, they are included in the 
rliscussinn. 

Spectral data presented in Fig. 1 illustrate the 
interaction between osytctracycline and nlumiiium 
sulfate. Here curve B represents an ouytetra- 
cyclirie-alurninutii sulfate system. equilibrated in 
tlehydratcd ethanol, whilr the physical dry mixture 
(control) is represented by curve A. Spectra C and 
1) (Fig. 1) represent curves of the individual alunii- 
iium sulfate and oxytetracycline components, respec- 
tively. An examination of thcse spectra reveals 
that  the alcohol-equilibrated sample is significantly 
different from the physically iiiiued control arid also 
from the spectra of thc individual components. 
These differences include a large bathochromic shift 
oi approximately 200 m p  in the visible region, 
accompanicd by an intensity change in the 1 J.17. 

rcgion. Visual evidence of this interaction was also 
noted by a color change between the control and 
samplc, where the physical mixture had a faint 
yellow color while the alcohol-equilibrated sample 
acquired an orangc huc. Thew large spectral and 
physical differences are indicative of a strong charge 
transter interaction (1, 8. 15). Similar spectral 
changes were also observed when equilibrating 
nxytctracycline with anionotropic and cationotropic 
a.luniina (1) in aqucous media. The nature of the 
solvcnt (aqueous or nonaqueous) apparently does 
not interfere significantly with this interaction, as 
lias been previously pointed out (l), thus indicating 
a. high degree of cheniisorption. The presence of this 
strong interaction is further illustrated by the fact 
that  the alcohol equilibrated oxytetracycline- 
:~luniinuni sulfntc sample (Fig. 1, R )  produrPs n. 
200 nip bathochrorriic shift, occurring at a hixher 
vmvelengtli than that for the reflectance spectrum 
amf pure oxytetracyclinr (Fig. 1, I)). This spertral 
observation Surther substantiates this strong inter- 
action in that  a summation of the drug-adjuvant 
spectrurii would not result in this degree of change. 
It is of further interest t o  point out here that  thc 
addition of water t o  a mixture of oxytetracycline 
and alumina results in the releasr of a noticeable 
aniuunt of heat dorig with the formation of bubbles, 
again inrlicating a large degrec oi interaction tor this 
exothcrmic system. 
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oxytetracycline spectrum shifted to any appreciable 
degree after equilibration, as was expected. There 
is neither evidence of signiiicant intensity variation, 
new band formation, shoulder formation, nor visual 
color change. The small variation in reflectance 
observed may be due to particle size difference, light 
scattering, or weak electrostatic attractions (2). 
Similar spectral results were also obtained on 
equilibrating oxytetracycline with stearic acid. 

Since calcium stearate, magnesium stearate, zinc 
stearate, and other metal-containing adjuvants 
react strongly with oxytetracycline, as evidenced by 
large spectral changes, while stearyl alcohol, cetyl 
alcohol, and stearic acid do not, the intcractions 
observed are primarily due to the metallic ion 
portion of the adjuvant. The other spectral arid 
visible color observations prcviously indicated 
(1, 2 j  further suggest that this is a charge transfer 
chelation interaction. 

It should be pointed out, however, that other 
nonmetallic adjuvants, containing polyfunctional 
groups, show spectral changes on equilibration with 
oxytetracycline, although these systems have in- 
herently different spectral characteristics. An 
example of this type of change may bc found in 

m u  

Fig. l.-DRS of oxytetracycline (50 mg.) and 
aluminum sulfate (2.00 Cm.), equilibratcd in dc- 
hydrated ethyl alcohol. Key: A, control (physical 
mixturc) ; B, equilibrated sample; C, aluminum 
sulfate, 100%; D, oxytetracycline, 1 0 0 ~ o .  

40 

20 

M) 

I --- 
220 240 260 3W 950 400 450 5w 6W 7W 900 

m u  

Fig. 2 - -DRS of oxytetracycline (50 mg.) and 
aluniiiium hydroxide (2.00 Grn.). Key: A, con- 
trol; B, sample 
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"1 I 
Fig. 3.-DKS of oxytetracycline (50 mg.) and 

calcium hydroxide (2.00 Gm.). Key: A, control; 
R ,  sample. 

again include a bathochrorriic shift of about 50 mp, 
a hyperchroniic change, new band formation as well 
as a shoulder formation at  500 mp. Similar spectral 
changes were observed with other oxytetracycline- 
magnesium-contaiiiiiig systems investigated. Iri- 
chided in this group are talc (native hydrated 
magnesium silicate). magnesium oxide, rnagnesiuni 
stearate. and synthetic magnesium silicate.' The 
interactioii o f  oxytetracycline with synthetic mag- 
iiesiuni silicate produces a bathochromic shift, inten- 
sity change, band formation, and shoulder formation 
to a greater degree than talc due to this material'.: 
high surface area, high porous structure, largc iii- 
tertial surface, and high adsorption capacity. Sirn- 
ilar changes were also observed on equilibrating- oxy- 
tetracycline with zinc stearate, although the visual 
color change was not as pronounced. 

Since data indicate that these interactions niay be 
due primarily to the metallic ion in these systems, a 
study of nonmetallic adjuvants with respect to these 
intcractions was undertaken. The interaction of 
oxytetracycline with stearyl alcohol or cetyl alcohol, 
shown in Fig. 5, illustrates this lack of interaction 
involved. An examination of this figure indicatcs 
that neither the stearyl alcohol, nor cetyl alcohol- 

1W I _. 
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Fig. 4.-DRS of oxytetracycline (50 mg.) and 
magnesium hydroxidc (2.00 Gm.). Key: A, con- 
trol; B, sample. 
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Fig. 5.--URS of oxytetracyclinr (50 mg.) with 
stearic acid (2.00 Gm.) or with cetyl alcohol (2.00 
Gin.). Key: A, oxytetracycline-stearic acid con- 
trol; B, oxytetracycline-stearic acid sample; C, 
oxytetracycline-cetyl alcohol control; D, oxytetra- 
cycline-cetyl alcohol sample. 
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Ftg. 6.-DRS of oxytetracycline (60 mg.) and acacia 
( 2  00 Gin ). Key: A,  control, B, sample. 
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Fig. ti. showing spectra of an equilibrated and i io i i -  

equilibrated oxytetracycline-acacia system. Since 
acacia is a polyfunctional material, it  is reasonable 
to assume that one or more of the functional groups 
may react with oxytetracycline by a donor-acceptor 
mechanism (16), producing the observed spectral 
change in the visible region. I t  should also be 
pointed out that other adjuvants. including tannic 
acid and starch, react with oxytetracycline to give 
similar changes; spectra of these systems are not 
presented due to space considerations. Figure 7 
represents the spectra of an equilibrated atid noii- 
equilibrated oxytetracycline-polyethylene glycol 
6000 system. The large bathochroniic shift, hyper- 
chromic effect, and visual color changes observed 
in equilibrating this system may again be attributed 
t o  an interaction between oxytetracycline and tht. 
ether linkage of the ethylene oxide units uf the 
polyethylene glycol polymer. This observation is 
in agreement with published reports dealing with 
polyethylene glycol interactions in aqueous solu- 
tion (3, 17). A bathochromic shift of similar 
magnitude, along with a visual color change from 
light yellow to a deep red-brown, was also observcd 
on equilibrating oxytetracycline with silica gel. 
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Fig. 7.-DRS of oxytetracycline (50 mg.) and 
polyethylene glycol 6000 (200 Gm.). Key: A, 
control; B, sample. 
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Fig. 8.-DRS of oxytetracycline HCI (50 mg.) 
and magnesium trisilicate (2.00 Gm.). Key: A, 
control (physical mixture); B, physical mixture 
left in moisture chamber for 24 hr. and vacuum 
dried; C ,  sample, equilibrated for 24 hr. 
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Fig. 9.-DRS of oxytetracycline (50 mg.) and 
sodium chloride (2.00 Gm.) study of moisture and 
drying effects. Key: A, control (physical mixture); 
B, physical mixture left in moisture chamber for 3 hr. 
and  measured as the moist sample; C, spectrum of 
vacuum dried moist sample. 
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Fig. 10.-DRS of oxytetracycline (50 mg.) and 
magnesium sulfate (2.00 Gm.) Key: A, control, 
B, moist sample, remained in moisture chamber for 
12 hr.; C ,  dry oxytetracycline, 10056, D, moist 
oxytetracycline, remained in moisture vessel for 
12 hr , 100%. 
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Fig. 11.-DRS of oxytetracycline HC1 (50 mg ) 
and magnesium trisilicate (2.00 Gm.) studied with 
moisture effects and moisture effects iollowcd by 
comprcssion. Key. A, control (physical mixture); 
B, physical mixture left in moisture chamber for 30 
hr. and measured as a moist sample; C, compression 
of the moist sample (B) a t  30,000 p.s i .  for 5 min. 

Particle-Size Variation.-Since particle size may 
produce variation in the reflectance spectrum ( 18), 
the authors' preliminary study dealing with this 
aspect indicates that some variation was obtained, 
;rlthough the changes arc of a minor nature. For 
cxample, the spectrum of an equilibrated oxytctra- 
cycline-tnagtiesiuiii trisilicate complrs was not 
altcrcd to any significant degree when this cquili- 
hrated sample was subjected to  reduction in particle 
size by homogenizing the powder for 0.5 hr. with the 
use of a Virtis blender. An examination of the 
filtered, vacuum dried sample's spectrum was com- 
parable to that ot the equilibrated control. 

Although variation in particlc size does liave some 
effect on the regular reflection ( l j ,  the general 
characteristics of the control and homogenized 
sample spectra were essentially similar except for 
minor variations in the order of 3=2(%. 

Moisture Effects: -Since solid pharmaceutical 
dosage forms involve the use of escipierit materials 
such as fillers, binders, disintegrators, and lubricating 
agents, and since a certain percentage of moisture 
is necessary for the preparation of such dowgc 
forms, as in the case of tablets, a preliminary iii- 
vestigation dealing with the effects of moisture was 
undertaken. Results presented t h u s  far, dealing 
with drug-adjuvant interactions, were facilitated 
by compression or by equilibration techniqucs, 
eithcr in aqueous or nonaqucous media. The 
present study involves the exposure of the dried, 
physically niixecl drug-adjuvant components to 
humidity conditions for various time intervals. 

Figure X illustrates this moisture effect with 
respect to spectral changes. Here curve .4 is the 
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chromic shift of about 150 nip is observed with a 
corrcspondiny oxytetracycliiic-niR#ncsiuin cllloridc 
system. The greater spectral shift observed with 
the magnesium chloride system would be expected 
sincc magnesium chelates of oxytetracycline are 
known, and the interaction would be of a stronger 
variety than that produced by the sodium salt. I t  
is ititcresting to point out again, however. that these 
changes are not observed between a physical mixture 
and moist sample of oxytetracycline and stenric acid. 
Spectral curves of the latter two systems have not 
been presented due to space considerations arid chela- 
tion explanations for these differences haw been dis- 
cussed in previous sections. 

Curves C and L) (Fig. 10) represent spectra of dry 
and moist oxytetracycline, respectively. It is 
evident from these curves, and other adjuvant 
spectra1 data, that moisturc cffects of the individual 
components of these complexes are minor compared 
to thc hugr spectral diff crenccs whcn a physical 
drug-adjuvant mixture is allowed to remaill in a 
moist enviroument. 

The significance of such interactions can be casily 
applied to the area of tabletirig. The preparation 
of tablets usually rcquires that some moisture be 
present iu the process of granulation, prior to tablet 
compression. Although such interactions, if they 
do occur, are already present in these granules, the 
effect of compression further accentuatcs this inter- 
action. This cffcct is illustrated in Fig. 11, which 
reprcsents the dry physically mixed control (curve 
-k), the moist sample (curve B) ,  and thc compressed 
moist sample (curve C). An examination of the 
curves in this figure indicates that a greater degree 
of intcraction may be obtained under compression 
pressures, as represented by the increased intensity 
and bathochromic change, even though the sample 
has alrcady intcractcd duc to moisture chamber 
equilibration. Furthermore, vacuum drying of 
these moistiire equilibrated samples and subsequent 
compress[on does not destroy this interaction. 

CONCLUSION 
An examination of the large number of adjuvants 

which may react with oxytetracycline, together with 
the large spectral changes of specific systems, sug- 
gests the desirability of prelitniriary screening for the 
possible existence of such drug-adjuvant interac- 
tions in the formulation of dosage forms. Although 
no experimental data are available concerning thc 
effect of these surface interactions with respect to 
dissolution and adsorption rates, it is felt that the 
possible existence or such interactions should be 
recognized. l'hc literature docs, however. contain 
information which strongly suggests that such 
interactions are responsible for the variation in 
blood level drug concentrations. 

Since chemisorption primarily involves the surface 
area of the adjuvant, this typc of interaction may 
not be of great therapeutic value when the drug to 
excipient ratio is sufficiently large, in that the chemi- 
sorbed unimolccular layer covering the surface or 
the adjuvant does not manifest itself until all the 
other physically adsorbed layers of the drug are 
removed. However, such drug-adjuvant inter- 
actions are extremely important when thc ratio 
of the therapeutic drug to  the amount of adjuvant 
or excipient is extrcmcly low. In such ratios, the 
therapeutic agent primarily cxists as the interacted 

diffuse reflectance spectrutn of a dry physical mix- 
ture of oxytetracycline H C1 and magnesium tri- 
silicate and serves as the control. A portion of 
this dry physical mixture was then transferred onto 
an evaporating dish and placed in a wax-sealed 
desiccator in which water was substituted for the 
desiccant and allowcd to  stand for a period of 24 hr. 
This moist sample was then dried to eliminate 
rrioisture effects, and the DRS, rcpresentcd by Fig. 8, 
curve B, was taken. Figure 8, C, represents thc 
spectrum of physical mixture which has beeu 
vquilibratcd in water, filtered, and dried. An es- 
amination of curve B indicates that interaction docs 
take place under moist conditions since this curve 
is comparable to the spectrum of the equilibrated 
sample (Fig. 8, C), cxccpt for an intensity change 
and the shoulder formation at 475 mw. This greater 
intensity change, obscrvcd in the equilibrated sample, 
is probably due to a greater degree of interaction, 
since more surface area is cxposcd in equilibrating 
techniques. These spectral changes were accom- 
panied by the usual color change from light yellow to 
a deep yellow color. I t  is of interest to  note that 
thc spectra of pure dry and moist oxytetracycline 
HCI or magnesium trisilicate, cxposed to the same 
moist conditions, were similar in nature and did not 
vary by more than f2%. 

A similar effect is shown in Fig. 9, representing thc 
interaction of oxytetracycline with sodium chloride. 
Spectrum h represents a physical mixture (control) 
of vacuum dried osytetracycline and NaC1. h 
portion 01 this dried mixture was subjected to the 
moist humidity chambcr previously described, and 
allowed to remain in this atmosphere for 3 hr. 
The DRS of this moist sample was then obtained 
aud is reprcsentcd by curve B. Figure 9, C, 
represents the spectrum of this moist sample which 
was vacuum dried. It is interesting to note that an 
interaction was observed with NaCI (Fig. 9, B), 
which cannot be totally attributed to a moisture 
effect, since drying of this moist sample does not 
cause a reversal in the spcctrum back to the control, 
but instead, a higher degree of interaction rcsults 
(Fig. 9, C). This may bc explained on the basis 
that drying removcs some of the surface water 
molecules from the adsorbent, producing additional 
reactive sites which facilitate the increased chemi- 
sorption or interaction. 

Other adjuvant systems, invcstigated for oxy- 
tetracycline moisture eflects, include anhydrous 
magnesium sulfate, magnesium chloride, and stearic 
acid. An examination of Fig. 10 again points out 
large spectral changcs induced when a physical 
mixture of oxytetracycline and anhydrous mag- 
nesium sulfatc is allowed to sit in a moisturc cham- 
ber for 12 hr. Hcrc curve h represents a physical 
mixture of individually dried oxytetracycline and 
magnesium sulfate, while curve B is thc spectrum of 
a moist sample. These spectral changes along with 
an important color change from a whitish yellow to 
a deep yellow intensity are again indicative of a 
strong interaction. Similar spectral changes are 
also observed when subjecting an oxytetracycline- 
magnesium chloride mixture to  a moist atmosphere. 
A difference between the sodium chloride and 
magnesium chloride reaction with oxytetracycline 
does exist, however, since the moisture exposed 
oxytetracyclinc-KaC1 sample shifts, seen in Fig. 9, 
are of a magnitude of about 75 m p  while a batho- 
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uninioleculnr layer and would be expect ed to sig- 
nificantly alter tlic dosc rcsponsc obtained. I t  is well 
to point out here that such interactions would not 
only manifcst themselves in solid dosage forms, as 
in the case of tablets and capsules, hut could also 
occur in suspensions and ointments, where drug- 
adjuvant ratios are usually low. it is of signi6catit 
interest to point out liere that one cannot overlook 
the distinct possibility of thc crcipient itsclf cxisting 
as a cheinisorbed layer covering the surface of the 
drug resulting in similar alterations of thr physical 
or bioclierriical behavior of the rnedicarncrit in 
dosage forms whcrc the drug-adjuv:~nt ratios itre 
high. 

Data presented iu this study furtlicr illustrate 
the possibility that donor-acceptor interaction ol 
many varieties play :in important role iu these 
drug-adjuvant interactions. This has bccu illus- 
trated by different magnitudes of spectral shifts 
observed among aluminum, calcium, magnesium, 
ziuc, and socliuni-contairiing adjuvants as well as 
iioiimrtal-co~itnining excipients represented by 
stcaryl alcohol, stearic acid, cetyl alcohol, acacia, 
tragacatith, tatiriic acid. arid polyethylene glycol. 
'l'hc dcgree. of interaction obscrvedfurthcr dcpcnds on 
the nature of the drug and the type uf adjuvant used. 
For exatnplc, c:ilciuni-contniniii~ adjuvauts interact 
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'strongly wit11 osytetracycline but show vcry littlc 
interaction teudericy for anthraccnc. 

Studies are currently in progress in thcse labora- 
tories dealing with the effects of such interactions 
on various a.spects of drug dosage formulation and 
absorption, 
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LSD Analogs 

N-Methyl-N-p- (and m-) methoxyphenyl-p-alanine Derivatives 

By KENNETH J. LISKA, JAMES L. JOHNSON, JAMES P. MASTRIAN, 
and MARIE L. STEENBERG 

Patterned after a fragment of the LSD molecule, the ethyl esters, simple amides, and 
N,N-diethylamides of N-methyl-N-p- (and m-)methoxyphenyl-p-alanine were pre- 
pared for evaluation as psychotomimetics. Of five compounds tested, three exhibited 
some degree of antiserotonin activity in the isolated rat fundus preparation. One 

of these three appeared also to be anticholinergic. 

TTEMPTS IIAVE been made to  elucidate an A active psychotomimetic moiety in the lyser- 
gic acid diethylamide (LSD) Iriolecule (I, 2). 
In the present work, the i~-methvl-,~-phenyl-p- 
alanine fragment of LSD was selected for study; 
an electron-rich methoxy group pcmz or meta 
on the ring was intended to approxiinate the 
contribution made by the pyrrole nitrogen. 

The ethyl esters (R = OEt in p-alanine moiety 
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TABLE I.-EFFECT OF COMPOUNDS I ,  11, AND VI 
ON RESPONSE OF ISOLATED RAT FUNDUS TO SERO- 

TONIN 
~- ~- - 

Dose, No. of Inhibition, To 
Compd. mcg./ml. Expt. Mean * S.E. 

I 78.8 5 94.5 f 2.3  

Journal of Pharmaceutical Sciences 

exhibiting approximately 50% inhibition at 
concentrations of 7.4 and 28.2 mcg./ml., respec- 
tively. Compound I1 also antagonized acetyl- 
choline-induced contractions; 0.14 mg./nll. pro- 
duced a 50% inhibition. Compounds I, 11, and 
VI  appear as relatively weak serotonin antago- 
nists when their activities are compared t o  the 
activity- of LSD on the mouse uterus (3). The 
most active compound (VI) appears to  have a 
dual mechanism, antiserotonin and anticholiner- 
gic. These results are suminarized in Table I. 
Compounds 111 and V were inactive. 

EXPERIMENTAL1 
N-Methyl-panisidine.-This was prepared from 

commercial p-anisidine according to  the method of 
King and Tonkin (4), b.p. 139-141" (27 mm.). 
HCl salt, m.p. 121-123". Major I . R .  spectral 
peaks incm.-': 3405 (m), 1506 (s), 1230 (s), 1030 (s), 
815 (s). 
N-Methyl-m-anisidhe.-This was prepared from 

commercial m-anisidine following the directions of 
King and Tonkin (4) for the fium cornpound, b.p. 
119-120" (11 mm.), n",' 1.5670; picratc from 
alcohol, m.p. 147.5-149.5O. Major T.R. spectral 
peaksincm.-l: 3405(m), 1600(s), 1490(s). 1204(s), 
1155 (s), 820 (m), 750 (in), and 680 (m).  
N,N-Diethyl-3-bromopropionamide.-This was 

prcpared according to the method of Gearien and 
Liska (5),  b.p. 82-100" (0.5 to 1.0 rnm.). 

Ethyl 3-(N-Methyl-N-p-methoxyphenylamino)- 
propionate (I).-To a mixture of 52.0 Gm. (0.38 
mole) of N-methyl-p-anisidine and 57.0 Gm. (0.57 
mole) of ethyl acrylate was  added 2 nil. of glacial 
acetic acid, and the mixture refused for 7 hr., then 
allowed to  stand overnight. The product was 
taken up in ether, washed once with saturated 
sodium bicarbonate solution, once with water, dried 
over anhydrous sodium carbonate, the ether evapo- 
rated, and distilled. Discarding a forerun, the 
authors collected the fraction, b.p. 144-148" (0.1 
mm.). The yield was 60.4 Gm. (67%) of pale 
yellow oil. Ester CO (str) 1720 cm.-'. 

And-Calcd. for ClaHlsNOs: C, 65.82; H, 
8.02; N, 5.90. Found: C, 66.01; H, 8.10; N, 
6.00. 

The HC1 salt could not be obtained in a solid 
form. Picrate, from alcohol, m.p. 126-129". 

Ethyl 3-(N-Methyl-N-m-methoxyphenylamino)- 
propionate GI),-A mixture of 12.2 Gm. (0.089 
mole) of N-methyl-m-anisidine, 9.0 Gm. (0.089 
mole) of ethyl acrylatc, and 1 ml. of glacial acetic 
acid was heated under reflux for 5 hr. and then 
allowed to  stand overnight. The wnrkup was the 
same as for thc para compound. Obtained was 
12.0 Gm. (57y0) of a pale yellow oil, b.p. 145-160° 
(0.1 mm.). Ester CO (str) 1720 cm.-l. 

And-Calcd. for CI3Hl9NO~: C, 65.82; H, 8.02; 
N, 5.90. Found: C, 66.05; H, 8.16; N, 6.10. 

The HC1 salt could not be obtained in a solid 
form. Picrate, from alcohol, m.p. 104-106". 
3 - (N - Methyl - N - p - methoxypheny1amino)- 

propionamide QII).-Ammonia water (25 ml. of 
297, ammonia) was enclosed with 8.8 Gm. (0.037 

53.7 5 79.1 f 4.5 
35.8 5 53.5 =k 4.7 
17.9 5 39.5 i 4.4 

I1 28.4  
14.4 
5.7 
2 .8  

4 95.4 i 2.7 
4 83.6 f 1 . 4  
4 38.9 f 3.2 
4 5.0 + 2.1  
3 95.7 zt 2.1  
3 78.5 f 1.7  
3 20.0 f 3.6 
3 0 

~ _ _ ~  

structure), produced by addition of N-methyl-p- 
anisidine or N-methyl-m-anisidine to  ethyl 
acrylatc, were converted into the simple amides 
(R = NH2) employing ammonia water at re- 
frigerator temperatures. When the correspond- 
ing aminolysis employing the ethyl ester of 117- 
methyl-.V-p-methoxyphenyl-P-alanine and di- 
ethylamine was attempted at room temperature, 
at 75' for 72 hr.,  or at 160' for 22 hr., no amide 
formation could be detected by infrared spectral 
examination of the crude reaction products. 
Only unchanged ester appeared to  be recovered. 
This diethylamine aminolysis was also attempted 
using catalytic amounts of water (a t  110' for 
64 hr.), sodium ethoxide (room temperature for 
65 hr.), and calcium chloride (112' for 15 hr.). 
Again, only unchanged ester could be detected 
by infrared examination of the crude reaction 
products. Since the N,N-diethylamide in the 
para series could not be obtained by aminolysis, 
i t  and the N,N-diethylamide in the meta series 
were prepared by  treating N,N-diethyl-3-bromo- 
propionamide with either N-methyl-p-anisidine 
or N-methyl-m-anisidine. As a further proof of 
structure, the ethyl ester in the para series was 
hydrolyzed to  thc free acid, which was isolated as 
the amino acid hydrochloride salt. 

Pharmacological testing for serotonin inhibi- 
tory activity was performed utilizing the isolated 
rat fundus. Five compounds were tested: the 
ethyl esters in both series, the simple amide i n  
the para series, and the N,N-diethylamides in 
both series (compounds I, 11, 111, V, and \'I. 
See under Experimental). Compounds 1, 11, 
and VI antagoni~ed the action of serotonin on the 
isolated rat fundus. Compound \'I appeared 
to be the  most potent antagonist tested, showing 
inhibition at concentrations as low as 1.4 mcg./ 
ml. and a n  ED50 of 2.2 mcg./ml. Compounds 
I1 and I were effective antagonists of serotonin, 

1 Melting points and boiling points are uncorrected. 
Analyses by Gal- Infrared data from a Beckman IR-8. 

braith 1,aboratories and Weiler & Strauss. 
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mole) of ethyl 3-(N-metliyl~N-p-nictl~oxyplienyl- 
amino)propionate and stored with occasional shak- 
ing in a refrigerator for 10 days. Thc supcrnatant 
liquid was thcn decanted from the semisolid mass, 
a frcsh 25-ml. portion of ammonia added, and the 
mixture allowed to stand an additional 3 days. 
The supernatants upon chilling to 0" yielded crude 
amidc which was combined with additional amide 
obtained by cold ether extraction of the semisolid 
mass. Rccrystallization from ligroin yielded fluffy 
white needles, 1n.p. 110-112". Obtained 1.0 Gm. 
(13f!&). 

And.-Calcd. for Cl1HlsN202: C, 63.46; H, 7.69; 
N, 13.46. 

3 - (N - Methyl - N - m - methoxypheny1amino)- 
propionamide (IV).-This simple amide was prc- 
pared in 1472 yield following approxiniatcly thc 
same proccdurc used for the puuu isomer. Kc- 
crystallized from water, m.p. 94.5-96". Amidc 
CO (str) 1670 cm. -l. 

Anal.-Calcd. for C11H16N202: C ,  63.46; H, 7.69; 
N, 13.46. Found: C, 63.66; H, 7.80; N, 13.27. 

3 - (N - Methyl - N - p - methoxypheny1amino)- 
propionic Acid Hydrochloride.-The hydrolysis of 
ethyI 3-(N-methyl-~~~-l;-p-methoxyphenylai~iiIio)p~o- 
pionate (10.0 Gm., 0.042 mole) was accomplished by 
refluxing with 50 ml. of 10% HC1 for 4 hr. The 
volume of watcr was reduced to  about one-fifth. 
The solution was allowed to stand overnight, where- 
upon 3.2 Gm. of pure, highly crystalline amino acid 
hydrochloridc, m.p. 159-160", was obtained. 
Evaporation of the remainder of the watcr and tri- 
turation of the solids with anhydrous ether yielded 
an additional 2.7 Gm. of pure product for a total 
yield of 57%. The salt recrystallizes well from ab- 
solute alcohol. 

ilml.-Calcd. for C,lHr&!lh'Oa: CI, 3 4.43. 
Found: C1, 14.19. 

3 - (N - Methyl - N - p - methoxypheny1amino)- 
N',N '-diethylpropionamide (V).--A solution of 10.2 
Gni. (0.049 mole) of N,i~-d-diethy~-3-bramopropion- 
amide, 6.9 Gm. (0.049 mole) of N-mcthyl-p-anisi- 
dine, 5.3 Gm. (0.05 mole) of anhydrous sodium 
carbonate, and 15 nil. of benzenc was hcated a t  
gentle reflux for 7.5 hr., and then allowed to  stand 
ovcrnight. The mixture was filtered, the solids 
waslied with ether, the combined filtrates freed of 
solvents, and distilled. After a large forerun, the 
fraction, b.p. 183-1.86" (0.09 mm.), was collected 
;is a yellow oil, amounting to 3.9 Gin. (30'$o). 
Tertiary arnide CO (str) 1625 cm.-'. 

Anal.-Calcd. for C16H~aNz02: C,  68.18; H, 
9.09; N, 10.61. Found: C, 68.35; H, 9.20; N, 
10.80. 

The HC1 salt was prepared crystalline hut was 
vcry hygroscopic. The picrate could not be ob- 
obtained in a solid form. Metliiodidc, recrystallized 
from absolute ethanol, m.p. 121-124', slightly 
hygroscopic. 
3 - (N - Methyl - N - m - rnethoxypheny1amino)- 

N',N'-diethylpropionamide PI).-.% mixture of 6.0 

Amide CO (str) 1670 cm.-'. 

Fou11d: C, 63.24; H, 7.76; N, 13.23. 

my 1.5396. 
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Gm. (0.044 molc) 01 N-rrictliyl-in-atlisidinc, 9. I Gm. 
(0.044 mole) of N,N-dicthyl-3-bromopropionamidc, 
4.6 Gm. (0.044 mole) of anhydrous sodium car- 
bonate, and 15 i d .  of benzene was heated at gci i tk  
reflux for 5 lir. The mixture was cooled, filtcred, 
the frccd solids washed with benzene, and the com- 
bined benzene filtrates dried over sodium sulfate. 
After removal of the solvent, the residue was dis- 
tilled and the fraction collected, b.p. 173-181" 
(0.09 mm.). Obtained 4.3 Gm. (37%) of a yellow 
oil, tty 1.5448. Tertiary amidc CO (str) 1629 
cm. -l. 

Anal.-Calcd. for ClsH2aN~Oz: C, 68.18; H, 
9.09; N, 10.61. Found: C, 68.03; H,  8.98; pi, 
10.71. 

The HCI salt could not be preparwl in a solid 
state. The picrate was crystallized, after 5 days 
standing, from ethanol, m p .  125-127". Metliiodidc 
from ahsolute ethanol, m.p. 108-11l0, hygroscopic. 

PHARMACOLOGY 

Wistar rats of both sexes (100-150 Gin.) were 
fasted for 24 hr., killed by a blow on thc hcad, and 
the stomach removed. The fundus was removed 
and cut into a strip by opening thc tissuc along the 
lesser curvature and cutting to preserve the longi- 
tudinal muscle as described by Vane (6). Thc 
fundus strip was suspcndcd in a 10-ml. muscle bath 
containing modified Ringer solution (7) (Gm./L. : 
NaC1, 9.0; KCl, 0.42; CaC12.2H20, 0.06; Na- 
HCOa, 0.5; and glucosc, 0.5) maintained a t  37" 
and oxygenated with pure oxygen. 

The strip was permitted to stretch in the organ 
bath for 1 hr., after which the minimum amount of 
serotonin required to give a response of 4-5 cm. 
was dctcrmined. This varied from 0.1-1.0 ng./ml. 
of bathing solution. This amount of serotonin was 
added to thc bath a t  6-min. intervals and the tissue 
washed twice between doses. Threc equivalent 
responses to srrotonin were followed by the addi- 
tion of a known quantity of the drug, dilutcd in 
normal saline, 1 rnin. beforc the tiext addition of 
scrotonin. If inhibition occurred, tlie tissuc was 
washed until recovery was noted, and two equivalent 
responses to serotonin were recorded beforc thc 
tissue was used for anothcr test. Four different 
doses of each drug were selected so that tlie highest 
dose gave a complete blockade of serotonin and the 
lowest a 5-109; blockade. The volume of each 
dose was less than 0.4 ml. 
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Effect of Ultrasound on Particle .Size of Suspensions 
of Polyethylene Spheres 

By M. A. SHEIKH, J. C. PRICE, and R. J. GERRAUGHTY 

The effect of ultrasound energy on  the particle size of polyethylene spheres ih 
aqueous suspension, with and without additives such as surfactants and deflocculat- 
ing agents, and using variable times of exposure to ultrasound, were studied. Par- 
ticle size was determined microscopically and expressed as the mean diameter of 
the particles. It was found that ultrasonic waves, at a frequency of 100 kc., caused 
a significant reduction in particle size only if surfactants were present. It was also 
observed that surfactants having high HLB values were the most efficient of all ad- 
ditives. Increasing time of exposure to the ultrasound waves brought about a con- 
tinued reduction of particle diameter up to 2 hr., but that after this time the particle 
size stabilized, and further exposure produced no significant decrease in the mean 

diameter of the polyethylene spheres. 

N RECENT YEARS, ultrasonic energy has been 
shown t o  cause particle size reduction in 

emulsions (1-4) and suspensions ( 5 9 ) .  
There are conflicting reports on the influence of 

the total time of exposure to the ultrasonic 
waves, however. Some authors stated that a n  
optimum period was needed and that  continued 
exposure could even cause an increase in particle 
size in emulsions ( 2 ,  3). Others found that after 
an optimum exposure time there is little or no 
change in particle size of emulsions (4). A similar 
observation has been made with suspensions (6). 
Another paper reports that the particle size re- 
duction continued as the timc of exposure was 
lengthened (8). It is very possible that the 
conflicting results of these studies might have been 
due to  differences in the intensity and frequency of 
ultrasound that was used or to variance in the 
crystalline striicture of the compounds used in the 
suspensions. 

It was the aim of this investigation to  correlate, 
if possible, the time of exposure to  ultrasound to 
the degree of size reduction of suspension par- 
ticles in a highly reproducible suspension under 
closely controlled experimental conditions; a 
second objective was to  evaluatc the effect of 
various concentrations of surfactants and de- 
flocculants on the exposed suspensions. The 
third objectivr was to determine if the concentra- 
tion of suspension particles is important. 

A generator producing sound waves at a fre- 
quency of 100 kc. was selected. It was felt that  
higher frequencies could causc some side reactions 
to occur which might introduce other variddes, 
and very high plate power is required t o  produce 
cavitation at higher frequencies. 
.___ 
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EXPERIMENTAL 

Equipment and Materials.-The apparatm. O S K ~  

t o  supply ultrasonic power for all experiments con- 
sisted of a 100-kc. and a bath equipped 
with a barium titanate transdumr. A round 
copper coil, attached to a circulating constamt- 
temperature bath, was inserted in the transducer 
bath in order to keep the tempcraturc constant at 
25 f 1' during the investigation. 

The instrument sclcctcd for thc dctcrmination of 
the particle size of the suspensions was a Spencer 
tnicroscopc with an A 0  Spcnccr micrometer.* 

A microfine polyethylene r e s i ~ i , ~  was selected to 
prcparc the cxpcrimental suspensions. This sub-. 
stance offers scveral charactcristics to commend it 
for this USC: ( a )  the polgctliylene is hydrophobic, 
and cavitation occurs more easily at hydrophobic 
surfaces; ( b )  thc particles are spherical and, there- 
fore, easy to count; (c)  there are two size ranges 
available, 3-20 fi diameter (h.licrothcne 50U) and 
8-30 p (Microthene 510); and ( d )  the rnaterial is 
inexpensive. 

Procedure.--An 0.5% suspension of Microthenc 
500 or 510 was used as the basic suspension. Ad- 
ditives were used in varying mncentrations at 
different times to study their effect. These in- 
cluded the surfactants polysorbatc 204 and sodium 
lauryl sulfate, and the deflocculating agents Darvsu,5 
D a ~ a d , ~  and Maraspcrse.8 The suspension to  be 
exposed was placed in a 125-ml. flask, and this mas 
irurnersed in the transducer bath so that the level 
of the suspension was always below the levcl of 
water in the transducer bath. Tcmperaturc was 
kept constant at 25', and the gcnerator plate 
voltage was kept a t  1000 v. After varying intervals 
of time, rcprescntative samples of the suspension 
were witlirlrawn from thc flask, particle sizes were 
detcrmiried tnicroscopirally by measuring thc  di- 
amcters of 200 particles for each sample, and the 
mean diameter was calculatcd for cach sample. 
Later the concentration of Microthene 500 and 
Microthcne 510 was varied from 0.5 to 4%. Puly-  

I McKenna model 100 generator, McKenna Laboralories, 

2 American Optical Co., Buffalo, N. Y .  
3 Marketed as Microthene by the U .  S. Industrial Chemical 

4 Marketed as Tween 20 by the Atlas Chemical C o  ... 

Santa Monica, Calif. 

Co., New Ynrk, N. Y .  

Wilmington, Uel. 
5 Dewey and Almy Chemical Co., Cambridge, Mass. 
6 Marathon Chemical Carp.. 1)ivision of American Can, 

Co.. Neeriati, Wis. 
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sorbatc 20 was added to :dl of tlivse suspcusicliis in :t 

conccirtr:ition o f  0.1 

104Y 

time, and longcr csposurc causvd little or uo rurther 
reduction in the uieaii partiel? di:wit.trr. 

It is also apparent tha t  a 0.06 t o  0.1% conccntra- 
tiori uf surfactarit is satisractory, and that higher 
coiicentratiuus do i io t  iricreaae the effectiveness o f  
the ultrasound, 

A study of the cffcct of the I1LB (10) of sur- 
factants am made by using inisturcs of sorbitam: 
and polysorhatcs. The results are shown in Table 
V. It appears tha t  thew is little difference in 
effect on particle sizc reductiori if the HLB of the 
surfactant mixture is greater than 10. but that as 
the HLB is reduced below tha t  point. the cffcct of 
ultrasouud is reduced. 

There is no significant diffcrencc in the magnitude 
of the decrease between Microthenc 500 arid 
Microthene 510 if the decrease iu particle size is 
computed on the basis of percentage of change of 
mean particle diameter. 

Particle sizc rcduction of Microtlienc suspensions 
in the  presence of deflocculanti such as Maraspcrsc. 
Darvan, and Daxad was negligible, a id  practically 
the samc as when no additive a t  a11 was used. 
These agents are charged particles which are ad- 
sorbed oil the  surface of the suspended particles 
preventing flocculation by electrical repulsion with- 
out appreciably affecting surface terision. Table 
VI,  which shows the  effect of ultrasound in a Micro- 
t h e m  suspension in the prescuce of Darvan, is 
typical. 

The  effect of incrcasiiig the  concentration of the 
suspcndcd phase is shown in Tables VII  and V I I I .  
It is apparerit tha t  the effect of ultrasound in re- 
ducing particle size becomes less marked as the 
concentration of the suspended phase iricreases. 

KESULTS 

The mean particle sizes of Microthenc ROO and 
510 suspensions containing varying concentratious 
of polysorbate 20 and sodium lauryl sulfate are 
shown in Tables 1-11’, It is apparent tha t  thc  ad- 
dition of these agents facilitated a substantial re- 
duction iri particle size after 2 hr. exposure time, 
hut that ,  usually, a plateau was reached at tha t  

,. I ABLE I ~ EFFECT OF ULTRASOUND ENERGY ON 
1’4K I I C L E  S I Z E  O F  h ” I C R 0 T H E S E  500 IVITH \‘-4RYISG 

CONCENTRATIOXS U F  POLYSORDATE 2Oa 

1’0Iy- 
s ~ r l ~ a t e  ------Time of Ilxpusure, min.----- ‘Lo. c,; 0 60 120 1x0 240 

None 5 . 5  3 3 5 . 2  5 . 2  5 .1  
I), Or, 5 . 1  4.i 4 . 6  4 . 0  4.0 
0 .  1 5 4  4.8 4.3  4 . 3  4 . 3  
( J  2 5 2 b.1  4 .7  4 . 4  4.4 

TABLE I 1  --EFFECT OF ULTRASOUND ENERGY 0s 

CONCESTRATIONS OF SODIUM LACRYL  SULFATE^ 
I’ARIICLE SIZE OF MICROTHENE 500 W I T H  X’ARVING 

Sod ium 
Laui-yl 
Sulfate,  -----Time of Exposure, min.---- - 

< i L  ,: 0 60 120 180 2 10 

None 5. ‘4 5 . 3  5 ,  1 5 . 2  5. 2 
0 . 0 5  5 . 4  4 . 9  4 . 6  4 . 5  4 . 5  
0.1 5 .5  5 .1  4 .4  5 . 4  4 . 4  
0 . 2  5 . 4  5 .1  4 . 5  4 . 2  4 .3  
0 . 3 5.4 5 . 2  4 . 3  4.?l 4.3  

All  mean rlinm?tec-s ai-e givrn in miri-ans 

TABLE III . -EFFEcT OF ULTRASOUSD EXERGY O N  

CONCRNTKA.I.IONS o v  I’OLYSOKHRIX 2W 
F’ARTICLE SIZE OF h f I C K O T H E N E  ,510 \VITH L-AKTIAG 

Polg- 
surbatr - ---’Kimc of ikyuaut e, miri.---- 
20, :&> 0 fin 120 1x0 240 
Not1e 9.8 9 . 6  9 . 3  9.3 9 . 2  
0 .05 9 . 7 5  9 . 2  8 . 5  8 . 5  8 . 4  
0 .  1 9 8 9 . 3  8 . 3  8 . 2  8 . 8  
0 . 2  9 . 7  9 .4  9 .3  8. ( i  8. f i  

TABLE 1v -EFFECT O F  YLTRASOUND ENERGY ON 
PARTICLE SIZE OF MICROTIIEYE 510 WITH 
\.ARYING CONCENTRATIOKS OF SonIrrlw LAURYL 

 SULFATE^ 

~ Time of IGxpwni e ,  min -- . 
Laury 1 

Sulfate, x 0 00 120 180 210 

Noue 9.8  9 . 5  9 . 3  9.3  9.3 
0 .06  9.7 9.0 8 4 7.9 7.8 
0 . 1  9 . 8  9 . 2  8 2 8 . 0  8.0 
0 .3 9 . 7  9 .1  8 . 3  7 . 9  7 . 9  

All incan cli:rinctei s :it c g i v r n  i n  irricl on$. 

DISCUSSION 

In a l l  of the experiments in which tiicre was :I 
substantial reductiou ill particle size of the sus- 
pended material, a plateau was noticed after ;HI 

exposure time of about 2 to  2.5 hr.,  after which time 
110 further si,qiificant reduction in size occurred. 
‘l‘hcsc rcsults parallcl the results reported by Singiser 
and Beal(4) Tor a liquid-liquid system although this 
study is concerned with a solid-liquid systcin. 
No reasonable explanation for this cffcct can he 
obtained from the data available, but it was seen 
consistcutly. 

Substantial rrduction iri mran particlc diameter 
occurred only in thc presciicc of surfactants. This 
result can bc exphilied partially from the character 
of the suspensions obtained. When surfactants 
haviug high HLB values wcrc present. the particles 
wrre readily dispersrd, and, thcrcforc. the indi- 
vidual particles werc completely surrounded by 
liquid; in the absence 01 surfactants the particles 
tendcd to  remain clumpcd togythcr and. thrrrforc, 
riot surrounded by liquid. Siuce the ultrasound 
waves and cavitation shock waves are transmitted 
to  the particles through the liquid medium, a iiiuch 
reduced effect woultl he expected in the poorer SUY 
pensions. 

I t  was obscrvcd that the dcflocculating agents 
used did nut lcsseri flocculatiori o f  the Microthenr 
particles t u  ii significant degree. The very small 
_ _ ~ ~  ~~ ~ 

7 A t a r k ~ t e c l  a5 S l m n c  I,y t h e  Atl:,,  rh?ni ical  (‘81 , WilminK- 
Lon. 1)rl .  
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'I'ARLK \..--EFFECT OF HLB OF SURFACTANTS ox 'THE PARTICI.E SIZE 
OF MICROTHESE ,510 (O..jf., SI:SPRKSIOS )" 

-. 
-. ~ 

--Additives, %- 
Sorbitan --Time of Exposure, min. - 

Polysurbate 20 Monolaurate HLB 0 30 60 90 120 
75 25 14.6 10.0 9.6 8.8 8.3 8.2 
50 50 12.6 9.9 9.4 8.9 8.2 8.3 
50 50 10.8 9.8 9.6 8.9 8.5 8 .5  
20 so 10.0 10.0 9.4 8.9 8.3 8.4 
10 90 9.5 10.0 9.7 9 .2  8.8 8 .8  
5 95 9.1 10.0 9.8 9.6 9.6 9 . 5  
0 100 8.6 9 .9  9.7 9.6 9 . f i  0 .  f i  

~- - ~- 
0.05% total surfactant was used in all cases. All particle sizes are in microns. 

TABLE \'I.-EFFECT OF ULTRASOUND ENERGY ON as lllore particles were present, it was lloted that 
PARTICLE SIZE OF M1CR0TIIENE 500 V-~KYINC higher concentrations appeared to have a damping 

effect on cavitation by the ultrasound waves as 
evidenced by decreased agitation in the flask. 

Uarvan, ----Time of Exposure, min.- 
70 0 60 120 180 240 

SUMMARY A N D  CONCLUSIONS None 5.5 5.5 5.3 5.3 5 .3  
0.05 5.5 5.5 5 . 2  5 . 2  5.2 
0 . 1  5.6 5.5 5.2 5.3 5.1 The purpose of this investigation was to study 0.2 5.5 5.3 5.0 5.1 5.1 
0.3 5.6 5 .2  4.9 5 .0  5.0 the effect of ultrasouic energy on the particle Size of 

certain highly reproducible suspensions. It was 
observed that ultrasound waves had some reducing 
effect in all cases. 

CONCENTRATIONS OF DARVAN" 

1. 

a All mean diameters ai-e given in microns. 

TAHIX VIL-EFFECT OF ISCREASING COSCENTKA- 
TION OF MICROTHENE 500 I N  SUSPENSIONS 

Nicrothene --Particle Size, ~.r----. 
500, "/4 After 2 hr. 

in Suspensions* Before Exposlire Exposlire 
0.5 5 . 6  4.5 
1.0 5 . 6  4 . 4  
1.5 5.7 4.6 
2.u 5.6 4.8 
2 .5  5.5 4.8 
3 .0  5 .7  5 . 0  
3.5 
4 . 0  

5.5 5 . 1  
5.7 5.3 

All suspensions contained 0.17, polysorbate 20. 

TABLE VIII.-EFFECT O F  INCREASING CONCENTRA- 
TION OF MICROTHENE 510 IN SUSPENSIONS ____ - 

Xicrothene r- Particle Size, p--. 
510, r, After 2 hi.  

in Suspensionsa Before Exposure Exposur? 
0 . 5 10.1 8.1 
I . o  9.9 
1 .5  9.8 
2.0 9 .9  
2 .5  9.7 
3 .0  9.9 
3 .5  10.0 
4 .0  9 .8  

8.2 
i . 9  
8 . 5  
8.3 
8.ti 
9.1 
8 .8  

- ~ ~ ~ _ _ _ _ _ _ ~ _ _ _ ~ ~ ~  
911 suspensions contained 0.17" polysorbate 20. 

size reduction in these suspcnsions could be ex- 
plained on the same basis as above, i.e., thc ultra- 
souud waves and cavitation shock was not trans- 
mitted to the individual particles. 

'rhc effect of increasing the concentration of thc 
suspended phase was quite predictable. In addition 
t o  the possibility of a greater degree of flocculation 

2. The effect of the time of exposure to ultra- 
sonic energy appeared to bc that the size changed 
significantly up to a period of 2 hr. and that after 
that a plateau was reached. 

The use of deflocculafing agents did not cause 
any significant change in the reduction of the 
particle size. 

It was also noted, from this study, that a 
minimum conccntration of a surfactzant was neccs- 
sary to obtain maximum effect on particle size 
reduction but that addition of surfactant above 
this concentration produced no noticcablc change. 

The HLB of the surfactant also has an effect 
on thc reduction in the particle size. Surfactants 
with high HLB were found to be most effective, and 
if the HLH was less than 10, practically no effect 
was observed. 

As the concrntration of the suspended phase 
was increased, the cliangc in particlc sizc of sus- 
pension became less marked. 

In view of the results of this study, i t  can bc 
concluded that ultrasonic energy might be a useful 
tool for the reduction of particle sizc of ccrtain 
pharmaceutical suspensions to make them more 
st able. 

3. 

4. 

5. 

6. 

7. 
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Interaction of Various Phenethylamines with the 
Adrenergic-Adipose Tissue Receptor System, In Vitro 

By K. F. FINGER and D. R. FELLER 

The interaction of several phenethylamines with the rat adipose tissue adrenergic 
receptor system has been studied utilizing the release of free fatty acids as an index 
of the interaction. It has been established that structural modifications of the basic 
phenethylamine molecule produced marked changes in the affinity of the agonists 
for this system and, to a lesser degree, in the intrinsic activity constants. N-Substitu- 
tion of large alkyl functions increased affinity most markedly. Hydroxylation of 
the p carbon of the ethylamino side chain also enhanced affinity, while changes in the 
ring substitution produced changes varying from complete loss of all activity to 
alterations in the affinity constants. Phenethylamine, tyramine, ephedrine, am- 
phetamine, and metanephrine were found to be inactive in this system. The catechol 
nucleus appears to confer optimal activity upon the agonist molecule, but structural 
modifications, particularly upon the side chain nitrogen, markedly affect the ability 

of the molecule to release free fatty acids from adipose tissue, in vitro. 

ECENT STUDIES have indicated the increasing 
importance of the mobilization of free fatty 

acids (FFA) in (a) normal body metabolism as a 
primary energy source (1, 2)  and (b)  as a factor or 
contributing factor in certain disease states (3). 
For these reasons, considerable research emphasis 
has most recently been placed on studies designed 
to  elucidate the controlling mechanisms involved 
in the mobilization of FFA from triglycerides in 
adipose tissue 

The fact that the sympathetic nervous system 
and in particular the catecholamines play an im- 
portant role in the mobilization of FFA has been 
recognized for a number of years (4, 5 ) .  Recent 
work has shown that the catecholamitie-induced 
mobilization of FFA occurs along pathways 
similar to those elucidated by Sutherland and 
Rall (6)  for the catecholamine-induced glycogen- 
olytic processes of liver, i.e., it appears that the 
catecholamines stimulate the conversion of ATP 
to 3’,5’-cyclic AMP, which, in turn, catalyzes the 
conversion of an inactive lipase to  an active 
lipase (7, 8). The lipolytic enzymes thus acti- 
vated catalyze the stepwise hydrolysis of tri- 
glycerides to yield free fatty acids. 

Many studies have been reported concerning 
the effects of catecholamines on the release oC 
free fatty acids both in vivo and in witro. How- 
ever, few, if any, have defined the structure- 
activity relationships involvcd in the interaction 
of catecholamines with the adipose tissue- 
adrenergic receptor or have provided a sufficient 
degree of quantitation to allow such relationships 
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to be made. It is the purpose of this report to 
present findings with respect to the structure- 
activity relationships involved in the interaction 
of substituted phenethylamines with the rat 
epididymal fat tissue, in uitro. This knowledge 
is deemed important for an understanding of the 
nature of drug-receptor interaction in this tissue 
and for the development of highly selective 
agonists and antagonists of FFA release in the 
future. 

EXPERIMENTAL 

Materials.--The chemicals1 employed in this 
study and their source of supply are as follows: 
tyrarnine HCl, d,Z-metanephrine HCl, dopamine 
HCl, I-phenylephritie HC1, I-isopropyl arterenol 
HCl, phenylpropanolamine HC1, and 6-phen- 
ethylamine (Mann Research Labordtorics); rnetar- 
amino1 bitartrate and ephedrine sulfate (Merck, 
Sharp & Dohme Laboratories); isoxuprine HCl 
(Mead Johnson Laboratories); nylidrin HCl (U. S. 
Vitamin Corp.); I-epinephrine bitartrate (Winthrop 
Laboratories) ; protochylol (Lakeside Laboratories) ; 
dextroamphetamine sulfate (K & K Laboratories); 
I-norepinephrine bitartrate and bovine albumin, 
fraction V (Nutritional Biochemicals Corp.). All 
concentrations expressed in this paper refer to  the 
Cree base. 

Methods.-Nonfasttd, rnalc Spraguc-Dawley 
rats, weighing between 200 and 250 Gni., were main- 
tained in thcir animal quarters at least 1 week prior 
to  being employed in an experiment. The animals 
were sacrificed by stunning and decapitation. The 
anterior one-third of the epididymal fat pads were 
rapidly removed, placed in freshly prepared Krebs- 
Ringer bicarbonate buffer (pH 7.4), and rninccil 
with a small scissors to  yield pieces weighing 5-10 
mg. Tissue slices from six rats were pooled for 
each experiment. 

Incubations of fat pad* diid the determination of 
the rate of FFA release as function of agonist 
concentration were conducted by procedures previ- 
ously described (9). 

1 The authoi-s thank their colleagues in the pharmaceutical 
industry for generously supplying many of the chemicds 
used in this study. 
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pounds employed in this study arc prcscntcd in Pig. 1. 
It is apparent from these data,  that  with the excep- 
tion of phenylephrine and phenylpropanolamine, 
all compounds were capable of producing a maximal 
release of FFA from adipose tissue slices, in oilro. 
The conipounds varied, however, in their relativc 
ability to  mobilize FFA. Thus, in considcring com- 
pounds A through H shown in Fig. 1, the rank ordcr 
of compounds listed in order of decreasing potency 
is protochylol > isopropyl arterenol > epinephrine = 
norepinephrine = nylidrin > isoxuprine > nietar- 
amino1 > dopamine. Plicnj.lpropanolamine ( c u m  
pound J )  a r i d  plicriylcphrine (compound I) possess 
propcrtis  which sharply diffcreutiatc them from 
the others. Th~is, tlrese latter two Iriolecules show 
t h e  property of auto-inhibition which mtnifcsts 
itself in a decrease in FFA release as the cuncentra- 
tion of agonist is incrmsed beyond a certain value. 

Analysis of these (lata suggest that  the catechol 
nucleus conveys optimal activity upon the inoleculc 
in agrecnicnt with the postulates of Bcllcau (10) 
regarding- the interaction of catecholamines and 
ATP at the adrenergic receptor. Structural moti- 
ificatiotis of the catecholamine structure, however, 
produccd pronounced alterations in the relative 
ability of  these moieties t o  mobilize FFA from thc 
adipose tissue slices. Xorepinephrine and dopamitie 
differ only in the presence or absence of the hy- 
droxyl function on the ,5 carbon of the side chain, 
yet these two compounds differ by a factor of about 
160 in their activity in mobilizing FFA. Thus, 
side chain hydroxylation appears t o  increasc. FFA 
mobilizing activity. 

Similarly, A-substitution of large alkyl functions 
enhanced activity as can bc scen by comparing the 
dose-response curves fur protochylol and isopropyl 
artercriol with those of epinephrine and norepineph- 
rine. Indeed, the larger A'-substitution found in 
protochylol enhanced its potency to a value ap- 
prositnately twice that  of isopropyl arterenol. thc 
compound previously found to be the most potcnt 
mobilizer of FFA in this system (9). Mcthylation 

AQUJIST C W N T R I T I O N  I U L I  

Fig. 1 .-Dose-rcsponse curves for various phcn- 
ethylaminc agonists on mobilization of F F A  froni 
rat epididyrnal fat  tissue, i n  v i t io .  Key: A, pro- 
tochylol ; H ,  isopropyl arterenol; C,  epinephrine; 
D. norepinephrine; E, nylidrin; F, isoxuprine; G, 
nietararninol; H, dopaniine; I,  phcnylephrine; J ,  
phenylpropanolamine. From four to  six deter- 
minations were made at cach agonist concentration 
for all compounds prcscntcd in this paper. The 
valucs plottcd rcprcsent the mean the standard 
error as indicated by the vertical lines. 

The rates of FF"L relcasc, expressed in terms of 
pnioles of FFA released/Grn. of adipose tissue/hr., 
were calculated from thc data obtained by serially 
sampling the incubation vessel at 0, 20, 40, and fio 
min. after addition of the agonist t o  the media. 
In  thesc studics, a maximal ratc of FF.4 rclcasc ot 
18 pinoles/Grn ./hr. was obtained arid was r o u d  to 
be independent of the agonist employed. This 
maximal figure was cmployrd to calculate the per 
cent response of the system in all studies described 
in this report. 

RESULTS AND DISCUSSION 

Dose - Response Relationships.-Thc dosc- 
rcsponse rclatioiiships obtained for thc active coni- 
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or norepiiiepliriiic. 'I'lic cffcct of this typc of 
tiiolecular alteration is also cvidcnt wileii coinparing 
the dosc-response relationships of nylidrin ant1 
isoxuprine with the other noncatecholamines shown 
in Fig. 1, riamcly xnetaramitiol, phenylpropanol- 
amine, and phcnylephrine. 

In contrast t o  the above-rrientivrled alterations 
in dose-respoiise curves obtaincd by varying chem- 
ical structure, substitution on the 01 carbon of thr 
side chain did not appear to alter biological activity 
in any significant nianner. 

Double Reciprocal Relationships.--The equation 
descrihcd I J ~  Aricns (11) relating the relative 
response of a tissue t o  an agonist and the con- 
ccntration of agonist employed has hcen modified 
slightly to yield 

Fig. 5.---l)uublc 
reciprocal plot illus- 

4 trating effects of 
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of thc amino nitrogen did not, howevcr, producc a 
statistically significant alteration in the dose- 
respomsc relationship (compare epinephrine with 
norepinephrine). 

The influcncc of N-substitution is also cvidcnt 
when one compares the dose-response relationships 
found for the noncatecliolaiiiines tested. Nylidrin, 
a compound lacking a catechol nucleus but possessing 
a rather large substituent 011 the sidc chain nitrogen, 
was found to  be eqiiipotcnt with cpinephrinc and 
norepincptirinc wtiilc isoxupririe was found to  be 
.approximately one-fifth as potent as cpincphrinc 

where K is the response of the tissue measurcrl as 
the rate of FFA relcasc/Gm. of tissue/hr., I is the 
intrinsic activity constant or maximal response 
obtainahlc a t  an infinity coticeritration of the 
agonist, A is the Concentration of agonist employed, 
and Kn is tlic a.pparent dissociation constant of the 
agonist-receptor tissuc complex. Placing the above 
expression in the double reciprocal form yields 

1 /K  = ( K n / f )  (l/A) + 1/I 

.. . 1 ABLE 1,--1NTRINSIC ACTIVITY AND AFFINI1.Y CONSTASTS FOR SUBS1 ITLTED PHENI3TIIYI.AMINES ON THE 
MODILIZATION OF FFA FROM RAT ADIPOSE TISSUE 
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with the slightly active phenylpropanolamine.) 
Placing a hydroxyl function in the 3 position of the 
ring significantly increased FFA mobilizing activity 
(metaraminol). Ring hydroxylation in the para 
position coupled with N-substitution markedly 
enhanced PFA mobilizing activity (isoxuprine and 
nylidrin). The catechol nucleus appeared to confer 
optimal activity upon the molecule, however, as 
seen by the relatively high affinity constants 
possessed by these type compounds (epinephrine 
and norepinephrine). The affinity of the catechol- 
amine can be enhanced, however, by N-substitution 
of large or bulky alkyl functions (isopropyl arterenol 
and protochylol) and diminished by removal of the 
j3-hydroxyl group of the side chain (dopamine). 
Methylation of 3-OH group of epinephrine com- 
pletely abolished FFA mobilizing activity (meta- 
nephrine). 

Plotting the data as l /R  versus 1/A yields a straight 
line with a slope numerically equal to  Ka/I and an 
intercept of l/I. Analysis of the data in this 
manner provides an efficient means of calculating 
the intrinsic activity constant (I) and the affinity 
constant (the reciprocal of the apparent dissociation 
constant for the drug-receptor tissue complex, Ka) 
from the intercept and the slope of the line, re- 
spectively. The data obtained in this study and 
plotted in this manner are shown in Figs. 2 and 3. 
The data for norepinephrine have becn included 
in both graphs for comparative purposes. 

111 Fig. 2 ,  it is apparent from the steep slopes of 
the dopamine and metaraminol lines that these 
compounds arc relatively weak agonists in this 
system as compared to isoxuprine, nylidrin, and 
norepinephrine. I t  is also apparent that all curves 
intercept the y-axis at a common point, indicating 
equal intrinsic activities. 

In Fig. 3 ,  a different scale for the x-axis was 
employed to permit the plotting of the data for the 
inore active agonists in the double reciprocal inan- 
ner. I t  is apparent in this graph that ( a )  the line.. 
extrapolate to  an intercept identical with that ob- 
tained in Fig. 2 indicating the same intrinsic ac- 
tivities for all compounds, and ( b )  in this system, 
the highest affinities were shown by protochylol 
and isopropyl artcrcnol, both compounds being clearly 
more potent than epinephrine and norepinephrine. 

Structure-Activity Relationships.-The structure- 
activity relationships obtained in this study have 
been summarized in Table 1. In this table, the 
intrinsic activity constants are expressed as ratios 
of the maximal response obtained with an agonist 
t o  the maximal response obtainable in the system 
(l l) ,  and the affinity constant is expressed as the 
pD, of Miller, Becker, and Tainter (12), defined 
as the negative logarithm of the agonist concentra- 
tion required to produce a response equal to 50% 
of the maximal response obtainable in the system. 
These constants can be derived from either the 
dose-response relationships shown in Fig. 1 or from 
the intercept and slope value of the lines shown in 
Figs. 2 and 3. Inactive compounds have also 
been included in the table of data. 

The data summarized in Tablc I indicate the 
effects structural modification of the basic phen- 
ethylamine structure had on the ability of the com- 
pounds to stimulate the mobilization of FFL4 from 
adipose tissue, in vitro. The parent compound, 
phenethylamine, was found to be completely in- 
active in this system, thus possessing zero intrinsic 
activity. Para-liydroxylation (tyramine), or a 
carbon methylation (amphetamine), did not in- 
crease activity to a measurable level, while p-carbon 
hydroxylation along with a-carbon inethylation had 
variablr results. (Compare the inactive ephedrine 

CONCLUSION 

It is concluded from these studies that ( a )  while 
the catechol nucleus appeared to confer optimal 
activity upon the agonist molecule, significant 
mobilization of FFA from rat epididymal fat tissue 
was achieved by monohydroxylated ring structures, 
( b )  the hydroxyl function on the 6 carbon atom of 
the side chain played an important role in dc- 
termining the affinity of the compound for the adi- 
pose tissue receptor system, (c) N-substitution of 
large alkyl functions greatly enhanced fat mobilizing 
activity, and (d )  compounds whose action is me- 
diated by release of endogenous catecholamincs 
were not active in this system. Furthermore, from 
the information obtained in this study, it appears 
that both a- and @-type adrenergic stimulants are 
capable of stimulating the mobilization of FFA but 
that the @-type adrenergic stimulants are much 
more active in this regard than are the 01 stimulants. 
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Solubility Profiles for the Xanthines 
in Aaueous Alcoholic Mixtures I 

Ethanol and Methanol 

By A. N. PARUTA* and S. A. IRAN1 
The solubilities of cdeine,  theophylline, and theobromine were determined in two 
binary mixtures as a function of the dielectric constant. The binary mixtures chosen 
were water and two n-alkyl alcohols, ethanol and methanol. The  alcohol was 
chosen on the basis of the dielectric constant range produced so that various "cuts" 
along the solubility curve could be obtained. The dielectric requirements (DR's) 
found in  these systems could then be matched with previous findings. The DR's 
found in  this study correlate to a fair degree with past work; however, a consistent 
new peak at a dielectric constant of about 40 was also found. These systems were 
experimentally designed so that solubility could be expressed in  various concen- 

tration notations as well as mole fraction. 

HE SOLUBILITY profile for the xanthixie drugs 
'in dioxane-11 7 ,  a ter mixtures in terms of dielec- 
tric requirements has been given previously (1). 
It also had been shown thc dielectric requirements 
(DR's) for salicylic acid (2) were relatively con- 
stant for a diverse spectrum of binary mixtures 
arid that  the magnitude of solubility at a given 
DR varied widely. 

I n  a continuing effort to  investigate the rela- 
tive constancy of DR's in various binary mixtures, 
tlie present study on the xanthines was under- 
taken. In this case, the solubilities of the xan- 
thines were determined in mixtures of two semi- 
polar, n-alkyl alcohols with water. The two 
alcohols, ethanol and methanol. were chosen on 
the basis of giving a desired dielectric constant 
range so that isolation and limitation of  a given 
number of tlie total DR's found in dioxane- 
water could be accomplished. The main pur- 
pose of this work was to determine if the DR's  
found with alcohol-water mixtures wcre the 
same as the DR's found in dioxane-water mix- 
tures. 

It should be noted that  caffeine contains one 
inore methyl group than the other xanthines, 
theophylline arid theobroinine, which arc' ps i -  
t i o l d  isomers. Iri the dioxane-water system. it 
was found that  the first threc DK's for caffeinc 
were about 9-4 dielectric constant units below the 
first three DR's for the other xanthines. Wlieth- 
er this difference is due to the chemical difference 
noted above or experimental variation is not 
really known. However, it has been assumed 
that  the latter was true and the xanthines show 
approximately the same DR's in  dioxane- -water 
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mixtures. Whereas previous data werc pre- 
sented only in a mg. jml. convention, the experi- 
mental system in this study was so designed 
through density iiieasurernents to allow for 
presentation of solubility in various concentra- 
tion notations as well as mole fraction. It has 
been shown (3) that  the DR's are concentration 
notation dependent and i t  was felt that these sys- 
tems should be similarly treated. 

EXPERIMENTAL 

Solubility Determinations.-The protocol for 
solubility determinations has been described yrevi- 
ously (4, 5). All runs were done at 25" and each 
of the three runs made were subjected to both 
spectrophotoinetric arid graviinrtric analysis. In- 
ternal averaging was performed and the results 
are reported for the three run average. 

Materials.-cdffeine was obtained from Nepera 
Chemical Co., Inc., theophylline from Matheson, 
Coleman and Bell, $094 TX450, and theobromine 
S.F. from Penick, lot KHT 4092. Ethanol was 
obtained from I?. S.  Industrial Chemical Corp., 
scalcd absolute, methanol from Allicd Chemical, 
reagent ACS code 1212. Distilled water was used 
throughout this study. ,111 materials wcre used 
dircctly as supplied by the manufacturcr. 

Equipment.-A water hat11 and attendant COII- 

l tok were used as an rquilibratiorl crrvironment at 
2 5 O .  Twenty-four hours was the titile allowed for- 
equilibration. A Bausch & Lomb spectronir 505 
was used for spcctropliotometric analysis, and a 
vacuum desiccator was used to dry samples t r i  
constant weight. 

RESULTS A N D  DISCUSSION 

'rhe solubility of c-dffeine at 85" in the various 
concentration notations given verszis the dielectric 
constant of the binary mixtures studied is shown 
in Fig. 1. 

In Figs. 2 and 3,  the solubility of theophylline 
and thcobrominc at 25' in the mg./ml. of solution 
convention is illustrated as a function of the di- 
electric constant of the binary mixtures studied. 
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Since the solubility curves for theophylline and 
tlicobroniine, in the mg./Gm. of solution and mole 
fraction conventions are analogous to those in Fig. 1 
for caffeine they have been omitted from these fig- 
ures. The variation of DR’s with concentration 
notation has bcen summarized in Table 11. 

The DR’s found for thc xanthines in these alcohol- 
watcr mixtures have been summarized in Table I. 
The values of the DR’s for the xanthincs in dioxaiie- 
water mixtures are also shown in order to contrast 
the various binary mixtures used. For theobrotnitie 
in the methanol-water system, a shoulder a t  a 
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dielectric coustant value of about 40 was not clear 
cut. Although slight shouldering can be seen at 
a dielectric constant value of about 38, the existence 
of this DR is questioned. There is some indicatioti 
that shouldering occurs a t  a dielectric constant of 
about 42 on the mole fractiou basis, but this also 
does not necessarily prove a DR existence with 
another concentration convention. 

Although the DR’s in these alcohol--water mix- 
tures correlate well with the DR’s previously 
found in dioxane-water mixtures ( l) ,  a new DK a t  
a value of 42-44 was also found. No explanation 
for this new peak is given; however, were this 
peak to exist iii dioxane-water mixtures, it would 
fall in the valley between the third and fourth 
DK’s for these mixtures. It is possible that 
alcohol--water mixtures behave mechanistically 
different toward tlie xanthines, in so far as the extent 
of solvatioii and/or hydration is concerned relative 
to thc cyclic ethcr, dioxane. This will bc discussed 
in a latter portion of this communication. 

These figures illustrate also a low degree of di- 
electric requirement sensitivity to concentration 
notation. A maximum change of about 2-5 di- 
electric constant units is found in going from the 
pharmaceutical convention to the mole fraction 
cxpressioii. ‘I‘he DR’s found for the xauthincs 
relative to concentration notation havc been tabu- 
lated arid summarized in Table 11. 

Since the solubility of the xanthines has bccn 
determined in several mixtures including dioxane- 
water mixtures (l), it was felt judicious to determinc 
and comparc the ratios of solubility of the xanthines 
to one another in each pure solvent and at  the 
common dielectric requirements. It had been 
shown that the ratios of solubility for the xanthiiies 
(dcfining thcobromine = 1) in dioxane-water mix- 
tures a t  the DK’s were closer to the ratios of solubility 
in water. This was felt to imply the importance of 
the aqueous hydration of tlie xanthines. The mag- 

20 30 40 50 60 70 80 
DIELECTRIC CONSTANT 

Fig. 1.-Thc solubility of caffeine a t  25’ as a 
function of the dielectric constant of ethanol-water 
and methanol-water mixtures. Key: A, aqueous 
ethanol; R ,  aqueous methanol; solubility exprcsscd 
as mg./ml. of solution. C, aqueous ethanol; D, 
:tqueous methanol; solubility exprcsscd as mg./Gm. 
o f  solution. E, aqueous ethanol; F, aqueous meth- 
anol; solubility exprcssed as molc fraction X 10’. 
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Fig. 2.-The solubility of theophylline a t  25” 
in mg./ml. of solution a 5  ii fuiiction of the dielectric 
constant of ethanol-water mixtures (A) arid rnctli- 
anol-water mixtures (B). 
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Fig. 3.-The solubility of theobromine a t  25” in 
IIIR /ml. of  solution as a function of the dielectric 
constant of ethanol-water mixtures (-44) and meth- 
anol-water mixturfs (R) .  
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,> 1 ABLE I.-sUMMARY OF THE DIELECTRIC KEQUIRBMENTS FOR THE X A N  1'HINliS IN ~\l .CClllOl.  -WA.I.EK 

MIXTURES AND DIOXANE-WATER MIXTURES 
___-__- ~. _ _ _ ~ _  ~- _.__- . _ ~ _ _  -_ _- 

Dielectric 
Constant 

System Range L>RI I )RI  IjRa IjKn I)I<s I ) R U  
-. ~~ ~~ Caffeine-. .- ,- 

Dioxane-watvr 2 .2-78.5 11 20 30 . .  50 (i 1 
Et  ham-water 24.3-78.5 . .  . .  34 44 51 60 
Methanol-water 32.4-78.6 . .  . .  42 54 fi0 

1)ioxan-water 2.2-78.5 14 20 :3 4 . .  50 [i 1 
Et hatiol-water 24 .  :3-78. 5 . .  . .  34 -11 18 58 
Methanol-water 32 4-78.5 . .  . .  . .  42 62 (i0 
, _ ~ .  ~ . Theohromine ~ 

D iioxane->vat er 2.2-78.5 14 22 34 . .  50 6 1 
Et hand-water 24.3-78.5 . .  . .  35 43 51 61 
Methanol-wit er :32.4-78.5 . .  . .  . .  38- 53 A[) 

Theophylline ~~ -~ 

~~~~ ~ ~ 

420 
-~ ~- ~ 

See under Kesirlls  and Disrirssion. 

TABLE I I ,- SUMMARY OF THE DIELECTRIC REQUIREMENTS FOR TIIE XANTHINES 
AS A FUNCTION OF CONCENTRATION NOTATION 

~- ~_______~  __ -~ 
~ Caffeine -Theophylline -- ,- --Theohrotnine -- 

Ccsncn. Notation I ) K I  1)K? U R I  l ) I < r  T ) R i  1 ) R r  DK3 DIil IjRi DK2 I )Kj  nK4 Solvent System 

34 44 51 60 3-1 41 48 58 35  43 51 60 Ethanol water 
l l l ,g . /nl l .  . . 42 <54 60 , . 48 53 ti0 . . 300 53 60 Methanol-water 

soln. . . 40 53 58 . . 42 51 58 . . 40" 51 60 Metlianol-water 

mole fraction . . 42 52 58 . . 42 50 59 . . 42 53 59 Methanol-water 

nl:<./Gln. of 

35 4'2 49 60 34 40 48 58 35 43 50 60 Ethanol-water 

33 43 50 ti0 34 40 47 58 33 43 51 62 Ethanol-water 

TABLE I ~ ~ . - s U M M A R Y  OF THE SOI.UBII,ITIES AND SIILUHILITY RATIOS FOR THE XANTHINES AT THE OBSERVED 
DR's AS WELL AS EACH PURE SOLVENT 

~-_________- ~ 

~ 
- - - -- ~~~~ 

~- - _ _ _ _ _ _ _ ~  
Solubility in Solubility 

2nd Component ,--I)K 3%34-- 7 - D K  40-43-- --IlK .;&.;.?- - - -L)K 58 61--~.  ,--in Watrl--- 
Substance r n ~ . j r n l .  Ratio rng./ml. Ratio rng./ml. Ratio mg./ml. Ratio mg./ml. Ratio mg./ml. Ratio 

,----- Dioxane-Water 
Gaff eine 21 23 82 41 . . . . 55.0 32 50.0 32 21.8 39 
'T'lheophyllitie 9 10 29 15 . . . .  21.0 12 15.7 14 8 . 3  13 
'T'heobromiirie 0 . 9  1 2 . 0  1 . .  . .  1.7 1 1 . 2  1 0 . 6  1 
I _ ~ ~  - Ethanol-Water--- ~~ ~~ ~ -~ ~ 

Caffeine 6.4 47 36 51 69 77 65 65 54 60 21.5 43 
Theophyllinc 5 3 38 23 33 27 30 26 25 22 24 8 . 3  17 
'~Iieobrornine 0 .14  1 0 . 7  1 0 . 9  1 1.0 1 0 . 9  1 0 . 5  1 

C::ifTeine 10.9 47 . .  . . 25 50 47 67 44 66 21 5 44 
Thcophylline 8 3 38 . . . . 16 32 21 30 16 23 8 3 17 
Tlieobrominr 0 .22  1 . . . . 0.5" 1 0 7 1 0 . 7  1 0 5 1 

~~~ Methanol-Water -- ~ - ~ - - -  ,- ~ - -  - 

-- ~~.~ ~ ~ 

See under Kesulls a;id Dascussiu;,. Thi5 valuc o f  solubility WRS chc,sen a t  a dielectric constant n f  40, althouch no shnulder- 
ing was evidenced. 

iiitudcs of solubility anti solubility ratios have bwn  
siiminarizecl as sliown in Table I l l .  

These ratios have beeii plotted arid are shown in 
Fig. 4. In  the dioxane-water system, the ratios of 
solubility a t  the DK's found are seen to  approximate 
the ratios in water. However, both the rthyl and 
methyl alcohol show different patterns. For theo- 
phylline, the ratios in going from pure water to 
piure ethanol or pure methanol increase linearly as 
the DK's rlecre;rse and approach thc dielectric 
constaat of the alcohol. For caffeine, the ratios in 

going fnitn purc w;itcr t u  puw ethyl or nict l iy l  
~rlcohol go tlirougli a rnasima. Obviously, tliere is :L 
potentiation cffect for caffeine in the co-solvcncy of  
alcohol-water mixtures which does not occur with 
dioxane-water mixtures. 

The linear increase for theophyllirie and the curve 
for caffeine may imply morc effective and/or dif- 
Ierent hydration or solvation leading to  the various 
hydrates or solvates having their own solubility 
cliaracteristics. Tliese effects may aid in cxplaiuitig 
the multiplicity of peaks obtained in these co- 
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is the number of times the solubility of a given 
xanthine is increased over the solubility in pure 
water a t  a given dielectric requirement. 

From inspection of Table IV, several approximate 
trends can be delineated. Thc efficiency of incrcas- 
ing solubility relative to water can be obtained for 
the solvent systems under consideration from Table 
IV. For a dielectric requirement of 30, common 
to dioxane-water and ethanol-water only, dioxane 
is sccn to cause the greatest co-solvcnt cffcct. A t  a 
dielectric requirement of 40, common to ethanol- 
water and methanol-water mixtures, ethanol shows 
the largest co-solvent effect. At DR's of 50 and 60, 
common to all three solvent systems, ethanol has 
the highest efficiency a t  both values, whereas dioxane 
is better than methanol a t  DR 50 and slightly 
better than methanol a t  DR 60. Furthermore, at 
the common DR of 50 and 60, ethanol and methanol 
discriminate the xanthines to a larger extent. For 
example, at a DR of 50, the solubility ratios for the 
xanthines vary about 0.3 in dioxane-water mixtures, 
about 1.0 in ethanol-water mixtures, and 1.1 in 
methanol-water mixtures. This also indicates that 
dioxane increases the solubility of the xanthines 
to about the same extent at a given DR, whereas 
both ethanol and methanol increase the solubility 
to varying extents at a given DR. 

As can be seen, as the dielectric constant of the 
second component (alcohol, dioxane) increases, the 
greatest co-solvency efficiency occurs a t  higher di- 
electric requirement values. In the dioxane-water 
system, the maximum co-solvency effect ( C.E.,ax.) 
for the xanthines is seen to  occur in the dielectric 
constant range of 20-30. By defining a term DR,,,., 
the dielectric constant of maximum co-solvency and 
taking the difference between this value and the 
dielectric constant of the second component, values 
of DR,,,. - ct, can be obtained. These values 
are simply the number of dielectric constant units 
abovc thc diclcctric constant of thc sccond com- 
ponent where co-solvency efficiency is maximized. 
By taking the average C,E.max. for the three 
xanthines in a given solvent system, values for 
DR,,. - €2 are determined as shown in Table V. 

It is obvious that for each of these systems, the 
average co-solvency efficiency is maximized a t  a 
dielectric constant value of 21-23 units greater 
than the dielectric constant of the pure second com- 
ponent. Furthermore, as the DR,,. increases 
in value with an increase in the dielectric constant 
of the second component, the DRm,,. value gets 
closer and closer to the dielectric constant of the 
~omt11011 cotnponent of these snlvrnt syst rms.  i c, 

I 

:I- 20 . D 

10 177 ._._ _._. - 
0 20 40 60 80 30 50 70 30 50 70 

DIELECTRIC CONSTANT OR DIELECTRIC 
REQUIREMENT 

Fig. 4.-A plot of the solubility ratios (theo- 
bromine = 1) for the xanthines a t  the D R s  found 
and in the pure solvents used. Key: X, theo- 
bromine; 0, theophylline; A, Caffeine. 

10 30 50 70 20 40 60 80 40 60 80 

solvent mixtures and the newly observed peak a t  a 
dielectric constant value of about 40. 

It was felt to be iustructive to view these solu- 
bility curves from the point of view of co-solvency. 
Ideally, a co-solvent effect would deal with a solu- 
bility curve having only one maximum. In this case, 
co-solvency efficiency could be expressed as thc 
ratio of the magnitude of solubility a t  the maximum 
to the magnitude of the solubility in eithcr purc 
solvent. 

Such, however, is not the case with the xanthines 
where a multiplicity of maxima occur. In order to 
determine the co-solvency efficiency of a given mix- 
ture, it  would be necessary to determine the ratios 
of solubility a t  each diclectric requirement for a 
given xanthine relative to a pure solvent. Furthcr, 
were one to compare the xanthines and solvent 
systems relative to one another, it would also be 
necessary to determine the co-solvency efficiency 
at  each dielectric requirement rclative to the pure 
solvent where the iriagnitude of solubility is thc 
same, i . e . ,  water In Table IV, the co-solvcncy 
efficiency for the xanthines in alcohol-water mix- 
tures and dioxane-water mixturcs is prcscnted. The 
co-solvcncy cfficiency has been defined as the solu- 
bility a t  a given dielectric requirement for each 
xanthine relative to the solubility in water for each 
uanthinr. Tn other words. the co-solvency efficicncy 

TABLE IV.-SCMMAKY OF THE CO-SOLVENT EPFICIRKCY [SorxnrLIT-I. (DK, r u g . / r n l . ) / ( W A ~ ~ ~  nix. / inl .  j \  
FOR THE XANTHINES I N  VARIOUS BINARY MIXTURES 

~~ 

~~ - .. ~- 

System DR 11-14 DR 20-22 r)R 30--34 UK 41-43 DK 5Cb-55 DK 88-61 Substance 
Dioxane-water 2 .9  3.81 3 . P  . .  2 . 5 2 . 3  Caffeine 

Ethanol -water . . .  . . .  1 . G  3 . F  3 . 0  2 . 5  Caffeine 

Methanol-water . . .  . . .  . . .  1.2  2 . 2 *  2.11 Caffeine 

4.0 4 . 5 6  3.5  . . .  2 . 5  1 .B 'Theophyllinc. 
3 . 0 3.36 3 . 3 b  . . .  2.8  8 . 0  Theobromine 

. . .  . . .  2 . 8  3 . 1 h  3.16 2 . i  Theophylline 

. . .  . . .  . . .  1.9 2.5a 1.9  Theophylline 

. . .  . . .  . . .  1. O n  1,4* 1 . 4b Theobromine 

. . .  . . .  1 . G  1.8 2 . 0  1.8 Theobrorninc 

a See under Results azd Discussion. ' These values have been used to detetmine the average co-solvency elliciency. 
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CQ-SOLVENT EFFICIENCY (DR,,,,= ) FOR THE VARIOUS 
BINARY MIXTURES STUDIED AND THE DIFFERENCE, 

Sqstem UK",,, c. l )Rmax - tl l)l<m&y - t, 

TABLE \' -SUMMARY OF THE MAXIMUM A%VERAGh 

~ _ -  -~ 
DRmsx. - €2 

- - _ _ ~ _ _ _ _  ~ 

Dioxane watcr 25 2 23 53 
Ethanol-water 45 24 21 33 
Methanol-water 5 5  32 23 23 
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of ~naxirr~un~ co-solvency. In this case, the exact 
valuc of the DR (Table I) a t  maximum co-solvency 
has been used or whcn the co-solvency efficiency 
was equal a t  2 DR's, an average value of the exact 
DR was uscd. Thus, thc DRmm. - ea for each 
xanthinc iu the solvetit systems used have becn 
summarized in Table VI. 

In order to  illustratc the variation of DR,,,, - E? 

found for the xanthines, a composite figure is given 
(Fig. 5 )  of thc solubility of cach xanthine in mg./inl. 
for ethanol-water mixtures. 

Although caffeine on an individual basis is the 
same as the average value, i.e., 21-23, theophylline 
falls below the average range, while theobrotnine 
falls above the average range. Furthermore, thc 
variation o f  theophylline and theobromine from the 
:tveragc value is about the same, thcophyllint, 
being 3-4 units below the average, whereas theo- 
bromine is 3 4  units above the average. The order 
of the xanthines with respect to the increasing 
magnitude of DR,,,, - t2 is theophylline, 18 < 
caffeine, 22 < theobromine, 25. As has been noted 
previously, the magnitude of the co-solvency 
efficiency (Table IV) for theophylline was equal to  
or greater than that of either caffeine or theobromine 
in the solvent systems studied. 

The DR's obtained in this study for the xan- 
thines in alcohol-water mixtures showed good cor- 
relation with the DR's obtained previously with 
clioxane-water mixtures. A consistent new peak 
a t  a dielectric constant of about 40 was also found for 
these alcohol-water mixtures. In this regard, the 
solubilities of the xanthines are being determined 
in a glycol ether (ethylcellosolve)-water mixtures 
to see if the DR 0140 is unique to the alcohols. 

The xanthines show a low degree of 1)R sensitivity 
to concentration notation for the alcohol-water 
mixtures. 

The solubility ratios, defining theobromine as 
unity, in the pure solvents and a t  the dielectric 
requirements found showed a linear trend for theo- 
phyllinc and a curve having a maxima for caffeine. 

The co-solvency ef-liciency, defined as the ratio of 
the magnitude of solubility at a given DR to the 
magnitude of solubility in water, showed maximum 
efficiency on the average at about 20 dielectric 
constant units above the dielectric constant of the 
pure second component. For the individual xan- 
thincs, the DR,,,. - e was seen to be in the order, 
theophylline < caffeine < theobromine; however, 
the co-solvent efficiency for theophylline was equal 
to or greater than either caffeine or theobromine in 
all the solvent systems studied. This would imply 
that the solubility of theophylline is affected to a 
greater degrec in contrast to caffeine or theobromine 
and the dielectric constant of maximum co-solvency 
may lic closer to  the dielectric constant of the pure 
second component. 

The solubilities of the xanthines arc being studicd 
in cthylcellosolve-water mixtures relative to the 
above points and the authors' results will be the 
subject of future communications. 
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a Co-solvency maximum is equal at 2 DR's, thus avei-age 
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Fig. 5.--A plot of the solubility of caffeine, theo- 
phylline, and theobro~nine a t  25" in mg./ml. B S .  
tlie dielectric constant of ethanol-water mixtures. 
Solubility magnitudes on ovcrlapping uncommon 
scales. (See Figs. 1-3.) 

\\.ater. Of course, these values should have different 
niagnitudcs, shown in column four, but they art. 
proportionately related to the dielcctric constant 
I I T  the second coniponent. Interesting enough, 
the average DR,,,. in rnethanol-water mixtures is 
equidistant between the dielectric constants of the 
pure components. I t  would be of morc intercst 
t o  view the xanthines in a comparative sense sitice 
in the xanthine drugs there exists a chemical 
difference (for caffeine) and theophylline and theo- 
bromine are positional isomers. Each xanthine in  
the three solvent systems under consideration can be 
Iiandled separately relative to the dielectric constant 



Solubility Profiles for the Xanthines in Aqueous 
Solutions of a Glycol Ether I1 

Ethyl Cellosolve 

By ANTHONY N. PARUTA* and SHAPUR A. IRAN1 

The solubilities of the xanthines were determined in ethyl cellosolve-water mixtures 
as a function of the dielectric constant of these solvent mixtures. This mixture of a 
glycol ether with water was chosen in order to contrast the dielectric requirements 
found with those observed in  alcohol-water and dioxane-water mixtures. The 
dielectric requirements found for the ethyl cellosolve-water system correlate to a 
good degree with previous findings. A dielectric requirement of 40 was also found 
which was not found in dioxane-water mixtures but was present in  the alcohol- 
water mixtures. These systems were experimentally designed so that solubility 
curves could be expressed in various concentration notations as well as mole 

fraction. 

N A CONTINUING effort of investigating the I relative consistency of dielectric requirements 
(UR's) for a given solute(s) in various binary 
mixtures (1-3), the present study was undertaken. 
The dielectric requirement is defined as the di- 
electric constant of maximum solubility in  a given 
solvent mixture. 

I t  had been found (2, 3) that the DIZ's for the 
xanthines in aqueous mixtures of a cyclic ether, 
dioxane, and normal alkyl alcohols, ethanol and 
methanol, were fairly consistent; however, in the 
aqueous alcoholic systems a new peak at a DR of 
ahout 40 was also found. It was felt important 
to see if this new peak at a value of 40 could be 
found in another aqueous mixture with a semi- 
polar solvent. In  this case, a glycol ether was 
chosen considering this to  be sufficiently different 
in nature from a cyclic ether and a normal 
alcohol. The solvent chosen was ethyl cellosolve 
since it had a dielectric constant intermediate 
between dioxane and the alcohols and also had 
the property of hcing infinitely soluble in water. 
The dielectric constant range produced by these 
mixtures would be about 15-78, and it was ex- 
pected that  this range should accommodate 4 of 
the 5 DR's found in dioxane-water mixtures hav- 
ing values of about 20, 30, 50, and 60. 

These systems were experimentally designed 
through density measurements so that  solubility 
could he expressed in various concentration nota- 
tions as well as mole fraction. It had been shown 
that  the observed DR's are concentration nota- 
tion dependent (3) and it was felt tha t  these sys- 
tems should be similarly treated. 
~ 

Received April 8, 1966, from the Pharmaceutical Kesearch 
and Development Laboratories, Warner-Lambert Research 
institute, Morris Plains, N. J. 

Acccpted foi- publication July 6, 1966. 
Previous paper: Paruta, A. N.,  and Irani. S. A,,  J. 

Pkavm. Sci., 55, 1055(1966). * Present address: College of Pharmacy, University of 
Rhode Island, Kingston. 

07950. 

EXPERIMENTAL 

Solubility Determination.--The protocol for solu- 
bility dctcrminations has been described previously 
(1-3). All runs were done a t  25', and each of the 
three runs performed was subjccted to  both spec- 
trophotometric and gravinietric analysis. Internal 
averaging was done for each run, and the results 
rcportcd arc for the threc-run average. 

Materials.-Caffcinc was obtained from Nepera 
Chemical Co., thcophyllinc from Matheson, Cole- 
man and Bcll, 7094Tx450, and theobrominc N.F. 
from Penick, lot NBT 4092. Ethyl ccllosolvc was 
obtaincd from Union Carbide, 575X53. Distilled 
u-ater was used throughout this study. 411 materials 
wcrc used directly as supplied by the manufacturer. 

Equipment.-A water bath with attendant con- 
trols was used as an cquilibrdtion environment a t  
25". Twenty-four hours was the time allowed and 
found sufficient for equilibration. 4 Bausch & 
Lonib Spectronic 505 was used for spectrophoto- 
metric analysis and a vacuum desiccator was used 
to dry samples to  constant weight. 

RESULTS AND DISCUSSION 

The solubility of caffeine in the various coucentra- 
tion conventions rioted z~ersus the dielectric constant 
of ethyl cellosolve-water mixtures is shown in Fig. 1. 
'l'hc concentration notation of Ing./Gtn. of solvent 
has bcrn omittcd from this figure and subsequent 
figures since the solubility curve coincides very 
closcly to the mg./Gm. of solution solubility curve. 
I u  Figs. 2 and 3 .  the solubility of theophylline and 
theobrorriine plotted in the usual fashion are shown. 

'l'hc DR's observed in the ethyl ceilosolve-water 
system for the xanthincs have average values of 
about 30, 40, 38, and 60. 'I'he DR's in ethyl 
cellosolve-water mixtures and dioxanc-water mix- 
tures (2) have been summarized in Table I. The 
DR of 40, which was observed in alcohol-water 
mixtures (3), wa.s also found in ethyl cellosolvti- 
water mixtures; however, this DR of 40 was not 
found in the dioxane-water system. Thus, this 
new DR is not unique to alcohol-water mixtures 
since it has also been found in ethyl cellosolve- 
water mixtures. To illustrate this point, a composite 
figure has been prepared showing the solubility 
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electric constant of about 50, co~ninoii t o  all four 
biiiary mixtures, :tqurwrs dioxane and aqueous 
methanol produce definite peaks; whereas, aqueous 
cellosolve and aqueous ethanol again produce a 
shouldering effect. 

There is a probablility that  various hydrates/ 
solvates (2), each with its own solubility character- 
istics, cause these complex iiidividually overlappin? 
solubility curves. It was thought that  the produc- 
tion of a new peak (DR)  it] a given system woultl 

10 20 30 40 50 60 70 80 
DIELECTRIC CON STANT 

Fig. 1.--A plot o f  the solubility of caffeine at 
2.5" z's. the dielectric constants of ethyl cellosolve- 
water mixtures. Key: A, solubility expressed as 
ing./ml.; B ,  solubility expressed as Iiig./Gm. of 
solution; solubility expressed as mole fraction (1n.f. 
x 104). 

10 20 30 40 50 60 70 80 
DIELECTRIC 
CONSTANT 

Fig. 2.-A plot of the solubility of theophyllirie 
:it 25' vs. the diclectric constants of ethyl cellosolve- 
water mixtures. Key: A, solubility expressed as 
mg./inl. ; B, solubility expressed as mg./Gm. of solu- 
tion; C, solubility expressed as mole fractioti (m.f. 
X l W j  using scale a t  right hand side of figure. 

rurvcs on a mg./nil. basis far caffeinc in the four 
binary solvrnt systems studied. This is shown in 
Fig. 4. In thr case of dioxane-water mixtures, 
a dielectric constant of 40 is seen to  fall in a valley 
between the third and fourth DR's for this system. 
If a peak or shoulder does exist a t  about this valuc 
it would be, a t  best, difficult "to see" due to the 
nature of the curve and the inherent expcrimcntal 
variation involved. This figure also reveals an- 
other interesting point. A t  a dielectric requirement 
of 30, common to  three binary mixtures, dioxane-- 
water mixtures produce a strong peak, whercas 
both ethano~-water and cellosolve-water mixtures 
produce only a weak shouldering effect. A t  a di- 

2.30 
2.10 
1.90 
1.70 

1.2 

1.1 

DIELECTRIC CONSTANT 

Fig. 3.--A plot of tlie solubility of tlieobromiue 
a t  25" v.7. the dielectric eonstants of ethyl cellosolve 
water mixtures. Key : A, solubility expressed as mg./ 
nil,; €3, solubility exprcsscd as mg./Gm. of solution; 
C, solubility expressed as mole fraction (1ii.f. X lo1) 
using scale at right haiid sidc of figure. 
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Fig 4.-A plot of tlie solubility of caffeine at 
'>-o ' in mg./ml. as a function of the dielectric ron- 
stant of various binary mixtures. Key: e, diox- 
aiie-water; 0. ethyl eellosolve-water, X,  etlimol 
water, A, methanol-water. 
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T A B L ~  I SUMMARY OF DR's FOR XANTHI~UES I N  AQIJJNCJS ETHYL CELLOSOLVK AND AQUEOUS D T O X A N ~ ~  

Dielectric 
System Constant Range DRi DR, DR8 DR4 DR6 DR6 

_-___ Caffeine - 
Dioxarie-w a ter 2-78 11 20 30 50 61 
Cellosolve-water 14-78 ?b 32 43 50 62 

Dioxane-water 2-78 14 20 34 30 61 
Cellosolve water 14-78 . .  3b 30 37 46 61 

Dioxanc-water 2-78 14 22 34 50 61 
Cellosolve-water 14-78 . .  >b 32 42 48 ,% 

- Theophylline - _ _ _  

- ~ -~ -Theobromine _ _  

Data from Rejeieelicc I. bet undei Kehulls owd Discussrow and rable 11 

'I'AHLR 11. -  -SUMMARY OF I i l R S l  OR EXPECTED DK 
FOR XAKTHINES IN BINAKY MIXTURES SIUDIED" 

_ _ _ _ _ _ ~ -  
~ 

Peak 
or 

Shoul 
d er 
Ob- 

Systems L% DR DR - 4 served 
Dioxane-water 2 . 2  13 10.8 Ycs 
Ethanol-water 24 .3  3 4 . 5  10.2 Yes 
Mcthanol-water 32.4 1 2 . 0  9 . 6  Yes 
Ethyl cellosolve- 

water 14.5 20.7b 6 . 2  No 

a Data from Refererices 2 and 3. Exprctcd 
20-22 found in dioxanewater mixtures. 

D K  of about 

be possible a t  the expense of DR's closc to this new 
value. In other words, a givcn species could exist 
in two different solvent mixtures, depending on the 
composition of the mixtures and cach componcnt's 
contribution to the solvated state of that species. 
This does not seem to be the case in alcohol-water 
or cellosolve-water mixtures. Although a new 
DR of about 40 is found, the DR's of about 30 and 
50 are also present which indicate that the DR 
of 40 is not a mixture of the two DR's surrounding 
it. However, it  can also be seen that the strong 
peak at  a DR of 30 in diounne-water is reduced to  a 

slight shouldering cirert in aqueous t:tlianol aiitl 
aqueous ethyl cellosolve. It would seem that this 
is partially due to the dielectric constant rangc of 
the solvent system chosen. The co-solvency effi- 
ciency has been discussed previously (3) and will 
be further elucidated in a latt.rr portion of this 
communication. 

Table I also shows that a DK of about 20 found 
in dioxane-water mixtures was not found in ethyl 
cellosolve-water mixtures. The dielectric constant 
range of aqueous cellosolve, i .e.,  14.5-78, certainly 
cncompasscs a dielectric constant of 20, but the 
solubility curves did not indiate  any peaks or 
shoulders in this dielectric constant area. Upon 
re-examination of the data for the four binary 
mixtures studicd, it was noted that the first DK 
observed starting from the second or semipolar 
component was a ccrtain number of dielectric con- 
stant units above the value for the second com- 
ponent. Table I1 summarizes the first average DR 
found or expected and the difference betweeu this 
value and the dielectric constant of the second com- 
poncnt. 

It is apparent that the first or expected DR resides 
a t  a d e k i t e  value above the dielectric constant of 
the second component. The DR observed for the 
first three binary mixtures is seen to be about 1@-11 

TAB123 II~.--SUMMARY OF DK'S FOR S A S T H I S E S  I N  ETHYL CELLOSOLVE-WATRK MIXTURES I N  VARIOUS 
COSCENTRATIOX CONVENTIONS NOTED ~- _ _  

----Gaff eine- - ---- _. lheophylline - , Theobrornine--- 
Concn. Notation DRI DRz DRr DRa DRr DRe DKJ DKd URI DRz DRs DRa DRK 
nig. /ml. 32 43 50 62 30 37 46 61 . . 32 42 49 57 
mg./Cm. s o h  32 43 50 62 30 37 48 61 . . 30 42 49 57 
mole fraction 19 28 3s 39 . . 20 26 33 25 33 43 50 57 

TABLE I\' SUMMARY OF SOLUBILITY OF S A N T H I N E S  (IN lllg /d ) I N  EACH PURE SOLVhNT AND AT CONMON 
DR'S AND SOLUBILITY RATIOS DEFINING THEOBROMINE AS UNITY 

_____ - - ~ _ _  - _-. - 
_-_---__ - ~ _ _  Solubility, mg. 'ml. - - - - - - - _-_ _. 

bthyl 
Cellosalve 11K 30 I)lI -10 I)II 7 0  1)K 60 Water 

Caffeine 
Theophylline 
Theobromine 

13.6 35 48 43 36 21.5 
14.1 29 27 25 16 8 . 3  
0 .41  0.84 1 .04  1.02 0 .96  0 .50  

- - - Solubility Ratios---------------. 
Ethyl 

Cellosolve DR 30 DK 40 DR 50 DR 60 Water 
Caffeine 33 42 46 42 37 42 
Theophylline 34 35 26 24 16 17 
Theobromine 1 1 1 1 1 1 

-__ -~ - ~ _ _ _  
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gates easily detecting shouldering in the solubility 
curve. 

It has previously been shown ( 3 )  that the value 
of the D K  was sensitive to  concentration notation. 
In the case of succinic acid. tlicrc was greater DK 
sensitivity for dioxane (niol. wt. = 8 8 )  ttiurl for 
ethanol (mol. wt. = 46) in going from the phar- 
maceutical coriventioti to  mole fraction. For the 
xanthines ( 3 ) >  it  was shown there wa5 l o w  I)R 
senritivity to inethsnol (niol. wt = 3 2 )  and eth~triol 
(mol. wt. - 4<1. I n  Figs. 1- 3 ,  it  can be see11 that 
there is higli L>K sensitivity for catrcine m d  theo- 
phylline, but low sensitivity for thcobrornine. I t  is 
felt tliat the very low solubility of theobroriiirie and 
very small incremental changrs of solubility with 
varying curiipositivn damps the possible shifting 
with a high molecular weight solvent such as cello- 
solve (rnol. \vt. : 90). This could also possibly 
account for t l i c ,  new L)K at a value of 23,  since a 
small dcviatioti of a given value from a smooth 
curve could producc a shoulder or peak depending 
on the magnitude of the deviation. =Issuming 
caffeine and thcophylline t o  be typical, i t  would seem 
tha t  DK sensitivity to various concentration nota- 
tions dcperids upoii the inoleccilat- weight of the 
second component. Since water is the other coni- 
poncnt coniiiioii to all tIit+c binary mistures, DK 
sensitivity t o  concentration notation would also 
depend upon the diffcrc,iirc in molt.culnr weight of 
the two componcnts used. 

The DR’s fouiid fur the .\aiitliiries in ethyl cello- 
solve-water t n i~ tu rcs  in thc v:irious concentration 
iiotations used are su~iirriarizcd in Tablv 111 

Since the 1)K’s found for the santhiiics wcrc’ 
relatively constaiit. it  was felt that these solubility 
curves might he parallc.1 to  one another, indicating 
proportionality of the iiiaxnitude of solubility. 
Consequently, the ratios of the solubilities in cach 
purc solvent arid a t  the coninion DK’s wc1-c taken 
defining the solubility of thcobrornine as unity. 
The solubility of the saiithiiies in mg./inl. for each 
purc solvent and at the comnion DK’s and the 
solubility ratios ha.ve been sunimnrized in Table I\’. 
Previous results 12) indicated tha t  the ratios in 
dinxntie-watrr misturcs wcrr closer to  the solubility- 
ratios in pure water. arid this was felt to  imply 
the importance of aqucnus solvatiori. Other results 
(3) for the santhines in aqueous methanol arid 
aqueous ethanol showed a potentiated effect for 
caffeine and a linear rise for theophyllinc in going 
rrorn the solubility ratios in pure water to  pure 
ethanol and methanol. The  solubility ratios in 
ethyl ccllosolvc water niixturcs have been calculated 
and are presented in Fig. 5. In this case, i t  can be 
seen tha t  the solubility ratios for thcophylline rise 
approximately linear going toward pure ethyl cello- 
solve and are similar to the  results observed in 
alcohol-water mixtures. On t h e  other hand ,  tlic 
solubility ratios for caffeine arc close to  the ratios 
in pure water, being similar to the results observed 
in dioxane-water mixtures. This would indicate 
that each of the  santhines intera.cts differently with 
the second component iri ternis of the nature of the 
hydrate/solvate formed. 

In order to  visualize tlie above, it composite figurc. 
has been prepared in which the solubility of thv 
xarithines in mg./ml. has been plotted w y s u s  the  
dielectric constants of ethyl cellosolve-water mis- 
tures (Fig. 6). Scvcral things can be noted in this 

DIELECTRIC CONSTANT 

Fig. 5.--4 plot o f  the solubility ratios ftrr thco- 
phyllinc and caffeine rclatiw to theobrorninc (unity) 
in each pure solvent and a t  the common dielectric 
requirements. Key: e. thcobrornine; 0. theo- 
phylline; A, caffeine. 

I - L I I  
20 30 40 50 6- 

DIELECTRIC CONSTANT 

Fig. 6.--A plot of the solubility curves for caffeine 
(e), theophylline (Oj, arid theohromiric (A) zs. the 
dielectric constants of ethyl cellosolve-water mix- 
tures. The solubility scale does not describe mag- 
nitude sincc only the nature of the curves is being 
compared. 

units above e l .  Thus. a peak or shoulder may not 
be found unless the second component has a di- 
c%lcctric constant about 10-11 units below the es- 
pected DR. This approximate value 01 10-11 
unit: is, of course, only operative for the range and 
systems studied, and may only apply (or tlie solutes 
under considcration. 

Iit is iiiterestirig to note in this regard. tha t  thc 
suspected shouldering for theobrornine at a dielectric 
c o ~ j t a i ~ t  of 38 in methanol-water mixtures (3) 
resi’des only 5.0 dielectric constant units above t2 

and this probably indicates it cannot be seen. 
Since there can be a variation of 3-4 dielectric 

constant units (2) in any given DR for these solutes, 
it  is possible tha t  theohrorninc falls below this ap- 
proximate difference (DK - E ~ )  of 10-11 units. 
The very low solubility of thcobrorninc also miti- 
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TABLE V.-SUMMARY OF CO-SOLVENCY EIWICIENCV [SOLUBILITY, mg,/nil., I ) K r / S ~ > ~ ~ ~ ~ ~ ~ ~ ~ ,  mg./ml., 
WATER] FOR XANTHINES I N  ETHYI, CELLOSOLVE-WATER MIXTURES AT COMMCIN 1)R’S FOTJNV __ -- - 

System DR 30 DR 40 DR 50 DR 00 Substance 
1.63 2.23 2.00 1.65 Caffeine 

water 3.49 3.25 3.01 1.98 Theop hylline 
1.68 2.0s 2.04 1.92 Theobromirie 

Ethyl cellosolve- 

________~_~_ _____ .~ ___ 

TABLE VL-SUMMARY OF DIFFERENCE OF MAXI- 
MUM CO-SOLVEST EFFICIENCY (DRmSAx,) AND DI- 
IZLECTRIC CONSTANT OF THE SECONU COMPONENT 
( tP) FOR INDIVIDUAL XANTHINES IN ETHYL CELLO- 

SOLVE-WATER AND OTHER MIXTURES” 

Ethyl Cellosolve 
Substance DRm.. . - ca DR,,,,. - L3a 

Caffeine 28 22-23 
Theophylline 16 17-20 
Theobromine 28 24-26 

a Data from Reference 3. 

figure. Theophylline shows a strong peak a t  a 
DR of 30, whereas both caffeine and theobromine 
indicate slight shouldering effects. Caffeine at a 
DR of 42 shows a peak and at a DR of 60 a shoulder 
in the solubility curve. Howevcr, theobromine 
shows weak peaks a t  both DR’s of about 42 and 60. 
Variations of this type lead into a consideration of 
co-solvency efficiency. The co-solvency efficiency 
is defined as the solubility a t  a given dielectric re- 
quirement relative to the solubility in water for a 
given solute. In other words, the co-solvency 
efficiency is the number of times the solubility of a 
given solute is increased over the solubility in pure 
water a t  a given dielectric requirement. This term 
has been defined previously (3) and it was found 
that for previous systems studied the dielectric 
constant of average maximum co-solvency €or the 
xanthines occurred at  21-23 units above the di- 
electric constant of the second component, e. 
Furthermore, it was also found that on an indi- 
vidual basis for each xanthine, caffeine fell in the 
average of 21-23 units while theophylline fell 
below, i .e . ,  17-20, and theobromine was above the 
average, i . e . ,  24-26. The co-solvency efficiencies 
have been tabulated and are given in Table V. 
The values of DR,. - e;? on an individual basis 
for each xanthine in ethyl cellosolvc-water mixtures 
have been summarized in Table VI.  The values 
obtained for the previous binary mixtures studied 
(3) have been included to contrast the xanthines 
on an individual basis. It can be seen that both 
caffeine and theobroinine deviate from the values 
found previously, but theophylline is about the 
same relative to DR,,,. - c2 in ethyl cellosolve- 
water mixtures. 

Several things can be noted hcre; first, the magui- 
tude of solubility of theophylline in pure ethyl 
cellosolve (Table IV) is higher than the solubility 
of caffeine. This is the first time that this reverse 
order has been found in the solvents studied. 
Normally, the order of solubility is caffeine > 
theophylline > theobromine. Second, the co- 
solvency efficiency of the present solvent system 
toward theophylline is greater than either caffeine 
or theobromine at the maximum, and this has been 
noted previously (2, 3) in dioxane-water and al- 
cohol-water mixtures. The solubility ratios (Fig. 

5 )  also indicated a mixed pattern for ethyl cello- 
solve-water mixtures relative to the patterns found 
in previous mixtures. 

Although there seems to be a generally pattcrnizcd 
response for the xanthines in diverse binary mix- 
tures, more studies should be conducted to resolve 
many of the points brought out in these comniunica- 
tions. 

Some of the points intended for future study 
would include the possible dependency of DK’s 
on the nature, type, and dielectric constant span 
produced by the second or semipolar component. 

I t  may also be judicious to  investigate the nature 
of the xanthine species involved when at common 
DR’s a strong peak or weak shoulder is produced. 

SUMMARY 

The DR’s obtained in this study for the xanthines 
in ethyl cellosolve-watcr mixtures showed good cor- 
relation with the DR’s found in alcohol-water 
mixtures ( 3 )  and dioxane--water mixtures ( 2 )  except 
the former two systems showed a consistent new 
peak at a DR of about 40. The expected DR a t  a 
value of 20 was not found in ethyl cellosolve-water 
mixtures and this was felt to be due to the closeness 
of the expccted DR to the e2 (Table 11). 

The xanthines, a t  least caffeine and theophylline, 
showed a high DR sensitivity to  concentration 
notation and this is felt to  be due to the high 
molecular weight of the second component. 

The solubility ratio:,, defining theobroniine as 
unity, showed a pattern for caffeine similar to  that 
found with dioxane-wa ter mixtures, whereas theo- 
phylline showed a pattern similar to that found with 
alcolio1-water mixtures but dissimilar to that found 
in dioxane-water mixtures. The co-solvency effi- 
ciency and the DR,,,. - el showed relative con- 
sistency relative to order and magnitude. 

In aqueous dioxane and aqueous alcohol (2, 3), 
the difference DRmx - €2 was 17-20 units for 
theophylline, whereas the difference in ethyl cello- 
solve-water mixtures was about 16 units. 

For caffeine and theobromine ( 2 ,  3), the range of 
DR,,,. - in the former mixtures was 22-23 
and 24-26 units, respectively. In ethyl cellosolve- 
water mixtures DR,,,. - q for caffeine and theo- 
bromine were about 28 units. The order of DR,,,. 
- e;? in the solvent system studied were found to 
be theophylline < caffeine < theobromine. The 
higher maximum co-solvency efficiency for theo- 
phylline in all thesc solvent systems (3) is relatively 
consistent, the order being theophylline > caffeine > 
theobromine except in ethanol where theophylline = 
caffeine. 

R.EFERENCES 
( I )  Pal-uta, A,. IS., Sciarrone, B. J., and Lordi, N. G.,  

(2) I b i d .  54 838(1965). 
(3) Paru‘ta, k. N., and Irani, S. A,,  ;bid,, 5 5 ,  1055(1906). 

J .  Yhavm. Sci., 53, 1349(1961). 



Mechanism of Action of Starch as a Disintegrating 
Agent in Aspirin Tablets 

By NATUBHAI R. PATEL* a n d  RAYMOND E. HOPPONENT 

A study was made of the mechanisms by which starch may cause disintegration of 
tablets. Dried cornstarch was found to increase in volume by 78  per cent when sus- 
pended in water. In aspirin tablets where contact of starch grains is continuous in 
the interparticle spaces, disintegration is rapid and effective even when void 
spaces are eliminated. Where contact is not continuous, disintegration is slowed 
and appears to depend on the degree of contact between starch grains and aspirin 
particles and on  the size of interparticle spaces. The primary mechanism appears 
to be a swelling action. Capillarity per se does not appear to have a disintegrating 

effect. 

TARCH IS widely used as a disintegrating agent S in tablets. It has been generally accepted 
that i t  acts as a disintegrating agent through a 
swelling action when exposed t o  water (1). 
Crisafi and Becker ( Z j  have demonstrated that  
starch will absorb about 20% of its weight of 
water in 24 hr. when exposed to an atmosphere of 
!Vjyo relative humidity at 27'. They make no 
inentioil or any volume changcs involved in the 
prc)cess. Kerr (3),  in his book on starch, states 
that in the natural state starch is insoluble in 
cold water but appears to absorb 25 to XI"/;, and 
does not swell appreciably. Curlin (4) has 
suggested that the disintegrating effect is due to  
(rapillary action rathcr than swelling. The 
(objective of this study was to investigate tlie 
mechanism by which starch functions as a ta1h.t 
idisintegrating agent. 

EXPERIMENTAL 

Swelling of Starch in Water.-Cornstarch (,\rgo 
brand) dried for 2 hr. a t  110' was measured rriicro- 
scopically using a calibrated eye piece. Measure- 
tncnts wcre madc along tlie longest dimension of the 
grain using high power (lox eyepiece and 43X 
objective). Slixht adjustments of focus were made 
1 o get  the sharpest, image. Tw-o-hundred grains 
iwre measured for cach sample. Slides made of 
dry starch witliout a suspending medium Save an 
arithmetic mean diametcr of 9.0 p and a mean 
volume diameter of 10.8 p. A light liquid petrola- 
t u m  suspemsion gave values of 9.1 and 10.5 p. 
respectively. When suspended in water at rooin 
temperature (23"), the arithmctic mean diameter 
increased within a few seconds to 11.2 p, the mean 
volume diittnetcr to  13.1 p. The differcnces are 
statistically significant i t t  the P = 0.01 level using 
the t test. Using the mean volume diameter and 
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assuming a spherical shape, the increase in volunic 
was calculated to be 787, of the original. 

Mode of Disintegration of Tablets Containing 
Starch.-To eliminate variables other than thr 
disintegrating agent, aspirin was chosen as the ma- 
terial for tableting. It was desired to note the ef- 
fect of different sized spacings between the tablet 
particles on the mode and rate of disintegration and 
to eliminate as much as possible other spaces within 
the tablet. To this end, aspirin pow-iler (U.S.P. 
grade, Merck) was recrystallized from acetone. 
The crystals were dried a t  90" and screrned into 
several sizes using a Fisher Ro-Tap sifter and 
standard screens (Tyler serics). The crystal sizes 
were designated as l 4 / z 0  (all crystals passing a 
No. 14 screen but not a No. 20), 2fl /M, 40/ao, 

6fl/1uo, and below 100 (all crystals passing a No. 100 
screen. The starch was dried a t  110" for 2 Iir. and 
stored in a tightly closed container until used. 
Tablets were comprcsscd on a Colton model 3E 
single punch tablet press using concave 8.8-mm. 
punches. The material for cach tablet (0.5 Gm.) 
was weighed out, placed manually in the die: and 
tlic machine turned slowly by hand to produce as 
much uniformity as possible in the tablets. The 
finished tablets were individually weighed and the 
thickness measured with a vernier caliper to insure 
uniformity in dimcnsions. Disintegration times 
were determined in a U.S.P.-type apparatus a t  20 
c.p.m. using distilled water a t  23" and a KO. 10 
mesh screen on the bottom of the basket. Table I 
reports tlie results 01: aspiriu tablets containing 
10% by weight of starch. The results represent the 
averages obtained on 7 tablets at each crystal size. 

The manner of disintegration changed between 
the "/M, and the 6fl/100 tablets. The 2 0 / ~ ,  and 
4 0 / ~  tablets fell apart rapidly into a mass of crystals. 
The 60/100 and below 100 tablets showcd a progrcssivc 
disintegration from all sides and a steadily shrink- 
ing core. 

Samples of the tablets were cxaniincd micro- 
scopically to note the manner of distribution of 
starch. Transverse sections were made and scraped 
smooth with a razor blade. The sections were 
stained with iodine solution and examined after 
drying. The 14/20 tablets showed a heavy conccn- 
tration of starch grains in all the channels between 
the aspirin crystals. The 20//40 arid '"//MI tablets 
showed a similar pattern but with decreasing 
amounts of starch in the channcls. T h e  
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tablets displayed lines of starch granules around 
each crystal with many discontinuities where no 
starch was visiblc. In the below-100 tablets, starch 
grains were scattelerl ill iinall qrnups aniong the 
aspirin cryst:& with f c w  cuutinuitii.5 iri the chariucls. 

Since the disintegration times of the tablets 
containing 10yG starch were so short, a series was 
prcpared with only ,5(,!i, starch. Two additional 
crystal size designations were made, and 
below 2550. 'L'hc tablets were prepared in thc samc 
manner as previously. The screen on the dis- 
integrating apparatus was rcplaced with a h'o. 8 
scrccn to facilitate passage of thc larger size crystals. 
The results, reported in Table 11, represent the 
avcrage disintegration times for five tablets. 

The 1 ' / m  and 20/,io tablets scparatcd rapidly into 
large particles. The 40/,j0 and "/,l(lo tablets slowly 
broke up into large fragments which then dis- 
integrated into crystals. The l("'/p:,o tablets sep- 
arated in slices from thc faces to thc center, the 
slices then separating into granules. The below-250 
tablets were not affectcd for some time, then sepa- 
rated into slices from the faces toward the ccntcr. 
The slicrs slowly separated into e;ranules. Micro- 
scopic examination of the tablets rrvealcd that  thc: 
starch channels were continuous only in the 14/2@ 

arid "/40 tablrts. 

TABLE I .---1)ISISThGRATION T I M E S  OF ASPIRIN 
TABLETS CON ~ A I N I N G  107; STARCH 

Crystal Size Time, sec 
11/20 6OU 

do/&" 12 
20/4,1 24" 

Below 100 
1 8h 
3 5" 

~~~ ~~~~ ~~~ ~ ~ 

a The tablets fell into large particles in less than 10 sec. 
Howeve,, the particles passed the screen oeiy slowly; thus, 
the recorded times are not a true measure o f  the time for lhe 
tablet to lose its shape and identity. '' The tablets dis- 
integrated toward the centei from all sides retaining their 
shape during disintegration. The  time indicated essentially 
marks the time of rlisintegr-ation of the last rrf the tahlct core. 

TABLE I1 -DISINTEGRATION TIMES FOR ASPIRIN 
TABLETS COSTAINING 5' STARCH 

Ciystal Size Time, sec 
_- 

' / l o  1; 
'"4" 1; 
'0/b<l 55 
60/mp. 50 
1QQ/250 120 

Below 250 >go0 
.. - - ~ 

Penetration of Water into Tablets.-The changc 
of the mode of disintegration of tablets containing 
10% starch from the 'O//BO t o  the 6Q/iw tablets 
and t h r  appearance nf discontinuities in the 
pattern ol starch ilistribution iii the cu/lI,,, tab- 
lets suggests a rclationship between the two. 
Conceivably, the change iu disintegratioti could 
he duc to a change in tlic facility or the drjirer of 
penetration ol water intu the tahlet. Samples of 
each crystal size xroup of the tablets wcrc tested to 
dctrrnmine to Ivhat extent water would penetrate 
into the tablet in a given tinie period. .\ series o f  
flat-faced tablets with 1 0 ~ ~  starch wt're prepared 
for this purpose. The thickness of each tab- 
let was measured with a vernier caliper. A 
0.05-ml. drop of iodine solution, containing 
50% alcohol to rctard swelling of thc starch, 
was placed in the center of a small watch 
glass coated with liquid parafin to prevent sprcad- 
ing of thc drop. The tablet was placed in contact 
with the drop and penetration allowed to proceed 
for 10 scc. The tablet was removed, blotted dry,  
and allowed to dry at morn temperature. I t  was 
then carefully shavcd with a razor blade to remove 
thc colored portion, and the thickness of the re- 
rnainder measured. Thc tabicts showed the follow- 
ing per cent of penetration: '"/m, 4971; 2n/40, 387"; 
""/, 38%; 60/lo0, 22%; and below 100, 9%. 

Effect of Capillarity Alone.-To deterniiiie the 
effcct of capillarity without expaiision as a dis- 
integrating effect, tablets of aspirin arid dextrose 
were prepared and tested for disintexration time. 
Dextrose was chosen because i t  is a highly water- 
soluble matcrial with a strong attraction for water. 
I t  has a chemical structure closely related to that  of 
starch. It should be able to draw water into the 
spaces between the hydrophilic aspirin crystals with- 
out any concomitant swcllixig. Powdered dextrose 
(U.S.P. anhydrous, Mallinckrodt) was passed through 
a Yo .  80 screen atid added in lOy0 concentration to 
4n/6so aspirin crystals. Compression into 0.5-Gm. 
tablets was done with 8.8-mm. flat-faced punches. 
The material for each tablet was individually 
weighcd and 5 series of tablets of increasing 
hardness were prepared by lowering the position of 
the upper punch for cdch succeeding series. When 
subjected to a disintegration test they showed thr, 
following disintegration timcs (average of four 
tablets): 140, 130, 191, 210, and 253 sec. The 
mode of disintegration in this case appeared to  he a 
loss of cohesiveness of thc tablet as the dextrose 
dissolved. The tablets gradually eroded away as 
fragments separated from the outer sides. The 
fragments lor the most par t  were of the size of the 
aspirin crystals used. I t  appeared that the crystals 
simply fell away as tlie dextrose layer dissolved. 
There were no indications that disinteg-raling forces 
wcrc acting in thc interior of the tablet. .4 drop of 

TABLE III.--T.'OID SPACES I N  FLAPFACED TABLETS OF .ASPIKIN CONTAINING 5'?;, STARCH 
~ ~~~ .~~~~ ~~ __.___ ~~~~~ ~~~~~ 

Crystal Size Wt.,  Gm. Vol., ml. Void Space. ml. Void Space, %, 
0.2999 
0.2997 
0.2993 
0.2966 
0.2942 
0.2950 

0 2250 
0.2242 
0.2244 
0.2208 
0.2193 
0.2211 

0.0110 
0.0104 
0.0109 
0.0102 
0.0095 
0.0106 

4.89 
4 64 
4.85 
4.62 
4.34 
1 77 



Vol. 55, N o .  10. October 1966 

dilute aqueous gentian violet solution placed on the 
w r f  .ice of these tablets penetrated approximately 
50% of all tablets in 4 miti.. except the softest in 
the series which was complctrly penetrated in less 
than 2 min. 

The effect of capillarity wa:; further checked by 
the use of aluminum hydroxide tablets. Alutninum 
hydroxide powder (dried gel, Reheis) was made into 
granules by slugging. Prcparation of slugs in the 
usual manner was not possible because jamming of 
the machine occurred. Individual slugs were 
prepared by manually placing the aluminum hy- 
droxide in the die and turning the machine by hand. 
Before preparing each slug, the punches arid the 
die were lightly lubricated with niagnesium stearate 
applied with a camel hair brush. The slugs were 
crushed and screened into granules of three sizes, 

When compressed into 
tablets with 107; starch and tested, they disintc- 
grated in times of 8, 18, and 20 sec., respec- 
tively. Microscopic examination of the tablets 
stained with iodine solution showed the distri- 
bution of starch to  be continuous :Lround the 
aluminum hydroxide particles. When placed in 
9.5% ethanol, where penetration of solvent can still 
occur but  no swelling of starch results. the tablets 
did not disintegrate. The penetration of tlie tablets 
by ethanol mas checked by the same procedure as 
used t o  determine the penetration of aspirin tablets 
by an  iodine solution. A measured drop of an 
ethanolic solution of iodine was used. In 10 sec. 
it  penetrated the tablets to  a n  average depth of 

of thc total thickness. This would seem to  
indicate tha t  swelling is a necessary condition for 
disintegration hu t  does not entirely eliminate thc 
possibility of capillarity as a disintegratiiig force. 
'l'he surface tension of ethanol is only about one- 
third that of water. In its simplest terms, the 
prcssure produccd by  capillarity can be equated to 
2 y / r ,  whcre y is tlie surface tension of the liquid, 
and I is tlie radius of the capillary. The difference 
in surface tensions of ethanol atid water could very 
well he sutiicicnt to  prevent any capillary effect 
from being iioted. The search for a liquid with a 
surface tension near tha t  of water, capable of wetting 
starch, and not able to dissolve aspirin too readily 
nor too rapidly, suggested glycerin. I t  has a surface 
tension of 63 dynes/cm. coniparecl to a value of 73 
for water (5). I t  did not cause disintegration of 
2n/40-aspirin tablets containing 107; starch everi 
after 12 hr. of contact. Thc penetration of glycerin 
into tlic interior of tlie tablets was checked to insure 
tha t  i t  did occur. A drop of glyccrin (the volume 
was not measured because the viscosity makrs such 
measurement almost Ineaningless) containing 0. 
iodine was placed on the surfacc. of flat-faced 
tablets. I t  penetratrd to  an averagr depth of 3 
in 2 miti. These results again suggest tha t  capil- 
larity does not constitute :L disintegr;itiiia force in 
this situation 

Relation of Void Space to Disintegration Time. 
Since thc volume o f  starch increased in water, thc 
authors felt i t  would he of intcrcst to  investigate the  
relationship of the volunie increase and tlie void- 
space volume of the tablets. In order to  measure 
the volume, 8.8-mm. flat-faced punches were used 
to preparc' the tablets. 'The dimcnsions of the 
tablets were nie:tsurrd with a vernier calipcr. 'l'he 
densities iJf the aspirin crystals and of the starch 

and below 60. 
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O N  VOID SPACE AID DISINTEGRATION TIME OF 
ASPIRIN TABLETS CUKTAININC l 0 ( ,  STARCH 

' r A B L E  I\ , ' . -INFLUBNCE OF C O M P R E S S I O S  FORCE 

Pressure. 
lb./sq. in. 

2000 
4000 
6000 
8000 

10000 
12000 
14000 
16000 

Time, sec 
Void Space, 

' 4  
7 . 0  
3 . 5 ti 
2 . 3  x 

- 
I 

2 .7  
2 0 8 
1 6  10 

- 
1 

0 1 10 
<o 1 10 

TABLE 1 7 . - I ~ ~ ~ ~ ~ ~ ~ ~ ~  OF COMPRESSION FORCE O N  
1-01~ SPACE ASU DISINTEGRATION TIME OF ASPIRIN 

TRRLWS COSTAINING 5yc STARCH 
~. ~~ ~~~ 

~~ ~~~~~~ 

~~ 

\'oid Space 
Pressure, Void Space, as yL of 
Ib./sq. in .  % Siarch Vol. Time, sec 

2000 
3000 
5000 
7000 

10000 
13000 
15000 

were determilied by the pycriorneter method ( ti) 
using pctroleum ether as the liquid. At 20" the 
density of aspirin was found to  be 1.396 Gm./ml. ,  
tha t  of starch 1.513 Gm./ml. Void spaces were 
determined as the difference between the volunie 
calculated froin the dimensions of the tablet ar id  
the volurne or the tablet solids calculated from their 
densities. I 

Tablets prepared from equal weights o f  diffcrcnt 
sizes of crystals and compressed to :in equ:il volumc 
should exhibit the same amount o f  void space. 
although the size of individual pores may differ 
SUbStantbdlly. A good uniformity of void volumc. 
was found in such x series prepared with S',;;, starcli. 
'l'hc results arc reported in Table 1 I I rcprcscnting 
the averages of four tablets in each group. 

Since the  void volumes are suhstantiallp tlic 
same, the s i x  o f  thc openings betwccn particles must 
get smaller as the crystal sizes get smaller and 
the number of ci-ystals per tablet increases. This 
would lead either to the presence of  iriterpar tick 
spaces too small to permit ready cntry of water or 
to discontinuities between starch grains in the 
spaces. Either circunistaiice would esplein the 
loriger disintegration time and the change in mode 
of disintegration for tablets of small crystal size. 

The average volume of starcli in the tablets was 
l).OO984 ml. which 011 swelling h y  thc. 78<,<, iridicatctl 
i n  water suspeiision would increase by Il.00768 
ml. The  increase is less than thr  void volume but ,  
since disintegration requires only tha t  the aspirin 

I T h e  void space calculated in this manner may not 
accurntelv L cpi ?sent the spaces between ct-ystalq since 
crushing bf crystals during cornprcssion may lead to  forrna- 
tion of new spaces in which IIO starch will be found. Hvw-  
ever. i t  will represent a good first appi-oximatiun r i f  the b p c e  
i n to  which watei- can penetrate. 
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particles be forced apart from each other, the effect 
could be exerted by starch grains properly located 
between aspirin particles even though empty spaces 
remained in the tablet structure. This suggests 
that an optimum ratio of starch volume to void 
space may exist a t  which disintegration would be 
most effective. In an attempt to find such a ratio, 
a series of tablets was prepared using l0yo starch 
and aspirin crystals. Flat-faced tablets 
were prepared using a Carver hydraulic laboratory 
press to supply the compression force. The ma- 
terial for each tabkt  was individually weighed, 
placed in the die, and compressed. The pressures 
recorded were the dial readings of the press. The 
tablets were wcighcd and measured to determine 
void spaces and their disintegration times then 
deterrninecl. The averages obtaincd on six tablets a t  
each pressure are reported in Table IV. 

The disintegration times were too close together to 
detect any real minimum due to starch-void ratios. 
It was surprising to find that even at  the highest 
pressures used, when void spaces were substantially 
eliminated, a rapid disintegration was still effected. 
This w-ould indicate that as long as the starch graius 
were in continuous contact with each other their 
affinity for water would draw it into the tablet 
without regard to  pore size. The three hardest 
tablets in the series (those with times of 10 sec.) 
showcd a change in the mode of disintegration. 
They disintegrated from thc outer sides toward the 
center. 

If an optimum ratio of starch volumc to void 
spacc did cxist, it should be most readily detected 
when the channels were not completclg filled with 
starch grains. To check this point, a series of flat- 
faced tablets was prepared from “/W-aspirin 
crystals with 57, starch. The results on six tablets 
a t  each pressure are recorded in Table V. 

The decrease in disintegration time a t  5000 lb. 
of pressure would seem to indicate the most favor- 
able combination of conditions for this particular 
series. In each case the calculated incrcase in 
starch volume is larger than the total void space. 

Journal of Pharmaceitlical Sciences 

this view. Where contact of starch grains in the 
interparticle spaces is continuous, disintegration is 
most rapid and is only slightly affected by changes 
in the amount of interparticle void space. In  this 
situation, even when void space is substantially 
eliminated, starch is capable of drawing water into 
the interior of the tablet and producing rapid dis- 
integration. When contact of starch grains in the 
interparticle channels is not continuous, the situ:t- 
tion changes. The time for disintegration increascs 
and the mode of disintegration changes. Tlic 
appearance of a minimum disintegration timc 
produced in aspirin tablets containing 5% starch in 
discontinuous contact might be attributed to two 
factors under the experimental conditions used. 
Berry and Ridout (7) have suggested that decreases 
in disintegration time would be produced by in- 
creasing contact between tablet particles and starch 
grains. This appears to he the case until a mini- 
mum time is reached. A t  this point, the second 
factor, a limit to the pore size which will allow entry 
of water into the tablet, begins to operate. ..1 
smaller pore size which could be occluded by air 
would hinder entry of water as was demonstrated 
by Wurster and Scitz (8). This would be partic- 
ularly true in the case of a hydrophobic substance 
such as aspirin. In this situation, disintegration of 
the tablet would be slowed but could continuc, 
either as the pores are enlarged by expanding starch 
grains near the surface of the tablet, or as diffusing 
water vapor progressively reaches and swells starch 
grains deeper in the interior of the tablet. Capil- 
larity $er se does not appear to have a disintegrating 
effect, although it may be a factor in aidiug the 
entry of water into the tablet when thc pore size is 
favorablc. 

DISCUSSION 

The increase in volume of starch in water strongly 
suggests that this is the principal mechanism for its 
action as a disintegrating agent. The disintegrd- 
tion of starch-containing tablets of aluminum hy- 
droxide in water but not in ethanol and of aspirin 
tablets in water but not in  glycerin adds support to 
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Interaction of Nonionic Hydrophilic Polymers 
with Phenols I 

Interaction of Phenol and Hydroxyphenols with 
Certain Macromolecules 

By B. N. KABADI* and E. ROY HAMMARLUND 
There have been numerous studies of the interactions of certain phenols with non- 
ionic macromolecules-particularly those dealing with a loss of antimicrobial prop- 
erties of the phenols when combined with nonionic polymers. Relatively little 
attention, however, has been given to the possible disruption of the solubilizing and 
stabilizing properties of the polymers themselves when in combination with certain 
phenols. Miscibility titration studies were made by interacting the following 
polymers: PEG, PPG, PVP, and methylcellulose with the following phenols: 
catechol, pyrogallol, resorcinol, hydroquinone, tannic acid, and phenol. Photo- 
metric turbidimetric titration studies of interacting polyoxyethylene ethers, poly- 
oxyethylene monostearates, and polysorbates with tannic acid were also carried 
out. Dextrose altered the complexing tendency of tannic acid by decreasing the 
solubility of tannic acid in  PEG 6000 and increasing its solubility in PVP. Since 
tannic acid was found to interact strongly with nonionic hydrophilic polymers, 
its possible influence upon the stability of various pharmaceutical formulations 

containing nonionic hydrophilic polymers should not be overlooked. 

IWESTIGATION has indicated that  phenolic 1 materials interfere with various nonionic 
liydrophilic polymers which are employed fre- 
cluently in pharmaceutical and cosmetic formula- 
tions as solubilizing, s tab i l ihg ,  or emitlsifying 
agents (14) .  The interactions of various non- 
ionic hydrophilic polymers and phenols have 
been the concern of many further studies (7-14), 
usually undertaken to explore the mechanisms 
o i the various intcractions and thereby make 
possible the prediction of their probable oc- 
currcnce. Most prior work has focused upon 
the interference of the complex with the anti- 
microbial properties of the phenol rather than 
11 pon its interference with the solubiliLing and 
stabilizing properties of the polymer. The 
present inquiry investigated the nature of the 
inactivation of certain nonionic polymers by 
various widely occurring hydroxyphenols which 
may be found in many pharmaceutical formula- 
tions that  contain plant products. Methods 
employed were visual turbidimetric titration 
and photonletric turbidiiiietric titration Re- 
\lilts are presented in the form of phase dia- 
gr anis. 

EXPERIMENTAL 
Materials.-The noiiionic polymers used wcrc: 

polyethylene glycol (PEG) 1500, 1540, 4000, 

6000, ant1  20,000; polyvii~ylpyrrolitione (PVP): 
polypropy1c.ne glycol (I’PG) 400 and 1200; poly- 
sol-bate 20,  40, 60, arid SO;’ polyoxyethylene mono- 
stearate;2 polyoxyetliylerie ethers;3 alkyl phenoxy 
polycthoxy ethanol ;* mcthylccllulose 15 cps. All 
polymers were conixiiercial samples. The phenols 
employed were plienol, resorcinol, tannic acid, 
catcchol, pyrogallol (all rcagcnt grade), and hydro- 
quinone (technical grade). 

Visual Turbidimetric Titration Method.-‘l‘lie 
cxperimcntnl tcchniqur was similar in principle 
to that used by Higuchi and co-workers (11, 12). 
Ahsan et al. (15), Marcus et al. (16), and Karabinos 
et uZ. (17) in their studies of the interaction of 
phenols with macromolecules. One to 10 ml. of 
the polymer solutions was addcd to a series of 
50-1111. tubes arid cacli volume was adjusted to 10 
ml. w-ith distilled water. The phenol solution was 
added dropwise to the continuously stirred polymer 
solution until a distinct turbidity marked the end 
point of the titration. The same operation was 
repeated on each tribe containing various dilutions 
of the polymer solutions. 

The phenol arid hydrosyphenol solutions mere 6YG 
w/v and the tannic acid solution was 1 w/v, except 
for the methylcellulose titration in which 0.1% 
taiinic acid was uscd. The concentrations of t h e  
polymer solutions were: polyethylene glycol5 1500, 
1540, 4000, 6000, and 20,000, 20.0y0 w/v; poly- 
vinylpyrrolidone,6 4.0YG w/v; methylcellulose, 15 
cps., 1.Oy0 w/v; polypropylcnc glycol,’ 1200, 
0.274 w/v; arid polypropylene glycol,? 400, 20.0‘1.; 
W/V. 

From the concentration and volume of the poly- 
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Fig. 1.-Influence of several polymers on the solu- 
bility of taunic acid. Key: A, PVP: 0, PEG 6000 
0, PPG 400. 

0.5 - 

0.4 ~ 

$ -  
8 0 3 -  

0 

Fig. 2.--Influence of several PEGS or1 the solubil- 
ity of tannic acid. Key: 0, PEG 20,000; A, PEG 
1.540; a, PEG 4000; 0 ,  PEG 6000; 0, PEG 1500. 

incr solutions used thc corresponding number of 
monomer-gram equivalents of polymer per liter 
was calculated (except for methylcellulose) and this 
value was plotted ljer.sm the final concentration of 
the phenolic solution in the mixture a t  the end 
point. The effect of dextrose on the intcraction 
of PEG 6000 and PVP with taniiic acid was likewise 
determined. The procedure used was the same 
as above except that  the polyniers were. dissolved 
in 1 M aqueous dextrose solutions instead of in 
water. The data thus obtained from the titrations 
of the various polymers and phenols are plotted in 
the form of phase diagrams (Figs. 1-6). 

Photometric Turbidimetric Titration Method.- 
The nonioiiic polymcr solution was addcd slowly 
to a constantly stirred 10-1111. volume of O . l % ,  
w/v tannic acid solution in a 50-ml. flask. At the 
first sign of turbidity an aliquot solution was re- 
moved, and its absorbance was measured a t  625 
m p  in a Bausch Pr Loiiib Spectronic 20 colorirneter. 
'l'he 0.1%, tannic acid solution was used as the blank. 
Following this initial reading the aliquot was re- 
turned to the titration vessel, and more polymer 
solution was aclded to the mixture in 0.2-1d. in- 
crements. i\bsorbance readings were repentcd 
until the solution in the titration flask becarnr 
transparent (zero absorbance) which took about 0.5 
hr. This titration procedure was carried out for 
each of the notiionic polymers tested. The solution 
absorbance was plotted versus the total volume of 
the polymer solution added. Figures 7-9 show the 
data thus plotted. 

RESULTS A N D  DISCUSSION 

Figures 1-6 show the phase diagrams of the 
complexatioti reactions bctw-em hydroxyphenols 

0.5251 

* 0375 
$ 0250 

E 

I I .i.- 

01751 , , 3 ,  

0.0 0.25 0 5 0  075 I 0 0  I 2 5  150 I 7 5  2 0  
PEG 6000, qrn equiv per1 ~ 1 0 . ~  

Fig. 3.-Effect of dextrose on the solubility of 
tannic acid in PEG 6000. Key: 0, PEG 6000 in 
water; 0, PEG 6000 in dextrose (1 M). 
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5.75 

z 
- 

3.50 - 
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L ~ I I U  

00 0 5  I 0  I 5  2 ' 3  2 5  
PVD,  gm equl" per I 

Fig. 4.-Effect of dextrose on the solubility of 
tannic acid in PVP. Key: A, PVP in water; A, 
PVP in dextrose (1 11.1). 
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1 
LL---L---C 
00 2 0  40 60 a o  100 

PEG 20000, grn e q w  per I L 13- 

Fig. 5.--Effect of PEG 20,000 on the apparent 
solubility of phenol and polyhydroxy phenols. Key: 
0, pyrogdlol; ., catechol; A,  hydroquinone; 0, 
rcsorcinol; 0, phenol. 
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Fig. 6.--Influcnce of methylcellulosc on the solubil- 
ity of tannic acid. 
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and various hydrophilic polymers. I n  all these 
diagrams tlie points at low concrntrations mcrr less 
precise due to  difficulty in discerning the end 
point. X heterogeneous system consisting of the 
white. oily complex dispersed throughout the 
aqueous phase existed a t  concentrations above any 
given curve. The niixturcs were clcar bclow r:rch 
curve. The graphs in Fi,ys. 1-5 Iiavc positive 
slopes which indicate tha t  tlic insoluble complex 
was solubilizcd by  :in exccss of uncomplrsecl polymer 
solution. In  Fig. 6 the negative slopc in the 
phase diagram of the methylcellulose was identical 
to tha t  obtained from the interaction between 
phcnol and PPG 1200 by Guttman and Higuchi (11). 
Likewise. the graph was similar t o  tho5e which show 
interaction between phenol and certain surfactants 
below their critical inicelle concentrations (CMC) 
(15, 16). For precipitation to  occur, any decrease in 
tlic concrntration of one rcactant requires a cor- 
rrsponding increase in the concentration of the 
other. The negative slopes in this type of phase 
scpamtion appear to  be characteristic of polymers 
with negative temperature coefficients of solubility. 

Since dextrose occurs as one of the products of 
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Fig. 7. -Photometric turbidirrietric t itration 
curves ol polysorbates interacted with taunic acid. 
Key: 0, polysorbate 20; A, polysorbatc 40; 0, 
polysorbitc 60; 0 ,  polysorbatc 80. 

2.0, 

Fig. 8.-Photometric turbidimetric titration of 
tanriic acid with various concentratioris of poly- 
sorbate 20. Key: 0, 0.47, w/v; A ,  0 2% W / V ;  0, 
O.l?& w/v .  

tanriic acid hydrolysis, its cffcct on the solubility of 
tanriic acid in hydrophilic polymers was studied 
(Figs. 3 and 4). Dextrose was found to  clecreasc 
the solubility of tarinic acid in PEG A000 and to 
increase the solubility of taiitiic acid in P1.P. 

T h c  order of phenolic couccntrations required 
for precipitation by  PEG 20,000 (Fig. 5) was found 
to be phenol < resorcinol < liydroquiuonc < catechol 
< pyrogallol. Guttrnan arid IIiguchi (1 1) reported 
t h e  scqueiicc with P\.I' to  bc resorcinol < hgclro- 
quinone < phcnol < catechol. S o  simple explana- 
tion appears to  be evident for thc discordant posi- 
tion of phenol in these two series. 

In Fixs. 7 arid 8 there is a sharp increase in ab- 
sorbance at a critical polymcr concentration for all 
of the systems. This is due undoubtedly to a 
sudden increase in aggrcgation of the tannin-poly- 
sorbate complex above the CMC of the surfactant 
solutions. The  absorbance reached a inaximum 
and then brgan to  dccrease as the  oily complex 
which formed became solubilized in the excess of 
pnlymcr solution. A rapid decrrase in the  ab- 
sorbance of the system resulted. Although the 
concentration of the stirfactant at the  point of the  
sudden incrcase in absorbance diners from its CMC 
values, the rnarked change in turbidity may be 
related to  micelle formation in t.he coniplcx system. 

Figure i shows t h a t  each of the polysorbates 
produced a turbidity upon tlie addition of tannin. 
Figure 8 shows tlic absorbance breaks a t  different 
fixed concentrations of polysorbatc 20 upon titra- 
tion with tannic acid solution. Because of the 
marked differences between the graphs of t he  
separate polysorbates, the photometric turbidi- 
metric titration method employing taririic acid was 
fourid to be  a useful method for distinguishing 
qualitativcly between these surlactants. How- 
ever, with a series of polyoxyethylene ethers having 
the same aliphatic chain length but with different 
size glycol chain lengths, there appeared t o  he  no 
correlation between the concentration of the 
surfactants a t  their absorbance discoritiriuities and 
the monotnrr content of the surfactants. 

Thc  shapes of ttic titration curves of the poky- 
oxyethylene ethers were nearly identical to  those of 
the  polysorbates which are shown in Fixs. 7 and X- 
although the  suddrn absorption increase a t  some 
critical point ivas riot so sharp with the ethers 
as with thc polysorbates. Moreover, aqtreous 
solutions of polyoxyethglenc ethers (No. 90, 42, 
52, and 72) were too turbid initially l o  detertriine 

I , , , ->- _ - .  . . , i 

3 0  40 8 0  120 160 200 240 280 320 
MI PEG 4000 ond PVP 5 n I ~ t i o n s  

F i y  I) --Photometric turbidimetric titration of - -0. - .  - -  ~ ~~~~ 

tannic acid with PEG 4000 and  PVP. Key: 0, 
0.2% w/v P E G  4000; 0 ,  0.5% w/v P E G  4000; 
A ,  o.~:/o wiv Pvr; A, 0 . 6 7 ~  .%-/v P ~ T .  
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any further change in their absorbance properties. 
The polyoxyethylene monostearates and alkyl phcn- 
oxy polyethoxy ethanol did not show any abrupt 
increase in absorbance at a critical point above their 
CMC because they produced uniformly turbid mix- 
tures. This was due possibly to a lack of purity of 
the commercial products. Polyethylene glycol and 
PVP polymers, which do not exhibit a CMC, 
gave smooth curves as expected without any brcaks. 
‘Their graphs are shown in Fig. 9. 

Although the interaction or binding of tannin as 
,such may not necessarily be detrimental to phar- 
niaceutical products, the fact that tannin occurs in 
numerous pharmaceutical formulations of natural 
origin could cause frequent unexpected iricompat~ 
ibilities if surfactants were added or whenever 
these products were mixed with other preparatioiis 
containing surfactants. l‘hc decrease in the con- 
centration of the stabilizers or solubilizers through 
their binding with tannin will obviously decrease 
the effective concentration of the stabilizing agent 
which may lead to the ultimate breakdown of some 
liquid pharmaceutical products. Except by coni- 
plete separation of the ingredients, the only way that 
this inconipatability may be overcome is by the 
addition of cxcess dispersing agent (18). Allawala 
;1nd Riegelman (19) have pointed out that for 

optimum conditions of preservative effectiveness, 
the ratio of phenol to surfactant should be at  a 
minimum. Therefore, in preserved tannin-con- 
taining pharmaceuticals this incompatibility with 
surfactants should be considered. 
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utilizing equilibrium dialysis through a cellophane membrane and NMR analysis 
of the insoluble complexes. Equilibrium dialysis experiments indicated that there 
was no correlation between the binding of phenols and the increase in acidity asso- 
ciated with the addition of hydroxyl groups on the phenol nucleus. An increase in 
temperature was found to decrease the degree of binding of phenol with PEG. NMR 
data indicated that for high molecular weight PEG’s complexed with phenol and 
p-chlorophenol, the insoluble, oily complexes contained two ETO base moles to 

each cosolute molecule. 

LTHOUGH THE interactions of nonionic poly- A mers, e.g., polyvinyl pyrrolidone (PVP) 
Received March 21, 1966, from the College of Pharmacy, 

University of Washington, Seattle 98105. 
Accepted for publication May 27, 1966. 
Presented to the Basic Pharmaceutics Sectiun, A.PH.A. 

Academy of Pharmaceutical Sciences, Dallas meeting, April 
1966. 

This investigation was supported in part by funds provided 
by the Institute of Forest Products, University of Washing- 
ton, Seattle, and by resrarch grant A1 04687-02 Irom the 
National Institutes or Health, U. S. Public IIealth Service, 
Bethexla, Md. 

Abstracted in part from a thesis submitted by Balachandra 
Kabadi t o  the Graduate School, University of Washington. 
Seattle, in partial fulfillment of Doctor of Philosophy degree 
requirements. 

The authors thank the manufacturers of the various 
specialty items used for the donation of their products for  this 
study and Dr. Alein C. Huitric for his assistance with the 
NMK portion of this study. * Present address: Department of Chmiistry. University 
of South Carolina, Columbia. 

Previous paper: Kabadi, R. N., and Hamrnarlnnd, E. I<., 
J .  Phavm. Sci., 55, 1069(1966). 

and polysorbate 80, with various phenolic tic- 
rivatives have been investigated rather exten- 
sively, the analogous reactions of polyethylene 
glycols (PEG) with phenols have received much 
less attention (1-4). Iliguchi and co-workers 
( 5 ,  6) have studied the intcraction of PEG’s 
and barbiturates and iodine in potassium iodide 
solution They demonstrated that a t  a high 
cosolutc concentration a complex formed which 
had a stoichiometric ratio of 2 base moles of 
ethylene oxide units (ETO) of the glycol to  each 
cosolute molecule. 

Various attempts to  determine the mechanism 
of such interactions and the stoichiometric rela- 
tionships of the coniplexes formed by interaction 
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any further change in their absorbance properties. 
The polyoxyethylene monostearates and alkyl phcn- 
oxy polyethoxy ethanol did not show any abrupt 
increase in absorbance at a critical point above their 
CMC because they produced uniformly turbid mix- 
tures. This was due possibly to a lack of purity of 
the commercial products. Polyethylene glycol and 
PVP polymers, which do not exhibit a CMC, 
gave smooth curves as expected without any brcaks. 
‘Their graphs are shown in Fig. 9. 

Although the interaction or binding of tannin as 
,such may not necessarily be detrimental to phar- 
niaceutical products, the fact that tannin occurs in 
numerous pharmaceutical formulations of natural 
origin could cause frequent unexpected iricompat~ 
ibilities if surfactants were added or whenever 
these products were mixed with other preparatioiis 
containing surfactants. l‘hc decrease in the con- 
centration of the stabilizers or solubilizers through 
their binding with tannin will obviously decrease 
the effective concentration of the stabilizing agent 
which may lead to the ultimate breakdown of some 
liquid pharmaceutical products. Except by coni- 
plete separation of the ingredients, the only way that 
this inconipatability may be overcome is by the 
addition of cxcess dispersing agent (18). Allawala 
;1nd Riegelman (19) have pointed out that for 

optimum conditions of preservative effectiveness, 
the ratio of phenol to surfactant should be at  a 
minimum. Therefore, in preserved tannin-con- 
taining pharmaceuticals this incompatibility with 
surfactants should be considered. 
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of phenols and PEG derivatives have resulted in 
the appearance of contradictory statements in the 
literature (7-10). These are due largely to  the 
many experimental difficulties encountered and 
the insufficiency of reproducible experimental 
evidence. Some of the difficulties which have 
prevented the determination of a definite stoichi- 
ometry of the formed complexes are: (a) the 
oily insoltihle nature of the precipitate prevents 
the use of the conventional solubility titration 
method; ( b )  commercial nonionic surfactants 
are not pure products; (c) above their CMC's 
surfactants form micelles, and became of their 
solubilizing potential, these mircllcs would inter- 
fere with the isolation of a complex for study. 

To  avoid most of these difficulties this current 
study was limited to the PEG's because they are 
m,ore homogeneous than the surfactants and they 
do not form micelles in water. 

The object of this study was to investigate the 
general nature of the interaction between phenol 
and PEG and to attempt to determine the 
stoichiometry of the resulting complex by  corre- 
lating equilibrium dialysis data of the reaction 
mixtures with NMR data  obtained from the iso- 
lated oily complex. i\ literature search failed to 
reveal that  NMR data had been employed pre- 
viously in this type of an investigation on PEG- 
phenol complexes. 

PEG 20,000 was chosen fur this study for Lwo 
re;sons: (a)  previous reports indicated that  the 
low molecular weight PEG's did not form coin- 
pkxes, whereas the higher molecular weight 
PEG'S did (5 ,9 ,  1 I ,  12) ; ( b )  PEG's with molccular 
weights of 6000 and less permeated cellulose 
dialyzing membranes, whereas PEG 20,000 did 
not, thus equilibrium dialysis could be used as an 
analytical tool (1). 
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equilibrium dialysis study. Tlic yicld was approxi- 
mately 90%. 

Equilibrium Dialysis Method.--.The equilibrium 
dialysis technique used in the present study was 
essentially the same as that used by Patel et al. and 
others (1, 3, 13). The phenols were cstimated 
quantitatively b y  using a Reekinan DU spectro- 
photometer. T h e  wavelengths usrd for tlie various 
assays were: phenol, 270 nip; resorcinol, 275 nip; 
pyrogallol, 264 mp; phloroglucinol, 267 i n p ;  a n d  
p-clilorophcnol, 272 my. 

'rwenty milliliters of il.57t w/v of the glycol 
polymer solution under study was placed in a scrics 
of cellopha~ic bags. Each was then tightly tied 
and placed in a 12.5-inl. glass-stuppercd flask con- 
taining 20 1111. of various concentr;ttions of phenol 
solution ranging from quitr dilute to saturated 
solutions. The control containcd water in place 
of PEG solution. 'I'he flasks were agitated for 18 
hr. a t  a constant temperature of 5". Preliminary 
cxprriments had shown that equilibriiim was reached 
undcr thrse conditions. Thc mixtures in the dialysis 
bags developed various degrees or cloudiness ranging 
from slightly turbid to extremely opaque, oily 
emulsions. The atnount of phenol in the dialysate 
solutions was determined spectrophotomctrically 
from its molar absorptivity, m d  the l>ouricl phenol 

EXPERIMENTAL METHODS AND RESULTS 

Reagents 

'Phenol, p-chlorophenol, pyrogallol, phloroglu- 
cinol, and resorcinol (all reagent quality); PEG 
300, 400, 1500, 6000, and 20,000 (commercial 
products). 

Reparation of PEG 20,000 for Dialysis.--A 4.0y0 
w/v commercial PEG 20,000 polymer solution was 
placed in Visking,' seamless, cellulose, dialyzing 
tuhes which wcrc then tied securely at both elids arid 
dialyzed a t  room temperature against a largc volume 
of distillcd water. The  dialysate was replaced with 
fresh distilled water at 4-fir. intcrvals, and the 
dia.lysis was continued until there was 110 frothing it1 
the dialysate solution. This procedure usually took 
about 5 days. The dialyzcd PEG 20,000 solution 
was dried urider reduced pressure. The  dricd 
residuc was powdered and this was employed in tlie 

~ . ~ .  
I Union Carhide Corp., Visking L>ivision, Chicago, I11 

/ 0 

i' 

Fig. 

O I 0 t  , , J , . , , , , , 

0.0 0.05 010 0 I5 020 0 2 5  
Free phenol, (F) 

1.-Interaction of phcnol and PEG 20,000. 

00 -00 
PEG 20000. gm equiv per I 

Fig. 2.-Effect of temprrature on the binding of 
phenol and PEG 20,000 
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concentration was calculated by difference from the 
control blank. 

The data for the various concentrations of phcnol 
bound to  PEG 20,000 arc plotted in the form of a 
Langmuir curve as +own in Fig. 1 At the lower 
concentrations the data wcre fairly reproducible : 
however, a t  the saturated concentration nf phenol 
the points designating the amount of bound phenol 
were scattered This same experiment was repeated 
using p-chlorophenol, arid its Langmuir isotherm 
was found to be of the same shape as that  of phenol 

Joiinzal of Phavmticeuf ical Scieitces 

in Fig. 1. 
Effect of 

PEG.--ThC 
Temperature on Binding of Phenol by 

I eauilihrium dialysis experiment was 
carried out a t  different temperatures by kccping the 
phenol concentration constant and varying the 
concentration of the polymcr. The results are 
plotted in Fig. 2 which shows that  an increase in 
tempcrature decreased the degree of binding only 
slightly. This was due possibly to  disruption of 
hydrogen bonding bctrvccn the phenolic liydroxyl 
and the cther oxygen of the glycol. 

Binding of PEG and Certain Hydroxypheno1s.- 
'I'hc equilibrium dialysis method was usccl to study 

,Phenol 

I , " " , , ' , ' " ' '  
00 0 2  0 4  06 0 8  I 0  

PEG 20000, grn e q w  per 1 

Fig. 3.-Binding of certain phenols with PEG 20,000 

the binding of certain hyclroxy phenols with PEG. 
The data are plottcd in Fig. 3. One might expect 
that  as thc number of the phenolic hydroxyl groups 
increased with a corresponding increase in the 
acidity, thc phcnols and PEG would interact more 
strongly. However, the amount of interaction in 
this case was found to be less, indicating that  some 
others factors wcre involved. It appears likely that 
not all of the hydroxyl groups of the phenols are 
involved directly in complexatiori with polyglycols, 
and it is also possible that the degree of hydration 
of the various phcnols may influence the complex 
forrnatioti. Furthermore, phloroglucinol, unlike the 
other phenols studied, did not precipitate PEG 
solution in any concentration indicating a lack of 
"squeezing out" action of the phloroglucitiol-PF,C 
complex from water. 

Nuclear Magnetic Resonance Studies 
The complcxes of the various phenols arid PEG 

20,000 mere difficult t o  work with bccausc of their 
sticky nature arid low solubility in water. The lack 
of light absorption of the PEG prevented the use 
of this analytical tcchniquc. Furthcrmorc, thc 
quantitative dialysis incthod codcl not be used to 
stiidy the intmictioii of the l(iw molecular weight 

Fig. 4. --NMK spectra of phenol and PEG 20,000 
in acetonitrile containing lYc TMS Key: B1 and 
A3, phenol; B2, PEG 20,000. 

p-Chlorphenol-PEG 20000 
Complex 

-J. 

a1 2 0  ' I  I 3.0 I 2.D !o. ~ 

' 

Fig. 5.--NMK spectra of phcnol-PEG 20,000 
complex and 9-chlorophcnol-PEG 20,000 complex in 
acctnnitrile containing ly, TMS. Key:  C4, phenol- 
PEG 20,000 complcx; DA, p-chlorophenol-PE(> 
20,000 complex. 
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PEG'S bccause they permeated the membranes. 
Thcsc difficulties were overcome by utilizing nuclear 
magnetic resonance (h-MR) analyses to  ascertain 
the r:rtin of PF:(; protniis to ptici i id I'rotons in the 

Preliminary Work on Pure Samples.-The NMR 
spectra were obtained using an amlytical high 
resolution NMR spectrophototiieter (Varian Asso- 
ciates A-60). Preliminary NhlR spectra of purc 
:plic.iiol i 11 acet oiii tri It5 containing 1 Tc, tc trainethyl- 
:iilane (TMS) did not indicatc a liydroxyl proton, 
Fig. 4,  B1. The addition of traces o f  D20 and tri- 
rluoroacetic :rcid (TF.4A) to the sample to catalyze 
)the exchange of hydruxyl protons with D20  pro- 
c-luccd the ticsired phenolic hydroxyl proton signal. 
The spectrum of this mixture is shown in Fig. 
1 , A .  I'EG 20,000 was added to this mixture and 
the XMI< data were obtained. The sigual from the 
phenol and PEG hydrogens did not overlap and 
could he integrated successfully as shown in Fig. 
4,B. However, similar studies on phenol-I'VP 
and the various plienol-polj.sorbateZ mixtures did 
not produce conclusive results brcansc of tlie coni- 
plexity of their KMR spectra. 

Examination of the spectra of several known 
ratios by weight of phenol and PEG upon integra- 
ition disclosed that the ratios of the aromatic protons 
of phenol to the methylene protons of glycol were 
dose to the calculated values within experimcntal 
limits. This spectrum is shown in Fig. 5,C. The 
lowest field signal which appcared as a multiplet 
centered at about A = 7 and was due to the protons 
attached directly to the aromatic nucleus. The 
middle signal which appcared a s  a sharp singlet at 
A = 3.56 was from the protons of the polyoxy- 
ethylene chain. The high field signal at A = 1.9 
was from thc mcthyl protons of the solvent, acetoni- 
trite. The position of the signal of the liydroxyl 
protons varied betwcrn 3 and 5 A values dcpending 
upon the water content of the sample. 

Analyses of Oily Complexes of PEG and Phenol.- 
The oily eomplcx mixtures formed by the interac- 
tions between a high concentration of phenol indi- 
vidually with PEG 6000 and PEG 20,000 each were 
collected from within the cellophane dialysis bags 
which had bern agitated slowly for about 18 hr. a t  
5" in a shaker bath. The NMR spectrum of tlie oily 
portion was obtained in acctonitrile containing traccs 
of TMS, Ur0, and TFAA, arid was found to  be 
identical in  a11 respects to the spectrum shown in 
Fig. 5,C. Therefore, in this investigation the NMR 
spectrometry was found to  be applicable as an 
analytical tool for deterrniriing the ratio of bound 
plienol to polymer. The actual structure of the 
phmol-polymcr complex or any changes in its 
structure in the elected solvent, acetonitrile, have 
not been investigated. The integrated ratios of 
the aromatic protons of phenol t o  the methylene 
protons of PEG in the oily complex obtained from 
the different conccntrations of phenol were not 
constant. IIowever, following a thorough washing 
of the oily complex with distilled water, fairly re- 
producible ratios were obtained and arc shown in 
'Table I. The ratio of the methylene protons to the 
:u-oniatie protons was found to be between 1.5 and 
1.6. 

IJilY COlllPlC'h. 
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I n  a study of the low molecular weight PEG'S, 
1 70 w/v solutions of the PEG'S were addcd to  equal 
volumes of 7% phenol solutions and kept overnight 
in a separator. Oily complexes formed i:i the lowei 
layer in eacli funnel and tlie SMR spectra of tlic 
complexes were obtained as previously described 
both bcforc and after washing with water. It 
was found that thc ratio for PEG 1500 before wash- 
ing varied considerably from its predicted value 
(Table I). Likewise, thc values for PEG 300 and 
400 after washing were riot as expected. The re- 
iiiainitig ratios came nut closc to the predicted 
values. In a similar mannrr PEG 6000 and 20,000 
were interacted with p-chlorophenol, and its oily 
complex was washed with water and gave proton 
ratios close to the predicted value as seen in Table 

' 8  Marketed as Tweens by Atlas Chemical Industries. Inc., 
Wilmington, ])el. 

1 .  

The water content of the irisoluble material varied 
considerably from sample to  sample. The inte- 
grated ratio of the water protons was always less than 
3 moles considering the ratio of protons of 1 mole o f  

TABLE I.-INTEGRATED XA-TIOS OP METHYLENE 
PROTON TO .4RC)MATIC PROTON NMK PEAK AREAS 

FOH PHlr .NOI. -~  ANI)  ~CHLOROPHENOL-PEG 
COMPLEXES 

-~ 

Netliylene I'iwtons/Aromatic I'roLons 

with Phenol Washinfi Washing Predicted" 

__-. . ~ . ( 8 / 5 ) - - ~  ~ ~ ~ _ _  
PEG Complexed Before After 

200,00 1 509 1 592 1 6  
6000 1 470 1 524 1 6  
1500 1 24 1 558 1 6  
600 1 558 1.6: 
400 1 118 1 6  
300 0 780 l t i  

PEG 
Complexed with 
9-Chlorophenol 

20,000 . . .  2 .2  2 .0  
6000 1 . 7  2 .0  

~~~~~ ~~ ~~~ ~~ ~ ~- ~~~~~~~ ~ ~~~~~ 

" Assuming t h a t  there were 2 base mole units of ethylene 
glycol (8 protons) t o  1 male of phenol (5 protons) or p cliloro- 
phenol (4 prntms) 

phenol or 2 ETO units of glycol. Howcvcr, the 
prewice of any water associated with the insoluble 
romplev was not investigated evtensively 

DISCUSSION 

'Thc 1,angmuir isotherm in Fig. 1 indicated that 
:Lt Iow cot~cetitrations of free phenol the binding 
tendency for phenol is rather sniall. At sornewhat 
higher concentrations of frcc phenol, the amount 
of binding depended upon the phenol concentration, 
and this portion oI the curve shows a rapidly in- 
creasing slope. At still higher phenol concentra- 
tions, the results wcrc not satisfactory because the 
points were highly scatterrd. 'The binding of 
phenol and PEG as shown by the dialysis data was 
similar to the binding of phenol by PVP (1) or 
cetylpyriditiium chloridc by mcthylcellulosc and 
polysorbate 80 (14). Deluca and Kostenbauder 
(14) considcrcd that  isotherms such as these some- 
times resulted when :idsorption of a critical quantity 
of cosolutc caused changes in the configuration of 
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new separate phase which has a considerable attrac- 
tion to the phenol molecules, and there will bc 
partitioning of phenol between this complcx and 
the aqueous phase. A11 alternative explanation 
would be that the oily complex possibly interfered 
in the equilibrium process of dialysis which caused 
the points on the graph in Fig. 1 to hc scattered 
over a wider region (17). 

Kato (18) has shown the presence of a “niicelle- 
like” structure in simple aqueous solutions of a 
number of glycols. Thus, the attachment of the 
aromatic moiety to the water-soluble polyglycol 
molecules appears to have conferred hydrophobic 
chardctcristics to the association complex in propor- 
tion to the amount of phenol complexed (19). The 
solubility of the complex thus would be altered due 
to binding of phenol to a polymer and the insolublc 
complex would increase the turbidity which ulti- 
mately resulted in the separation of an oily phase 
when the phenol concentration was high. 

A41though the commonly used equilibrium dialy- 
sis method could not be applied effectively to 
determine the stoichiometric composition of the 
complcx, a relatively new experimental procedure 
to this field-the NhfR spectrometric rnethod- 
has been utilized. 
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the tightly coiled polymer molecules resulting in the 
availability of additional binding sites. 

Although the stoichiomctric relationship between 
the ETO of the PEG and phenol was not clearly 
defined in the dialysis experiments, the behavior 
of thc polymers in the presence of increasing cow 
centrations of phenol were meaningful. Since 
phenols have a greater tendency for hydrogen boncl- 
ing than do water molecules (15), the addition of a 
small amount of phenol to the PEG would lead to 
the displacement of a few water molecules per 
polymer. A t  these low concentrations of phenol, 
the binding tendency of phenols seems to be con- 
paratively small, and the complex remains in solu- 
tion. As the ratio of phenol to glycol is increased, 
phenol would he expected to alter the orientation 
of the polyphenol complex, and some hydrogen 
bonded water molecules will be displaced. ,4t the 
same time the water solubility of the phenol also is 
reduced by the interaction of the phenolic hydroxyl 
group with the ETO chains because the hydroxyl 
group is no longcr available for hydrogen bonding 
with water molecules. This combination of the 
reduction in solubility of the phenol and the dis- 
organization of the hydrated polymer could explain 
the precipitation of a hydrated phenol-polymer 
complex at a critical point. This was found to 
occur a t  a very low concentration of phenol. 

At the point where the precipitation began to 
occur, the formation of this precipitate would 
changc convoluted linear polymer chains into a more 
compressed configuration ( 16). This rearrange- 
ment apparently was initiated by the binding of 
relatively few phenol molecules which sterically 
made available many morc binding sites for the 
attachment of additional phenol because this 
change in state was accompanied by a significant 
increase in phenol binding, i.e., there was binding 
of phenol to PEG beyond the point of initial pre- 
cipitation. Thus, the tendency for an individual 
phcnol molecule to  attach itself to a polyether 
molecule was relatively small, but when several 
phenol molecules combined with an ether chain, 
a favorable environment for additional binding was 
created. As a result more phenol molecules were 
bound arid were held on the complex in the same 
fashion as with the nonionic surfactant micelles. 
This phenomenon was seen in the very high phenol 
region of the dialysis experiment. In this region 
the oily complex which separated out of the aqueous 
phase might possibly bind more and more phcnol 
molecules, or the oily colloidal phase may act as R 
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Thin-Layer Chromatography of the Selective 
Rat Toxicant, Norbormide 

By CASIMIR A. JANICKI, RONALD J. BRENNER, and BARBARA E. SCHWARTZ 

Norbormide has been reported to be a mixture of stereoisomers. A technique for 
the qualitative identification and quantitative determination of the major isomers of 
norbormide has been developed. Norbormide is separated into its isomers on  thin- 
layer plates consisting of 99 per cent Silica Gel G and 1 per cent colloidal alumina, 
using a solvent mixture of ethyl acetate-chloroform (7 : 3 ) .  The isomers are ex- 
tracted into 0.1 M hydrochloric acid-ethanol (7:  1). The isomers are assayed by 
U. V. absorption or by the use of fluorescence. Some ultraviolet and fluorescence 
characteristics of the isomers are presented. Data are presented to show the ac- 

curacy and precision of the TLC-U.V. method. 

ORBORMIDE,~ 5- ( a  ~ hydroxy - QI - 2 - pyridyl- T\J benzyl) - 7 - (a  - 2 - pyridylbenzylidine) - 5- 
norbornene-2,3-dicarboximide, has been fourid 
to be a selective rat  toxicant (1, 2). As currently 
synthesized it consists of a mixture of stereo- 
isomers which were separated by a variety o f  
paper and thin-layer chromatography methods 
(3 ) .  These isomers were observed to vary 
greatly in their toxicity toward rats (4). The 
isomers have been classified as cis (S, T, W, 1’) 
and trans (R, X, U, V) and further as endo (U, V, 
W, U) and exo (R, S, T, X) (3 ) .  Because of this 
difference in biological activity, it was necessary 
to develop a method which would separate 
the isomers so that  a quantitative assay of each 
could be carried out. Thin-layer cfiroma- 
tography was chosen because of the spccd and 
sharpness of separations possible. 

A thin-layer separation techniyuc is described 
which separates norbormide into three isomers, 
designated as X, W, and Y, a mixtui-e of two 
isomers Z, and a by-product in the synthesis, 
T - ( a  - 2 - pyridyllenzylidirie) - .i - norborncne- 
2,3-dicarboximide (McN-1392). The mixture 
of the two isomers known as 2 is separated fur- 
ther into its two isomers U and V by a second 
thin-layer chromatographic step. As much as 
1 mg. of norbormide has been quantitatively 
separated into five of the eight possible racemates. 
Spectrophotometric and spectrofluorometric as- 
says of the separated isomers arc described 

EXPERIMENTAL 

Apparatus.-The Desaga-Brinkmann complete 
basic equipment KO. 6002 for TLC was used for the 
preparation of plates. Glass plates were 2 X 8 in. 

Received May 16, 1966, from the Pharmacy Research 
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19034. 
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1 Norbormide has been designated the American Standards 
Association common name. 

2 Brinkmann Instruments, Inc., Westbury, N. Y. 

ii Beckman DK-2A was used for the ultraviolet 
absorption measurements and an Aminco-Bowman 
spectrophotofluoroineter KO. 4-8106 for fluorescence 
measurements. 

Reagents.-rlnalytical reagent grade or equiva- 
lent grade reagents were used in the study. Silica 
Gel G was obtained from Brinkmaim* and colloidal 
alurriina,3 technical grade, from E. I. Dupont de 
Nemours and Co., Inc. 

Preparation of Plates.-A slurry of 4 Gm. of col- 
loidal alumina and 100 ml. of water was prepared. 
The slut-ry was diluted 10 to 70 ml. with methanol. 
To the methanol slurry was added 40 Gm. of Silica 
Gel G ,  and the resulting slurry mixed to a uniform 
consistency. The glass plates were covered with a 
260-p layer of adsorbent using a fixed thickness 
spreader. The plates were air-dried for an hour and 
thcn at 70’ for 30 min. The plates were stored in a 
storage rack a t  room temperature, ,50~o relative 
humidity, and used without any prior activation. 
The addition of the colloidal alumina in the silica 
gel provides an cxccllent binding with the glass 
surface. ‘The use of colloidal alumina as a binder 
has recently been published ( 5 ) .  

Standard Solutions.-Solutions of the isomers of 
norbormide arid McN-1392 were prepared by dis- 
solving accurately weighed amounts in a 1 : 1 chloro- 
form-methanol solution, and taking to  a known 
volume. Standard solutions for the spectrophoto- 
metric analyscs of the isomers were prepared by 
dissolving accurately weighed amounts in ethanol, 
and taking to volume with 0.1 M hydrochloric acid. 
The final solutiori was 7 : l  of 0.1 M hydrochloric 
acid-ethanol. 

Sample Solutions.-Samples of norbormide, nor- 
bormide isomers, and isomer mixture Z wcre dis- 
solved in a 1:l chloroform-methanol solution to 
obtain a concentration of 8 m~./ inl .  MeN-1392 was 
dissolved to give a concentration of 2 mg./ml. 

Thin-Layer Method.-Solutions of the isoniers of 
norbormide, Men’-1392, and samples of commercial 
norbormide wcre applied to the silica plate about 
2 em. from the starting edge using a Hamilton 
syringe pipet. For the qualitative studies from 
20 to 100 mcg. of sample was applied to the plate, 
using a gentle stream of air t o  keep the spots less 
than 5 mm. in diainetei-. A maximum of 5 spots was 
applied across a single plate. In the quantitative 
studies from 800 to  1000 mcg. of iiorbormide was 
applied in a series of spots resulting in a band whose 
width did not exceed 5 mm. 

Trademarked as Baymal. 
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The silica plates were d loped using the asceiid- 
ing technique in glass jars. No paper wicks were 
used in the jars. Development was allowed to con- 
tinue until the solvent front reached within 1 in. 
nf the top of the plate. The  plates were removed. 
air-dried for 5 min., arid placed back into the jars 
for another solvent pass with the same solvent. 
The solvent system for the initial separation of 
norbormide was clilorofortii-etliyl acetate (7 : 3 ) .  
For the separation of the isomer mixture Z into iso- 
mers IJ and \-, :t solution of ethyl acetate-butyl 
ether-acetic acid ( 1 5 : s :  1 )  was used for a total of Six 
solvent passes. n-Butyl acetate can be substituted 
for ethyl acetate with identical results. 

1 lie separation of isomer mixture 2 into isnmers 
Ll and \' was checked by paper chromatography 
( 3 ) .  Tlie separated isomers were spotted on What- 
man Xo. 1 paper which was then sprayed with the 
aqueous phase of the mixture n-butanol n-butyl- 
acetate-hydrochloric acid-water (75: 25: G : 100). 
The chrorrlatogram was placed into a tank, cquili- 
brated with thc aqueous phase, and developed for 
50 lir. with the organic phase of the solvent mixture. 

Detection of the Isomers.-Shortwave ultraviolet 
light WBS used to 1(1c:ite the  position of the stereo- 
isomers on paper or silica plates. Iodine vapor o r  
1)rngendorffs' reagent can be used to  detect the 
isurners visually CJTI tlie silica plates. 

?. 

RESULTS 

Qualitative Analyses of the Stereois0mers.- 
Using the solvciit system given previously for the 
initial scparatiou of norbormide, corrirnercial samples 
of riorbormidc were found t o  separate into 5 spots. 
In the order of increasing distance from the  origiri 
they wcrc: mixture Z, isomer Y ,  isomer Ti', M c N -  
1392. arid isomer X. Further development runs 
did not separate mixture 2 into its comporients. 
When a solvent system of chloroform-ethyl acetate 
( 7 : 3 )  was used and 6 to  8 solvent passes, Z did 
separate into the  isomers IJ and V. As the conccn- 
tration of Z increased from 50 t o  300 mcg. the front 
running spot tailed irito the back spot finally resulting 
in a single spot. 'l'hc mixture z was separated using 
the butyl ether, ethyl acetate, acetic acid solvent 
mixture described previously. The order CJf separa- 
tion in increasing distance from the origiri was U ,  Y 
Table I lists the average distances traveled from the 
origin by the isomcrs separated from norbormide. 
K J  values were not calculated because of the multiple 
solvent pass technique. The values of the distances 
traveled represent the  average of 40 scparations of 
various batches ol norborniide. The values Riven 
for 11 and \ '  arc' those obtained from the separation 

r A B L E  I -RELATIVE DISTANCES FROM THE ORIClh  
or  THE ISOMERS OF NORBORMIDF AND McS-1392 I N  

mfn 
~~ ~ - _- 

~~ ~ -~ ~ 

Relative 
Ihstance 

baniple I son, ri uiin 
Norborniidc x 91 f 4 

M c N  1392 85 i 4 
W 80 =t 4 
\i 73 Zk 3 z 62 + 4 

1 sotner mixture V 78 
Z CJ 53 

230 260 300 3 
WAVELENGTH, mg 

oa 

w 
0 
Z a 

05 
0 
v) 

4 

02 

0 
1 

Pig. 1 .- -Ultraviolet absorption sprctrum of nor- 
bormide in 0.1 ,l,f hydi-ochloric acid-ethanol ( 7 :  1). 

of isomer mixture %. Isomers R,  S, and T were 
not found in any signilicant amounts in norhormide. 
Isomers R, S, and T could not he separated from 
the other isomers by the giveii TLC method bu t  
were separated on cellulose plates prepared with 
microcrystalline cellulose superfine using the 
organic phase of the mixture n-hutyl alcohol- hydro- 
chloric acid-water (100 : 6 :  100) as the solvent system 
(3).  The order of separation in increasing distance 
from the origin was W,  I;, U,  and Y, K ,  and S, 'I', S. 

Quantitative Analyses of Norbormide.-With 
successful resolution of norbormidc into its isomers 
and McK-1392, the investigations werc extended t o  
studies of the  resolution of mixtures for yuantibative 
:inalysr,s. A solution rontaining known amounts of 
isorncrs wit5 clirornato~raplicd, examiiied under 
ultraviolet light. and the bands outlined carefully 
with ; I .  slisrp stylus. 'l'hc adSnrbCIJt within the  
~iutliricd area was scraped with a spatula onto 
glassine paper. The area was dry-wished with a 
srnall amount o€ silica gel, adding the wash t ( ~  the 
sample. 'I'hc adsorbcnt was transferred to  a 1-oz. 
hottle fitted with a screw cap containin:: a plastic 
liner. 4 n  amount of 0.1 iZil hydrochloric acicl- 
ethanol (7: 1) solution was pipcted into the bottle. 
t o  obtain an approximate concentration of 0.02 
mg./ml. The samples were shaken on a rriechanical 
shaker for 1 hr., centrifuged, and tlie clear supcr- 
natant liquid transferred to  a clean container. 

Cornmercial precoatecl plates of Silica Gel G 
which did not contain the  colloidal alumina were 
tried. The quaiititative separations of both nor- 
bormide arid riorborniide isomer mixture Z mere very 
unsatisfactory. No attempt was made to prepare 
T1,C plates of Silica Gel G without the colloidal 
alunlina. 

Spectrophotometric Assay. -The  ultraviolet ab- 
sorption spectrum of each sample was recorded from 
360 t o  230 mp in 1-cm. cells using 0.1 ?If hydro- 
chloric acid-ethauol (7: 1) as the  reference solution. 

4 Marketed as A v i d  by American Viscose Ilivision. 
F M C  Corp., Milarcus Hook, Pa. 
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TABLE II.-SOWE ULTRAVIOLET CHARACTERISTICS FOR THE NORBORMIDE ISOMERS ASD McN-1392 IS 0.1 111 
HYDROCHLORIC ACID-ETHANOL (7:  1) 

~~~ ~. 
~ ~~~ ~ ~~~ ~~ 

-.____ ___ 
Absorbance Charac- 

Sample bIax.. m p  tncy.!ml.!AA 6 Mar., ma t teristic Neal- 260 mfi 
I< 295 5tj00 236 15,8U0 X peak 
S 29 1 5200 232 13 , 700 Plateau 
u :303 78.622 6700 239 20,8011 Break 
v 302 69.268 7000 239 19,300 Peak 
UT 300 65.329 8500 238 19,100 Break 
x 29 5 90 073 6000 238 19 , 500 Break 
Y 300 86.595 6400 236 13,400 1’t.ak 
Z 302 76.284 6000 238 19, 500 Plateau 

McN-1392 302 46.394 7500 2338 Continuous 

For each isomer an ultraviolet absorption curve was 
recorded. Approximately the same amount of 
Silica Gel G as in the sample was added to a volume 
of standard isomer solution identical to the volume 
of the sample. For a I-mg. sarnplc of norborrriide 
8, 4, 10, 16, anti 4 ml. of the solvent was used for 
isomers W, X. I’, mixture Z, :tiid McN-1392, respec- 
tively. ‘l’he silica was added to tlic staridards t n  
match the cornposition of the sample solutions as 
closely as possible. The coricentration of the 
isonicrs arid McK-1392 in per cent by weight was 
determined by the [ollocvinp, equation : 

Si, isomer = 

!iii~~./pl./A.-l),~,,.  X Ailsa,mu~r X dilutiori factor X 101) 
sample wt., mcg. 

where L 1 ,  the corrccted absorbance, is the absorb- 
ance of thc maximum near 300 nip minus the absorh- 
aiice at 350 m p .  The ultraviolet absorption spec- 
Lruni of Iiorborniide a t  a concentration of 0.025 
mg./ml. (I-em. cells) in 0.1 i Z  hydrochloric acid- 
ethanol (7: 1) is given in Fig. 1. Absorption maxima 
itre located a t  300 and 238 nip. The spectra of the 
individual isomers of norbornlide are of the same 
general nature as that shown in Fig. 1. The 
maximum near 300 nip was chosen to  niensure the 
concentratinn of norbnrmide sincc it is least affected 
by impurities one may cncounter in a silica plate. 
The ultraviolct background absorbance of silica 
in the hydrochloric acid-thanol solvent is linear 
from 360 to  about 280 tnp Sincc thr  hackground 

~ ~~ - 

-TABLE 1Ii.-l<ECOVERV OF T H E  lSOMEKS OF XOR- 
HORMIDE FROM STANDARD M I X T U R E S  

Mixtui-r I ,  Isomers - - ---- 
mcg w x Y z 

‘I‘aken 31 29 58 106 
Kccovered 37 :13 8fi 112 

Riixtui-c 2 ,  
mcg. 

Taken 47 +!. 133 159 
Kccovered 51 43 125 159 

Mixture 3,  
mcz. 

Taken 100 105 287 290 
Kccovered 103 1 4 115 4~ 3 274 It 5 288 k lii 

may vary, the absorbance iiear :300 m p  may be 
corrected for the background by subtraetirig the 
absorbance at 3% mp. 

For the purposes of identity a summary of some 
of the major ultraviolet absorption characteristics 
in 0.1 M hydrochloric acid -ethanol (7 : 1) is presented 
in Table 11. The ex0 isomers, R,  X ,  and S, havc 
lower E values for the higher wavdength ~nax i t r in  
which are near 295 m p  than the endo isomers. [J, I., 
W ,  and Y, at their maxima near 3UO mp, The 
values obtained for the factor nicg./ml./L4 for 
sonic. of tlic isomers arc also given in Table 11. 
They were used in the actual calculations for deter- 
mining the isomer percentages given in other tables. 

Lo test the accuracy of the assay method, three 
samples containing weighed amounts of the isomers 
W,  X,  Y and isomer mixture 2 werc assayed. The  
results of the assays are presented in Table 111. 
Mixture 3 was assayed 3 times. In each case the 
recovery of X from mixture 3 was high. In general 
the recoveries of the isomers are good. Standard 
deviations were calculated in thc usual manner. 

Two samples of different lots of norbormide were 
assayed 6 times to test the precision of the mcthnd. 
The data are presented in Table L\;, The 9.57; 
confidence intervals, bawd on the Student t arc 
given for each result. 

Twenty-five lots of norbormide werc assdyed 
over extended periods of time by several invcstiga- 
tors. The  mean results and 95C,;:, confidence iriter- 
vals were calculated atid are as follows: isomer MT, 

X, l0.lC.G & 4.3c/!; iso- 
and isomer mixture 2, 

results d o  not indicate 
significant difierences in the isomcr content of the 
different lots of narbortnidr. 

Separation of Isomer Mixture Z.-The mixture 
of isomers 2 was assayed by the  quantitative T L C  
procedure already described. The  composition of 
2,  which had been isolated and recrystallized to  a 
constant melting point material ( 3 ) ,  is given in 
Table V.  Mixture Z is approximately 60:‘; isomer 
1.. Samples of Z scparated by  T L C  from th r  other 
isomers in  a norbormide sample were also assayed 
and the da.ta given in Table V .  The  T L C  method of 
separating 2 from the  norbormide isomers W, X, and 
1- has been described. IIowever, instead of adding 

,. 

d 1 9 0 & 2 8  1 0  1 f 6 9 30 3 + 2 5 34 2 I 2 8 
n 17 0 =I= 4 9 1 2 7 & 4 1  2 6 7 f 4 4  3 7 3 1 4 1  
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TABLE V.-~OMPOSITION OF TSOMBR -:?%TuRE Z 

Sample 5% 11 % V  
Mixture Z 36 1 2 A2 3t 3 
Mixture Za 37 f 1 61 i 2 
Mixture Z" 40 =I= 1 59 + 1 
Z" 1 4 0 1 1 9  2 9 6 + 2 . 4  

I 

a Separated by TLC from norbormide. 

TABLE V1.-Molar FLUORESCENCE VALUES OF THE 
NORBORMIDE ISOMERS 

__- 
Molar Fliiorescence 

(Arbitrary Fluoresceut 
Value Divided by the 

Sample M Concn.) 
Isomer R- 3.33 x 109 
Isomer S 2.49 x 1 0 9  

Isomer V 6 .61  x 109 
Isomer W 2.40 x 109 
Isomer X 3.47 x 109 

Isomer mixture Z 6.27 x 109 
McN-1392 0.82 x 109 

lsomer U 5.85 X lo9 

Isomer Y 2.74 X 109 

the 7: 1 mixture of 0.1 M Iiydrochloric acid-cthanol, 
25 nil. of methanol was added arid the sample 
shaken for 1 hr. on a mechanical shaker. The 
sample was centrifuged and exactly 20 ml. of the 
clear solution was evaporated to  dryness without 
the aid of heat. The residue was quantitatively 
taken up in methanol arid streaked on the silica 
plates. The silica plate mas developed as pre- 
viously described. 

Paper chromatography was used to determine the 
sharpness of separation of U and V. If the silica 
plates were not kept a t  25" and 50% relative 
humidity there was from 5 to  10y; tailing of the 
front running band V into the slower band IJ- 
The data given for Z separated from the other 

isomers by TLC represents separations from 5 
different lots of iiorhorniide. The standard devia- 
tions are also given in the table. Isomer mixture Z. 
obtained hy recrystallization terhniques, was found 
to contain I! and V in the ratio of about 4 : 6  whilc, 
mixture Z separated from satnples of norborniide by  
TI,C contained tlicm in the ratio of about 1 :2. 

Fluorescence Assay.-The norbormide isomers 
were also assayed by mcasurcment of their fluorcs- 
cence in acid. All the isomers have an activation 
maximum at 320 f 5 mp and a fluorescencemaximum 
at 460 k 5  mp in a 1: 7 ethanol-0.1 i V  hydrochloric 
acid solvent. When arbitrary fluoresceiicc units were 
plott.ed against concentration, a straight line rela- 
tionship was found for each isomer in the concen- 
tration range of 1 to 10 mcg./ml. The method of 
assay is the same used for the spectrophotometric 
assay except that thc sample dilution is increased. 
Standards containing approximately the same 
amount of silica as thc samples are taken through 
the sample extraction procedure with 1 : 7 ethanol- 
0.1 M hydrochloric acid. Because of the care 
needed to avoid traces of impurities anya.liere in the 
fluoromctric assay, the spectrophotometric assay is 
preferred. Good agreement has been observed 
between the fluorescence and spectrophotometric 
assays for samples assaycd by both mcthods. The 
molar fluoresence, arbitrary fluorescence units divided 
by the molar concentration, is given in Table 1.1 
for the major isomers of norbormide. 
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Ion-Pair Extraction of Pharmaceutical Amines I1 
Extraction Profile of Chlorpheniramine 

By TAKERU HIGUCHI and K. KATO 
The extractability of chlorpheniramine in its ion-pair form has been investigated 
under several conditions to  determine the suitability of the process for separation and 
isolation of the drug in analytical samples. Chlorpheniramine, chosen as an ex- 
ample of a drug having two basic centers per molecule, exists in aqueous solution as 
a mixture of uncharged, singly charged, and doubly charged species. Data are pre- 
sented to  show that the drug can be extracted as the chloride, bromide, maleate, 
trichloroacetate, picrate, etc. The extraction-pH profiles of both the picrate and the 
bromide correspond closely with the theoretical relationship. As with the mono- 
acidic amines? extraction into the organic phase requires the presence of proton 
donating species. Experimental data suggest, for example, that the extracted species 

is coordinated with 5 molecules of chloroform. 

HE EFFECTS of various anions and the de- 
Tpendence on solvating agents present in the 
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organic phase on the formation of ion pairs ex- 
tractable into lipoidal solvents were previously 
presented (l), with dextromethorphan as ari 
example of a monoprotic amine. The current 
work deals with the behavior of a diprotic organic 
base, chlorpheniramine. 

It has been found that, in addition t o  showing a 
marked dependency on the masking or complex- 
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TABLE V.-~OMPOSITION OF TSOMBR -:?%TuRE Z 

Sample 5% 11 % V  
Mixture Z 36 1 2 A2 3t 3 
Mixture Za 37 f 1 61 i 2 
Mixture Z" 40 =I= 1 59 + 1 
Z" 1 4 0 1 1 9  2 9 6 + 2 . 4  

I 

a Separated by TLC from norbormide. 

TABLE V1.-Molar FLUORESCENCE VALUES OF THE 
NORBORMIDE ISOMERS 

__- 
Molar Fliiorescence 

(Arbitrary Fluoresceut 
Value Divided by the 

Sample M Concn.) 
Isomer R- 3.33 x 109 
Isomer S 2.49 x 1 0 9  

Isomer V 6 .61  x 109 
Isomer W 2.40 x 109 
Isomer X 3.47 x 109 

Isomer mixture Z 6.27 x 109 
McN-1392 0.82 x 109 

lsomer U 5.85 X lo9 

Isomer Y 2.74 X 109 

the 7: 1 mixture of 0.1 M Iiydrochloric acid-cthanol, 
25 nil. of methanol was added arid the sample 
shaken for 1 hr. on a mechanical shaker. The 
sample was centrifuged and exactly 20 ml. of the 
clear solution was evaporated to  dryness without 
the aid of heat. The residue was quantitatively 
taken up in methanol arid streaked on the silica 
plates. The silica plate mas developed as pre- 
viously described. 

Paper chromatography was used to determine the 
sharpness of separation of U and V. If the silica 
plates were not kept a t  25" and 50% relative 
humidity there was from 5 to  10y; tailing of the 
front running band V into the slower band IJ- 
The data given for Z separated from the other 

isomers by TLC represents separations from 5 
different lots of iiorhorniide. The standard devia- 
tions are also given in the table. Isomer mixture Z. 
obtained hy recrystallization terhniques, was found 
to contain I! and V in the ratio of about 4 : 6  whilc, 
mixture Z separated from satnples of norborniide by  
TI,C contained tlicm in the ratio of about 1 :2. 

Fluorescence Assay.-The norbormide isomers 
were also assayed by mcasurcment of their fluorcs- 
cence in acid. All the isomers have an activation 
maximum at 320 f 5 mp and a fluorescencemaximum 
at 460 k 5  mp in a 1: 7 ethanol-0.1 i V  hydrochloric 
acid solvent. When arbitrary fluoresceiicc units were 
plott.ed against concentration, a straight line rela- 
tionship was found for each isomer in the concen- 
tration range of 1 to 10 mcg./ml. The method of 
assay is the same used for the spectrophotometric 
assay except that thc sample dilution is increased. 
Standards containing approximately the same 
amount of silica as thc samples are taken through 
the sample extraction procedure with 1 : 7 ethanol- 
0.1 M hydrochloric acid. Because of the care 
needed to avoid traces of impurities anya.liere in the 
fluoromctric assay, the spectrophotometric assay is 
preferred. Good agreement has been observed 
between the fluorescence and spectrophotometric 
assays for samples assaycd by both mcthods. The 
molar fluoresence, arbitrary fluorescence units divided 
by the molar concentration, is given in Table 1.1 
for the major isomers of norbormide. 
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Ion-Pair Extraction of Pharmaceutical Amines I1 
Extraction Profile of Chlorpheniramine 

By TAKERU HIGUCHI and K. KATO 
The extractability of chlorpheniramine in its ion-pair form has been investigated 
under several conditions to  determine the suitability of the process for separation and 
isolation of the drug in analytical samples. Chlorpheniramine, chosen as an ex- 
ample of a drug having two basic centers per molecule, exists in aqueous solution as 
a mixture of uncharged, singly charged, and doubly charged species. Data are pre- 
sented to  show that the drug can be extracted as the chloride, bromide, maleate, 
trichloroacetate, picrate, etc. The extraction-pH profiles of both the picrate and the 
bromide correspond closely with the theoretical relationship. As with the mono- 
acidic amines? extraction into the organic phase requires the presence of proton 
donating species. Experimental data suggest, for example, that the extracted species 

is coordinated with 5 molecules of chloroform. 

HE EFFECTS of various anions and the de- 
Tpendence on solvating agents present in the 
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organic phase on the formation of ion pairs ex- 
tractable into lipoidal solvents were previously 
presented (l), with dextromethorphan as ari 
example of a monoprotic amine. The current 
work deals with the behavior of a diprotic organic 
base, chlorpheniramine. 

It has been found that, in addition t o  showing a 
marked dependency on the masking or complex- 



ing agent in the organic phase, thc cxtent of iori- 
pair formation by the chlorplieniramini~im 
ration is a function of the drug species in solti- 
tion. 'I'he studies indicate that  the singly 
protnnatcd form of the drug can give rise to ion 
pairs, but  none were detected with the doubly 
protonated form. This spccies specificity would o*--  / 

allow separation of chlorpheniramine from mono- 
acidic organic bases simply by ion-pair extrac- 

100 t inC,> / c m -  

F.5- // /LL IL 

; &:<---" 
011 O L P  "-4-,, 

Extraction as a Function of the Anion and Sol- 
vating Agent Concentrations.. Studies (J f  the parti- 
tioning behavior of ion pairs forliied fro111 thc chlor- 
pheniraminium cation with a number of inorganic 
arid organic anions were carried out as rcportcd 
previously on dextromcthorphan ( 1). The nature 
of tlie partition data in this iristarice is evident in a 
typical set of daea illustrated in Fig. 1. This par- 
ticular plot shows thc results obtaincd with varying 
concentrations of bromide ion in systems containing 
different concentrations of chloroform as the mask- 
ing agent in cyclohexane. The pH of the aqueous 
layer was adjusted Lo pII 3.5 with citrate huffrr. 
.\I1 data arc corrccted for the aiiinunt of the frci, 
base which could be extracted in the absrncc o f  
ion-pair forming anions. 

The system can be reprcxrited b y  the following 
relatiorishiu : 

> 

r' 

;trid Xaq.- the anion in the aq-ieous laycr, in this 
casr bromidc; [BH+X-].,, , tlic ion pair i n  the 
organic phase, and [BII'X-.M,;.,,,, the so1v:tted 
ion pair; ATe represents the classical cxtraction 
constant (2) and R,, the stability constant for the 
complex formation. 

Althouah from subsequent data it will be shown 
that BH +7, the doubly protonatcd chlorphcniran1i- 
nium cation does not appexr to be extractable in 
ion-pair form for the anionic spccics studied so far, 
the expression for the apparent partition cocilicimt 
must consider its pt-esmre iri the aqucous pi law,  
thyrefore : 

I t  is readily apparent from Pig. I that PC,,,. is 
highly depenclrnt 0x1 the concentratioti of chloro- 
form. The data again suggest that the chloroform 
intcracts with the ion pair in thc organic lager ant1 
apparently renders i t  more conipatible with the 
organic solvent by masking the anionic ion. As 
shown earlier at constant bromide ion Concentration, 
PC,,,. is proportional to (CHCl,)", wherr ri is the 
number of molecules of chloroform reacting or 
associating with each ion pair, a plot of log PC,,,. 
versus log [CHCla] yielding a straight line with a 
slope equal to n. Figure 2 shows such a plot for the  
chiorpheniramine-broniide system a t  constant bro- 
mide coricentrations but varyiug chloroform conccn- 

PICRATE- MOLES LITER. '% 10' 

Fig. 3.-The dependency of apparent partition 
coefficient of chlorphtlniraminc on picric acid con- 
centration a t  pH 3.5.  The concentration of chlor- 
phcniramine was 5 X Jf. Thc ionic strength 
was 0.1. 

tratiotis. Evaluation or the slopes yields a co- 
ordination valuc of 5 for this system. 

A similar study was carried out using the picrate 
anion a t  pH 3.5. The results shown in Fig. 3 arc i t1  
keeping with those of the bromide interaction. 
cxccpt that the PC,,, is substantially greater. 
Thc changc in tlic I'Chp,,, appears from this :tiit1 
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LOG CHLOROFORM MOLES LITER 

Fig 4 -The dependency of apparent partitioil 
coefficient of clilorph~niraniiiir on the  concetitra- 
tion of CHCI, in the prcwicr nf picric acid xt pH 
3 5. 

Fig. 5.-The dependency of apparent partition 
coefficient of chlorplierrirartiine on CI-IC13 concentra- 
tion in presence of chloride, nialeic acid, and tri- 
chloroacetic acid a t  pH 3.5. The ctrncrntration of 
clilorpheniraminc was lo-" d l .  Key: 8, tri- 
chloroacetatc, 0.1 .V; o, tnalcate, 0.2 ill; o, 
c1-, 0.2 JI. 

TABLE I --CALCI:I.ATED \.ALUES OF EXTRACTION 
COSSTANTS FOR CH~.ORPHENIRAMINE I O N  PAIRS A T  

PESDENCE O N  CHLOROFOKM COSCENTKATION 
' h V 0  CHLOKOFOKM C O N C E N T R A T I O N S  A N D  DE- 

A v  L)c- 
pendence 

.4nion 1 &I L'HC18 10 M CHCli o n  CHCIG" 
Chloride 4 2 X 1 9  5 4 = 1  
Bromide 1 4 X 5 8  5 2 = 1  
Maleate 4 4 X 15 5 4 = 1  
Trichl oro 

acetate 6 7 X lo-* 550 3 9 - 1  
Picratr 7 3 X lo-' 2 2 X 104 5 2 ~ 1 

'& Slopes of lines such as 5hown in Figs. 2,  4, and 2. 

--. pH q/j 

. IH 35 

0 

7 
,<> 5 0 2  0, 

SULFA rE MOLES L IT tR- '  

Fig. A.-TIic effect of sulfate ion on the p ~ t i t i o i r -  
ing of chlorp1ictiir:tiniiie hetween :L pH 3.5 citratc 
huffer :ind chlorofnrni. 

I I 
"35 , , I  02 

C I T h ' A l F  M C l E S  I I l t H '  

Fig. $.-The dependency of apparent partition 
coefficient of chlorpheniraniinc on citratt. buf fcr  
conccntration as  i t  was extracted hy CHCI:, at pH 
3.5. 

0' 

Fig. 8.-pH profile of apparent partition coef- 
ficient chlorplicriirarriine-broInide ion pair. Clilor- 
pheniraminc, 10 - - a  1211; brornidc, 0.5 M; organic 
phase, CHCI::; 0.05 M citratc buffer. 

, . / I  .,' 

' i n  ;> L 1. .O I 5  10' 

Fig. 9.-pH profile of apparent partition coef- 
ficient of chlorvlieniramine-picrate ion pair. Clilor- 
pheniramine, lo-" N;  picrate, 2 X 10- 3 M ;  organic 
phase, CHCI?; in cycloheKarie; 0.05 M citrate 
buffer. 

PH 
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other studies to  be related to thc bulk and hydro- 
phobicity of the anion. In this case, as well as 
that of the bromide interaction. a plot of log PC,,, 
uersz1s [CHCl,] yielded straight lines as evidenced 
in Fig. 4 at varying concentrations of picrate anion. 
From the slopes of the lines i t  was determined that 
again 5 molecules of chloroform interacted with each 
picrate ion pair. 

Investigations were also carried out with constant 
concentrations of chloride, maleate, and trichloro- 
acetate anions under conditions of varying chloro- 
lorm concentrations. Figure 5 again shows a 
linear relationship between log PC,,,. and log 
[CHC13]. Table I suttimarizes the apparcnt stoi- 
chiometry of the interactions of a number of chlor- 
phcniraminc-anion ion pairs with chloroform, as 
well as the extraction constants a t  1 and 10 M 
chloroform concentration. lllthough an expression 
can be derived for the over-all equilibrium constant 
as follows : 

1083 

and varying pH. In one series a constant bromidc- 
ion concentration was maintained and i n  another a 
constant picrate. Figures 8 and 9 show similar 
profiles and would suggest that  in both cases the 
BHLT did not form ion pairs, and only BH+ intcr- 
acted with the aniou to form the extractable. species. 
The theoretical curves in both figures were cal- 
culated on this assumption. 

Equation 3 can be  rearranged to the following 
form : 

where A-" is the over-all rquilibriuni constant; 
K ,  is the dissociation constaut for BH ++ BH + + 
H+;  in this case 1 X lo-!. as dcterirhed spectro- 
photonictrically. 

It is more meaningful to compare the extraction 
constants a t  various concentrations of chloroform 
according to  the following equation : 

Although at this time i t  is riot possiblc to establish 
what factors influence the stoicliiometry of the 
complex formed, from this and other work on 
dextromethorphan, i t  appears that  changes in the 
anion alter the interaction. 

Effect of Polyvalent Anions on the Apparent 
Partition Coefficient and the Importance of Chlor- 
pheniramine Species in Solution.-.As noted earlier, 
chlorpheriirariiine exists in aqueous phasr in its 
singly protonated, doubly protonated, or its free 
base form. the relative concentrations depending 
on the pH of thc system. I t  was of intrrest t o  
determine if the sulfate atid citrate anions would 
form ion pairs at different pH values. It was 
thought that  since these anions could exist as 
doubly charged species they might interact with 
BH ++ and form ion pairs 

Figure 6 shows t h a t  at a givcu pH and changin!: 
sulfate concentrations thr PC,,,,. is essentially 
indcpcnderit of [SO+--] concentration. Below pH 
3.0, no ch~orphcniraminc could be detected in the 
orgarlic layer. Thc slight increase in PC,,,. with 
pH appears to be extraction of the free base The 
effect of citrate anions was dctermined at p1-I 3.5 
increasing the total citrate concrntration from 0.05 
mole L.-' to 0.2 mole L,.- 1 The results shown in 
Fig. T show that no ion-pair Ionnation was detrcterl. 
.Is sulfatc anions show iio tendency to fonri ion 
pairs. potassium sulfate was used to maintain a 
constant ionic strength iu the studies dealing with 
hromidc, picratc, chloride. maleate, and trichloro- 
acetate anions. 

T o  determine the ion-pair forming ability of the 
two protoriated species of clilnrpheriiratiiirie, :t series 
of experiments were conducted at const;rnt chlor- 
pheniraminc c ~ n c c i i t ~ ~ t i o n s ,  constant ionic strength, 

Consequently, a plot of l/PCaPl,. wrsus / H  +] should 
yield a siraight line with a slope of l/RoS,[X-] [MI" 
and an  intercept of l/Ko[X-] [MI '. 

Figures 10 and 11 show that  both the bromide 
and picrate data from Figs. 8 and 9 follow the de- 
pendency predicted from Eq. 5. The throretical 
curve in Figs. 8 and 9 would be calculated from this 
equation when the appropriate values for n ,  K O .  and 
KO were utilized. 

The R, for the dissociation of the doubly pro- 
toriatecl form was determined spectrophotomrtrically 
and found to be 1 X at ionic strength of 0.55, 
but the values obtained from the intcrccpts and 
slopes of Figs. 8 and 9 deviated from this value. 
In the case of the bromide interaction, K ,  was 
found to be 1.84 X lW4, and in the picrate system 

These diflereiices between the pKa valucs deter - 
mined by spectrophotornetric determinations and 
those calculated from Figs. 10 and 11 might possibly 
be due to  interactions resulting in ion-pair fornia- 
tion in the aqueous layrr which was not considered 
in Eq.  1. 

From the foregoing and the previous work on 
dextromethorphan (1). i t  can be recognized that  if 
chlorpheiiiraminc and dextromethorphan were pres- 
cnt in combination in the same system, they would 
be readily separated by selective ion-pair extraction 
At pH 1 in the presence of bromide, dt,xtromcthor- 
phan would form ion pairs and could be extracted 
by the organic phase. Chlorpheniramine being 
essentially completely in the doubly charged forrii 
would not lorn1 ion pairs. After separation of 
dextromethorphan, the pII could be increased to 
3.5 and the aritihistamiiie dctcrmincd. 

: ~ 6 4  x 1 0 - 4 .  

EXPERIMENTAL 
Reagents. -Chlorpheniramine rnalra.te U.S.P.' 

Based upon assay by the U.S.P. nonaqueous titra- 
tion, it was found to  be 99.657; C~OHYJCIN~O~.  

Chloroform, analytical reagent, was shaken with 
phosphurus peritoxide and distilled to rcmovc the 
ethanol. Two per cent (v/v) of n-amp1 alcohol 
was added as stabilizer. 

All water was glass distilled in the presencc of 
potassium permanganate. 

All other rcagents were of analytical grailc.. 
Chlorpheniramine Sulfate Stock Solution.--.This 

solution was utilized in the tests determining the 
apparcnt partition coefficient in all cases except 
as described under the maleate system. 

Pre~aration.-Dissolve 3.9 Gm. of chlorphenir- 
amine maleate in 100 nil. of distilled water. Adjust 
to pH 8-9 and extract with three 50-1111. vol. of 

1 Supplied thluufih the coriitesy of the Schering Carp., 
Bloomfidd, N. J. 

. _ _ ~ ~  ~- 
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partitinn coefticient was calculatcd from the follow- 
ing cquation: 
a.pparent partition cnefficicnt, PC,,, = 

total roncn. 
in organic phase 

- concn. of free 

concn. in aqueous phase 
base in organic ~~~~~ phase 

The correction for free basc conccntration was not 
made lor determining the apparent partition co- 
efficient in the studies of the concentration dc- 
pendency of sulfate and citrate because of the lack 
of suitable method. In the experiment with 
maleate iun, the determination of chlorphenira~nir~e 
was madc in the organic phase using thc calibration 
curve made lrom chlorpheniramine maleate because 
the absorption of the anion interfered with the 
detcrrriination in the aqueous phase. 

Procedurr B.--This procedure was uscd for the 
partition of cl-ilorphenirarriine in the presence of 
picric acid. Solutions of chlorpheniramine and of 
picric acid were prepared, respectively, a t  the same 
pE-1 using 0.05 M citrate buffer. In a 60-1111. separa- 
tor 10 nil. of thc chlorpheniramine solution and 10 
nil. of the picric acid solution were placed, and 20 
nil. of organic phase was added to this mixturc. 
After both phases were brought to the temperature 
equilibrium at  2 5 O ,  they were shaken lor 30 min. 
Both phases were separated, and a 10-1111. aliquot of 
the organic phase was placed into a second 60-1111. 
separator, to which 5 nil. of the picric acid solution 
and 5 ml. of the buffer were added. The remaining 
organic phase of the first extraction served for deter- 
mining the absorbancc of the first cxtraction, A,. 
The second separator was treated in the same 
manner as tlic first, and thc organic phase separated 
was used for determining the absorbance due to the 
second extraction, Az. The absorbancc was dcter- 
mined a t  the waveleugth of maximum absorption, 
342 nip, using the purc organic phase as the refer- 
ence. A blank extraction, without chlorphenir- 
amine, was carried out to correct for the free picric 
acid which was extracted along with the ion pair. 
A mixture of 10 ml. of the picric acid solution and 
10 nil. of the buffer was shaken with 20 ml. of the 
organic phasc in the same manner as cited above. 
Absorbances, ill ' arid /I2', were determined for the 
blank extraction, and the apparent partition co- 
efficient was calculated according to the following: 

HYOROGEb ION COYC ( x l O ' M l  

Fir: 10 -Reciprocal apparent partition coef- 
ficicnt of chlorpheniraminc in the presence of 0 5 M 
bromide ion as a function of hydrogen-ion concentra- 
tion. 

HIJRO LN ON CCN' (1 I7 ' M  

Fig. 11.-Reciprocal apparent partition coef- 
ficient of chlorpheniramine in the presence of 2 X 

M picrate ion as a function of hydrogen-ion 
concentration. 

cyclohcxane. Thc combined extracts are washed 
with 50 nil. of distilled water. The cyclohexane is 
thcn extractcd with three 50-ml. vols. of 0.05 M 
sulfuric acid. The solution is assayed spectro- 
photomctricafly and adjusted to a concentration ol 
5 X mole/L. by the addition of distilled water. 
Procedure of Partition.--Piocedure A.-This 

procedure was employed for the partitioning of 
chlorpheniramine in the presence of bromide, 
chloride, maleate, arid trichloroacetate anions. 
Solutions were prepared by dissolving acid or potas- 
sium salt of anion in the mixture of clilorphcniramine 
stock solution and citrate buffer (0.05 ill citric 
acid, the pH adjusted by addition of 0.05 M potas- 
sium hydroxide solution). The concentration of 
chlorphenirarnine in the solution was determined 
spectrophotometrically a t  the wavelength of ab- 
sorption maximum using the calibration curve madc 
from chlorpheniramine stock solution. The wave- 
lengths of absorption maximum at  each pH 
were as follows: pH 2.5, 265 mp; pH 3.0, 264 mp; 
pH 3..5, 263 m p ;  pH 4.0, 262 mp; pH 4.5-5.5, 261 
mp. Twenty milliliters of the aqucous solution 
was placed in a 60-ml. separator, and an equal 
volume of the organic pha.se was added. The 
mixture was allowed to stand for 1 hr. a t  25" to 
allow the temperature to equilibrate. Thc sample 
was then shaken for 3 0  min. Both phases were 
separated, and the concentration of chlorphenir- 
amine in the aqucous phase mas determined. The 
concentration in the organic phase was calculated 
by subtracting the Concentration in the aqueous 
phase from the initial concentration. In order to cor- 
rect for the concentration of free base extracted into 
the organic phase, thc same proccdurc was carried out 
for the blank solution which was prepared from 
chlorpheniramine, buffer, and containing potassium 
sulfate to adjust the ionic strength. The apparent 

where u is volume ratio of both pliascs, Vaq./Vorg. 
The volume ratio, 11, ws' changcd according to the 
magnitude of the apparerit partition coefficient. 
Chlorpheniramine free base shows no absorption in 
the wavelengths ncar 342 mp. 

pKal of Ch1orpheniramine.-Solutions were pre- 
pared from chlorpheniramine stock solution, potas- 
sium bromide, and 0.05 M citrate buffcr at varied 
pH bctween 1.6 and 6.4. The cor~centration of 
chlorplipniraniiiie was 2 X 10-4 M and of bromide 
was 0.5 M .  The absorba.nces wcrc determined 
at  the wavelength of 261 nig, arid pKa was cal- 
culated according to the method of Flexner (3) .  

REFERENCES 
(1) Higuchi, T., Hurwitz, A , ,  h/lichaelis, A. ,  and Tan, T., 

( 2 )  Hull. L. R.. and Biles. 1. A , ,  J. Pizorm. Sci., 53, 869 
personal communication. 

(1964). 

(103.5). 
(3) Flexnei, L. A.,  el al., J .  A m  Ck~wr. Soc., 57, 2103 



Antagonism of Convulsive and Lethal Effects 
Induced by Propoxyphene 

By ROBERT E. FIUT, ALBERT L. PICCHIONI, and LINCOLN CHIN 

A toxicological study was performed to  demonstrate the effectiveness of several 
proposed antidotes against the convulsant and lethal effects of propoxyphene hydro- 
chloride. Intravenous administration of levallorphan tartrate, nalorphine hydro- 
chloride, o r  naloxone hydrochloride at a dose of 1 mg./Kg. significantly increased 
convulsion threshold and mortality threshold of mice and rats infused with propoxy- 
phene hydrochloride. Treatment with levallorphan tartrate, 1 mg./Kg., plus 
sodium pentobarbital, 10 mg./Kg., or sodium pentobarbital alone, 10 mg./Kg., 
prevented propoxyphene-induced convulsions in a large percentage of mice and 
rats. The  combination treatment was effective in elevating mortality threshold in 
both species, but was no more effective in this respect than a narcotic antagonist 
alone. Pentobarbital failed to modify mortality threshold. It is recommended 
that any one of the narcotic antagonists, without pentobarbital, be used to counter- 

act the toxic symptoms of propoxyphene hydrochloride poisoning. 

ROPOXYPHENE HYDKOCHLOKIUE is a widely P used analgesic which has been involved in a 
number of accidental poisonings. The symptoms 
of massive overdose are referable to thc central 
nervous system and have been reported to in- 
clude severe depression, hyperactive reflexes, 
convulsions, respiratory depression, apnea, cyano- 
sis, coma, and death (1-10). 

Results of animal studies suggest that the 
narcotic antagonists are potentially useful for the 
treatment of propoxyphene toxicito (11 -14). 
I n  recent years, narcotic antagonists have been 
used in the treatment of a numlw of clinical 
cases of propoxyphene intoxication and appear 
to be useful in antagonizing the respiratory de- 
pression caused by the analgesic (2, 6-8, 10). 
However, the value of narcotic antagonists 
against propoxyphene-induced convulsions has 
been inadequately documented and is con- 
troversial. For example, Parker believes that 
nalorphine may precipitate convulsions when it 
is used to counteract propoxyphcne and cautions 
against its use as an antidote ( 5 ) .  McCarthy and 
Reerian (6) reported that nalorphine had no 
appreciable effect against convulsions in a lethal 
case of propoxyphene poisoning. On the other 
hand, in another fatal case, Frasicr and co- 
workers 12) found that the antagonist A7-allyl- 
rnorphinan counteracted corivulsions caused by 
the analgesic. Furthermore, a case report by 
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Ilara ( 3 )  suggests that nalorphine was of valuc 
in stopping conuulsions displayed by another 
victim of propoxyphene overdose. 

Since there is some uncertainty with respect 
to the use of narcotic antagonists in propoxy- 
phene poisoning, further investigations to eval- 
uate their effectiveness as specific antidotes 
are essential. -41~0, since some investigators 
have used (2, 8) or suggested the use (1) of central 
nervous system depressants, e.g., barbiturates, to 
control convulsions produced by propoxyphene, 
studies are needed to determine the possible role 
of depressants in the treatment of poisoning by 
the analgesic. 

The purpose of the present investigation is to 
determine the relative capacity of three chem- 
ically different narcotic antagonists, a barbiturate, 
and a barbiturate in combination with a narcotic 
antagonist to control the convulsive and lethal 
rf lects induced by propoxyphene in mice and 
rats. The results obtained constitute thc basis 
of this report. 

EXPERIMENTAL 

Male CF No. 1 mice, weighing between 25 and 30 
Gm., and male Sprague-Ilav.,ley rats weighing 
between 200and 350Gm., were randomizedaccording 
to specks into groups of 10. One group from each 
species was used to test each of the following intra- 
venous treatments: nalorphine hydrochloride, leval- 
lorplinn tartrate, or naloxone hydrochloride, 1 
rng./Kg.; sodiurn pentobarbital, 10 mg./Kg.; a 
conibinatiori of levallorphan tartrate, 1 mg./Kg. ; 
and sodium pentobarbital, 10 mg./Kg.; or normal 
saline, 2 ml./Kg. (control group). Three minutes 
later, propoxyphene hydrochloride, 1.0% for mice 
and 0.5% for rats, was infused into the animals 
according to the intravenous infusion technique 
described by McQuarrie and Fingl (15). The pro- 
poxyphene solutions were infused at the rate of 0.005 
ml./sec. by mcans of a constant-infusion apparatus 
(16) until 2 rnd points were observed. The first 
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end point consisted ot 3 sec. of persistent clonus, 
and the second end point consisted of dcath. Rela- 
tive effectiveness of the drug treatmerits was de- 
termined hy comparing the time required for the 
onset of convulsions or death in the test group of 
animals with that  of the control groups of animals. 
The data obtained were evaluated by analysis of 
covariance (17) and the results expressed as thresli- 
old ratios ( i .e . ,  test value/control value). 

RESULTS 

Antagonism of Convulsions Caused by Propoxy- 
phene.-The capacity of the three narcotic antag- 
onists t o  elevate convulsion threshold in mice and 
rats is shown in Figs. 1 and 3, respectively. Thc 
mean infusion time of propoxyphene for clonus 
was 55 sec. in control mice and 181 sec. in control 
rats. The convulsion threshold in mice was in- 
creased 60, 41, and 33!<, ( p  < 0.05), and in rats it 
was increased 50, 57, and COO/;, ( p  < 0.05) by leval- 
lorphan, nalorphinc. and naloxonc, respectively. 
There was 110 significant difference among the 
three narcotic antagonists with regard to their 
rclative capacity to  elevate convulsion threshold 
in either mice or rats. 

In the case of the pentobarbital-treated animals. 
.Wni, of tlic micc and i'0C;; of the rats displayed no 
clomus even when propoxyphene was infused to  
the end point of death. Similarly, when the animals 
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were pretreated with tlic drug combination leval- 
lorphan-pentobarbital, 50% of the mice and 60% 
of the rats displayed no convulsion. 

Antagonism of Lethal Effects of Propoxyphene. ~ 

Thc capacity of the various drug treatments to 
protect mice and rats from the lethal effects of 
propoxyphene is shown in Figs. 3 and 4, respectively. 
The mean infusion time for death following intra- 
venous infusion of propoxyphcne was 74 sec. in 
control mice and 372 sec. in control rats. 'Yhe 
mortality threshold in mice was increased 60, 60,  
59, and 34%) ( p  < 0.05), arid in rats it was increased 
114, 127, 132, and 98O';. ( p  < 0.05) by levallorphan, 
nalorphine, naloxone, and the drug combination 
levallorphan-pentobarbital, respectively. There 
was no significant difference among these four drug 
treatments with regard t o  their relative capacity 
to elcvate mortality threshold in either mice or 
rats. In  contrast t o  the other drug treatments, 
pentobarbital, given alone, Eailcd to  produce a 
significant incrcase in mortality threshold in either 
animal species. 

LEVALLORPHAN 
a NALORPWINE 

A 
1.60 

z 1.40 
I- 

y 1.20 

5 1.00 

2 0 .80  
I- 
0') 0 .60 

t 0.40 

0 .20  

$ 0  

DRUG TREATMEN1 

Fig. l.-The effect of levallorphan tartrate, 
nalorphine hydrochloride, and naloxone hydro- 
chloride on the convulsion threshold of propoxy- 
phcnc in micc. 

ORUG T R E I T Y E N T  

Fig. 2.-The effect of levallorphan tartrate, 
nalorphine hydrochloride, and naloxone hydru- 
chloride on the convulsion threshnld of proposy- 
phene in rats. 

DISCUSSION 

The results of this study show that  pretrcatmrut 
of micc and rats with the narcotic antagonists, 
nalorphine, levallorphan, or rialoxone, markedly 
incrcascs the amouut of propoxyphene required to 
induce convulsions iii thcse animals, a s  indicated 
by an  increase in infusion time of the analgesic. 
Although the experimental design in this investiga- 
tion required that  the antagonists be administcred 
prior t o  propoxyphene, previous studies in this 
laboratory have demonstrated that a iiarcotic 
antagonist, e,g., nalorphine, arrests convulsions 
initiated by the analgesic in rats (13). That the 
narcotic antagonists can counteract established 
proposyphcne convulsions was also demonstratcd 
by Chapman and Walaszek (12) who administered 
nalnrphinc subcutaneously to rats a t  the onset of  
the first convulsion and observed a reduction in the 
duration of convulsion. Even more dramatically, 
it can be demonstrated in rats that  intracenous ad- 
ministration of nalorphine after onset of propoxy- 
phene-induced convulsioii prevents further episodes 
of seizurc within 90 sec. following injection of the 
narcotic antagonist (13). 

The results o f  the present study also show that 
prctrcatmcnt with any one of the narcotic an- 
tagonists tcsted markedly increases the amount of 
propoxyphenc required to cause dcath in mice and 
rats. 111 this regard, Chapman and Walaszek 
(12) reported that prctreatmcnt of rats with 
nalorphine increased the 1,Djo of the analgesic from 
68 t o  105 mg./Kg. In  addition. these workers 
showed that the administration of nalorphinc, after 
a toxic dose of propoxyphcne which causes 50<,); 
mortality in rats, completely abolishes death. 
Harpel and Mann (14) also reported that nalorphinc 
or levallorphan prctreatmcnt increased the survival 
rate of mice injected with a lethal dose of propoxy- 
phene. 

It is of interest to note that  despite the capacity 
of the drug combination, levallorphan-pento- 
barbital, to prevent convulsions caused by lethal 
doses of propoxyphene in a high percentage of mice 
and rats, tlic mortality thrc4iolds of these animals 
were not significantly different from those of animals 
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C A U G  T i l i d T U F I i l  

Fig. :<.-The effect of levallorphan tartrate. 
iialorpliine hydrochloride, rialoxone liyclrochloride, 
levallorphaii tartrate plus sodium pentobarbital. 
and sodium pentobarbital on mortality threshold 
of propoxyphene hydrochloridc in mice. 

DRUG T R L l T M E H T  

Fig. 4.--The effect of levallorphan tartrate. 
nalorphine hydrochloride, rialoxone hydrochloridc. 
levallorphan tartrate plus sodium pentnbarbital. 
and sodiurn peiitobarbital on mortality threshold 
of propnxypheric hydrochloride in rats. 

pretreated with levallorphan, nalorphinc. or 
nalosone Indeed, nu iricrcase in iiiortality thresli- 
old occurred in inice aiid rats administered pento- 
barbital aloiic. :t pretreatment procedure which pre- 
vented convulsions in a high percentage of thc 
a~iitiials givcn lethal doses of proposyphenr. I n  
view or tlicsc findiugs, it is tempting to speculate 
tha t  convulsion pev  SP may not contribute as much 
to the Icthal cffect of propoxyplierie as do otliet- 
factors, such as  respiratory dcprrssinii induced by 
this drux. If this be the case, then a bnrbituratc 
would iiot reduce rnortality, because it docs not 
antagonize the respiratory depressioti. On the other 
harid. the results of the present study clo not  rulr 
out the possibility tha t  convulsion pev se may corn 
tribute t o  the lethal effect of propoxyplieiie; the 
dose of pentobaibital employed could have reduced 
the convulsivc compotirnt of toxicity but simul- 
taneously increased thc respiratory cmiponent 

such that no significant a1ter;ttion in propoxyglirnc- 
induced lethality was apparent. I t  is conceivablc 
that tficrc rnay be an optininl closr. of barbiturate 
which produces an anticonvulsivc cficct against 
propr~xyplienc without causing respiratory deprcs- 
sion. Ho\vevcr. cliiiically speaking, it would be 
difficult 21s \\ell a s  potentially hazardous to  de- 
ternminc such ail optiiilal close because of differeiiccs 
in degree of  toxicity displaycd by victinis of pro- 
poxyphene poisoiiiiig arid hccnusc respiratory de- 
pressioii resulting from overtitratioii witli a bar- 
biturate w uuld add t o  postconvulsive arid proposy- 
phenc- induced respiratory depression. When a 
barbiturate is used in conjunction with one of the 
narcotic antagonists, it is also possible tha t  the 
respiratory depressant action of  the barbiturate, 
which is miot antagonized by thesc antidotes (18, 
19), could reduce the salutary cffcct of a riarcotic 
;intagmist against the lethal action of propoxy- 
phenr. Heiicc, it  would appear inadvisable to  usc' 
a harbiturate alone or in combin:ition with a liar- 
cotic antagonist, in the treatrricnt of intoxication 
caused by propoxyphcrie. 011 thr  otlirr hand. sirice 
the narcotic antagonists are krio~vn to  antagonizc 
the respiratory depre5sailt action :rf propoxyphene 
(2. 6-8. 10 ), aiid since the present investigation 
confirnis the eff ectivciwss oE thesc- drugs in counter- 
acting convulsions and in counteracting the lethal 
action caused by propoxyphene, i t  is recornrnended 
tha t  one of the narcotic antagoiiists alone bc cm- 
ployed in the trcatriient of propoxypheiic poisoriinq. 

( 1  1) Kubliin.. b: n , .I A r i i .  P/twr,i. .4.rzor.. S c z .  E J .  44, 
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Hydrolytic Behavior of Isoalloxazines 
Related to Riboflavin I 

Identification of an Intermediate and Products in the 
Base-Catalyzed Degradation of 9-Methylisoalloxazine 

By DEODATT A. WADKE and DAVID E. GUTTMAN 

Hydrolytic breakdown of 9-methylisoalloxazine was investigated in pH 9.0 borate 
buffer and in 0 . 5  N sodium hydroxide. Spectral and thin-layer chromatographic 
analysis of the degraded solutions revealed that different products were formed de- 
pending on the reaction conditions. Thus, at high pH and in the presence of air, 
1,z-dihydro- ~-methyl-~-keto-3-quinoxaline carboxylic acid was predominantly 
formed, while at pH 9.0, ~,2,3,4-tetrahydro-~-methyl-~,3-dioxo-quinoxaline was the 
main product. At pH 9.0 under anaerobic conditions the predominant products 
were the keto acid and 1,2-dihydro-l-methyl-2-oxo-quinoxaline. Examination of 
the degrading solutions by thin-layer chromatography revealed the presence of an 
intermediate in the reaction pathways. This intermediate was successfully isolated 

and identified to be 5-(6-methylaminophenylimino) barbituric acid anil. 

HE PHOTOLYTIC instability of riboflavin (I) T has been well documented. The inter- 
mediates and the reaction products have been 
isolated and identified, and the mechanistic 
picture is fairly clearly understood (1-4). This 
mode of degradation in pharmaceutical systems 
can, of course, be prevented by use of containers 
which arc opaque to deleterious radiation. Ribo- 
flavin and other flavins, however, in aqueous 
solutions can undergo hydrolytic decomposition 
involving the isoalloxazine nucleus and which 
occurs with concomitant loss of biological ac- 
tivity. This latter route of degradation is par- 
ticularly pronounced in alkaline media, and several 
studies of both qualitative and quantitative 
nature have been reported. Among the first 
investigations were those of Kuhn and Rudy 
( 5 ) .  They degraded lumiflavin (11) in alkaline 
medium and were able to isolate urea and 1,2- 
dihydro-l,6,$-trin1etliyl-2-keto-3-q~~inoxaline car- 
boxylic acid from the reaction mixture. Other 
reports including those of Surrey and Nachod 
(6) substantiated these findings. The first 
detailed kinetic study on the hydrolysis of ribo- 
flavin has been reported by Farrer and MacEwan 
(7). They studied the hydrolysis of riboflavin 
over the pII range 0.5 to 12.0 and observed the 
reaction to be general acid-base catalyzed. They 
also followed the progress of the reaction by paper 
chromatography and noted transient appearance 
of lumichrome. Their completely degraded 
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solutions showed the prescncc of the quinoxaline 
carlioxylic acid and an unidentified compound 
with mauve fluorescence under ultraviolet light. 
The presence of several unidentified compounds 
in degraded solutions of riboflavin and other iso- 
alloxaziiies has been also reported by other mork- 
crs. Thus, Svobodova (8 ) ,  who resolved solu- 
tions of lumiflavin which were partially degraded 
under alkaline conditions, was able to see several 
unidentified spots on chromatographic paper 
strips. Similar studies were also conducted by a 
group of workers led by Wada (9), who reported 
as many as seven unidentified spots. These 
reports together with some preliminary studies 
on 3,Q-dirnethylisoalloxazine (1 0) gave some in- 
dication as to the complexity of the hydrolytic 
breakdown and emphasized the need for further 
M ork. This communication summarizes the 
results of the preliminary studies on this problem 

R1 RZ Ka 
Riboflavin ( I )  Ribityl CHa CH, 

Lumiflavin (11) CHs CHa CHI 
9-Melhylisoalloxazine (111) CH3 H H 

9-Methylisoalloxazine (111) , rather than ribo- 
flavin, was chosen €or the purpose of detailcd in- 
vestigation because of its stability to light and 
because the absence of ribityl side chain precluded 
certain complexities observed with riboflavin (I 1). 
Like riboflavin, Y-iiiethylisoalloxazine is wscep- 
tible to the base-catalyzed degradation and is a 
useful model for studies on the properties of iso- 
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alloxazines. The hydrolysis of this compound was 
investigated under conditions of high pH (0.5 A' 
NaOH) and a t  pH 9.0. In addition, the pH 9 sys- 
terns were also studied under anaerobic conditions. 
A chromatographic separation technique was de- 
veloped to follow the progress of the reaction 
under different conditions. Identiiication of the 
reaction intermediates and the products was 
accomplished by comparison o f  their R, values, 
fluorcscence, and spectral characteristics with 
those of known compounds. 

Als i t  will he seen, spectral and thin-layer chro- 
rnatiigraphic analysis of solutions of !?-methyl- 
isoalloxazine that were degraded under different 
experimental conditions revealed that  different 
products were formed depending upon the reac- 
tion conditions. Thus, in the aerobic systems 
maintained at high hydroxide-ion concentrations, 
1,2-dih~-dro-l-methyl-2-keto-3-quinox~~line car- 
boxylic acid (117) was the major product, whilc 
a t  p1-I 9 and in the presence of air 1,?,3,4-tetra- 
11 ydro- 1 -methyl -2, 3-dioxo-cl"irioxaline (17) was 
predominantly formed. A t  the same pH, in 
the absence of air, the predominant products 
were the keto carhoxylic acid and 1,2-dihydro-l- 
methyl-2-0x0-quinoxaline (VIII), Evidence was 
obtaincd to  indicate that  the anil of 5-(6-inethpl- 
aminophenylimino) barhituric acid (VI) and/or 
1,2 - dihydro - 1 - methyl - 2 - 0x0 - quinoxalitie- 
3-carboxyureide (VII) was an intermediate in the 
reaction under all conditions investigated. 

EXPERIMENTAL 

Materials.-9-Methylisoallo~dzine was obtained 
as dcscribcd previously (12). 

5-(6-Methyluminophe?iyli~?zino) Barbituric Acid 
Anil ( VI).-This was synthesized according to thc 
method of K U ~ U  (13). The anil was purified by 
dissolving it in water, by adding basc, and prccipitat- 
irig the dissolved compound through acidification. 
The procedure was repeated se 
precipitated solid was no longer yellowish. Finally, 
the compound was crystallized from acetone-water 
to yield silky w h i t e  needle-likv crystals, m.p. 242- 
2.14' dec. The anil was titrated poteritioinetrically 
under nitrogcn atmosphere in DMF, against stand- 
ard base, and gave a neutral equivalent of 252. 
Theoretical, based on the molecular formula CIIHIO- 
N403*1/2H20 and one titrable hydrogen, was 255. 

And.-Calcd. for C I ~ H I ~ N ~ O ~ *  l/&O: C, 51.76; 
H, 4.31; K, 21.96. Found: C, 52.22; H, 4.77; N, 
21.70. 

The anil was reported by Kuhn (13) and later by 
Tishlcr and co-workers (14) to be ycllow in color. 
I t  appears that their product was contamiuated with 
the ureide (VII)  to which the anil can be easily con- 
vcrted by simplc heat or acid treatment. Both 
Kuhn and Tishler used aqueous acetic acid as their 
crystallizing soIvent arid as a result probably ob- 
tained a mixture of thr a i d  and the ureidr. 

1 ,Z-Dihydro-1 -methyl~2-keto-3-puinoaaline Carbo.r- 
y l u  Acid (IV).-This was synthesized from the anil 

(\.I) in the manner suggested by Kuhn (13). The 
compound which was obtained as straw-yellow 
needle-like crystals melted a t  176" dec. [King and 
Clark-Lewis 115) gslve 1n.p. 173-174" dcc.] The 
equivalent weight, determined by nonaqueous titra- 
tion against niethanolic KOH, was 201.6. Theo- 
retical, based on the molecular formula of Cl~HsT\;O, 
and one titrable hydrogen, was 201. 

ilnal.--Calcd. for CIOII&Oj: C, 58.82; H, 3.92; 
K ,  13.73; 0, 23.53. Found: C, 58.97; 11, 4.03; 
N. 13.61; 0, 23.53. 

l,Z-Dihydru-l-niethyl-?-oso~3~quinoxaline Carhoxy 
Lrreide ( I/IIZ).-TIiis was prepared in the manner 
suggested by King et al. (151, 1n.p. 246-248" (uncor- 
rected). [Lit. 1n.p. 248" (15).] 

1 , 2 , 3 , 4 - T e t r a ~ ~ y y d r o ~ l - ~ ~ i e ~ ~ ? ~ ~  2,3-rEioxo-y~~~noxnlirze 
( I/).-This was synthesized according to the proce- 
dure describcd by Miles et al. (16). A mixture of 
equimolar quantities of ~'-methyl-o-plienylenedi~ 
aminc hydrochloride and anhydrous oxalic acid was 
heated a t  160" in an oil bath for about 15 rnin. The 
nielt was cooled and crystallized several times from 
anhydrous methanol to yield shiuy white ricedle- 
shaped crystals, n1.p. 282--283" (uncorrected). 

Anal.---Calcd. for CsHBXaO2:  C, 61.36; H, 4.55; 
N ,  15.91. Fourid: C, 61.22; H,  4.7; N ,  15.76. 
1,2-Dihydvo-1 -rtaethyl-2-oxo-quinolaiine ( VIIl).- 

This was prepared by sublimation of the keto acid 
(I\-) under reduced pressure at  160" (17). 'The 
cornpvund was purificd through resublimation, 111.p. 
119-120° (uncorrected). 

Anal.--Calcd. for C,HsP;,O: C ,  67.50; H, 5.00; 
K, 17.50. Found: C,  67.70; H, 5.08; iY, 17.24. 

All other chemicals were obtained from com- 
mercial sources. 'The microanalyses were per- 
formed by Galbrdith Laboratories, Inc., Knoxvillc, 
Tcnn. 

Spectral Studies.-Solutions of 9-methylisodl- 
loxazine and of the anil were completely degraded in 
pH 9.0 borate buffer and in 0.5 Nsodiurn hydroxide. 
The spectra of the degraded solutions were obtained 
on a Beckrnan DB spectrophotometer. 

Thin-Layer Chromatographic Studies.-'rhc prog- 
ress of the hydrolysis of 9-trietliylisoalloxazirle in pH 
9.0 borate buffer and in 0.5 N basc was followed by 
thiri-layer chromatography. Silica Gel G thin- 
layer plates ( 4  x 20 cm.2) of 500 p thickness were 
used. Sixty-microliter samples were withdrawn a t  
different time intervals and spotted on the plates. 
Care was exerted to limit tlie diameter of tlie spots 
to about 5 mm. The chromatograms were dr- 
veloped using CHCI3-acetic acid-pyridine (5: 1 : 1). 
The solvent front was allowed to run 10 cm. from the 
point of application of samples. The developed 
plates mere warmed to remove the solvent and ex- 
amincd undcr long-wave ultraviolet light. The 
different fluorescent spots were identified by com- 
parison of their X, values with those of authentic 
samples. 

Isolation and Characterization of the Anil (VI) 
from Partially Degraded Reaction Mixture.-$ 
Methylisoalloxazine was degraded in 0.5 N sodium 
hydroxide a t  45" for 1.5 hr. This partially de- 
graded solution was rapidly cooled and quickly 
acidified to  pH 5.0. The acidified solution was ex- 
haustively extracted with ether. The ethereal solu- 
tiou was dricd over anhydrous sodium sulfate, 
filtered, and the solvent removed under vacuum. 
The residue was dissolved in 2 ml. of absolute 
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compound. It cau be seen from Figs. 1 and 2 that  
the spectrum of the isoalloxazine solution degraded 
a t  p H  9.0 closely resembled that of the dioxo c o n -  
pound while that  of the solution degraded in 0.5 N 
sodium hydroxide corresponded to that of the keto 
acid. Thc results of the thin-layer chromatographic 
studies (see t, samples) summarized in Figs. 3 and 
4 rcvralcd that both the kcto acid and the dioxo 
compound were formed under all conditions of pH. 
However, the relative intensities of the spots corrc- 
sponding to thc two compounds, together with spec- 
tral data,  demonstrated that the keto acid was the 
tnaior product a t  high pH, while a t  the lower pH, 
the dioxu compound was mainly foi-ined 

It should be pointcd out that  the appearance of 
the dioxo compound as a reaction product was unex 
pectecl since the formation of this compound from 
the parent isoalloxazine must involve both hydro- 
lytic arid oxidative reactions. I t  was the work of 
iMiles et nl. (16) which presented fluorescence, spec- 
tral, and chromatographic properties of a similar 
compound formed in the bacterial degradation of 
riboflavin that  first drew the authors' attention to 
thc possibility that  the dioxo compound was indeed 
formed. 

Thin-Layer Chromatographic Studies.--Fluores- 
cence characteristics under long-wave U.V. light 
and K f  values for various compounds which could 
conceivably be formed in the reaction art' presented 
in Table I. It can be seen here and in Fig. 3,  which 
illustrates the progress of the reaction in 0.5 A: base, 
that  a compound with sky-blue fluorescence and 
with an Kj approximately 0.38, appeared transiently 
during the hydrolysis l'his K ,  value and the 
fluorescence Characteristics agreed with that of a 
suspected intermediate, aiz. ,  the anil compound. 
The results of a similar study at pH 9.0 are pre- 
sented in Fig. 4. Only three spots are apparent 
Iicrc, those of the parent compound, the dioxo con-  
pound, and a vPry weak one due to the kcto acid. 

Isolation and Characterization of the Inter- 
mediate from the Reaction Mixture.--A suspected 
intermediate, the mil ,  was successfully isolated from 
partially degraded solution of thc isoalloxazine. 

5 s  
L t  5 ',, 

00 . I . ,  . ,  
240 2% 320 360 400 

WAVELENGTH rnp 

Fig. 1. -Spectra 
of thc solutions of 
9 - mcthyliqoallox- 
azine that werr dr-  
qraded in pH 9 0  
b o r a t e  b u f f e r  
(-.-.-) and in  0.5 ili 
sodium hydroxide 
(. . . . . . -1, 

Fig. Z.-Spec- 
trum of the keto 
acid in 0.5 A' so- 
dium hydroxide 
(- __ .  - - - )  and 
that of the dioxo 
compound in pH 
9.0 borate buffer 
[. . . . -,) 

ethanol and introduced over a silica gel colunin (10 
cm. long and 1 cni. in diameter). Elutiou was 
effected with anhydrous ether and thc eluate col- 
lected in 5-ml. fractions. Earlier studies w-ith syn- 
thetic mixtures of the anil (VI), the ureide (T'II), 
and the isoalloxazinc (111) showed that such a 
procedure was effective in separating the anil from 
the other two compounds. The anil was containcd 
in thc first few fractions of e1uat.e. 

Anaerobic Studies.---Here the reaction systtnis 
containing 8-metliylisoalloaazine in pH 9.0 boratc 
buffer werc formulated in 10-ml. ampuls. Each 
ampul wits thoroughly flushcd with nitrogen and 
scaled immediately. The sealed an~puls  were sus- 
pended in a constant-temperaturr bath adjusted at 
45". The ampuls were opened a t  different times 
and the spectrum of each solution cvus ohtained. 
Concomitant with this, GO-p1 samples were dc- 
velopecl on Silica Gcl C, thin-layer plates using 
CHCls-acetic acid-pyridinc ( 5 :  1: 1) solvent system 
The developed plates after drying were examined 
under long-wave ultraviolet light, and the Kf values 
of different spots were compared with those obtained 
with known compounds. 

RESULTS 

Isolation and Identification of Reaction Products. 
11 preliminary indication of the depcndence of the 

reaction pathways on the hydroxide iori concentra- 
tions was obtained by comparison of the spectra of 
solutions of 9-methylisoalloxazine which were de- 
graded under two different conditions of hydroxidc- 
ion concentration. Figure 1 illustrates such spectra. 
The striking difference between the spcctra clearly 
indicated that  differcnt products were favored de- 
pending on the pH of thc reaction medium. In Fig. 
2 are illustrated the spectra of two possible decom- 
position products, ?; .e . ,  thc keto acid and the dioxo 

Fig. 3.-ClirorriatoRraIris illustrating the progress 
of hydrolysis of  9-inctliylisoallosazinc in 0.5 i\; 
sodium hydroxide xnd a t  45". Key: A ,  keto acid: 
H ,  a d ;  C, isoallosazint; / I ,  dioso compound, 

L 
0 19 3 r i 7  Cga7---- 

Fig. 4.-chromatograms illustrating the progress 
r)f hydrolysis of O-methylisoallox;~dne in pH 9.0 bo- 
rate buffer and at 45". Key: : I ,  keto acid, R ,  iso- 
alloxazinc; C, dioxo compound. 

Time in b u r r  



The isolation was achieved through c:ther extr;iction 
of tlie acidified reaction mixture. Further purifica- 
tion of the isolated material was accomplished 
through the usc of silica gel colurnns. The  spectl'urn 

t l i t ,  isolated conipourid is sliowii iii Fig. 5 a ~ i d  i-. 
identical with that of the pure anil. In  addition. 
the isolated compound exhibited the same fluores- 
cence and chromatographic behaviors a.s authentic 
anil. Pigurc 5 also shows the spectruiii of tlie 
urcide which could also conceivably hc :in inter- 
inediatc in the reaction pathway. I t  was observed, 
howcvr.r. tha t  thc ureide it1 aqueous solution was 
rapidly and almost qu:tntitatively convcrtcd to  the 
;mil t o  form what appeared to  be an cquilibriuni 
mixture. A typical sprctruin of such a mixture in 
0.01 L\r IiCl is also shown in the figurc. The 
equilibrium was found to  be pH dependent, arid the 
mi l  appeared t o  be the predominant species in thc 
neutral arid alkaline p H  range. 

Solutions of the anil were fornlulated in 0.5 N 
KaOH a i d  in pH 9.0 bora.te buffer and the com- 
pound was allowed to degrade. Spcctt-a of the 
clegraded solutions are shown in Fig. 6. Thesc 
spectra are remarkably similar to those obtained 
w i t h  tlic. pitrrnt isoalloxazine. 

TABLE I.--R, \.ALIJES A N I )  'THE FLCORESCENCE 

GEL G THIN-LAVER PLATES IS C H C I : r - A ~ ~ ~ ~ ~  ,ICII> 
CHARACTERISTICS OF VARIOUS COMPOCXDS (0s SILICA 

~ I'YRIDINE (5: 1 : 1) SOLVEST SYS'I'EM 
-~ . 

Fliwrexencc Behavim- Kf 
Compd. under I ' . V .  \'dues 

Isoalloxazinc (111) Yellow-green 0 . 4 5  
Keto acid ( I V )  Sky-blue 0 .  18 

.Anil (1.1) Faint sky-blue 0.38 

Quinoxalinc cntiipd. ]>ark hluv 0 .  89 

Unidentified conrpd. Aquamarine 0 .  (59 

Uioxo cotnpd. (\'I Dark bluc 0.5; 

turning greenish 
Ureide ( V I  I i Vcllow-green 0.78 

( V I I I )  

~ ~ ~ -~~ 
P~ . 

Pig. 5.PSpectra 
of  t h e  a n i l  
!---), t h c 
ureide (- - - - - - -), 
:ind that of  thc 
equilibr-iuiii mixture 
in 0.01 N HCI 
( - . - . - ) .  

"'i , , , :. ..'.; 00 
240 280 320 360 400 

WAVELENGTH mp 

Fig. ii.-Spcctra 
of the solutions of 
the anil tha t  were 
dcgradetl in 0.5 A' 
sodium Iiydroxidc 
[.. ~ - .  . -)  and 
iti pH 9.0 horatc 
huffrr ( - . ~ . - ) .  

001 , , , , , 
0 2 51015 

DAYS 

Fig. i.-Chrornatogr:ti~is illustr;tting tlie progress 
or the anaerobic liydrolysis of 9-rnethylisoallox- 
azinc in pII 9.0 borate buffer and at 45". Key: A,  
keto acid, H. a i d ;  C, isoalloxazinc; L l ,  dioxo com- 
pound; E ,  unideritificd conipound; F. ureide; G ,  
quinoxaline comptmid. 

Anaerobic Studies.-~'l'hin-layer chrotiiatographic 
results of anaerobic hydrolysis of the isonlloxazine at 
pII 9.0 arc presented in Fig. 7. 
that the degrading solution of  the isoallnsazine 
under these conditiotis t.xhibited spots whicli corrc- 
sponded t o  the keto acid and the  quinoxaline coni- 
pound. In addition, i t  also showed the  mi l ,  thc 
ureide, and an unidentified spot exhibiting aqua- 
rri;rrirte fluorescencc uiidcr LJ.\'. light and with an 

It can b 

Rf of 0.69. 

DISCUSSION 

'The informatiori wliicli lias been collected in this 
study demonstrated tha t  F)-methylisoalloxazitle, in 
aqueous solution, was transformed into a number of 
different products. and that the anil compound was 
an  intermcdiatc in such transformations. A pro- 
posed schemc for the degradation is presented in 
Scheme I .  The isoalloxazine is seen t o  he initiallv 

c ti3 
I 

CH3 "r, CH3 

Over-A11 Reaction Mechanism for the  Degradation 
of I)-Metliylisoalloxazine. 

Scheme I 

converted to  the anil compound. Such a trans- 
fnrmation can possibly result frnm hydroxide-ion 
attack at  thc U. carbon IIJ form a carbinolaminc (IX), 
which in turn can rupture to form either tlir anil 
( V I )  or the ureide ( T T I I 1 ) ,  Evidcnce, which will be 
presented in a future communication, has been ob- 
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tained to indicate the involvement of such a car- 
binolamirie intermediate. Although the anil com- 
pound has definitely been implicated in the reaction 
scheme, the existence of the ureide is somewhat 
speculative. As was indicated, however, there is 
evidence that ureide and anil existed in equilibrium 
in solution and that the equilibrium favored the anil 
under the pH conditions which prevailed in this 
study. 

The interesting and somew-hat unexpccted obser- 
vation that high pH degradation yielded the keto 
:xid (IV) as the predoiniriant product, whilc a t  pH 
9.0 the dioxo compound (V) was thc main product. 
can be explained by noting that the anil compound 
could undergo further reaction by both hydrolytic 
and oxidative routes and that the relative conceti- 
trations of thc products would depend on the rela- 
tive rates of the processes. Thus, a t  high pH the 
hydrolytic reaction was much faster than that of 
oxidation, while at pH 9 the reverse was true. 
Exclusion of air from the systems a t  pH 9 markedly 
decreased the rate of oxidation and made apparcnt 
that the hydrolytic r, action which yielded the keto 
acid was also operant under these conditions. An- 
other reaction pathway which resultcd in the forma- 
tion of the quinoxaline compound (1‘111) also be- 
came apparent under anaerobic conditions. 

The failure to detcct thc anil in solutions of the 
isnalloxazine which were degraded a t  pH 9 in the 
presence of air cart also be explained on the basis o f  
relative reaction ratcs. It appears that under these 
conditions, the rate of disappearance of the anil was 
faster than the rate of its formation from the parent 
cornpound. Support of this stems from the fact 
that solutions of isoalloxazinc, which wcrc partially 
degraded a t  pH 9 in the absence of air, where the 
oxidative transformation of the intermediate anil 
was supprcssed, did contain dcmnnstrable concentra- 
tions of anil. That the anil was formed as an inter- 
mediate under all conditions investigated is also 
indicated by the spectral studies on completely 
degraded solutions, which showed that under both 
conditions of pH the anil yielded the same reaction 
products as the parent isoalloxazinc. 

The anaerobic studies with the isoalloxaziiie also 
revealed the formation of yet another compound 
with a weak aquamarine fluorescence under U.V. 
light and with an R, value nf 0.69 in the solvent sys- 
tem used. This compound has, as yet, not been 
identified. 

Although no definitive evidence was obtained to 
indicate mhcther the formation of the final products 
proceeded through the anil or the ureide, the pres- 
ence of the intact B ring in the products suggcst the 
latter as the intermediate. Simple hydrolysis would 
yield the keto acid arid urea. It can be speculated 
that the dioxo compound was formcd through a 
hydroperoxide intermediate such as that depicted in 
Scheme 11, which could undergo honiolytic cleavage 
as shown. Studies on solutions of the keto acid 
showed that it was stable under the experimental 
conditions employed and did not undergo any 
detcctable degree of decarboxylation even after pro- 
longed exposure to the reaction conditions. Thus, 
the quinoxaline compound (VIIT) was not derived 
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A I’ossiblc Mechanistn for the Formation of Diouo 
Compound from the Ureide. 

Schcmc Ir 

from the keto acid (IV). I t  could conceivably arise 
directly from the ureide (VII) which has a weakly 
acidic iiniiin hydrogen and could be considered t(J bc 
analogous to a quinaldic carboxylic acid. Such 
acids are known to decarboxylate readily particularly 
when unionized (18). A possible mechanisni for 
such a transformation of the ureide is xiveu in 
Scllt~rnc 111. 

CH; CHj  CHJ CH3 
I 

9\,!. 0 ,-A D N -0 .& 
U N  J<-$ ,&+, $.N~2cxJ - LXY 

0 0  

K Possible Mechanism for the Formation of the 
Quinoxaline Compouud from the Ureidc. 

Scheme 111 

‘I’hc formation of an oxidation product analogoas 
to the dioxo compound which was identified in this 
study, was reported by Stadtman and co-workers 
(16, 19) to result from bacterial degradation of ribo- 
fiaviri and to involve both hydrolytic and oxidative 
enzymatic mechanisms. This apparent analogy 
between chemical and biological systems is interest- 
ing and suggests that inforination on the hydrolytic 
behavior of isoalloxazines it1 siiuple chemical sys- 
terns might be of significaiice in gaining a better 
understanding of ccrtain biochemical reactiuns in- 
volving riboflavin. 

REFERENCES 

(1) Warburg, O., and Christian, W. ,  Nali*i?L’isselrschaftfleli, 

( 2 )  Halwer, N L ,  J .  AT)?. C h e m .  SOL. 73, 4870(19,51). 
( 3 )  Smith, €3. C.. and Metzler, D. E., i b i d . ,  85,3285(1963). 
(4) Song, P. S., Smith, E. C., and Metzlei, U. E., ibid.. 87, 

(.5) Kuhn, R.,  and Rudy, H., ( ‘ h r m .  Be?., 67, 892(1934). 
(6) Surrey, A. R.,  and Nachod, F. C., J .  A m .  Chem. Soc., 

73, 2336(1Y61). 
(7) ?acre,, K .  ‘I.. H . ,  and MacRwan, J. L., Ai~sivalian J .  

Bioi. Scz. ,  7, 73(1951). 
(8) Svobodova, S.. Chem. L i s l y ,  45, 225(1951); through 

Chein. AbstT., 46, 373(1952). 
(9) U‘ada, T., Chihai-u, F., and Fukai, Y., J. Japan SOC. 

Food Nutr. ,  5, 97(1952-19531, through Chrm. Abslr., 50,16900 

20, s s w u a z ) .  

4181 (196.5). 

I 1 0 F R I  
,‘.’Y”,. 

(10) Guttnian, 13. E., and Wadke, D. A., unpublishrd 
data -. . . 

(11) Wadke. D. A., and Guttman, D. I%., J .  Phavm. Sci., 

(1 2)  Ibid., 54 ,  1293(19fi5). 
(13) Kuhn, R.,  and Keinmund, K . ,  Chem. Ber., 67, 1932 

53, 1703(1964). 

I 1  O?d\ jl.IV-,. 
(14) Tichler, M., Wellman, J. W., and T,adenburg, K . ,  J. 

(15) King, F. E., and Clark-Lewis, J. W.,  J. Chem. Soc., 
Am. Chem. SOC., 67, 2165(1945). 

1951. 33 i9 .  
(16) Miles, T., Smyrniotis, P. Z., and Stadtman, I?. R.,  J. 

A m  Then? .Tor: 81. IU46(1R5O). .. .. - ..., .., . ~ .  ~~. ..,. 
(17) Sebrell, W. H., and Harris, R. S., “The Vitamins,” 

vol. 111, Academic Press Inc., New York, N. Y.,  1054, p. 311. 
(18) Gould. E. S., “Mechanism and Structure in Organic 

Chemistry,” Holt, Rinehart and Winston, New York, N. Y . ,  
1969, p. 349. 

(1Y) Harkness, D. R.,  and Stadtman, E. K., J. Bid. 
Chem., 240, 4089(1965). 



Synthetic Analgesics I 
N- (2-Dialkylaminoethyl) -2-phenylacetanilides 

By JAMES F. STUBBINS* and TAITO 0. SOINE 

A series of 24 N- (2-dialkylaminoethyl)-2-phenylacetanilides was prepared for 
testing as potential analgesics. The structure of these compounds can be re- 
lated to certain nitrobenzimidazole and propionanilide analgesics. The com- 
pounds were prepared by treating N,N-dialkyl-N’-phenyl- or N,N-dialkyl-N’- @- 
nitropheny1)-ethylenediamine hydrochlorides with various phenylacetyl chlorides. 
The products were obtained as the hydrochloride or perchlorate salts. The previ- 
ously unknown intermediates-p-ethoxyphenylacetyl chloride, N,N-dimethy1-N’- @- 
nitrophenyl) -ethylenediamine hydrochloride, and 1-[ (p-nitroani1ino)-ethyl]-piperi- 

dine hydrochloride-also are described. 

UNGER et al., in 1957, reported the synthesis 
of some nitrobenzimidazole dcrivatives (I) 

possessing very significant analgesic activity (I). 
These compounds differ rather radically in struc- 
ture from other potent analgesics. The degree 
of activity in this series of compounds is highly 
dependent upon the p-substituent in the benzyl 
moiety. I c  and Id are 100 and 1000 times as 
potent as morphine, respectively (2), the latter 
compound being the most active analgesic known 
at that time. The unsubstituted (Ia) or chloro- 
substituted ( Ib)  compounds are only slightly 
more active than morphinc. The nitro group in 
the 5 position of the benzimidazole ring appears 
to be an essential feature in this series; if the 
nitro group is removed or moved to a different 
position of the ring, activity is markedly reduced 
or abolished. Another peculiarity of these com- 
pounds is that the diethylanlino moiety in the 
basic side chain seems to lead to higher activity 
than a dimethylamino or heterocyclic amino 
group. 

0 2 N ~ $ > c H * *  

I 
C H B  
I 

Ia ,X=H 
11, x = c1 
c, X = OCHj 
d ,  X = OC:2H:, 

T 
Later Wright et al. reported that a series of 

propionanilides showed analgesic properties ( 3 ,  
4). -4 typical member of this series is phen- 
ampromid (11). These propionanilides resemble 
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the methadone analgesics except that they con- 
tain one less phcnyl ring and that the usual 
quaternary carbon atom has been replaced by a 
tertiary nitrogen atom. 

If it is assumed that the carbownitrogen double 
bond of the imidazole ring can simulate a car- 
bony1 group, then the nitrobenzimidazole and 
propionanilide analgesics may be closely related. 
Opening of the imidazole ring of I between the 
benzene ring and the 3 position and replacement 
of the N 3  nitrogen atom by oxygen leads to com- 
pounds of general structure 111. This is seen 
to differ from the I’ror’ionanilide-tvpe only in the 
replacement of the propionyl group by the phenyl- 
acetyl group and by the added nitro group. 
Structure 111 has served as the model for the 
present series of compounds. 

I 
CHB 
I 

CH2 
I 

I11 
The structure of 111 was varied at X to provide 

compounds for coinparison with the active benzi- 
midazoles; thus, X may be a hydrogen, chluro, 
methoxy, or ethoxy group. I n  addition, com- 
pounds were prepared lacking the nitro group 
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and having dimethylamino or piperidino groups 
‘in place of the diethylamino group of the model. 
It was felt that  the special requirements for the 
nitro arid dirth vlaininc XI-( 111 1’5 i l l  the Iicnzimida- 
mle analgesics might he peculiar to  that  ring 
system and might be unnecessary in non- 
ticn zimidazole analogs. 

Thus, all combina,tions oi the variations men- 
tioned yield a set of 2.4 compounds of general 
structure (VI) .  It  was hoped that the synthesis 
and testing o f  these compounds would establish 
more structure~activity relationship in this area 
and that, perhaps, a bridge linking the benzimida- 
zole analgesics to others could be found. 

DISCUSSION 

In the first attempts to  prepare the phenylacet- 
anilides, N,N~cliethyl-N’-phenyletliylenediainine 
( I V a ,  R = C2Hs) and N,ili-diethyl-N’-(p-nitro- 
plienyl)~et.liyleiiediatiiiiie ( IVb ,  K = CiH5) wcre 
treated with pheiiylacctyl chloride in benzene. 
In both cases large amounts of tar were obtained, 
arid most of the dianiirie could be recovered. No 
amitic was detected in rcpeated trials. (Scheme I.) 

.loitrnoi of Phriirni~ce~~iticczi Sciences 

Wheii the diamines were treated with the acid 
chlorides (V) ,  dchydrohalogcnatioii might have 
occurred in preference to amide formation. To 
avoid this difficulty, the hydrochloride salt of the 
&mines (I!:) was used in place of the free base. 
\Yhen the  various substituted ethylenediamine 
hydrochlorides were treated with phcnylacctyl or 
p-substituted phenylacetpl chlorides in benzene. 
the phenylacetanilidcs were obtained as the hy- 
drochloride salts. I f  the hydrochloride salt would 
mot crystallize, the free base was isolated and con- 
verted to the perchlorate salt. All 24 of the dc- 
sired cornpounds were obtained by this procedure 
(Table I) .  The crude products usually were badly 
contaminated with the starting material, arid 
purification frequently was difficult. In a few 
cases the product was soluble in the hot benzenc 
and sloivlp separated upon cooling, resulting in a 
much cleaner product. 

The structural assignment of the products is 
supported by the microanalyses and the infrared 
spectra. AW the compounds have a prominent 
band near 6.0 p typical of tertiary amidcs (9). Since 
this work was started, compound 11 (as thc frce 
base) was reported in an ilustriati patent (10). 
It was otie of a series of compounds dcscribcd for 
use as “narcotic and analgesic drugs.” but no 
pharrnacological results were given. 

Thc acid chlorides required were prepared by 
the method of Elderfield and Meyer (11). p -  
Ethoxyphenylacctyl chloridc was the only one not 
previously known. The interrricdiate N,,V-dialkyl- 
N’-phenylethylenediamines were synthesized by 
condensing dialkylaminoethyl chlorides with aniline 
according to  the method of Stahmann and Cope 
(12). All the hydrochloride salts have been re- 
ported previously (4). However, this method is 
unsatisfactory for the N,lli-didlkyl-N’-(p-nitro- 
plieny1)-ethyleiiediaiiiiiies. Thesc were prepared 
by arylation of N,iV-dialkylethylencdiamines with 
p-riitrochlnrobenzene by niodificatiori of the method 
of Mann et d. (13). l’yridine was used as solvent 
and proton acceptor. N.n;-Dietliyl-N‘-(p-nitro- 
plieny1)-ethylenediamine hydrochloride prcviously 
has heen reported (121. 

PHARMACOLOGICAL RESULTS‘ 

All of the products wcrc screened initially for 
possible analgesic activity by the phenyl-p-quinonc 
writhing test (14). The cornpounds were given 
orally a t  a dose of 100 mg./Kg. to mice. Com- 
pounds 2, 3, 5,  7 ,  11, 14,  20, 21, and 24 (Table I )  
reduced writhing by at least 5 0 ~ ; ~ .  These nine 
compounds were then tested in rats by the 
l>’Amour-Smith procedure (1.5’). At an interperi- 
tonen] dose of 25 mg./Kg., only compound 2 in- 
creased response tinie by at  least SO$;;. This is 
not the cornpound expected to have the most 
activity based on comparison with the betizimid- 
azole or propionanilide analgesics. The general 
lack ot activity in the phcnylacetanilides is dis- 
appointing in view of their close relationship to 
compounds of significant activity. This would 
seem to indicate that the benzitnidazole ring is an 
essential feature of that class of analgesics. and that 

1 The authors are indebted t u  the Pharmaculogy Lkpart- 
mmt,  Ledei-le Lahoratnriea, Pearl River, N. Y.. for the 
pharmacological results. 

IVo, X = H 
6 ,  X = NO2 

V 

x 
VIn, X = H 

h ,  X=NO2 
Scheme I 

When phcnylacctic anhydride wds employed in 
place ol the acid chloride, the desircd amides 
(VIn and b .  K = CrH,;  1’ = H) were obtained in 
low yield. The products were isolated as the tree 
bascs. V I b  ( R  = CIH,.  T = H) was converted to 
the hydrochloridc salt. All attcmpts to obtain a 
salt of VIa (K = CsH;, Y = H) with various organic 
and inorganic acids failed to yield a solid until a 
crystalline perchlorate was prepared according tc i  
the method of Caudle et nl. (5). 

The substituted phenylacctic anhydrides required 
proved to  be difficult to obtain in a pure state. 
Therefore, attetnpts were made to prepa.re the 
amide directly from the acid by use of the “mixed 
anhydride” methods. Both the sulfonic acid (6) 
and carbonic acid (7) anhydride methods failed to 
yicld amide. Numerous attempts employing di- 
cyclohexylcarbodiimidc (8) as a condensing agent 
also failed. 
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Anal. 

C H h' 
Compd. R?N X Y Z M.P., 'C. Solvent" Calcd. Found Calcd. Found Calcd. Pound 

1 Dimethylamino H H CI 211-213 H-B 67.80 67.76 7.27 7.30 8.78 8.69 
2 Dimethylamino H CI C1 118-183 H-B 61.10 61.11 6.28 6.31 7 . 9 3  8.05 
3 Dimethvlamino I1 OCIII C1 159-161 U 65.40 65.73 7.22 7.02 X n?. x 1s 
4 
S 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I 8  

Uimeth;lamino 
LXmethylamino 
Uimethy lamino 
Dimethylamino 
Dimethylamino 
Diethy lamino 
Diethy lamino 
Diethylamino 
Uiethylamino 
Ilieth ylamino 
Iliethylamino 
Diethylamino 
Diethylamino 
Piperidino 
I'ioeridino 

H 
YO2 
NO2 
NO2 
NO? 
H 
H 
II 
H 
N 0 s  
NOn 
N 0 2  
h- 0 2  
H 
H 

OCzHs 
H 
CI 
OCHa 
OCzHs 
H 
Cl 
OCHI 
OC?H6 
H 
c1 
OCHs 
OCzHs 
H 
CI 

162-163.5 
185-187 
159-161 
203-205 
163-164 
106-1 07 

119-120 
80-82 

195-1 96.5 
179.5-181 
99-101 

129-130.5 
21 6-21 8 
149-150.5 

io6-in8 

D 
E 
u 
B 
I-B 

B 
B 

G-B 
D-I 

n 

R/T 

C/K 
Ju/-'* 
D-H 

66. 19 
59.41 
64.28 
57.93 
58.89 
68.46 
53.94 
57.20 
58.08 
61.29 
56.34 
59.78 
60.61 
70.27 
64.12 

66.01 
50.36 
54.10 
58.24 
58. 8n 
58.44 
53.93 
56. no 
57.90 
61.12 
56.54 
GO. 04 
60.34 
70.21 
64.01 

7.50 
6.10 
5.32 
6.14 
6.43 
6.62 
5.89  
6. 63 
6.87 
6.68 
5.91  
6.69 
6.94 
7.58 
C .  66 

7.10 
6.24 
5.57 
6.27 
6 .  51 
6.66 
5.87 
6 . 5 3  
6.72 
6.75 
6.05 
6.47 

7.54 
6. 77 

7. ng 

-. _ _  - "  ,. I 2  
11.55 
10.6.5 
10.67 
10.30 
6.82 
6.29 
6.35 
6.16 
10.72 
9.86 
9.96 
9.64 
7.81 
7 12 

I. .I 
7.63 
11.20 
10.68 

10.28 
6.76 
6 38 
6.38 
6.11 

10.01 
9.34 
9.36 
7.70 
7 :r:i 

1n.47 

10.40 

. ~- 
19 Piperidin0 H OCHa CI 137-139 D-H 67.93 68.02 7.52 7.78 7.20 7 : 5 0  
20 Piperidino H OCdIs ClOa 105-105.7 giii: 59.38 6.69 6.66 6.00 ;,.8X 
21 Piperidino NO? H C1 195-197 62.76 6.49 6.50 10.41 10.39 
22 Piperidino NO2 CI CI  384-196 l /G 57.33 57.02 5.75 5.83 9.59 9.59 
23 Piperidino NO? OCHI C1 132-134 E/P ~~:~~ 60.58 6.50 6.32 9.69 9.74 
24 I'iperidino NO2 OCzHs C1 98-100 61.61 6.75 G.Y9 9.38 9.52 

a Solvent: A, methanol; U, ethanol; C, acetone; L), methyl ethyl ketone; E ,  methyl isobutyl ketone. F, dk-thyi ether. G .  
tetrahydrofuran; H ,  ethyl acetate; I, chlorofoi-m; J ,  benzene; K, hexane. -4-B, product dissolved'in boiling rnixiu;e of 
solvents A and R .  A/B, product dissolved in boiling solvent A and reprecipitated by addition of solvent B. 

tlie activity of that  group of coIllp(Jui1dS is uiirelated 
to other niorphiue-like analgesics. However, the 
recent suggestion by Portoghese ( 16) that  analgesics 
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EXPERlMENTAL 

All nieltiiig points were obtainctl o t i  :I 'Tlioinas- 
I ioovcr capillary melting point apparatus arid are 
corrected. Al l  analyses were pcrforrned b y  tht, 
University o f  Minnesota Microanalytica1 1,abora- 
tory or the Sc:mdinavi:ui Microanalytical Lnhorn- 
tory, Eider ,  Dcriinark. 

p - Ethoxyphenylacetyl Chloride.--!) - Ethosy- 
1,licnyl:tcetic acid (,50.0 (;in., 0.280 ~nolc)  was dis- 
sr)lved in 100 Gin. (0.840 inolc) of thionyl chloride. 
'rhc solatioii was stirred at room tcuiprraturc for 
I lir., tlieii !icated 011 a steam bath for 4 Iir. Aftcr 
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for 16 hr. more at room tcmperaturc. The excess 
thionyl chloride was removed ou a rotary evap- 
orator. The residue was then distilled. 'LXc yield 
was 49.8 Gm. of material boiling at 93-9T0/0.7 mm. 

N,N - Dimethyl - N' - (p - nitrophenyl) - ethyl- 
enediamine Hydrochloride.-Tu 94.C; C;1ii. (0.600 
mole) of P-riitrochlorobcnzene susperided in 150 nd. 
of pyridine was added 52.9 Cm. (0.600 mole) of 
.N,N-ditncthyleth~~lciiediamitie. The mixture was 

stirred atid heated urider rcflux for 24 11r. All o f  
the solid dissolvcd. The solutiou was cooled, :iti(l 

most of thc pyridine was removed by ~ C B I I S  of a 
rotary evaporator. The reddish-brown oil that  
remained had a bright blue fluorescence. Benzene 
(200 nil.) was addcd. The mixture was filtered, 
and the cake was rinsed with benzene. T o  the 
filtrate was added hcnzenc saturated with anhydrous 
hydrogen chloride in small portions with vigorous 
stirring. 'I'hc solid was removed by filtration. 
The  filtrate was again treated with hydrogen chloride 
in bcnzcnc to obtain a further sinall amount of solid. 
This solid was Elterecl off, and the filter cakes were 
combined aiid air dried. The yield of cnide ma- 
terial was 53.9 Gm. 

The product was purificd by di  
absolute ethanol, filteriiig, ad 
until precipitathi  hrgdn, and thcn cooling. K q x -  
titioii of this pi-ocrss finally yicldrd brixht goIdu1 
flakes rrec 01 miy brown co1or:ttioii. Aftc-i- tlryitig- 
overniglit at 110", tlie product wcighctl i38.6 Gin. 

,4nal.--Calcd. for C,oH,LCIN,C),: C, 48.88; I I ,  
It l l iel td :it 180.5..182.5". 

(i.5fi; N ,  17.11. Foulid: C, 45.77; 11, fj.67; 

1 - [2 - (p - Nitroanilino) - ethyl] - piperidine 
Hydrochloride.-I-( 2 - A 1 i 1 ~ 1 1 ~ ~ ~ t l 1 y l ) - ~ ~ ~ ~ ~ ~ r ~ d i 1 1 ~  ( 19.2 
Gin., 0.150 mole) and ~~ctiloroiiitrobc~izeiic (23.f; 
Gin., 0.150 molc) were dissolved in 50 ml. of pyri- 
dine. The solutioii was stirred and heated under  
reflux for 36 hr. The solution was cooled, and 
IJlost of tlir pyridine was removed in Z ~ U C Z I U .  ?'lie 
dark oily residue was dissolvctl in 100 1111. of betizc.iic. 
Benzcne, saturatcd with hydrogen chloride, was 
addcd in small portions with vigorous stirring until 

K, 17.07. 
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precipitation was complete. The slurry wns filtered , 
arid the filter cake was waslied witlt cold beiizcne. 
Tlic crude product weiglicd 23.6 Gm. 

The product was recrystallized orice froiri an 
cthanol-ethyl acctate mixture, then twice from 
tctraliydrofuran. The pure rmtcrial consisted or 
shiny. golden flakes melting at 207- 209’. The  
yield was 12.8 Gin. 

dnd-Calcd. for CIPII:oClN302: C, 34.63; H, 
7.05; N ,  14. i1.  Found: C ,  54.93; H, 7.23; 
K, 14.41. 

N - (2 - Dialkylaminoethyl) - 2 - phenylacet- 
anilides.--l;rotn 0.020-0.0:30 Inole of substitutcd 
cthylet~ediat~iine hydrochloride was suspended in 
100-1.50 nil. of benzene. The appropriate acid 
chloride was added in 10-25L;h molar excess. The 

spension was stirred and heated under reflux 
-72 hr. The mixture was cooled and filtered. 

’l’lic rrudc product was recrystallized from the ap- 
propriate solvent (Table I) .  

In a f e w  instances the product was solublc in the 
benzene even after cooling. In thcse cases, an cqual 
volume of petroleuni ether was added to force 
the salt out of solution. 

It the crude hydrochloride salt was liquid and 
could not be induced to crystallize, it  was dissolved 
in dilute hydrochloric acid and neu tralized with 10?& 

J o i u n d  of Phnvmnceutical Sciences 

sodium hydroxide solution. The free base was 
extracted into ether. The  cthercal solution was 
clricd, i~nd  the ether was removed in vucuo. T h e  
residual haw w:ts converted to  the percliloratc salt 
b y  tlie met!iod 01 Caudle et ( i l .  (5). 
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Synthesis of 
4-Substituted-7 -methylpyrrolo[ 2,3-d]pyrimidines 

By RICHARD H. HAMMER 

The reactions of 4-chloro-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (IV) with 
ethanolic ammonia, thiourea, and aqueous sodium sulfhydrate solution to give the 
4-amino (V) and 4-thione (VI) analogs are described. Ultraviolet data and pKa 

values for IV, V, and V I  are reported. 

UUERCIDIN (Ia), a natwally occurring nucleo- 
Tside in streptomyces species ( I .  2), has becn 
assigned thc structure 4 - a m i n o ~ ~ - ~ - ~ - i - i h o f u r -  
anosyl-iH-pyrr-olo L2,S-dIpyrirnidinc (i-deaza- 
adenosine) ( 3  -.5). It is a11 inhibitor of several 
tuinor systcins, not cross-resistant to  (i-mercapto- 
1)iiririe-resistant line tt~trlor systems (li), and ill- 
corpurated into 110th D N A  and RISA of niousc 
1ii)rot)Iasts arid sevcrul viruses (7 ,  xj.  l h r i n g  
structural elucidation shidics oi tu1)ercidin 
(I(/.), liyclrolysis of Ia to the aglycotie (Ib) arid 
i)-ribose was accomplishcd by refluxing ICL in 
1-3 N HC1 for 3 hr. (1). From these data the 
base ribose bond or Ia appears to be more resist- 
an t  to acid hydrolysis than a purine base- 
ribose bond. Subsequently, resistance of In 

~ ~- ~ 
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to enzymatic clcavage by 12. coli iiitcleoside 
phospliorylase was demonstrated while G-mer- 
captoInirinc ribinside was ohserved to be rapidly 
cleaved (9). Significance ol‘ the stabilit?. of tlie 
pyi-rolol”,:;~d]pyrimidine base-ribose bond in 
relation to drug distribution and cancer ctieiiio- 
therapy remains to 1x2 exl)lairietl. 

I<eceriL sluclics by Montgomery ant1 I Icwsoii 
(10, t l j  011 the cell culture cytot(ixieity or f i -  
iiiercaplol)ririiic and (i-i~iercat~tol,uri~ie~dcazat :III:I- 

logs suggests that  deaza structures such :is 6- 
iiiercal)to-i-dcazapurine (1 1-13) are not nir- 
tabolized by  the cells to the ribotide form and 
consequently are 300-500 times less active than 
(j~iiiercaT.’topurine which is readily converted to  
the ribotide. This raises the question as to  
whether antitumor activity for pyrrolo [ 2 , 3 - d ] -  
pyrimidine structures may be dependent on a 
qic1,stiturnt siicli :is i t  sugar groiip, cycloalkvl 
or allcyl gi-oiil) on the 7-nitrogcn (cor-respondi~ig 
to the %position of Ilurine). This is evident 
bv tlie fact that tuhercidin (It;) willi a B-rt- 
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Tlic crude product weiglicd 23.6 Gm. 

The product was recrystallized orice froiri an 
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cthylet~ediat~iine hydrochloride was suspended in 
100-1.50 nil. of benzene. The appropriate acid 
chloride was added in 10-25L;h molar excess. The 

spension was stirred and heated under reflux 
-72 hr. The mixture was cooled and filtered. 

’l’lic rrudc product was recrystallized from the ap- 
propriate solvent (Table I) .  

In a f e w  instances the product was solublc in the 
benzene even after cooling. In thcse cases, an cqual 
volume of petroleuni ether was added to force 
the salt out of solution. 

It the crude hydrochloride salt was liquid and 
could not be induced to crystallize, it  was dissolved 
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sodium hydroxide solution. The free base was 
extracted into ether. The  cthercal solution was 
clricd, i~nd  the ether was removed in vucuo. T h e  
residual haw w:ts converted to  the percliloratc salt 
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ribose moiety on the 7-position is active while 
11, which is unsubstitiited, is inactive. Pyrrolo 
[2,3d]pyrimidinr structures with a methyl group 
on the 7-nitrogen and amino or inercapto groups 
at the 4-position (corresponding to  the &position 
o f  purine) are therefore of biological intereil 
and promptcd the described synthesis of 4-amino- 
7-methyl-iH-pyrrolo [2,3-d]pyrirnidine (I') and 
7 - methyl - SH - pyrrolo[2,3 - dlpyrimidine - 4- 
(3H) -thione (VI) from ~2-chloro-7H-pyrrolo [%,ad] 
pyrimidine (111). 
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additional product. 111.p. 118-120". 'Jlie conibiiied 
crops were recrystallized from methanol to give 
light tan crystals (117) .  Yield, 1.009 Gin. (62();), 
111.p. 126-127'. [Reported m.p. 130" (17).] v,:,\.., 
cm.-', 3050, 2880 (CH); 1615, 1580, 1530, 1,510 
(C-C, C=N). 

AnaZ.-Calcd. for C7H6ClNl: C, 50.18; H,  3.68; 
-U, 25.08. Found: C, 49.90; 15, 3.70; N, 24.84. 

4-Amino-7-methyl-7H-pyrrolo[2,3-d]pyrimidine 
(V).-To 0.20 Gni. o l  I\T in a Parr stainless steel 
bomb was added 10.0 nil. of ethanolic amnionin 
solution (prepared by saturating absolute ethanol 
a t  5' with ammonia). The  bomb was smled arid 
maintained a t  125-130" with stirring on a combina- 
tion hot plate-magnetic stirrer. The reported 
reaction temperature was obtaincd by simul- 
taneously Iic~atitig a beaker of mineral oil adjacent 
to the Parr bomb on the s x n c  hot plate. After 10 
hr., the mixture was cooled arid filtered 5 times to 
rcmovc decomposition material. The clear brown 
filtrate was evaporated t(J dryness yielding a brown 
crystalline residue which was recrystallized 2 times 
from hot water to give tan crystals (V). Yield, 
0.044 Gm. (25%), m.p. 807-208' dec. vmDx , 
CIII:-~, 3280, 3050, 2890 (KII, CII); 1640, 1580, 
1550 ( N H ,  C-C, C=N). 

,Anal.-cdlcd. for C7H8N4: C, 56.76; H, 5.40; 
h-, 37.82. Found: C? 56.75; H, 5.60; N, 37.61. 

7-Methyl-7H-pyrrolo[2,3-d]pyrimidine-4(3H)- 
thione (VI).--iZlelhod A .-To a solution of 0.30 

I 
R 

I 
H 

Ia, R=&n-Ribose I1 
Ib,R=H 

EXPERIMENTAL 

Melting points werc obtained 0 1 1  a Tho~nas- 
Hoover capillary melting point apparatus and are 
uncorrected. Tnfrared and ultraviolet analyses were 
recorded on Beckman IR-,5 and model DB spectro- 
photometers. Titrimetric p K a  values (14) were 
obtained on a Sargent titrator, model D, and spec- 
trophotometric pKa valnes (15) were obtaillecl using 
buffered solutions (16) verified with standard bulTer 
solutions on a Beckman cxpandrd scalc pH mctcr, 
inodel 76. Microanalyses were conducted by 
Galbraith Laboratories, Inc., Knoxville, 'l'enn. 

4-Chloro-7-methyl-7H-pyrroIo[Z,3-d]pyrimidine 
(IV) (17).-To a solution of 1.50 Gm. of crude 4- 
chIoro-'iH-pyrrolo[2,3-dJpyrirnidine (111) (12) in 
10.0 ml. of dimethylformnmide (dried over pctro- 
Ieurn ether extracted sodium hydride) cooled to 5' 
was added 0.492 Crn. of sodium hydride (represents 
0.492 GIJI. sodium hydride, 5075 dispersed in oil. 
prior to extraction with petroleum ether). Thc 
inixture was kept a t  room teniperaturc until :ill 
the hydrogen gas was libcrated (4.5 hr.). Thc 
reaction mixture was cooled to 5" :tiid 0.60 Gin. 
( J f  methyl iodide was added. -411 immediate tat] 
precipitate w a s  observcd with agitiition i l l  t l i i .  
ice-lxitli, and aftct stancling for  12 hr., 10.0 1 1 1 1 .  o f  
wiitrr was ;itldcd and cooled for a i l  ad(litioiia1 (i Iir. 
li'iltnition yielded l.lti Gin. o l  cr~itle t:+ii pr(~tluct.  
111.p. 1211- 122". 'Jhe filtratc gave 0.lMJ <:in. of  

CI CI 

I 
H 

I11 Iv 
r/ I 
J i 

S 

I 
( :H 

V v I 
S C l l C l l l C  1 

I 
CII. 

mp ( e )  
p€I 1.0' pH i . O  pII 1 3 . u  

271f 4.950\ 
111 222(20,2Ul))h 

1V 229(23,U50) 225(25;.580j 225(24,310) 2 .  0 P  
272( 4,550) 270( 3,980 1 271( 3,700) 

V" 229(21,710) 224(12,930) 5.25< 
274( 9,270) 27l( 9,130) 2$0( 8,810J 5 . 0 F  

\ 1  266( 6,530) 9 RSd (SH) 

'* pII 1.0 (0 .1  S HCI); pH 7.0 (phosphate buffer) ( 1 6 ) :  pII 13.0 (0.1 "d' NaOH). R t h a n d ,  absolule (13). Specti-o- 
TiLrimeLiic method (14). @ Repurtecl (4): Xnrar."."' ' 'Ic' 230 (-1, 2i5(10,3oo]; AI~I:%X:'.~' srO1l IlhoLomeCric method (1.5) 

373(Y ,400). 



Gin. of I \ .  iri 8.0 1111. of absolute ethanol was added 
0 . 2 2  Gni. of thiourea. After 5 min. of rcfluxing the 
A,,,,,. had shifted from 270 to 325 nip. Refluxing 
was continued for an additional 3 hr. a t  which time 
the h,,,. was still 325 Itlp, L-pon evaporation, the 
crude residue was recrystallized from methanol (48 
hr. a t  rooiii temperature) to give pale yellow needles 
(Vl). Yield, 0.154 Gm. (5276), m.p. 306-307" 
tlec. vmnT.,  ern.-', 3125, 3010, 2860 (CH); 1575, 
1530 (C-C, C = N ) .  

A1nnl.-Calrd. for C7H7N2S: C, 50.90; H, 4.24; 

Nethod B-'ro a solution of 0.20 Gm. of 1V in 
10.0 ml. of absolute ethanol was added 30.0 nil. 
of an  aqueous sodium sulfhydrate solution (2.0 iV). 
The solution was refluxed for 5 hr. at which time the 

The yellow 
solution was cooled and neutralized to a pH of 7 
with 1OYh acetic acid. After cooling overnight 
the reaction mixture was filtered to give 0.161 Gm. 
of a pale yellow rcsidue, m.p. 300-302". Ke- 
crystallization from methanol (48 hr. a t  room tem- 
perature) gavc pale yellow needles (\'I). Yield, 
0,Wi  Gm. (33%), m.p.  307-308' dec. vmaa., em.-', 
3130, 3000 (CH); 1575, 1545, 1530 (C=C, C=N). 
(Scheme I.) 

.InaZ.-Calcd. for C7H7NaS: C, 50.90; €1, 4.24; 
S, 25.44. Fo~iriil: C, 50.62; H, 4.27; N, 25.21. 

N, 25.44. Found: C, q51.08; H, 4.47; N, 25.20. 

had shifted from 271 to 319 nip. 

RESULTS A N D  DISCUSSION 

The intermediate compound 4~chloro-7H-pyrrolo. 
[2,:3-d]pyritnidinc (111) was prepared by a 5-step 
rcaction sequence from starting materials of cthyl- 
cy;rnoacetate and hroinoacetnl (12). Rcaction of 
I1 I with sodium hydride to  form the nucleopliile 
~tlicl subsequent reaction with methyl iodide gave 
the 4-~liloro-7-niethyl~7I~-pyrrolo[2,3-d]pyrimidit1e 
( I  I:) compound (17). Nuclcophilic displacement 
of the 4-chloro group of IV by reaction with eithcr 
thiourea (method .I ) or sodium sulfhydrate (method 
B )  gave $-1iiethyl-iH-pyrrolo[2,3-dlDyrimidine- 
4(3II)-thione (VI). Both reactions proceed 
smoothly a t  refux temperatures. Method A gave 
a yield of 52% of VI compared to 33% by method 
H. [nfrared stid ultraviolet curves of VI from 
methods A or B were superimposable a d  identical 
in every respect. Optimum conditions for syn- 
thesis of the 4-amino congener (V)  required heating 
I\: in  ethanolic ammonia for 10 lit-. at 125-130" in 
a stainless steel bomb. The reaction was also run 
at tcrnperaturcs of 105- 110" and 155-160". The 
higher tcinperaturc produced niore extensive de- 
coniposition and the lower temperature gave a lower 
yield than the 125 130" ruli.qe. Syntlicsis of the 
t.lnc.l-c;Lpto :mdogs of pyrrolo/2,3-d] pyrirnidincs 
c:m rcadily bc followed by a batliochroniic shift it1 
A,,,,,. from 2135-275 to 315- 3% nip as prcviorisly 
~(wiollstratcd duriug the sytitlicsis of I1 (13) aud as 
tlescrihcd here (Table I ) .  

Facile substitution of the 6-chloro xroup of G- 
ehloropurine and 6-chloro-9-substituted purines by 
nucleophilic groups has provided useful synthetic 
pathways leading to a variety of purine nucleosides 
and puririe analogs. Similarly, 4-chloropyrrolo- 
j?,,n-d] pyrimidine moieties. without a $-nitrogen 
substituciit, itrc uscful iiiterniediates which call be 
rcacted with ammonia (Is), alkyl aiiiines and 
thiourca (12, phosphonls prntasulfide (9). sodium 
sulfhydrate ai id  strdiu~ii Irirthoxide (131, and 

nlkyl ~nerc~ptans  (19) to give the corresponding 
4-substituted dcrivativcs. Even though nucleo- 
philic groups can be substituted in place of the 4- 
chloro group, on the basis of the conditions rcquircd 
for the aiiiiiiatioii reactions of 111, IV, and 6- 
chloro-purine compounds, the 4-chloro group 
appears to be more difficult to displace than the 
corresponding 6-chloro of purine compounds. Lewis 
et uZ. (20) reported the synthesis of G-aniiuo-9- 
(tetrahydro-2-fury1)purine by treating the 6-chloro 
precursor with methanolic ammonia at  room tem- 
perature for 48 lir. However, Hitchings et al. (18) re- 
ported that to replace the 4-chloro group of 111 
with an amino group it was necessary to heat 111 
in a stainless steel bomb a t  155-160" for 20 hr., 
and as reported here, coilversion of I V  to V required 
heating I\' in ethanolic ammonia for 10 hr. a t  12.5- 
130'. For the amination reactions, the reaction 
conditions indicate that the 4-chloro group of 
pyrrolo[2,3-d] pyrimidines is more difficult to displace 
than the corresponding 6-ehloro group of purines. 

The pKa values reported in Table I were 013- 
taincd by titrimctric (14) or spcctrophotomctric 
(15) methods. Due to its insolubility in aqueous 
perchloric acid, the pKa value for I V  was obtained 
spectrophotometrically. Replacement 01 the 4- 
chloro group of IV with an amino group (V) 
gavc an expected shift to a higher pKa which would 
normally occur when an electron~witliclrawi!i~ 
group (Cl) is replaced with an electron-donating 
group (KHp). Tubereidin ( l a )  has hcen reported 
to have a pKa of 5.3 (4). The pKa of the 4-amino- 
7-methyl analog (V) was found to  be 5.02. I'rovid- 
ing V has a favorable partition coefficient, it would 
be expected to produce high iritracellular coiiccil- 
trations. 'Hie ratio of unionized to ionized specics 
of V a t  a pH of 7.4 (plasma) would be 240/1 (pKa 
5.02) which should enhance its absorption acIoss 
cellular membranes. The pKa of the SH group of 
VI was found to be 9.35. The pKa value was not 
obtained for the pyrrolo nitrogen of VI .  

Screening of these compounds for antitumor 
properties is being conducted by the Cancer Chemo- 
therapy National Service Center and will be re- 
ported a t  a later datc. 
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Morning Glory Tissue Cultures: Growth and 
Examination for Indole Alkaloids 

By E. JOHN STABA and PAUL LAURSEN* 

The seeds and aerial portions of three Ipomoea violacea varieties contained significant 
amounts of indole alkaloids. The roots, callus tissue, and callus medium of these 
three varieties; the callus tissue and callus medium of Rivea corymbosa; and the seeds 

of three Japanese morning glory varieties contained traces of indole alkaloids. 

T HAS BEEN conclusively established that  some I Cowoloulaceae plants contain ergot-type alka- 
loids. Among them are the seeds of Argyreia 
%terziosa (baby Hawaiian wood rose) (1) and 
Ipomoen tevgyroflhylla Vatke (2), I .  coccinea L. (3), 
1. mziellevi Benth. (4), I ,  ruhro-caerulea Hook (5) 
[I.  violacea (6)]; the seeds (7, 8) and plants (9) of 
I .  violucea L. (morning glory, Badoh Negro, I .  
tricolor); and the sccds (7) and plants (10) of 
Riuea covymbosa (L.) Hall. f .  (Ololiuqui, wild 
morning glory).' 

Certain varieties ol I .  vicilacea are reported to  
i iiduce a physiological response similar to  lysergic 
acid diethylamide (1 l), although a recent study 
indicates sedation is the principal physiological 
effect of I .  triolacen and R .  corym6osa seeds (12). 
Crude seed extracts of either heavenly blue or 
pearly gates varieties of I .  violacea will cause 
isolated rat uterus rnuscle to  contract (11). 
Sheep fed dried I .  muelleri plants for 3 to  6.5 
weeks lost weight, became incoordinated, and 
acquired a rapid panting respiration (4). 

The  principal objective of this study was to  
examine three varieties of I .  violucea and R. 
i;orymbosa seed callus tissue cultures for indole 
dkaloids by  thin-layer chromatography arid spec- 
trophotometry. In addition, the seeds and plants 
of these three varieties, and the seeds of three 
varities of Japanese morning glory were exam- 
ined for indole alkaloids. 

MATERIALS AND METHODS 

The source of seeds for this study were: Ipomoea 
violacm L. cv. flying saucer (FS), cv. heavenly 
blue (IIB), and cv. pearly gates (PG) (Park Seed 
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I Some of these species contain the lysergic acid-type alka- 
loids ergosirie ( 2 )  ; ergometrine (ergonovine), erg~ne, and 
isnergine (7); ergometi-inine, ergosimne. ergntamine, and 
lysergic acid (9) and/or the clavine-type alkaloids agroclavine 
(2) ; chanoclavinr, elymoclavine, and lysergol (7) ; and 
Ocnniclavine (9). 

Co., Grecnwood, S. C.); Ipomoea nil (L.)  Rotli 
[Yharbitis nil Chois, Japanese morning glory ( 13)] 
cv. matzukaze, yuki, and chiyo no okina (H. 
Saier Seedsman, Dirriondale, Mich.); and Rivea 
rnrywzbosa (L.) Hall. f. (Prairic Regional Laboratory, 
Saskatoon, Canada, who purchased them from 
Atkins Garden and Research I,aboratnry, Cieii- 
fuegos, Cuba). Plants studied were grown from 
seeds in the Drug Plant Greenhouse, University of 
Xebraska. 

Tissue Cultures.-Iponzoea seeds were sterilized 
in a 5.25%;, sodium hyporhloritc solution (Purrx 
Corp., Ltd., South Gate, Calif.) diluted 1: 1 with 
sterile distilled water for 15 min. in vacuum, and 
Kiuea seeds in IL 1 : 3 dilution for 10 min. in vacuuni. 
An unusually strong seed sterilization treatment was 
required for Ipomoea seeds to avoid mold contamina- 
tion. As thc seeds normally germinated within 2 
days, they were directly transferred, after thorough 
rinsing with sterile distilled water, to 1-oz., square 
glass vials containing 18 ml. of Murashige's and 
Skoog's tobacco medium (14) with 1.0 p.p.m. 2,4-di- 
chlorophenoxyacetic acid (2,4-D) and l.Oyo agar. 

Extraction Procedure.-Plant, sced, callus tissue 
and agar medium were extracted for indole alka- 
loids by a modification of the procedures published 
by Taber et al. (9) and by Abe and Yamatodani (15). 

The aerial and root portions were ground in a 
Wilcy mill to a 40-mesh powder; whereas, the seed 
and dried callus tissue were ground with a mortar 
and pestle. The plant samples (seed, 2.0 Gm.; 
aerial, 3.0 Gm.; root, 6.0 Gm.; callus tissue, amount 
indicated in Table I) were wetted with lOyo ammo- 
nium hydroxide and allowed to macerate overnight. 
The ground seeds were first wetted with ethyl ether 
to facilitate more thorough wetting of the seeds by 
alkali. The samples were then extracted with ethyl 
ether in a Soxhlet apparatus for 24 hr. 

The agar media were diluted approximately 3 :  1 
with water, made alkaline with 10% ammonium 
hydroxide, and extracted lor 2 to 3 days with ethyl 
ether in a liquid-liquid extractor. 

Each ethereal fraction was then evaporated to 
dr~~ness  in vacuum and the residue dissolved in 70 
ml. of 0.2 N sulfuric acid The acidic solution was 
washed with 10-ml. portions of ethyl ether to remove 
residues and color. The acidic solution was then 
neutralized with an excess of sodium bicarbonate and 
cstracted with three 15-ml. portions of chloroform 
(fraction A). The aqueous solution was then 
adjusted to  pH 6.8 with 0.2 N sulfuric acid and 
again extracted with thrre 15-1111. portions of chloro- 
form (fraction B). 'l'hc remaining aqucous layer 
was filtered and designatcd fraction C. Fractions 
12, B, and C were divided into cqual aliquots--A1 
and &;  B1 and Bn;  and C ,  and Cr. Aliquots A1, R,, 
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TABLE 1 -ALKALOID COU 1 h N I  OF MORNI\G GLORY S E E D S ,  P L A N  I%, AND TISSUE CULTURES" 

- Cdllii> - -- 7 -Aeai hTcdnim - - 
Tiswe Agar 

Plant Seeds Aerial R u u t s  Callus Dry Wet  

Variety Months A €4 A R A B MonthsC Gm. A €4 Gm. A B 
Plant Age, -Fractionb- -Fractionb- Fractionb Age, Pit., Fractionb Wt., -Fractionb- 

Heavenly blue 5 0.486 0.00i 4 6 . 0  0 . 9  1 3 . 3  1 . 3  15 7 . 1  0.0 0 .0  1259 Trace 0 0 

Flying saucer 5 0.240 0 039 Trace 0 . 9  1.3  i:i, 15 6 .8  6:6 0 ' 6  $87 6:0 8.0 
. . .  Heavenly blue .1 0 . 2 9 6  0 .006 22 .6  2 . 2  . . .  . . .  

Flying saucer 4 2 . 6  0 . 9  . . .  . . .  . . .  
Pearly gates 5 o.-O.53 o:bo< 132.0 2 . 2  4 . 0  i::i 1.5 9 . 2  i1:i 0 . 4  SG4 i : o  4.0 
Pearly fiates 4 . . . . . .  3 0 . 0  1 .7  . . . . . .  . . .  . . .  
RilWi . . .  . . . . . . . . . . . . . . . . . .  6 18 i i :6  i:S   SO T r i c e  0 . 0  
Rivea . . .  . . . . . . . . . . . .  16 8 . 2  2 2 1 .0  425 0 0 Trace 
Matmkaze . . .  0:005 0:Obz . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  
Yuki . . .  0.006 0.006 . .  . . . . . . . . .  . . . . . .  
Chiyri no ukina . . .  0.007 0.004 . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  

. . . . . . . . . . . . . .  

~~~~~ __ - 
' I  Alkaloid rontrnt for seeds expressed as mg., Gm. of seed material; f o r  aei-ial, rriots, and tissue rultrii-es as mcg. , Gm. wet 

'' Fraction 
Time intea-val since callus established in culture. 

weight. 
A :  alkaline chlcnrofoi-m extract; Eractirrn R :  pI1 6.8 chlw,lorm extract. 

Average of Lhi-re s a m p l r s d  seeds and aerial poi-tiun; and of one sample ui  routs. callus, and agal medium. 

and CI were examined for indole alkaloids spectro- 
phototnetrically, and As, Hs, and Cn examined for 
indole alkaloids by thin-layer chromatography. 

Quantitative Alkaloid Assay.-Each aliquot was 
atislyzed colorimetrically by the modified p-dimeth- 
ylaminobenzaldehyde (PDAB)-nitrite procedure of 
Michelon and Kelleher ( 16). Total alkaloids present 
were calculated from an ergonovine Inaleate stand- 
ard curve which was incasured a t  590 mp in a Bausch 
& Lonib Spectroriic 20 spcctrophotometer. 

Aliquots :I, and BI (in chloroform) were cvapo- 
rated to dryness in vacutnii. The residue of aiiquot 
h, was dissolved in 5.0 ml. of 0.2 N sulfuric acid, 
while the residue of aliquot B1 was dissolved in 10.0 
nil. of aqueous tartaric acid. Aliquot CI (the 
filtered aqueous remainder) was analyzed without 
further purification. However, a bright ycllow 

Fig. 1.-Callus tissuc cultures after approxi- 
mately 1 weeks' growth. Key: FS, flying saucer; 
PG, pearly gatcs;  H H ,  licavenly blue; KIV, Rzwe 
corymbosa. 

color in aliquot C1 prevented its accurate assay, anti 
the data for it are not reported. For each assay 2.0 
ml. of extract was added t o  2.0 ml. of O.lyo PDAB 
dissolved in a concentrated sulfuric acid-water 
solution (l:l, v/v). After 10 min., 0.1 ml. of 
freshly prepared 0.1 yo sodium nitrite aqueous solu- 
tion was added, mixcd, and thc absorbance re- 
corded. Each assay was repeated three times. 

Qualitative Alkaloid Assay.-Aliqnots Az, Bp, and 
C? werc evaporatcd to  dryness in vacuum. The 
residue of aliquot A2 was dissolved it1 0.5 1n1. of 
100% ethanol; the residue oi aliquot B? was dis- 
solved in 0.5 ml. of 95yo ethanol; and the residue of 
aliquot C ,  was dissolved in 1.0 ml. of 957h ethanol. 
Qualitative comparisons of the alkaloids present in 
these aliquots were made on thin-layer  plate^.^ The 
plates werc spotted with extract amounts ranging 
from 50 to  200 pl. The solvent system used was a 
17:3 mixture of chloroform and methanol (9). De- 
vclopcd plates were spraycd with 1% I'DAB in 
lOO:,;L ethanol acidified with concentrated hydro- 
chloric acid, atid after 10 miu. again sprayed with 
freshly prepared 0.17,; sodium nitrite in 50% etha- 
nol. 

RESULTS AND DISCUSSION 
Although callus tissue often appeared within 2 

weeks on germinated seeds, i t  required 2 to 3 
months beforc a sufficient size formed for subculture. 
Once established, callus tissue grew rapidly (Fig. 1) 
and required subculture approximately every 4 
wccks. K i m z  callus were consistently cream colored, 
whereas J$OWIOEQ callus wcrc considerably darker. 

The results of the spectrophotometric assay are 
shown in Table I. and the chromatographic analysis 
in Fig. 2. Both analyscs reconfirm that fraction A 
cstracts of the sccd and aeri:rl portions of I .  oiolncen 
(flying saucer, heavctily blue, and pearly gates) 
coutain alkaloids in the ainouiitb reported by  previ- 
ous investigators (1, 2 ,  7 -9, 11). The authors' re- 
sults are in agreement with Hofmntiti (7), but not 
with Tabcr et al.  (9), that alkaloids are present in the 
plant's roots. Although tlic three Japanese vari- 
eties of I .  nil seeds assayed contained trace amounts 
of alkaloids, six dorriestic varieties are reported not 
to  contain alkaloids (8, 17). Trace amounts of 
alkaloids remained in most of the alkaline aqueous 
solutions extracted with chloroform (fraction A). 
The trace alkaloids wcrc extraetcd with chlorofortn 

2 T h e  thin-layer plates were prepared with Adsorbosil-1, 
Applied Science Lab., Inc., State Collcge, Pa. 

~ ~~~~ 
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(fraction R )  upon adjustment of the alkaline aque- 
ous solution to pH (i.8 (Tahlc I and Fig. 2, B).  The 
rciii:iiniriy aqueous solutioii (fr-actioll C) lrligllt :tlso 
ci)iit:iiti :Ilkaloitl> (1;iq. 2. C.1: or indol(~-typ(: COIII 

poutit Is. 
Only trace :imounts o f  alkaloids were detected 

spt’ct 1.0l~lii)t(1;1irtrically in flying s;tucer, pearly 
qntc..., am1 liiz’ciz cnllris :tiid it1 flyinn Siiucrr :rnd 
1)cai-Iy gates axar growth inerliiinl. 90 alkaloids 
wcrr d(,tccted spectropl~oto~nctrically in 11eavenly 
bluv tissue cultures (’Tablc I) .  Altllough callus 
tissue cultures rriorc corisistcntly contained alkaloids 
than their respective mediuIn, the medium extract 
occ:rsiorially gave a more positive and corr~plex pat- 
tern than thr  cnlltis extract on thin-layer plates 
(Fig. 2, D). Further work is in progress t o  dctcr- 
mine if .-I r g y w i o  and Ipomoec~ suspcnsion culttii-es 
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Synthetic Approach to Dihydrokavain 
By EDWARD E. SMISSMAN, A. NELSON VOLDENG, and JOHN F. MCCARTHY 

The preparation of 6-phenylethyl-6-valero- 
lactone (XII) wid the alkylation of dihydro- 
resorcinol, followed by a reverse Claisen 
reaction, and the attempted preparation of 
dihydrokavain (I), by a modification of this 

method, are discussed. 

OR CENTURIES thc nativcs oi tlie South Pacific 
islands have cmployed the root and rhizome 

-- ~ 
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of tlie kava-kava shrub (Piper w~~fhysticirm 
Forst.), also known as“ava.” “kava,” “yarigona,” 
and ‘ h i , ”  to  prepare an intoxicating beverage 
crtlled kava which is consumed at various rituals. 
’I’hc ka\-a hevcragc, if consumed in sufficient 
quaiitity, produces a state oi euI)horia, followed 
shortly b y  muscular relaxation, loss of control 
of the cxlrcmities, and finally a period of d r e a m  
less sleep which may last I0  fir. or more. Upon 
awakening there are apparently no undesira1)le 

While kava-kava contains a numbrr of com- 
ponents having the pyrone and dihydropyrone 

cfiects (1-3). 
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(fraction R )  upon adjustment of the alkaline aque- 
ous solution to pH (i.8 (Tahlc I and Fig. 2, B).  The 
rciii:iiniriy aqueous solutioii (fr-actioll C) lrligllt :tlso 
ci)iit:iiti :Ilkaloitl> (1;iq. 2. C.1: or indol(~-typ(: COIII 

poutit Is. 
Only trace :imounts o f  alkaloids were detected 

spt’ct 1.0l~lii)t(1;1irtrically in flying s;tucer, pearly 
qntc..., am1 liiz’ciz cnllris :tiid it1 flyinn Siiucrr :rnd 
1)cai-Iy gates axar growth inerliiinl. 90 alkaloids 
wcrr d(,tccted spectropl~oto~nctrically in 11eavenly 
bluv tissue cultures (’Tablc I) .  Altllough callus 
tissue cultures rriorc corisistcntly contained alkaloids 
than their respective mediuIn, the medium extract 
occ:rsiorially gave a more positive and corr~plex pat- 
tern than thr  cnlltis extract on thin-layer plates 
(Fig. 2, D). Further work is in progress t o  dctcr- 
mine if .-I r g y w i o  and Ipomoec~ suspcnsion culttii-es 
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Synthetic Approach to Dihydrokavain 
By EDWARD E. SMISSMAN, A. NELSON VOLDENG, and JOHN F. MCCARTHY 

The preparation of 6-phenylethyl-6-valero- 
lactone (XII) wid the alkylation of dihydro- 
resorcinol, followed by a reverse Claisen 
reaction, and the attempted preparation of 
dihydrokavain (I), by a modification of this 

method, are discussed. 

OR CENTURIES thc nativcs oi tlie South Pacific 
islands have cmployed the root and rhizome 
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of tlie kava-kava shrub (Piper w~~fhysticirm 
Forst.), also known as“ava.” “kava,” “yarigona,” 
and ‘ h i , ”  to  prepare an intoxicating beverage 
crtlled kava which is consumed at various rituals. 
’I’hc ka\-a hevcragc, if consumed in sufficient 
quaiitity, produces a state oi euI)horia, followed 
shortly b y  muscular relaxation, loss of control 
of the cxlrcmities, and finally a period of d r e a m  
less sleep which may last I0  fir. or more. Upon 
awakening there are apparently no undesira1)le 

While kava-kava contains a numbrr of com- 
ponents having the pyrone and dihydropyrone 

cfiects (1-3). 
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nucleus, only two, dihydrokavain (I) and di- 
hydromethysticin (II), have been shown to 
pro(~ucc the characteristic soporific emect (,I-6). 

( ) P ( ' H  ("TIL- 

L 
Dihydrokavain (1) Dihydroniethysticin (11) 

(J-cH==cH- 

Kavain (111) Methysticin (IV) 

Diliydrokavain (I) has been synthesized; 
however, the reaction sequence is lengthy and 
the yield is low (7). The present source of 
dihydrokavin (I) and dihydromethysticin (11) 
is either by isolation from the kava-kava plant 
or by  reduction of kavain (111) and methysticin 
(IV), respectively. 

The unique chemistry and pharmacology 
associated with thcsc dihydropyrones prompted 
this investigation. It was envisioned that the 
desired lactones could be prepared by the scheme 
shown in Scheme I. 

Reduction of phloroglucinol followed by  
alkylation of the monosodium salt (V) would 
yield the alkylatcd dione (VI). A reverse 
Claisen reaction would afford the kcto-acid 
(VII), which in turn could be lactonized and 
oxidized to  the keto-lactone (VIII). Treat- 
ment with diazomethane would then afford 
dihydrokavain (I). Dihydromethysticin (11) 
and other analogs could be prepared in a n  
analogous manner, using the appropriately 
substituted benzyl chloridc. 

Before investigating this approach, i t  was 
decidcd to  use resorcinol as a model starting 
compound (Scheme 11). Reduction of resorcinol 
with Raney nickel catalyst afforded dihydro- 
resorcinol (XI) which was alkylated with benzyl 
chloride, giving rise to  2-benzylcyclohexane-l,3- 
dione (X). A reverse Claisen reaction using 
barium hydroxide as the base, followed by 
reductive lactonization o f  thc keto-acid (XI) 
gave rise to  the lactone ( X I ) .  

I 
OH I 

0 .., 
1 n 

XI1 
Scheme I1 

Applying the same sequence of reactions 
(Scheme I) to  phloroglucinol afforded much 
lower yields of the corresponding compounds. 
Reduction of phloroglucinol with Raney nickel 
catalyst yielded monosodiodihydrophloroglucinol 
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(V) in a 8.5% yield. n'hen 5% rhodium on 
alumina was usc4 as tlie catalyst, the mono- 
sodium salt (V) was o1)tainctI in !).jyk yicltl. 
Alkylation ol: the salt. (V) with benzyl chloride 
gave rise to  2-benzyl-~-hydro~ycycloheganc-1,3- 
tlione (VT) in 15y0 yield. Attempts to  increase 
this yield by the use of benzyl iodide, bromide, 
and tosylate, or by employing various solvents 
and terriixratures were unsuccessful. Forina- 
tion of the heptanoic acid (1711) from the dione 
(VI) by means of a reverse Claiseri reaction was 
also unsuccessful. Various temperatures and 
bases were employed, but the kcto-acid was not 
produced. 

Thc uisc of a motlified procedure of Kornblum 
(8)  in which p-nitrobenzyl chloridc is used as  
tlie alkylating agent, afforded a 30yo yield of 
the nitro dionc (XIII). Attempts to  open the 
dione ring (XIII)  by  ineans of a reverse Claisen 
rcactiori did not afford the lieto-acid (XIV). 
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under reduced pressure to give 2.8 Gm. (705%) of 
the lactonc, XII ,  b.p. 110 -143' (0.05 nim.) ;  nZB 
1.6320. Tlic iiiirarcd spectruiii (liquid f i l i n )  es- 
liibitcd strong absorption a t  6.75 f i  (C=O). 

And-Calcd. for Cl3HI602: C, 76.44; H, 7.90. 
Found: C, 76.64; H, 8.38. 

Monosodiodihydrophloroglucinol (V).-The pro- 
cedure for the rcductioii of phloroglucinol was 
patterned after a incthod for the reduction of 
rcsorcinol rcported by Esch and Schacffcr (12). 
To a solution of 15 Gin. (0.376 mole) of sodium 
hydroxidc in 100 ml. of watcr was added 61.0 Gin. 
(0.376 mole) 01 phloroglucinol dihydrate and the 
total volume of the solution was made 200 ml. 
This solution was placed in a 500-mi. hydrogenation 
bottle, 3.7 Gtn. of 57;) rhodium on alumina (Engel- 
hard Industrics, Inc.) wa6 added, and thc mixture 
was shaken a t  room temperature (31') for 5.5 lir. at 
an initial pressure of 60 p s i  The catalyst was 
filtered, rinsed with water (2-20 ml.), and the 
filtrates wcrc combined. Aftcr cooling in an ice 
bath, the filtrate was acidified (pH 6)  with 10% 
hydrochloric acid. The unchanged phloroglucinol 
was filtercd, and water was added to make the 
total volume of the solution 350 ml. Attempts 
to obtaiii the diketone by neutralization of the salt 
resulted only in polymeric material, so it was neces- 
sary to isolate the sodium salt. 

Into ten 250-ml. round-bottom flasks was placed 
35 nil. of this solution and the water was removed 
by ireeze drying (0.03 mm.) for 18 hr. Fifty milk 
liters of a solution of 4074 ethyl acetatc-600/;, ethyl 
alcohol was added to each flask, stirred for 30 min., 
filtcrcd, and thc maroon residue was rinsed with a 
small amount of ethyl acetate-ethyl alcohol mix- 
ture. This dark red filtrate was poured with 
stirring into cthyl acetate (about 11.); the sodium 
salt of dihydrophloroglucinol (V) was filtered 
rapidly arid dried under reduced pressure (0.02 
mm.). 

Based on the recovered phloroglucinol, the yield 
of mo~iosodiodihydropliloroglucii~ol (1') was 98%. 
This salt is quite hygroscopic and necessitates 
storage. in vucuo, h~~~ 280 nip ( E 18,800). 
2-Benzyl-5-hydroxycyclohexane-1,3-dione (TI).- 

Thc procedure (9) for the preparation of 2-benzyl- 
cyclohexatie-l,~-diorie ( X )  was modified as follows. 
In a 100-ml. round-bottom flask fitted with a tori- 

denser and magnetic stirrer was placed 7.7 Gm. 
(0.057 mole) of monosodiodihydrophloroglucinol, 
7.0 rr i l .  (0.06 mule) of benzyl chloride, 8.0 nil. of 
water, and 0.4 Gin. (0.24 nimole) of potassium 
iodide. The mixture was stirred for 2 hr. in an 
oil bath (95'), coolcd to room tcmperature, and 
5% sodium liydroaidc was added until the mixture 
was distinctly alkaline (pH 9-10). Thc gummy 
mixture was extracted with two 50-ml. portions of 
cthcr and the ether solutions were discarded. The 
dark alkalinc solution was coolcd to 5" in an ice 
bath and made acidic (pH 2) with 10yc hydrochloric 
acid. A viscous brown oil sepamted after the flask 
stood in the refrigerator for several hours. The 
aqueous solution was decanted and 25 ml. of chloro- 
form was added to the oil. After standing at  rooni 
temperature for 12 hr., yellow crystals separated. 
The crystals were dissolved in a small amount of 
ethyl acetate, heated to boiling, petroleum ether mas 
added to thc cloud poiut, the mixture was allowed 
to cool to room tcmpcraturc, and then placed in a 

How0 

XIV 

EXPERIMENTAL 

Dihydroresorcinol (IX). This material, 1n.p. 
103 104", was prepared in 907; yicld by the procc- 
dure of  Thompsou (9). 
Z-Benzylcyclohexane-1,3-dione (X).-This sub- 

stance, 11i.p. 184', was prcpared in 70% yield by 
the procrdurc oi Stcttcr and Diericlis (10). (Lit. 
m.p. 1 8 4 O . )  

5-0x0-7-phenylheptanoic Acid (XI).-This ma- 
tcrid, m p .  5 8 O ,  was prepared in 785; yield by the 
procedure o f  Stcttcr a n d  Uierichs (10). (1,it. 1 1 1 . p .  

580.) 
6-Phenylethyl-6-valerolacetone (XII).-The proce- 

dure for the preparation of this material was pat- 
terncd aftcr that of Chaikin atid Brown (11). Five 
per cent aqueous sudiuni hydroxide was added 
dropwise to 4.3 Gm. (0.019 mole) of 6-0x0-7-phenyl- 
hcptanoic acid (XI), which was suspcndcd in watcr, 
to phenolphthalein end point. This solution was 
added ovcr a period o1 15 rniu. to 0.23 Gm. of sodium 
borohydricle (0.006 mole) dissolved in 10 tul. of 
water. The reaction vas  stirred during the addi- 
tion and for 1 hr. after the addition was complete. 
The solution was then acidified to Congo red with 

hydrochloric acid and stirred for 15 min. a t  
rooin temperature. 'lhe cloudy mixture was them 
cxtracted with three 50-ml. portions of ether, the 
ether dried over anhydrous magiicsium sulfate, 
and ev:tgorutcd. The resulting oil was distillcd 

(Lit. m.p. 103-104".) 
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refrigerator for 2-3 hr. The ycllow crystals were 
recrystallized from ethyl acetate-petroleum ether in 
the same manner, afford in^ 2.0 Gm. (187(,) of thc 
nlkylated dione (VI),  m.p. 161'; A:::: 263 nip 
( e  12,800), A:::! 289 mp ( E  23,200). The infrared 
spectrum ( Nujol mull) of this material exhibited 
a broad band at  3.2 p (bonded OH) and a sharp 
h m d  a t  14.2 p (~iiono~substitute~ bcnzrnc). 

And-Calcd. for C I J I ~ ~ O , ; :  C, $1.54; 11, 6.47. 
Found: C, 71.79; H, 6.91. 

Attempted Preparation of 3-Hydroxy-5-oxo-7- 
phenylheptanoic Acid (VII).-The procedure (9) 
for the preparation of 5-ouo-7-pheiiylheptatoic acid 
(XI, was followed using 0.486 G I ~ .  (2.23 rnmoles) 
of 2-briizyl-5-1iydronycyclohrxane-1,8-dione ( V  I ) ,  
3.2 Gni. ( 10.7 rrirrioles) of barium hydroxide octa- 
hydratc, and 10 ml. of freshly distilled water. 
After stirring for 25 hr. a t  105-110" thc mixture was 
cooled in an ice bath and 10yo hydrochloric acid 
was added dropwise to a Congo red end point. 
The cloudy aqucous solution was cxtracted with 
three 25-ml. portions of ether, the cornbiriecl ether 
solutions dried over anhydrous magnesium sulfate, 
and the ether was evaporated. A dark viscous 
oil (350 nig.) was obtained which had a sweet odor 
but which would not form a 2,4-I)KP derivative. 

This oil did not solidify and crystallization could 
riot be induced. I t  was insoluble in 20y0 sodium 
bicarbonate, but was soluble in 5% sodium hy- 
droxide. l'hc infrared spectrum (liquid film) 
exhibited absorption a t  3.0 (OH), 5.9 (C=O), and 
14.3 p (monosubstituted bcnzenc). It was not 
possible to purify this material. 

2- (p -Nitrobenzyl)- 5 - hydroqcyclohexane - 1,3- 
dione (XIII).-A solution of 4.5 Gm. (0.026 Inole) 
of p-nitrobenzyl chloride dissolved in 20 ml. of 
DMF was added to a stirred solution of 3.5 Grn. 
(0.026: mole) of ~iionosodiodihydrophloroglucinc~l in 
30 ml. of DMF. After stirring 24 hr. a t  room 
tempcrat~~re (25') the sodinni chloride was filtered 
and the D,MF was removed undcr reduced pressure. 
Chloroform was added to the residue, hcated to 
boiling, and decantcd from thc dark insoluble ma- 
terial. This was repeated twice, and the chloro- 

.loirratrl of Plznrmnceutical Sciences 

form extracts were combined. The yellow organic 
solution was hcated to boiling, petroleum etlier was 
adtlctl to  thc cloud point, and the mixture was 
allowed to cool to room temperature; it was thcn 
placcd in a refrigerator. The crystals were filtered 
and the filtrate was treated in thc same manner 
twice again. ' lhc  thrce crops of crystals were 
conibinerl and rccrystallizcd twice from ethyl 
acctate, affording I" Gin. (30%,) of thc dioiie (XIII). 
n1.p. 184-185"; x~:H 285 inp ( e  37,400), X ~ ~ . ' ' ~ O ' '  

287 mp ( e  64.800). The crystalline material gave 
a negative Hcilstcin (halogen) tcst and exhibited 
strong bands in the infrared spectrum ( n'ujol mull) 
at 6.45 and 7.4 p (aromatic nitro). 

And.-Calcd. for CIIHlrKO6: C. 59.32; H, 4.98; 
X, 5.32. Found: C, 59.80; H, 5.06:; !Y, 5.28. 

Attempts to prepare the keto-acid (XI\.) fronl 
the dionc (XTII )  by means of a reverse Clnistw 
reaction using barium hydroxide as thc base were 
unsuccessful. 
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Anti-Inflammatory and CNS Depressant Properties 
of 1-(4-Chlorophenyl)-4- ) 2" 3-( 2-pyridyl)acrylyloxy]- 

ethyl!-piperazine (DA 1529) 

By ERNESTA MARAZZI-UBERTI, CARLA TURBA, and CAMILLO BIANCHI 

1- (4-Chlorophenyl)-4- { 2 - [  3 4  2-pyridy1)acrylyloxyjethyl) -piperazine (DA 1529) has 
been found the most active among 29 alkylpiperazine esters studied. Following 
oral administration, DA 1529 prevents the edema formation provoked in rats by 
subplantar injection of carrageenin, formalin, and dextran; it has antinociceptive 
effect o n  inflamed (not on normal) foot of rats; it has antipyretic effect in yeast- 
treated pyrexial rats. DA 1 5 2 9  is as active or only a little less active than phenyl- 
butazone as anti-inflammatory; it is more active than phenylbutazone as analgesic 
and antipyretic. The acute toxicity in mice of DA 1529  is similar to  that of phenyl- 
hutazone. DA 1529 has been found to possess mild CNS depressant properties as 
evidenced in  mice by the results of the barbiturate potentiation test, of the rotarod 
test, by the reduced spontaneous motility, by analgesia in the hot-plate test, by the 

hypothermic effect. 

MOKG 29 alkylpiperazine esters synthesized A (1) and tested for anti~inAamrnatory, anal- 
gesic. and antipyrelic activity, the 1-(+chloro- 
plienyl) - 4 - ( 2  - \:3 - ( 2  - pyritl~l)acry~yloxy]- 
ethyl - piperazinc (UA 15%) provcd 1.0 be the 
inore interesting onc. Since the coinpktion oi 
thc above-mentioned rcscarches, the pharma- 
cological properties of the compc)und have been 
cxplored morc fully, arid this report is a complete 
:tccount of the results obtained. 

The prevention in rats of the carrageenin- 
induced eclerna has bceri recarded as a reliable 
method for testing the anti-i~lflal~lrnntory proper- 
ties of nonsteroid anti-inflamiriatory drugs ( 2 ) .  
Since it has 1)cc.n proved that many compou~~ds 
unrelated to thr  anti-inflammatory drugs are 
w r y  active on this tcst ( 3 ) ,  it  was thought ad- 
visable l o  expand the investigation on our drug 
and look for many other activities in order to  
draw a clear and correct picture of its pharma- 
cological profilc. From this research DA 1520 
turned out  to be an anti-inflallllllntory drug with 
smne mild CNS deprcssant propertics. 

Thc coinpouiid is R colorless, ciyst:tlline ma- 
terial, soluble in watcr as hydrochloride, and has 
a rnolecular weight of  35 I .XO and the following 
formula: 

In all thr tests, DA 1A29 was administered as 
hydrochloride iu aqueous solution at  the constant 
voluinr of 10 nil./Kg. in rats arid 20 nil./Kg. in micc. 
The control anirrials recrivcd corresponding volumes 
of saline. The median effective doses (LD5,, or EI),5c,) 
were calculated according to Litchfield and Wilcoxon 
( 4 )  for the quanta1 responses. arid according to Burn 
(5) for the ,graded responses. The significance of tlie 
differences was estimated using the Student t test as 
test of siguificance. 

Acute Toxicity.-The acute toxicity tests were 
perlorriied on mice and rats. The animals in 
grnilps of 10 to 20 for each dose tested were treatcd 
intraperitoneally or orally and observed for 96 hr. 
I lit,  riiects appeaririR within 3 hr. after trcatrrient 
were studicd according to the scheme suxgested by 
Irwin (6). T h c  doses used ratigcd from 25 to 200 
iiig./Kg. for tlic intrapcritoiical route and from 50 
to 300 mg./Kg. for the oral route. 

Anti-Inflammatory Activity.-The anti-itiflmlmn - 
tory activity was estimated in rats following sub- 
plaritar injection in  tlie left hind paw- of formalin 
(0.1 rnl./rat ol a 0.75ri, v/v solution), dextran 

w/v solution), and carrageenin 
(0.1 1111. of a l"i w/v suspension in sterile norrrial 
saline) (T). 

T h o  degree of tlie cdcma was cxpressctl as per- 
centagc iricreasc of the thickness ol Clic paw after 
tlic iiijcction of the edema-prov(,king agent imeas- 
urcd with a dial thickness gauge) over tlic thickness 
of tlic snriic paw bcfore injection of the cdema-pro- 
vokini: axcnt. The :tiiti-itiflammatory effect was 
cstiniatvtl a t  differelit t h e  intervals. as spccified 

,. 

-~ 

- March l B G G ,  frorrl Research I,aboratolies, Hatlihourwr (8 )  in m u p s  of 5ratsforeach dose. The 
Istitutu I )c  Aiigeli S.p.A.. Milan, Italy.~, 
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animal3 were housed in a thertnostatically controllcd 
room a t  23". The rectal tcniperatures were inens- 
ured using a therniocouple applicator belore ad- 
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ministration of D.4 1529 and a t  hourly intervals 
for 5 hr., following intraperitoneal administration ol 
25, 50, and 100 mg./Kg., and oral administration of 
50, 100, and 200 mg./Kg. Phenylbutazone, 100 
mg./Kg. intraperitoneally and orally, was used as 
refererice compound. 

Analgesic Activity on Inflamed Tissue.--The 
analgesic activity was tested in rats, according to the 
technique of Randall and Selitto (9). DA 1529 
was administered 90 min. after subplantar injection 
of brewer's yeast (0.1 ml./rat of a 20% suspension 
in normal saline); 10 to 15 animals were uscd for 
each dose. In evaluating the results, the regression 
line and the corresponding EDXI were calculated 
correlating the logarithm of the dose with the 
percentage increase of the pain threshold, 90 min. 
after treatment, of the inflamed paw and of normal 
paw in treated animals over thc corresponding 
thresholds in control animals. DA 1529 was ad- 
ministered intraperitoneally a t  the dose of 25, 50, 
and 100 mg./Kg. and orally a t  the dose of 50, 100, 
and 200 mg./Kg. Phenylbutazone administered 
intraperitoneally, 100 mg./Kg., and orally, 200 
iiig./Kg., was used as reference compound. 

Analgesic Activity-Hot Plate Method.-The 
analgesic activity was studied in mice, according 
to the method previously described in detail in 
another paper (10). D 4  1529 was administered 
intraperitoneally a t  the dose of 50, 100, and 200 
mg./Kg. and orally a t  thc dose of 50, 100, 150, and 
200 nig./Kg. to groups of 29 to 40 mice for each dose. 
I'henylbutazone administered intraperitoneally, 50 
mg./ICg., and orally, 200 mg./Kg., was used as 
reference compound. 

Hypothermic Activity.-The activity on t h e  body 
temperature was evaluated in mice housed in a 
thermostatically controlled room a t  23'. The rectal 
temperatures were recorded by means of a thermo- 
couple applicator before treatment and 1, 2, 4, and 
6 hr. after inrraperitoncal administration of 25, 50, 
and 100 nig./Kg. and oral administration of 12.5, 
25, 50, and 100 mg./Kg. of DA 1529. Twenty 
animals were used for each dose. 

Activity on Spontaneous Motility.-The spon- 
taneous motility was studied in mice, using Dcws 
technique (11). DA 1529 was administered intra- 
peritoncally at the dose of 12.5, 25, 50, and 100 mg./ 
Kg. and orally a t  the dose of 50, 100, and 200 mg./ 
Kg. 15 min. before the test. Six groups of five 
animals each were used for each dose and route of 
administration. Corresponding groups of normal 
mice were used as controls. The results were evalu- 
ated by determining the percentage variations of the 
motility of thr treated groups compared with the 
controls and calculating the correspondirig ED60 

from the activity-log dose line. 
Activity of Hexobarbital and Pentobarbital 

Sleeping Time.-Hexobarbital arid pentobarbital 
were injected intrapcritoneally in mice, a t  the respec- 
tive doses of 100 mg./Kg. and 60 mg./Kg., 15 Inin. 
after intraperitoneal or oral administration of DA 
1529. When hexobarbital was used D A  1529 was 
adminstered intrapcritoneally a t  12.5, 25, and 50 
nig./Kg. and orally a t  12.5, 50, and 100 mg./Kg. 
When pentobarbital was used DA 1529 was ad- 
ministered intraperitoneally a t  25, 50, and 100 
nig./Kg. and orally at 12.5, 25, 50, and 100 mg./Kg. 
The sleeping time was defined as thc intcrval be- 
tween the Ioss and the spontaneo~~s return of the 
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righting reflex. Ten to  20 animals were used for each 
dose and a group of control animals was nlmnys 
prepared in parallel. [n cvaluating thc rcsults thc 
regression line and the corresponding EDso were 
calculated correlating the logarithm of the dosc with 
the percentage increase of the sleeping time of the 
treated group over that of thc cotitrot group. 

Anticonvulsant Activity.-The anticorivulsant 
activity was tested by means of: (a) protectiou 
from the tonic phasc of convulsions due to maximal 
electroshock (10 ma., alternating current, 0.2 sec.); 
( b )  protection from tonic-clonic type convulsions 
and from death due to lethal doses of pcntamethyl- 
enetetrazole (125 mg./Kg. i.p- j; ( c )  protection from 
the convuIsive and lethal effects of lethal dosrs of 
strychnine (3 mg./Kg. i.p.). 

The experiments were carried out on unfastccl 
mice. DA 1529 was adrniuistered by the intra- 
peritoneal route, 15 min. before the convulsant, 
to groups of 10 animals each a t  the dose of 100 
mg./Kg. 

Activity on the Movement Coordination.-'l'hc 
muscular activity and coordination were studied in 
mice, using the following methods: ( a )  Roissier's 
rotarod test (12). The number of mice which lost 
the capacity to cling to a rotating rod (2.5 cm. 
diameter, rough surface, 12 r.p.m.) was determined. 
Before the experiment the mice were selected SO as 
to reject animals falling within 5 min. (0) Traction 
test described by Roissier (12). Thr  mice werr 
suspended by their forepaws from a horizontally 
stretched wire. The number of animals which lost 
the capacity of clinging to the wire with at least one 
hind paw within 5 sec. was determincd. (c)  111- 
clincd screen test according to Randall et al. (13). 
The number of animals incapable of clinging to a fine 
mesh wirc net inclined a t  approximately 30" to 
the horizontal was recorded. ( d )  Paralyzing action 
test according to Berger (14). The Ioss of the 
righting reflex for a t  least 1 min. was taken as test 
of paralysis. 

The tests were performed 2, 5,  and 15 min. after 
intrapcritoneal administration and 5, 15, and 30 
min. after oral administration of D A  1529. For the 
rotarod test the doses used were 25, 50, and 100 
mg./Kg. intraperitoneally and orally. For the 
traction test  the doses used were 50, 100, and 200 
~ng./Kg. intraperitoneally and orally. For thc 
inclinecl screen arid righting reflex tcsts the doses 
used were 50, 100, and 200 intraperitoneally and 
100, 200, and 300 orally. 

Action on the Pinna and Corneal Reflexes.- 
The changes in the pinna and corneal reflexes 
were determincd in mice, according to the method 
of U'itkin et al.  (15). The tests were performed 2, 
5, and 15 inin. after intraperitoneal administration 
and 5, 15, and 30 rriin. after- oral administration of 
I>A 1529. The doses used were 25, 50, and 100 
nig./Kg. intraperitoneally and 200, 300, and 350 
nig./Kg. orally, 10-15 animals/dosc being uscd. 

Activity on the Cardiovascular System and 
Respiration.--The effect of DA 1529 on the arterial 
pressure a n d  respiration was studied in male rabbits 
weighing 2.3-2.5 Kg. in ethyl-urethan narcosis 
(750 mg./Kg. i.p.). The blood pressure was re- 
corded a t  the carotid artery using a mercury ma- 
nometer, and the respiration by means of a Marey 
tambour connected to a pneuniograph fixed to the 
chest. D A  1529 was administered to  thr animal 
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T A B L E  I .-ACUTE ' ~ O X l C I T Y  I N  h f l C E  A N D  1<A'IS 
~~~~~ 

~ ~~~ ~ 

- ~~ 

~~~~ 

Route of Animals. Iloses, I, lk", Confidence i.imits 
Animal Adniinistratioti N O .  No. rng./Kg. P = 95% 
Mouse i-p. 80 4 323. 0 303.3-349.9 
Mouse oral 40 4 529.0 496.7-563.4 

5 311.0 2iq5.2-351. 4 
) 478 0 437.4-524.5 

Rat  i.p. 50 
Rat ora.l 50 

,. I A ~ L B  II.--Acnvr~rY ON CARRAGHENIX-INDUCED ~ E M A  IN RATS 
~~ 

~~ 

~~ ~~ ~~~~~~ 

~~~~ ~~ ~ 

Edema, 6 hr. After Administiation of l h e  
Compd. 

Inhibition 
Dose, Animal?, CornpaTed with 

Compd. mg./Kg. Orally NO. I )eg:-ee" Controls, yu 
Saline 30 ml. 19 2 i . 2  i 1 40 . . .  
DA 1529 5( I 20 3.8 f 1 .24  13 
DX 1529 100 20 3 . 0  i 1.43 16" 
DA 1529 200 20 18.6 =t 1.29 32* 
Saline 30 1111. 20 25.1 i 0.85  . . .  
I'h~t1ylhut:Lzollc 200 2 0 12.9 + 1.32 1 9 h  

~~~~ ~. ~ ~~~~ ~ ~ ~. . . ~ _ _ -  ~~ ~ ~ ~~~~ - ~ _ _  ~ 

a B:,pressed a.: peacentage inci e o f  the  thickness o f  the innamed paw cimi1jared with thc thicknrsc t d w e  injection o r  
cariageenin 2- S.l?. I' Change significanl a t  0.W level. 

'l'A13~E III.-l%CTIVITY OX J " ~ K M A L I X - I N D U C E D  EDEMA I N  RATS 
____~ ~ 

~~~~ - ~~ 
~~~~ 

~ ~~ 

,-Edema, ar Intervals Alter Administi a l ion of the  Compd.-. ---- 2 hi., 15 min.--. -, ---4 hi.., 15 rnin.- 
Inhibition I ithi hition 
Compared Compared 

Controls, Conti ols. 
I lose, with with 

Orallv NU. 1)cgree" L" /(, Degi-een ?c 
mg./Kg. Animals, 

10 nil. 10 t j9 .o- i  2.36  . . .  66.9 =t 2.69 . . .  
50 10 G2.1 i 3 . 2 4  1 I) 68.6 zt 2.64 0 

100 10 55.4 t 2.94  201, 57. 0 zt 2 .  :K< 15" . . . . . - 
IIA 15L'!l 200 10 43.8 ~t 2.07 37" 4 i . X  f 2.16 :io', 
Sali I I e 10 1111. 20 75.4 + 2.47 . . .  iX.5 =t 2.51 . . .  
I'hcllylbutazollc 300 20 61.7 & 3.55  1 8 b  63.5 i 5.55 l!I'# 

__ _ _ _ _ _ _ ~ ~ ~  ~ _ _ ~  __ ~~ ~~~ 

I' Expressed as percentage inciwase of the thickness of the  inflamed paw mrnpared wiLh the lhickness hcfoie injection of 
formalin + S.E. b ~ h ; m n e  si gnificant at 0.02 level. 

T A B L E  IV.-LkCTIVITY O N  D E X T R A N - I Y D U C E n  E D E M A  1K RATS 
~ 

~ ~~~~ -~ ~ 

~~ ~~ 

Edema, 90 min. After Administration of t h e  
Coin pd. 

Inhibition 
Dose. Animals, Compared with 

Comyd. mg./Kg. Orally N 0. 1 )egi ec" Controls, yu 
Saline 10 ml. 10 91.1 f 2.52  . . .  
DA 1529 <5 0 10 94.5 f 2.11 0 
DA 1529 100 10 91.2 f 3 06 0 
DA 1529 2") I 0  80 0 f 2.97 I % h  

Snlinc 1 0  1111. 10 97 .5  4- 2.23 . .  

l'licnylbu t;izolie 200 50 8". 0 t 4.05 7 ti& 
~~~~~ __ . . ~ . 

~ _____ ~ ~ 

r' d I h c  i i t l l a n i v i l  1 i . 1 ~  C O I I I ~ I : L I  c ~ l  with l l ~ c  thickness fjcfc,l c in) 

t l i i i i i igi i  tltc iii:rigiii:iI car  r c 3 i i i  :it v:irious doses, 
ni:iiiitaiiiiiig ci)iist;iiit tlic voliriiic ; L I I ~  ratc of  atliiiinis- 

twtioii (1 nil. i i i  30 scc.). The corollary vasodilator 
activity of the cotnpoulitl was deterrniricd 011 iso- 
latcd rabbit heart prepared according to 1,angen- 
dorff and pcrfuscd a t  constant pressure according to 
the technique describcd by Setnikar ( 16); the 
amplitude a~id  rate of the hcart beats were recorded 
simultaneously. 

Activity on Smooth Muscle.-'l'lic actioii 011 

srriootli rnusclc was studicd on segments of guinea- 
pix ileum suspendcd in oxygenated Tyrode's solu- 

tion, ill :I, t1ieriiicist~itic;illy coiitl-iJlc(i Ii:r.th kept :LL 
34O. Tlic iutcstinc was stitiiu1:ttetl with stautlartl 
doses o f  ncctylclioline (lo-' Gin./iiiI. of cliloridc), 
liistarnitie (10- 6 Grri./tnl. of hydrochloride), nicotine 
(2 X l 0 F  Gm./ml. of bitartrate), and 5 HT (10--fi 
Gm./inl. of creatiiiiiic sulfate monohydrate). 

RESULTS 

Acute Toxicity.. Tlic results of the ti)sicity tests 
on D A  1529 are given it1 'l'ablc I. Thc compound 
showed slight toxicity w1it.n adtiiiriisterecl by iritra- 
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peritoneal and oral route in either mice or rats. 
The oral LDsn/i.p. LDsn ratio was found to  be 1.64 
for micc and 1.54 for rats. These values are almost 
identical for the two species aiid iiidicnte good 
absorption of the substance under test through tlie 
digestive tract. The direct observation it] mice 
pcrformcd according t o  the  indications ol Irwin 
(4) revealed tha t  D 4  1529 at notilethal doses (100- 
200 mg./Kg. i.p. and 100, 200, 300 ing./Kg. orally) 
caused reduction of the  spontaneous motility, 
curiosity. and pain sensitivity as well as muscular 
hypotonia, a very slight motor deficit, and rcduc- 
tioii of t h e  ipsilateral flexor reflex. 

Reduced pain seiisitivity was still evident n t  50 
nig./Kg., for both routes of administration. 

Anti-Inflammatory Activity.-Tables [ I ,  I 1 I ,  
and IV report the da ta  relative to  DA 1529's oral 
inhibiting effect of carrageenin, fornialiii, mid 
dcxtraii-induced edemas. Thc  rcsults of tlie cxperi- 
trients perfortlied, reported in Table 11, indicate the 
irihibiting effect of DA 1529 on c:irragccnin-inducctl 
cdcma; this effect is sliglitly less intense tliari that 
exerted by  plicnylbutazotie. As shown by Tahlc 
111, DA 1529 tierrionstrated to be capable of signif- 
icantly reducing forrnaliti-iiiducrd edema, exerting 
an anti-inflammatory action quantitatively superior 
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t o  tha t  of plicnylbutazone. A s  for dcstraii-induced 
edema, DA 1529 exerted a slight anti-inflammatory 
action otily a t  the  200 mg./Kg. dose; a t  this dose 
the  action of DA 1529 mas slightly less than tliat or 
phenylbutazone. 

Antipyretic Activity.-Figure 1 gives the variations 
of the rectal tetnperature. A s  the graphs shorn-, 
D-4 1529, administered by either the iiitraperitorie:il 
or oral route, exerted 3 distinct. iiihibiting act.ioii oii 

cxperirnentally induced pyrexia it i  rats. the effect 
still evident, although to  a slighter extent, 5 hr. 
after treatment. The  antipyretic effect observed 
was Found to bc proportional to  the dose atlminis- 
tcred. 

Analgesic Activity on Inflamed Tissue.-'l'able V 
summarizes the results of the experiments perfvriried 
with the gradual pressure niethod according to 
Randall and Sclitto (19) on the inflamed and 
coritrolateral normal paw. The da ta  reported 
show tha t  T)A 1529 exerted a marked effect on tlie 
inflattied paw bu t  did not increase the  pain lliresliold 
in tlic iiorinal pan,. 

Lrider the satnc experiniciital cot~ditions pl ic i~yl-  
hutnzone is active only on the intl:imcd paw-. The 
median cffrctive doses calculated by ploltin!: the  
percentage increase of the  pain threshold in the 
intlanicd paw- in function of the  logarithm of the 
close were fouiid to  he 9.5 ti i~./I<g. for intraprri- 
toncal administration anti 40.1 nig./Ky. for oral 
adininistra tiori. 

Analgesic Activity- Hot-Plate Method.-Table VI 
summarizes the da ta  relative to the hot-plat(. 
analgesic action, and gives thc percentage increase 
of the reaction time ( K T )  to the heat riociceptive 
stimulus 1 and 2 hr. after treatmcnt (i.p. and oral) 
with D 4  1529, the tolal number of mice insensitive 
to pain during the 2 hr. of the experimciit, and thc 
EDra for the  two routes of adniinistration. In this 
test, UA 1529 significantly increased tlic reaction 
time to  the heat stimulus and provoked an  analgesia 
proporticma1 to  the dose adniinisterctl. Thc  cffcc- 
tivc dose, producing analgesia in 50','1 of the animals, 
was found to  be 105 nig./Kg. i.p. and 109 rng./Kg. 
orally. 

Hypothermic Activity.- Thc results reported in 
Table VII indicate tha t  after intrapcritoueal or or31 
administration of 100 mg./Kg. ol DX 1529. tlic 

I temperature of  niirc fell apprtnxitiiatcly 2". 

0 1 2 3 4 5  0 1 2 3 4 5  
AFTER DOSING, hr. 

Fig. 1.-Antipyretic activity in rats. Key-: A. 
fevered controls; B, DA 1529, 25 mg./Kg.; C. DA 
1529, 50 ~rig./Kg.; D,  DA 1529. 100 mg./Kg.; E. 
phenylbutazone, 100 rng-./KK. ; F, nonfevercd tori- 
trols; G, fevered controls; H,  I)A 1,529, 50 trig./ 
Kg.; I, D h  1529, 100 mg./Kg.; I,, 11.4 1R29, 200 
rng./Kg. ; M, nonfevered controls; P;, pheny-  
hutazone, 100 nig./Kg. 

TAHLE \ ' . --I~NRL(:I~sI(:  I\VTIVI.I Y ( I C A L I J A I  Hl,i'l 1 0  h f t i L H O I ) )  I N  k h i h  

Tn- 

~ ~ -~ 
~~ ~~ ~ - ~ -  ~ .... ~ .~ . . - __ ~ ~ - ~ - -  ~~ . . ~~ 

CI Cab? 

Iii l lairicd I ' a \ v  o f  I'aiii 
hiiiiiiiil,, i n i n .  I I g  i S.IC." Tbi-eili 151).11," 

L'l,,ll]K. Nu. l';rin 'I'hx c~l i ( i l , l  o l d ,  I,'{, i n x , / K y .  
Siiliiic. . 10 5% '2 i 3 .  00 . . . . . .  

25 i.p. 10 1 1 7 . 4 &  8.27 98 !L50 3 1 7 . 2 +  0.30 12' 
50 i.p. 10 115.4 =I= 16.29 14ri . . .  237.0 31 6.2G 22' 

DA 1529 100 i.p. 10 lti1.2 + 1;3.15 172 _ . .  199.0 + 8.33 3' 
Salinc 10 1111. oral 15  - 5 3 . 3  =t 2.67 . . . . .  168.0 + 7.59  . .  . 
DA 1529 50 oral 15 B6.;i & 9.16 81 40.15 170.5 =t 8 .59  1' 

DA 1529 200 oral 15 180.7 k 14.92  239 . , . 195.3 + 9.62 l A c  

. .  186.9  Zk 5.99 ( I  Phenylbutazone 100 i.p. 15 146. 8 ~ 1 -  9 .  33 !X< 

I'heuylbutazoiie 200 oral 16 12U.2 =t X.1!1 10!) . . . 1 i T . l  t 5.58 S 

DA 1529 100 oral 15 129.3  i 13.95 142 . . . 203.9 j, 7.uz 21c 

Saline 10 nil. i.p. 15 76.0  t 2.93 . . . . . . 189.7 =t 9.50 . . . 

Saline I0 1111. iJral 15 l i l  . f i  Ik 2 .  I.-) . . . . . .  l ( K 5  I 5 .51 . . .  

~- ~~ 

a 110 min. after administratiun uf  he compoiit~d. ' I  T h a e  provoking a 5O'i:, inciease in the pain thicshold. 1)illerence 
norisifnificant at 0.I)R level. 
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TAHLE IT-ASALGESIC A r r I v r n  (HoI-PLATE METHOD) I N  MICE 
~ --____ 

Increase of ICeartion 
Tiriie at lnteivals 

Alter Administration. Confidence Tutal NIB .  of Alice 
I ) < J S e .  <i ,", lncrnsi t ive to Pain I S  I ) .?" , 'C  1,imitr 

p = 9,;y; c~ml~J<l. mg./Kg. 1 hl-. 3 hr. Nu .  "r i r i f i .  j K a .  

1529 50 i.n. 124 114 8/40 2(i I05 0 s" 0;3--1;u 10 
UA 1529 
1>A 1,529 

- 
100 i.;. 1 xi 133 25/39 .5fi . . .  

' 2  7 161 28/40 770 . . .  

. , 

DA 1.529 100 oral 131 132 16/39 41 
DA 1529 150 oral 196 165 18/30 60 . . .  
DA 1529 201) oral 1 87 180 21/28 72 . . .  
Phenylbutazone 5?) i.p. 1 %  3 7 0/19 0 . . .  
l'henylbutazonc 200 oral '17 36 0/10 0 . . .  

~ _ _ ~ -  
a l h s e  inducing analgeria in JO6/" of the anirnais. 

. . .  

. . .  

. . .  

. . .  
~ 

Cunipd 
Saline 
DA 1529 
I>'\ 15% 
114 15%) 
Saline 
DA 1529 
D h  152!) 
DX 152!) 

T A B L E  T-II.--XCTIVITY ON B O D Y  ' I ' H M P E K A T W R E  I N  M I C E  
~ - ~ ~ 

Ani- --- Body Temp., ' C .  - S.E.- -. 
Hose. mals, Before 7 Aftri Trwlmcnt- - 

mg.,'Kg. No. Treatment 1 I n .  2 hr. 4 hr. A hr. 
2 nil. i.p. 20 38.0 & 0.13- 3i.5 + 0.15 3 i .T  4 0.12  37 .2  =k 0 23 37.2 i 0. I!) 

25.1) i.p. 20 38.7 i 11.09 38.0 k 0.15 38.0 t 0.14 37.5 + 0.18 37.5 f 0.13 
50.0 i.p. 20 38.1 f 0.18 37. 1 i 0.2.5 X . 5  = 0.18 37..5 1~ 0 .14  37.3 + 0.  14 

TABLE T-III.--AcTLvITP O N  SYONTANEOCS M(JTILITT, BARBITLTRATE DRPRESSION, MOVHMENT COOKI)INA- 
TIOS, ASD CIN I ' INNA AID CORNEAL REFLEXES IN MICE 

~ ~~~ -~__ 
-~ 

-~ 

Tes t  

Ttoute CJC 
Time Aflel- Ad mini i- Animals, Doses, 

Do5inr. min. t i  alion pu". A- 0. 

Hvxobarhital slrcpiiig time 1 5 1.p. 13. 3')" 
12 40 4 2.i. 1 I "  

Pentobarbital sleeping time 15 i.p. 3 
1 .i 70 4 26.74'f 

Rotarod 6 1.p. 

coniparcd with thc coiiti-(11s. 7'11~ ~ ~ ~ ~ i p ~ t i i i d  
exerted only a slight hypotherinic effect :it RO 
ing./Kg. by the oral route. No sigriificant chaiige 
in thc tempera.turc was observed for tlic other doscs 
tested (25-60 mg./Kg. i.p. atid 12 .525  rng./Kg. 
orally). 

Activity on Spontaneous Motility. --As may be 
wcn from Table V I I I .  DA 1.529 adminis tud intra 
~ici-itoiieaIIy or orally, ii~dticctl a si~iiifi~;tiit rctluction 
o f  tlic spontaiicous motility. 

Action on Hexobarbital and Pentobarbital Sleep- 
ing Time.-On both intraycritomal atid oral ad- 

iiiiiiistratiori. nrl 1,529 iii:trk(dly p ( ~ t c i i t i a t c t l  tlit. 
hypnotic cffcct o f  licxobarbital aiid pcwtoharhit:tl 
('Tablc vIrr1. 

Anticonvulsant Activity.-DX 1529 injected intra- 
pcritoneallp at. thc dosc of 100 nig./Kg. was found 
to be inactive on cotivulsiotis induced by clcctro- 
shock. pcntamethylenet~trazolc, or strychnine. 

Action on Movement Coordination and Pinna 
and Corneal Reflexes.-'ral)le \ ' I  I I s i v t , s  tlic 
rrsults of tlic test on muscular activity zitid co- 
ordination stid nil the pinna and corneal reflexes. 
Tablc VIII reveals tliat thc compound administcrcd 
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intrapcritorically or orally cxcrtcd a marked cffcct 
on the rotarod and traction tests, a t  doses far from 
the toxic levels and fr-on1 those causing behavioral 
changes. The effect was well marked 5 min. after 
intraperitoneal adrninistl-ation and 15 min. after oral 
adininistration. Fiftecn and 30 min. after dosing 
thc mice were normal. DA 1529 had no action 
on the inclined screen test and righting reflex. 
As for the alterations of the superficial reflexes, the 
pinna rcflcx was markedly influenced when the 
product was administered iutraperitoncally, and 
only slightly so on oral administration. 

By contrast the corneal reflex was riot altcrcd a t  
any of the doses tested. 

Activity on the Cardiovascular System and 
Respiration.-DA 1529, administered intravenously 
to rabbits a t  doses of 2, 4, and 8 mg./Kg., lowered 
blood pressure and increased respiration. l‘hese 
phenomena wcre only temporary and wcrc all the 
greater the higher the dose. On isolated rabbit 
heart, DA 1529 perfused a t  the Concentration of 
10 nicg./ml., caused a slight increase in the coronary 
flow, and a slight reduction in the amplitudc of the 
pulse rate and heart beat. 

Action on Smooth Muscle.-On guinea pig ileum 
,in vitva, DA I529 exerted a very slight action against 
acctylcholinc, S-HT, arid nicotine, while thc anti- 
histamine activity was still apparcrit, although 
slight (17% inhibition of histaiiiine-inducrd con- 
traction), a t  tlie concentration of 1 0 F  Gm./ml. 

tcst; iii the rotarod tcst, it reduccs tlic spontaucous 
motility and the sensitivity to painful stimulation. 
In addition, i t  has hypothcrmic propertics. 4 s  it is 
well proved (1;) that hypotherniia, potentintinil 
of the barbituratc dcprcssion, and depression of spon- 
taneous motility are strictly correlated, i t  may be 
that the deprcssant cffccts observed in thcse cxpcri- 
ments performed at  22-23‘ liavc been causcd or 
exaggerated by thc hypothcrmic effect. I t  may bc 
thc samc as far as the analgesic effect obscrved in 
the hot-plate method is conccrucd sincr the  thermal 
sensitivity of thc feet of the mice is involved. Drugs 
modifying rectal or superficial temperature are 
krioivn to have an effect on the response of mice in 
the hot-plate method (18-23). The analgesic 
effect, the superficial tenipcraturr of the paw, and 
the rectal temperature may, tlierelore, be causally 
related. 

In the authors’ opinion, howcver, thc mild hypo- 
thcrmic cffect is not fully resporisiblc for the effects 
observed in their experimcnts sincc calming effects 
wcrc still evident following adrriiriistratiori of doscs 
riot causing hypotherinin. Furthcrniorc, thc hypo- 
thermic effect of the compourid was minimal COIII- 

pared with that caused by rcserpinc or chlorpro- 
mazinc since, following oral adrriinistratiori of 50 
or 100 rng./Kg., the rectal temperature, whilr lnwrr 
than normal, was still in the range of normal values 
of healthy animals. 

From what has becn said, it is legitimate to think 
of DA 1629 as a mild CNS cleprcssant agent. This 
mild depressant cffcct does not, however, detract 
from the potential valuc of the compound as an 
anti-inflaiiiniatory~aiialgcsic aritipyrctic agent sincc 
the deprvssant elTect is of vcry short duration, 
while thc duration of the tiiaiii effect is coiisitlcrably 
longer. 

DISCUSSION 

I ) A  1520 prevents tlie foririatioii of ctltsiiins pro- 
voked in rats by subplantar injectio~i of foriiialiii, 
carragccnin, and dextran. More than as an anti- 
iriflarnmatory, DA 1529 is active as an analgesic arid 
antipyretic. The antinociccptivc effect is very 
marked on the inflamed foot, insignificant on the 
normal foot. The antipyretic cffcct is well marked. 
Relative to phenylbutazone, D A  1529 is morc active 
as an atialgcsic and antipyretic, as active or only a 
littlc less active as an anti-inflammatory. The 
acute tosirity of D h  1529 is siriiilar to that of 
phcnylbutazone. The data in Table I relative to 
DA 1629 havc to bc compared with data relative to 
p1lcliylbutazone obtained in this laboratory in 
comparable esperimental cotiditions (LDao in 
mg./Kg.): 327 and 680 in mice; 215 and 637 in 
rats. Thc tirst value is relative to the intrapcri- 
toiical administratioil, the sccond ouc to the oral 
~idmiiiistratioti. 

l‘lie thcrapcutic iridcacs (LD50/E1)!>ll) arc as r:tvOr- 
nblc Ivr I).\ 1529 as for plienylbutazotic. u’hcii the 
:nialgc,sic eflect is considcrcd the therapeutic iiidex 
iii  rats (1Zaudall-Sclitto rncthod) is 33 a i i t l  11 alter 
iiitrapcritoncal aiid, rtrspectivrly, nral aduiiiiistra- 
tion; in mice (hot-plate nietliod) i t  is 3.0 intra- 
peritoiically auti 4.8 orally. 

Thc aiiti-itiflariirriatory, analgrsic, aiitl iuiti- 
pyretic cffwts of DA 1529 are apparent at closes 
provoking in rats only a mild scdation and not 
overt neural deficit or derangement of thc auto- 
nomic nervous systcrn or of the neurornuscular 
systc~lll. 

I)>% 1539 Iias, liuw r ,  soriic CNS tlcprcssaiit 
propertics as the rcsults obtained in mice sectti to 
prove. It is active in thc barbiturate potentiation 
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Drug Standards 

Single-Tablet Determination of Reserpine 
at the Microgram Level 

Estimation of Reserpine in the Presence of Protoveratrine A 
and Other Active Drug Components 

By WILLIAM J. WEAVER 

Mixtures of reserpine and other drugs can be resolved by thin-layer chromatography 
on silica gel, following extraction from single tablets with chloroform. Quantita- 
tion is accomplished by visual inspection, and is accurate to within 10 per cent. 

H E  PLTRPOSE of this investigation was to pro- 
Tvide a rapid , sensitive, reliable analytical 
procedure to measure tablet-to-tablet variation 
of the active ingrcdients in tablets containing 
reserpine, protoveratrine A, and hydroflumethia- 
zide. Each tablet contains: 

l'rotoveratriue ' 2 .  . . . . . . . . . . . . . .  0.200 
I-Iydrofluiiictliiuzitlc.2. . . . . . . . . .  50.000 

The small amouiits 01 rcscrpiue and pro- 
toveratrine A present in single-dosage forins of 
drugs ol this typc cannot be  determined by  con- 
ventional analytical procedures because of inter- 
ferences by  other active ingredients which arc 
present in milligrani quantities. 

Hydroflurnethiazicle can be determined spectro- 
photometrically by measuring the ultraviolet 
absorbance of a filtered methanolic extract of a 
single pulverized tablet. Reserpine, protovera- 
trine A, and tablct excipicnts do not interfere. 

The official U.S.P. method (1) for the deter- 
Inination of rcserpinc involves solvent extraction 
o f  the  reserpine and subseq~icnt cchrimetric 
tleterinination. The lJ.S.P. extraction procedure 
is clesiKncd to elinlirlate dcgradatiorl prodiicts ol 
rcserliiiic. 111 thc 1)rocctlui-c: tlcsci-ibetl liere 
thcse Iiurihcation stc.1~~ are not i-cclilii-ed 1)vcausv 
Llic tlegrntlation C O I I I ~ ~ I I I I ( I S  (lo 110t interfere il l  

tlic scii:i.vatioii and detection. 
I'rotoveratrinc 12 is currently tletcriniiitrtl in 

these laboratories by the colorimetric priiceciure 

Reserpine. . . . . . . . . . . . . . . . . . . . . .  0.125 tna. 

Received Mav 4, 1966, from t h e  Chemical Coilti-nl l k -  
partment.  RI-isfol l,ahotaiorics, Uivisioti of Bristol-hlyers 
Co. Syracuse iX. 1'. 

kccevted fo;- publicatiun July 19, 1966. 
The author thanks Mr. J .  Fomsteiu and Mt-. J .  1'. Rlc\+.nIy 

fc,r their intei-est and advice 111 this s tudy .  
1 Marketed as Salutensin tablets by Bi i.stol Laboratories, 

Uivision of Ri~istolLNIyers Cu. Syiacusc, N .  Y. 
2 Marketed as Salulon by 'BrisLol Laboi atories, Division 

of Rristol Myers Co. ,  Syracuse, N .  k'. 

of Craig and Jacobs (2). This procedure requires 
a reaction timc of 16 hr .  for samples, standards. 
and appropriate synthetic tablet blanks. In 
addition to eliminating these time-consriming 
operations, the procedure described in this report 
pcrniits the simultaneous separation and detec- 
tion of reserpine and protoveratrine A. 

Iviiiicr et c r l .  (3 )  have recently revicwcil [ J I Y I -  

cedurcs for iht: scparate tlcteriiiination 0 1  
reserpine and protoveratrinc A. Altliough soiiiv 
of the methods described are extremely sensitive, 
they are not applicable to formiilatioiis which 
contain certain interfering ingredients. 1,evine 
and Fischbach (4, 5) have empioyed partition 
and paper chromatography for the separation of 
the veratrum alkaloids. More recently Mont- 
gomery (6) has separated protoveratrines A and B 
by thin-layer chromatography on cellulosc. 

This paper describes a thin-layer chromatn- 
graphic method for the separation of reserpine 
and/or protoveratrine A from excipicnts and 
from other active ingredients present in several 
cominercial tablet dosage forms. Development of 
the thin-layer plate with the solvent is rapid. 
rc.cluiririg only 3) inin.  'I'lic clctcctiorl r e a p i t ,  
p-tlinictliyl~niiiiiciI~c.iizaltlch~tlc i n  cunccntrutctl 
sulliiric :wid, I)rodiiccs charar(ci-is~ic eol(ir I-e- 
actions with rcsr.rl)inc :tnd 1 )r( 1 tovci-atrinc A 
Graham ( 7 )  has investigated thc color reactions 
Iwtweeri the veratrutrl alkaloids with this and 
other reagents. 

EXPERIMENTAL 

Equipment.--~ Silica Gel C: scoretl-glaih I 'niplater-. 
(20 x 20 m i . )  supplied by hnaltrch. IIIC. ,  WTiIrnirig- 
ton, Drl. Reactivate the plate for 30 min. in  a n  ovcn 
at 100" irnmcdiately before use. Glass dcvc,loping- 
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1112 Joiiriial of Plzcivmuceuticnl Sciewces 

‘I‘AHLK ~.-L)E~ERMINATIUN OF RESERPINE I N  COMMERCIAL SAMPLES 
- ~~ ~ ~. 

Label Claim, Fnund, Single 
Tahletn Active Ingredients mg./Tahlet Tablet Assay, mg. 

A Reserpine 0.1 0.09 toO. l l  
Butabarbital 
Hydrochiorotliiazicc 

Cryp tenaininc 
Metliyclothiazidc 

Trichlormetliiazicle 

h-itroglycerin 
I’entaerythritol 

tetranitrate 

13 Reserpine 0 .  I ( l , ( j c l  t(J I ) .  1 1  

c Reserpinc 0.1 0 . 09 to 0 .  11 

n Reserpine 0.07 0.06 to 0.08 

E Resrrpine 0.125 0.112 to 0.137 
Protoveratrine X 0.200 0.180 to  0.220 
Hydroflume thiaziclc 

fi Reserpine 0.25 0 .225  to 0 . 2 i 5  
I’yrrobutaniine 

-- - ~ ~~ ~~ ~~ . ~- ~ -~ ~ 

n A ,  llutiiei pizidc - 25  (McNeil); B ,  Uiutensen K (Yeislet-); C, Metetensin (Lakeside); D.  Penile (Camrick); P:, Salutcn- 
bin (Bristol); bandiil i‘ Pyrunil (Lilly). 

TARLE 11. -COMPARISON OF METHODS FOR DETERMINATIOS O F  RESERPINE AND PROTOVERATRIBE A IS 
‘rABI.E’:TS CONTAINING RESERPINE, PROTOVERATRINE A, AND HYDROFLUMETHIAZIDE~ 

~~ ~- ~ ~ Kcserpine. mg./l’ablet - ,-. ~- Protoveratrine A,  mg./Tahlet- ~~ -> 

~ ~ _ ~ . _ _  
~~~~ 

~~~ 

~ ~~ 

Sample Label 1-.s.p. TJL-Range‘ Label Craig S- Jacobs (2) TLC Ilange” 
1 0.125 0.122 0.112 to 0.137 0.200 0 .  l 9 i  0.180 to 0.220 
2 0.11’5 0.121 0.112 to  0.137 0.200 0.204 0.180 to 0.220 
3 0.125 0. 120 0.112 to0.13; 0.200 0.182 0.180 to 0.220 

0 125 0.124 0 112 t o 0  137 0.200 0.194 0 180 to 0.220 ___ _- 4 

a Acccptahle concentiation limits have been established as &10>7 of label claim 

tanks (23.5 ctn. in diameter, 25.5 cm. deep) lincd with 
solvcnt-saturated filter paper. Hatnilton, IGo. 
SOl-N, 10.~1. syringe. Fisher 125-ml. chromato- 
graphic indicator spray flask. 

Solvent.- -Prepare 30 vol. 5; acctonc, ACS, in 
chloroform, ACS, to serve as the developing solvent. 

Spray Reagent.-Dissolvc 500 mg. of p-dimcthyl- 
aminobenzaldehyde, Eastman, in 50 ml. of con- 
centrated sulfuric acicl. 

Stock Protoveratrine A Standard.-Weigh 90 m g .  
( i 0 . I  nig.) of standard protoveratrine A into R 

10-ml. volumetric flask. Dissolve arid dilute to 
volume with chloroforni. This solution is stable 
for 1 wcck. 

Stock Reserpine and Protoveratrine A Stand- 
ard.-Weigh 11.25 ing. (3~0.1 nig.) of reserpine 
U.S.1’. iiilo a 10-1111. lou~-actinic volnirictric flaqk. 
I’ipet 2.0 1111. d tlw stock protovcrattiiic A stuiit1:trtl 
solutioii iiito t l i v  h s l c  eoiitiLiiiiiig the dry  rcscrpiiic. 
1)ilutc to v ~ l u r i i c  witli chloroforn~. 1’rep:trc frcsh 
daily. 

Working Reserpine and Protoveratrine A Stand- 
ard. JXlutc 2.0 nil. of the stock reserpine and 
protoveratrine A staiidard to 10.0 nil. with chloro- 
lorm in a low-actinic volumetric flask. Prepare 
just  prior t o  use. This solution contains 1.125 
mcg. reserpine and 1.8 mcg. of protoveratriue A/5 
p l . ,  and 1.36 mcg. of reserpine, arid 2.16 mg. of 
protoveratrine A/ci pl. These amounts represent 
reserpine arid protoveratrine A cnrrespondirig to 
90% and 11096, respectively, of the theoretical 
rrserpiiii and protovmitririe A content iii 5 PI.  
of the final sample coilcentrate. 

Preparation of Sample and Application to TLC 
Plate. ~ Pulvcrize one Salutensin tablet, and transfer 

quaiititativcly to  a SO-nil. pla 
actinic conical flask. Add 30 ml. of chloroforni, 
and sliake 15 min. in a mrchanical shaker. Filter 
the chloroform extract through Whatman KO. 30 
filter paper into a 50-ml. serum vial protected from 
direct light with nluminutn foil. wash the flask 
and filter paper with two consecutive 2 .nil. portions 
of chloroform. Evaporate the chloroform extract 
t o  dryness under a stream of nitrogen, then dissolve 
the residue in the vial with 0.50 ml. of chloroform. 
Stopper the vial, and swir1 to  ensllre complete 
solution of the active ingredients. 

Employing a IO-pl. syringe, spot consecutively 
011 a thin-layer plate about 10 mm. apart and 
20 rnrri.  rrom thc bottom edge of the plate: 5.0 
pl. of thc working standard, 5.0 MI. of thc  sample 
coiirrntl-ate, and 6.0 pl. of  thc working statirlarrl. 
Maiiitaiii tlic diainctcr of the spot a t  3 to 6 i i i i i i .  

A i l ~ i w  the spots to air-dry. I )c~c lo l ,  tlic platc 
witli tlic solvriit to :I tlistaiicc of  10 ciii. frtriii the 
origiii. 

Detection of Spots.-Rcniovc tlic p1;ttc.s ;trtl,r 
solvent developineut, acid allow to air-dry. Holcliiig 
the sprayer 30 cni. from the platc, spray t l i c .  platcs 
lightly with the spray reagcnt uIitil green spots 
become visible. Place the plates in an oven a t  
100” for 5 to  8 rnin. Removc thc plates from the 
oven, and observe the positions of the spots. 
Protoveratrine A is indicated by an elongated, 
purple spot, K, = 0.1 to  0.2. Reserpine appears as 
a greenish-black spot, Rj = 0.3 to  0.35. 

Quantitatioa--Estiniatt. the coricer~tr:itions (4 
rescrpinc and protoveratrinc A\ in the snniplc by 
comparing the sizes and intensities of tlic reserpine 
arid protoveratrine A sample zones with those 
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ohtaincd from thr standards. Lktiuct differences 
can be noted between t h e  standards a t  t h e  90% 
and l l O r ,  concentmtions. 

RESULTS 

‘The method has been applied t u  six commercial 
rlosage forms containing reserpine arid other active 
iiigrcdients. The results arc shown in Tahlc I. 
(The active ingredients, rauwolfia serperltina and 
protoveratrines A and B,3 wcrr also separated on a 
thin-layer plate. Reserpine and the protoveratrines 
were not quantitated against staridard reserpine 

trinc mixtures. j The commercial 
tablets were obtniricd on the open niarkct in bottles 
of 5U or 100, and single tablets of each were used 
lor assay. None oi the activc ingredients or 
cxcipients present in the tablets interfered in the 
clctcmnination of rcxcrpinc. 

Table I1 slioivs a comparison of results obtained 
from the detcrniination of reserpine and proto- 
veratrine A in tablets containing reserpine, proto- 
veratrinc A, arid hydroflumethiazide’ by the proposed 
single tablet tnetliod i~ersus the U.S.P. method (1)  
for reserpine and the protoventtrine A procedure 
ol Craig and Jacobs (2), using multiple-tablet 
extracts. 

DISCUSSION 

Sensitivity.-From 2 to  f j  pl. of the workirig 
standard solution was spottcd on a platc. Thc 
plate was derclopcd and sprayed with the rengent. 

1113 

I h e  lower liniits of reserpine ; t i i d  protoveratrinc 
A that can bc dctwtcd are 0.9 ~rnd 1.44 I I I ~ ~ . ,  
respectively. 

Interferences.-- Kcsc-rpiiic w s  hydrulyzctl in aii 
alkaline mediurri acrordiiig to thc  mcthod of Keuss 
(8). The products, rescrpic acid a d  trimethoxy- 
hcnzoic acid, were dissolved in  cliloroform at a 
conccntration equivalent to that of the workilix 
standard solution and cliroinato,qraphcd in thc 
usual fashion. Rescrpic acid and trimethoxyberizoic 
acid do riot react with the reagent. When the 
plate is exposed to ultraviolet light, faint fluorescent 
spots are observed at the origin. 

When the staridard stock solution of reserpinc 
and protoveratrine -4 is exposcd to briglit light for 
approximiitely 4 hr., diluted, and chroinatographrd, 
fluorescent spots are observed a t  the origin and a t  
an R f  of 0.5 to 0.5X. These spots arc not found on 
a developed plate when freshly prepared, light- 
protcctcd standard solutions arc chromatographed. 
Excipients and active components found in the 
seven formulations reported above do not iiiterferc. 

I .  

3 Marketed as Kaupi-uCe tablels by The Vale Chemical 
Co., Inc., Sllentown, Pa. 
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Determination of Hydrocortisone and Hydrocortisone 
Acetate in Antibiotic Mastitis Preparation 

By ALFRED BRACEY, LEON GARRETT, and PETER J. WEISS 

A modified column partition chromatographic method has been developed for the 
determination of hydrocortisone and hydrocortisone acetate in antibiotic mastitis 
preparations. A sodium bicarbonate trap under a methyl alcohol-water stationary 
phase in Celite is used with two mobile phases. First, the interfering oil is eluted 
with methylene chloride-isooctane, then the steroid to be assayed by the blue tetra- 
zolium method is eluted with methylene chloride. This procedure shows a marked 
improvement over the U.S.P. XVII hydrocortisone ointment method in the removal 
of interferences and results in satisfactory assays for the two steroids in mastitis 
formulations. Recoveries of the steroids added to blank mastitis preparation\ 
ranged from 90.3 to 100.9 per cent. The average percentage of recovery for hy- 

drocortisone and hydrocortisone acetate was 96.9 and 9 8 . 2 ,  respectively. 

URI icosiEKoms ha\-e been incorporated in a hydrocortisone acetate, are d t c n  used i n  oirit- C large number of drug preparations, pri- ments and oils for the treatment of mastitis in 
marily for their anti-itdammatory activity. dairy animals. These inastitis preparations fre- 
Two of the most coininon, hydrocortisone and quently contain procaine penicillin G and a 

Received Ma37 23, 1966, from the Chemistry Branch, vegetable Oil, C.g., peallut O i l ,  and lnay cotltaill, 
i r i  addition, onr or inorc of the following: tli- 
Iiydt-ostrci,loriiyciii suliatc, rieoniycin sulfatc, 
polyniyxin B sulfate, sulfamerazine, sulfametli- 
azine. sulfathiazolc, sulfanilamide, methylpara- 

Division of Antibiotics and Insulin Certification, Bureau of 

ministration, U. S. I)epmLine~~t of Hrslth, Education, and 
Welfare, Washin~lou, D. C. 20204. 
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ohtaincd from thr standards. Lktiuct differences 
can be noted between t h e  standards a t  t h e  90% 
and l l O r ,  concentmtions. 

RESULTS 

‘The method has been applied t u  six commercial 
rlosage forms containing reserpine arid other active 
iiigrcdients. The results arc shown in Tahlc I. 
(The active ingredients, rauwolfia serperltina and 
protoveratrines A and B,3 wcrr also separated on a 
thin-layer plate. Reserpine and the protoveratrines 
were not quantitated against staridard reserpine 

trinc mixtures. j The commercial 
tablets were obtniricd on the open niarkct in bottles 
of 5U or 100, and single tablets of each were used 
lor assay. None oi the activc ingredients or 
cxcipients present in the tablets interfered in the 
clctcmnination of rcxcrpinc. 

Table I1 slioivs a comparison of results obtained 
from the detcrniination of reserpine and proto- 
veratrine A in tablets containing reserpine, proto- 
veratrinc A, arid hydroflumethiazide’ by the proposed 
single tablet tnetliod i~ersus the U.S.P. method (1)  
for reserpine and the protoventtrine A procedure 
ol Craig and Jacobs (2), using multiple-tablet 
extracts. 

DISCUSSION 

Sensitivity.-From 2 to  f j  pl. of the workirig 
standard solution was spottcd on a platc. Thc 
plate was derclopcd and sprayed with the rengent. 
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I h e  lower liniits of reserpine ; t i i d  protoveratrinc 
A that can bc dctwtcd are 0.9 ~rnd 1.44 I I I ~ ~ . ,  
respectively. 

Interferences.-- Kcsc-rpiiic w s  hydrulyzctl in aii 
alkaline mediurri acrordiiig to thc  mcthod of Keuss 
(8). The products, rescrpic acid a d  trimethoxy- 
hcnzoic acid, were dissolved in  cliloroform at a 
conccntration equivalent to that of the workilix 
standard solution and cliroinato,qraphcd in thc 
usual fashion. Rescrpic acid and trimethoxyberizoic 
acid do riot react with the reagent. When the 
plate is exposed to ultraviolet light, faint fluorescent 
spots are observed at the origin. 

When the staridard stock solution of reserpinc 
and protoveratrine -4 is exposcd to briglit light for 
approximiitely 4 hr., diluted, and chroinatographrd, 
fluorescent spots are observed a t  the origin and a t  
an R f  of 0.5 to 0.5X. These spots arc not found on 
a developed plate when freshly prepared, light- 
protcctcd standard solutions arc chromatographed. 
Excipients and active components found in the 
seven formulations reported above do not iiiterferc. 

I .  

3 Marketed as Kaupi-uCe tablels by The Vale Chemical 
Co., Inc., Sllentown, Pa. 
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Determination of Hydrocortisone and Hydrocortisone 
Acetate in Antibiotic Mastitis Preparation 

By ALFRED BRACEY, LEON GARRETT, and PETER J. WEISS 

A modified column partition chromatographic method has been developed for the 
determination of hydrocortisone and hydrocortisone acetate in antibiotic mastitis 
preparations. A sodium bicarbonate trap under a methyl alcohol-water stationary 
phase in Celite is used with two mobile phases. First, the interfering oil is eluted 
with methylene chloride-isooctane, then the steroid to be assayed by the blue tetra- 
zolium method is eluted with methylene chloride. This procedure shows a marked 
improvement over the U.S.P. XVII hydrocortisone ointment method in the removal 
of interferences and results in satisfactory assays for the two steroids in mastitis 
formulations. Recoveries of the steroids added to blank mastitis preparation\ 
ranged from 90.3 to 100.9 per cent. The average percentage of recovery for hy- 

drocortisone and hydrocortisone acetate was 96.9 and 9 8 . 2 ,  respectively. 

URI icosiEKoms ha\-e been incorporated in a hydrocortisone acetate, are d t c n  used i n  oirit- C large number of drug preparations, pri- ments and oils for the treatment of mastitis in 
marily for their anti-itdammatory activity. dairy animals. These inastitis preparations fre- 
Two of the most coininon, hydrocortisone and quently contain procaine penicillin G and a 

Received Ma37 23, 1966, from the Chemistry Branch, vegetable Oil, C.g., peallut O i l ,  and lnay cotltaill, 
i r i  addition, onr or inorc of the following: tli- 
Iiydt-ostrci,loriiyciii suliatc, rieoniycin sulfatc, 
polyniyxin B sulfate, sulfamerazine, sulfametli- 
azine. sulfathiazolc, sulfanilamide, methylpara- 

Division of Antibiotics and Insulin Certification, Bureau of 

ministration, U. S. I)epmLine~~t of Hrslth, Education, and 
Welfare, Washin~lou, D. C. 20204. 

and Michel Mar-gosis fur helpful suggestions duiing the experi- 
mental stages of this work. 

scientific Stan&& and Evaluation, Food and 
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Preparation of Column.-Lsc cithcr glass c v m l  or 
a fritted disk as the column support. Add 1 nil. of 
8% sodium bicarboiiatc aqueous solution to 2 Cm. 
of Celitc in a small bcaker, mix well, and transfer t ( J  

the column in three portions, gently packing each 
portion with a tamping rod made of glass or stainlcss 
stcel. Add 3 ml. of methyl alcohol-water (1 + 1 ) 
to 6 Grn. of Celite, mix well, and transfer to  t h e  top 
of thc bicarbonatc column in several portiolls, 
packing gently after each portion. 

Preparation of Sample.--Accurately measure or 
wcigh a sample of mastitis preparation containirig 
2 mg. of steroid into a 150-ml. beaker containing 1 
Gni. of Celite and mix thoroughly. Transfer this 
mixture to  the column. Dry wash the beaker with 
0.5 Gin. of Celite and add to thc column. 

Preparation of Standard.-Place into a 150-1111. 
beaker an aliquot equivalent to  2 mg. of thc appro- 
priatc steroid reference standard dissolved in ethyl 
alcohol and cvaporatc to  dryness on a stram bath. 
1)issolve the residue iti 1 rnl. of methyl alcohol, 
add 1 nil. of water, and mix well iuto 2 Gin. of Cclitc. 
Trausfcr to a column and treat standard and sarnylc 
alike. This procedural standard gave assay v:tlucs 
between 98 and loo?;, of a direct standard. 

Elution of Column-Add portions of nicthylenc 
chloride-isooctane (1 + 9) to a sample beaker arid 
transfer to the column. Collcct 100 ml. of eluate 
with a flow rate of 1 drop/sec. Discard the eluate 
and use the same container to add rncthylenr 
chloridc to the column. Collect 100 ml. of eluate 
in a volumetric flask a t  the samc rate. 'I'his ineth- 
ylrne chloride fraction contains the steroid. 

Spectrophotometric Assay.--Evaporat.c :I. 10.0. 
nil .  aliquot of the mctliylene cliloride fraction iri a 
50-ml. glass-stoppered conical flask to dryness 011 

a steam bath under a gentle stream of air. Adtl 
20.0 ml. of ethyl alcohol to the flask, swirl to COI11- 

plete solution, and add 2.0 ml. of bluc tctrazolium 
solution (400 mg. in 100 ml. of ethyl alcohol) and 
2.0 ml. of diluted tetraiuethyl ammonium hydroxide 
(1 d .  to  10 ml. with ethyl alcohol). After 45 min.. 
stop the reaction by adding 1.0 nil. of glacial acetic 
acid. The color is then stable for 24 hr. Dctcr- 
mine the absorbance of the solution against a reagent 
blank a t  520 mw on a suitable spectrophotonieter, 
and compare with the standard treated in like 
fashion. 

RESULTS AND DISCUSSlON 
Development of the Assay Procedure.--Initially 

the colurnn was rriade with 1 ml. of methyl alcohol- 
water (1  + 1) per gram of Celitc. Incomplete 
(X0-&5(,;;,) rccoverics of steroid were obtaiiicd. h 
clianxc to 0.5 nil. of stationary phase pcr gralll ol 
Ccliic iiriprnved the rccovcrics to over :)5';,;,. 'l'hc 
initi:il iiiobilc pli:tsc for rcmrrving the oil W:IS :I 
iiictliylciic clilr,ritlc-isooctatlf inixlure ( 2  + 8).  
I<ccovc.ry cspcriiriciits sliowed that this s'olvcwt wits 
satisfactory for the hydrocortisotic alcohol hut not 
for hydrocortisone acetate because of some loss i i i  

the initial elution. A change to methylene chlo- 
ride-isooctane (1 + 9) proved satisfactory, not only 
in reinoving the oil but also in yielding satisfactory 
recoveries of both steroids. In addition to the 
above steroids, satisfactory recoveries were ob- 
tained with prednisolone, prednisolonr acetate, and 
dcxarriethasone alcohol during the investigational 
phase of this work. Some interfering substances 

lien. propylparaben, papain, chlorobutdnol, cobalt 
sulfate, and polyvinylpyrrolidone. Aluminum 
monostearate or colloidal silica is frequently used 
as a gelling agent. 

Of the several chemical methods widely used 
for the assay of steroids (1-4), the blue tetra- 
zolium method, official in U.S.P. XVII and 
N.F. X I I ,  with ininor modifications was chosen 
for this study. 

The U.S.P. XVII mel.hod for hydrocortisone 
ointment provccd unsatisfactory for mastitis 
preparations. Assays for hydrocortisone re- 
vealed positive interferences (ranging from less 
than 1 to  399;b and varying with the manufac- 
turer) when blanks were used which contained, 
in all cases, procaine penicillin in an oil base 
together with some of the above-mentioned 
adjuncts. The main interfering substances are 
procaine penicillin G and the oil. 

A Celite chromatographic column with methyl 
alcohol-water as  the stationary phase and 
methylene chloride-isooctane as the mobile 
phase is useful for removing fat ty  alcohols while 
retaining the steroid; the steroid can then be 
eluted with methylene chloride (5). This method 
is applicable t o  ointments containing steroids and 
is especially effective for removing the interfering 
substances contained in lanolin. 

,4 modilicatjon of this method is presented for 
the determination of hydrocortisone and hydro- 
cortisone acetate in antibiotic mastitis prepara- 
tions. It consists of the following: (a) inserting 
a sodium bicarbonate t rap  under the methyl 
alcohol-water stationary phase to  prevent pro- 
caine penicillin from interfering; (b)  changing the 
concentration of methyl alcohol-water ( I : 1) 
stationary phasc from 1 ml./Gm. of Celite to 
0.5 ml./Gm. to  improve recovery; (c) changing 
the isooctane-methylene chloride mobile p1iase 
to  accommodate the polarity range of the two 
steroids; (d) packing the column with Celite 
support mixture in dry form rather than as a 
suspension in  isooctane-methylene chloride 
mobile Illiase, and placing the sample on tllc 
column in a Celitc mixture rather t l lm in an 
isnort:tnc~ nictliylcnc chloritlc suspcnsion. The 
Cclif c inixt~uc tccliniqiic proved iiiore satis- 
i:tctory in tlic authors' cxpericncc. Dctails of the 
iuodificd assay procc(1ut-c arc as follows. 

ASSAY PROCEDURE 

Apparatus.-Chromatographic column, 15 mm. 
i.d., and 450 mm. long with Teflon stopcock. 

Reagents-Celitc 545, methyl alcohol, isooctane, 
methylene chloride, glacial acetic acid, tetramethyl 
ammonium hydroxide (10% in water), bluc tctrazol- 
ium (Dajac Laboratories); ethyl alcohol, sodium 
bicarbonate. All reagents are reagcnt grade. 
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T A B L E  I.-INTERFF:KRNCB I N  DETERMINATION OF STEROIDS I S  BLASK FORMULATIONS O F  h'fASTITIS I'REPARA- 
TIONS CONTAINING N O  SIRROII ) "  

~ ~ _ _ _ ~ _  ~ ~ _ ~ _ _ _ _ _ _ ~ ~ - _ _  - ~~~~ ~ ~ ~ _ _ _ _ _ _ _ _ _  

Apparent Steroid Content, mg./Gm. - 
IIydrocortisone Ointment 7- New Method--- ~ 7 

U.S.P. XVII Method for 

Mfr.  Anal. 1 Anal. 2 Anal. 1 Anal. 2 Anal. 3 
I 0.29 0.63 0.10 0.00 0.01 

0.44 
0.53 
0.17 
0.01 
11.25 

0.78 
0 . ,59 
0.35 
0.00 

0.17 
0.10 
0.07 
0.  Oi 
0.16 

0 .  10 0.10 
0.04 
0.06 

. . .  
0 .02  

0 . 0 1 . . .  
0.05 0 .07  

TABLE II.-RECOVERY OF STEROID ADDED TO BLANK FORMULATIONS 
... _ _ _ ~  .... _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~  .___ 

~ 

Hydro- 
IIyd1-0- cot-tisone 

cortisone Recovery. 7 0 - p  - Acetate - -Recovery, Yo- --- 
hrfr. Added, mg. Anal. 1 Anal. 2 Anal. 3 Added, mg. Anal. 1 Anal. 2 

I 2.00 98.1 97.2 . . .  2 . 0 2  98.0 98.5 

3 2 . 0 3  100.0 99.3 . . .  2.02 98.3 99.5 
4 2.03 . . .  94.6  2.02 95.0 100.9 

2.00 . . .  . . .  94.5 . . .  . . .  . . .  
"03 97.7 98.1 . . .  2.02 96.5 95.0 
2 . 00 . . .  . . .  90.3 . . .  . . .  

2.00 . . .  MX.4  . . .  . . .  
i 2.00  98.0 9 . . .  2.02 100.1) 100: 3 

I 

.________ - .  ___ 

T A B L E  11 I.-DETEK.VlINATION OF STEROIDS I N  COMMERCIAL PREPARATIONS 
~ ~ ~ _ _ _ _  - ~ ~ ~ _ _ _ ~  ~ 

Label Claim, u/o uf Label 
Mk.  Steroid mg./Syi-ingeu Results Claim 

1 Hydrocortisone acetate 20 22.4 112.0 
1 Hydrocortisone acetate 20 21.1 105.5 
3 Hydrocortisone acetate 20 20.1 100.5 
4 Hydrocortisone acetate 20 21.9 109.5 
) Ilydrocortisone acetate 20 18.5 92.6 

IIydrocortisone 20 18.3 91 .5  
92.2 2 Hydrocortisone 20 18.4 

3 H ydrocortisonc 20 22.0 110 .o 
T Prednisolone acetate 4 3.71 92.8 

6, 1 

~.___ ~ ~- - 
Syringes tested ranged from 6 t o  12 Gin. total content. 

from the preparations being tested still passed 
through the column. On the assumption that the 
interference vvas caused by the procaine penicillin G 
and/or its degradation products, a sodium bi- 
carbonate trap was placed on the bottom of the 
column. This removed alnlost all of the inter- 
ference. A stronger alkaline trap would un- 
doubtedly be satisfactory in holding back the inter- 
fcrcnce but would encourage the degradation of the 
steroid. A comprehensive study of interfcrencc by 
antibiotics and other pharmaceutical ingredients 
in the various assay mcthods (2-4) is in progress. 

Hydrncnrt isnne and hydrocortisone acetatc car- 
ried through this column procedure were examined 
by thiri-layer chromatography (6). N o  degrad:i- 
tion was observed. 

Preliminary experiments indicate that this 
chromatographic system is also applicable to a large 
number of aqueous preparations, ointments, lotions, 
and creams containing antibiotics and steroids. 

Application of the Assay Procedure.--'l'hc inter- 
fcrcnces caused by blank inastitis preparations, 
which contained all itigredicnts except the steroids 

(obtained through thc courtcsy of six manufac- 
turers), when tested by the U.S.P. XT-I1 rncthod for 
hydrocortisone ointment and by the new procedure, 
are shown in Table I. 

As shown in Table 11, the recoveries of steroids 
added to blank mastitis ointments range from 
90.3 to IOO.O7,  for hydrocortisone and 95.0 to 
100.97, for hydrocortisone acetate. These re- 
covery data were based on direct standards rather 
than procedural standards. 

Table I11 shows that the hydrocortisone and 
hydrocortisone acetatc content of nine commercial 
preparations assayed by the new procedure ranncd 
from 91.5 to l12yo of label claim. 
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Technical Articles 

Dye-Polyethylene Glycol 6000 Interactions in 
Filmcoating Solutions and Their Effect on Color 

Uniformity 
By n. G. BHATIA*, T. D. SOKOLOSKIt, and V. N. BHATIA 

The objective of this study was to evaluate the problems of uneven coloration in 
tablets filmcoated with solutions utilizing polyethylene glycol (PEG 6000) and cellu- 
lose acetate phthalate (CAP) in a solvent system consisting of 65 per cent acetone 
and 3 5  per cent absolute alcohol. It was hypothesized that to  obtain uniform color 
the dye needed to be brought into solution due to  interaction between it and one of 
the other ingredients in  the solution. Attention was focused on CAP, PEG 6000, 
and titanium dioxide. (u) study of 
the interaction between dyes, and PEG 6000; (S) study of interaction between dyes 
and CAP; ( c )  testing of the hypothesis stated above in filmcoating operations; (d) 
study of the function of titanium dioxide in  filmcoating solutions. The  results show 
that the interaction of PEG 6000 with the solid dye results in  the solubilization of the 
latter and this is significant in producing uniform color. No interaction was ob- 
served between CAP and the dyes. Titanium dioxide was found to  act purely me- 

The  procedures included the following steps: 

chanically in preventing the aggregation of dye particles. 

NE TYPE of filmcoating solution that is fre- 0 quently used utilizes a combination of 
cellulose acetate phthalate (CAP) and poly- 
ethylene glycol 6000 (PEG 6000) as the film 
former in a solvent system consisting of acetone 
(65%) and absolute alcohol (35y0). Such a 
filmcoating solution was described by Gross and 
Endicott in 1960 (1). While the formula for 
such a solution consists of a variety of auxiliary 
agents such as flavoring agents, sweeteners, 
etc., the basic ingredients are as follows: 

CAP. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

Solvent system (acetone 65'L, 
absolute alcohol 35y0). . . . . . . . . . . .  .p.s. to lOOy0 

The dyes used in this formula are essentially 
insoluble in the solvent system, and it has been 
noted that their action is often unpredictable 
with respect to the uniformity of color deposition. 
In  certain concentrations some of the dyes pro- 
duce coatings with a mottled appearance, particu- 
larly when the filmcoating solution is not rendered 
opaque hy the titanium dioxide. 

Received April 25,  1066. from the Indiistrial Pharmacy 
I.aboratories, Collene uf Pharmacy, Washington State Uni 
versity, Pullman. 

Accepted for publication June 28, 1066. 
Pi-esented tn the Pharmaceutical Technology Section, 

4.P11.A. Academy of Pharmaceutical Sciences. Dallas meet- 
ine. Aoril 1966. .., 

This' investieation was suooorted in Dart hv a erant from 
Abbott Laborgtories, North-Chicago Ifl. " * Present address: 

t Present address: 
Wm. S. Merreil Co., Cincinnati, Ohio. 
College of Pharmacy, Ohin State 1:ni- 

The Objective of this inrestigation was to study 
the cause of the lack of uniformity in thc color 
deposition. I t  was hypothesized that to obtain a 
uniform color coverage the dye must be brought 
into solution. This could be achieved only by 
interaction between the dye and some ingredient 
in the filmcoating formulation causing the forma- 
tion of a soluble complex. 

Since i t  was observed that titanium dioxide 
playcd some role in obscuring the mottled ap- 
pearance of the filmcoated tablets, its function 
in a filmcoating formulation was also investigated. 

The procedure adopted in this investigation 
consisted of the following steps: (a) study of 
any interaction between several dyes and PEG 
6000; (5) study of any interaction between sev- 
eral dyes and CAP; (c) testing of the hypothesis 
presented above by the use of the interaction data 
of two of the dyes in actual filmcoating opera- 
tions: (d) study of the function of titanium 
dioxide in a filmcoating formulation. 

EXPERIMENTAL PROCEDURE' 
AND RESULTS 

The material4 used iu this study included thc 
following: dyes (provided by Abbott Labora- 
tories): FD&C Blue No. 1 (brilliant blue), FD&C 
Yellow No. 5 (tartrazine), FD&C Red No. 1 (Pon- 
ceau 3R), FD&C Red No. 2 (amaranth red), 
FD&C Red Xo. 4 (Ponceau SX); CAP (Eastman 
Kodak Co.); PEG GO00 (Union Carbide Chemicals 
Co.); and titanium dioxide (Fisher Scientific Co.). 

1 All sprctrophntometric analyses were cnnducied on a 
Beckman DB recording spectrophotometer. v el-si t y , Col n m bus. 
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SO. 1 arid PEG (i000 gave a similar plot aiid licticc 
is not illustrated.) 

Tllc results or the intcractioti studies bctwci1 
FD&C Red No. 2 atid PEG 6000 a.re shown in Fig. 2. 
(The interactions between FD&C Reds No. 1 and 
No. 4 and PEG NO00 gave similar plots siid hence 
are not illustrated.) 

c 

IP --- 2 0  30 

P E G  6000 E q u i m o l e n l S / L X I O '  

Fig 1 -1nteiaction bctw-ccn dye FD&C Yellow 
ho 5 and PEG GOOO. keg: B, 50 ml: ; V,  2% nix , 
0 10 my. 

Interaction Studies Between PEG 6000 and Dyes 
In this study the lullowirlg dyes were used: 

FD&C Vcllocv No. 5 (ti~ol. wt. = d34.39), FD&C 
Blue No. 1 (inol. wt. = XU), FD&C Red No. 2 
(mol. wt. = 604.49), FLXC Rcd So. 1 (rriol. wt.  = 
494.46), and FL%C Red No. 4 ( ~ n o l .  mt .  = 480). 

General Procedure.-All interaction studies be- 
tween PEG 6000 arid dyes were carried out by thc 
phase solubility method (2). A certain amountZ 
of the dye uudcr consideration was placecl iii each 
01 a series of 100-1111. glass-stoppcwd volurnetric 
flasks. Several stock solutions of PEG 6000 in 
the solvent system werc made. 'l'hc concentrations 
of the stock solution were varied, clepeiiding on the 
requirements ol a particular eupcriment. Different 
volumes of PEG 6000 stock solutions rcprcsenting 
different amounts u l  PEG 6000 wcre added to each 
flask. Then, with the aid of a buret, sufficient 
amounts of thc solvent system were added to make 
up the volume to 25 i d .  in each flask. Solutions 
were shaken in a mechanical shaker a t  a constant 
temperaturc of 25" for 24 lir. to  establish dynamic 
equilibrium. Solutions werc then filtered using 
Whatman No. 2 filter paper, arialy~ed spcctrophoto- 
metrically, and the concetitrations of thc (lye were 
determined froin the Beer's law plots. 

Threc sets of studies using 10 IIIS. ,  25 II I# . ,  arid 
FiO mg. of dye ,  respectively, were carried out with 
FU&C Yellow No. 5 arid FD&C Reds No. 1, No. 2, 
arid No. 4. In  the case of FD&C Blue KO. 1 the 
amounts of thc dye used in the threc. studies were 
200 mg., 250 mg., and 350 trig. 

The results of the interaction studics between 
FD&C Yellaw No. 5 and PEG 6000 are shown in 
Fig. 1. (The iiiternction between FI)&C Blue 

2 The amounts used for each dye were chosen on thc basis 
of (a )  soluhility of the dye and ( b )  knowledge of the arnuunt  
of the dye genrrally used in the filmcoating formulations. 

~~ 

Interaction Studies Between CAP and Dyes 
No interaction wets noted between CAP arid ariy 

o f  the dyes tested. 
Filmcoating Studies.-Two of the dyes werc 

selected for this study: FD&C Yellow No.  ti and 
FD&C Ked KO. 2. Their selection was based 011 

the fact that they showed two different types of 
interaction. 

Preparation of the Test Tablets.-The test tah- 
lets containing equal arnourits of sodium bicarbonate 
and lactose were prepared. Starch paste was uscd 
as tlx granulating agent arid r~iaqnesium stearate 
(0.7,5y6) as the lubricant. 'I'he tablets were com- 
pressed. on R Stokes B-2 machine using 7/16-in. 
standard concave punches to a pressure of 8-10 
Strong-Cobb units. The w t of each tablet was 
650 iiig. (+t5f'h). Tlic a\ ge thickness o f  the 
tablets was 5.10 tiini .  

Preparation of the Filmcoating Solution.-The 
basic filmcoatirig formula used in all these studics 
was: 
CAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PEG 6000, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,149; 
Acetone, . . . . . . . . . . . . .  65"' I 
Absolute ethanol. . . . . .  ,354; : Iq". . . . . . . . .  lo"% 

The filmcoating solutions used with the various 
dyes are presented in Table J (FD&C Yellow No. 5) 
and Tablc I1 (FD&C Ked S o .  2)  and were the 
modification of the abovc basic formula. 

The test forniulstions prescntcd above were dc- 
signcd to  bc of the foll(mviti,< two main types. 

10 20 30 

PEG 6000 Equivolents /LX 10' 

Fig. 2.-Interaction between dye FD&C Red No. 
2 and PEG 6000. Key: W, 50 nig.; V ,  25 nig.; 
0, 10 111g. 
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TABLE I -COMPOS ITON OF TEST F~LMCOATINC FORMULATIONS 0 SING FT)&C ~ ~ ~ I . L O W  No 5 AND THE 
OCCURRENCE OF MOTTLING ON THE TABLETS COATED BY THEM 

~ ~~ __ ~~ ~~ ___- .- ~ _ _ - ~  
~ ~ _ _ _ -  __ 1 01 mulalion N u  - ~ 

0 875 Gm. 7 GI11 0 X i 5  Gm 7 Gm 
CAP 30 Gm 30 Grri. 30 C:m 30 G m  
PEG 6000 70 Gm 70 Grn 70 GI11 70 Gin 

Y I Y l l  Y l I l  Y I V  

Titanium dioxide 10 GIU. 10 Gm. 
Acetone, 6;io/; 
A bsolut e 500 1111. 500 ml. 500 Inl. 500 1111. 

Occurrence of mottling N o  Y C S  KO NO 
ethanol, 3.570 

(Final color (Final color 
lighter than lighter than 
YI )  YI I )  

‘rAR1.B II.-COMPOSITION OF 1‘ES’T FILMCOATING FORMULAT~OSS USING FD&C KtiD 90. 2 A N D  THti  
OCCURRENCE O F  MOTCLING ON TlIE TABLETS COATED BY T H E M  

__ --.. - . . ~ 

Tiormulatiun Ko.-------------, 
I< I nti KIT1  R l V  

0 675 Gin. 5 . 4  Gm. 0 .  fi75 Gm. 5 . 4  Gm. 
30 Gni. 30 Grn. a0 Glll. 30 Gill. 

Dye 
CAI’ 
PEG 6000 70 ( ; I l l ,  TO (:Ill. ‘70 GIIL 70 Glll. 
‘I‘itaniu tu d ioxide . . .  . . .  10 Gin. 10 Gm. 

q.”. 500 nil. 500 nil. 500 1711. 500 nil. 
Acetone, 65(5, 
Ahsolute 

Occnrrcticc. of tnottliiig N o  Yes NO NO 
(Final color (Final color 

t cthanol. 35% 

lighter than lighter than 
RI ) M I )  

( a )  Those containing 4 times ( a  large excess) the 
amount of dye that could be solubilized by PEG 
6000; i.e., formulation No. YII,  YXV, RII ,  and 
RIV. ( b )  Those containing half the amount of 
dye that could be solubilized by PEG 6000; i . e . ,  
formulation KO. YI, YIII, KI,  and KIII .  

The determination of the amount of dye uscd 
in each formulation was based on thc dye-PEG 
6000 interaction studies. A typical calculation is 
shown in the illustration for FDPrC Ycllow No. 5 
(Fig. 1). 

On an average, 0.91 equivalents3 of PEG 6000 
(40 GIII.) would completely solubilize 0,0018 equiva- 
lents of the dye (1 Gm.). Therefore, 140 Gin. 
(the a~nount  uscd per litrr of a typical filmcoating 
formulatiou) of 1’EG GOO0 mould solubilize 3.5 
Gm. of the dye. 

The two dye coricentratiorls used were 3.6 X 
4 = 14 Gm./L. (excess dye in suspension) and 3.5/2 
= 1.75 Gm./L. (dye completely solubilized). 

In formulations YI, YII,  K I ,  and KII the method 
of preparation was carried out i n  the following steps. 
( a )  The requisite amount of dye was milled for 24 
hr. with 200 ml. of solvent system in a ball mill. 
( b )  This mixture was transferred to  a bottle con- 
taining a solution of 30 Gm. of CAP and 70 Gm. 
of PEG 6000 in 200 ml. of the solvent system. 
(c) The volume was made up t o  500 ml. with the 
solvent systcm. 

In formulations P I I I ,  YIV, RIII, and RIV, 
the method of preparation was carried out in the 
following stcps. ( u )  The requisite amounts of 
dyc and titanium dioxide werc milled for 24 hr. 
with 200 ml. of solvent system in a ball mill. ( h )  

1 Equivalents of PEG 6000 were calculated on the hasis of 
myethylene liukages (44 Gm. per equivalent). 

~___ 

This mixture was translerred to  a bottle containing 
a solution of 30 Gm. of CAP and 70 Gm. of PEG 
6000 in 200 ml. of the solvent system. (c) The 
volume was made up to 500 inl. with the solvent 
systcm. All the solutions were kept in a water bath 
at 55-60’. 

Filmcoating Procedure 
The filmcoating was carried out using a pear- 

shaped copper pan of 16 in. maximum diametcr 
with a panlnad of 5 lh. Four tape-baffles were used 
to  improve the rolling character of the tablets. 

Initially a mixture of 50 nil. of the filmcoatins 
solution diluted with 50 ml. of the solvent system 
was used. This diluted solution was poured in a 
series of 5 to  10-id. portions in a thin stream 
over the tumbling tablets and was added as quickly 
as possible, making surc that the tablets were per- 
fectly dry between each addition. Then 76 nil. of 
filmcoating solution (undiluted) was added in a 
series of 2 t o  5-1111. portions. Then the tablets 
were removed and the pan was washed and dried. 
Thc pan was recharged and another 100 1111. of 
the filmcoating solution (undiluted) was added in 
a series of 2 to  5-iul. portions. Then the coated 
tablets were dried and samples were takcn. 

The results obtained using the various fortnula- 
tions are also shown in Table I (FD&C Ycllow 
No. 5 )  and Table I1 (FD&C Red No. 2). I t  can 
be seen that mottling occurred only in the tablet 
coats which contained an excess of the dye and did 
not contain titanium dioxide. I t  was also noted 
that the final color of the tablets coated with formu- 
lations containing titanium dioxidc was lighter 
than that of the tablets on which a corresponding 
formulation without titanium dioxidc wn.s usc-d, 
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Study of t he  Function of Titanium Dioxide in  the  
Filmcoating Formulation 

I 11c followiiix two :ilipro:ielics were used i i i  tiiis 
study to determine if the  presence of titanium dioxide 
altered the  iiiteractioii phenomeiion between dye 
and PEG 6000. This study was carried out  using 
FDK-C Yellow No. 5 and F I X C  Red KO. 2. 

A.--4 constant amount (exccss) of the  dye under 
cousideratiori was placed in a series of 100-ml. 
glass-stoppered volumetric flasks. Amounts of 
titanium dioxide varying from 0 t o  750 iiig., in 
125-ni.5. increincnts. were also placcd in the series of 
flasks. Twentp-five inilliliters of thc 147; PEG 
6000 solution was added to  each flask. Thc solu- 
tions were shaktn in a nicclianical shaker at a 
constant temperature of 25" for 24 hr. to  establish 
clyriatriic equilibrium. Solutions were then filtered 
using Whattiian KO. 2 filter paper and  analyzed 
spectrophotomctrically . 

B.-A constant ainou~it  (excess) of the dye uiider 
consideration was placcd in a scries of 100-ml. 
volumetric flasks. Twenty-five tnilliliters of 145th 
P E G  6000 solution was added to  each flask. 'l'hr 
solutions were shaken in a niechariical shakrr at a 
constant temperature of 25" for 23 hr .  to  establish 
dynamic equilibrium. Amounts of titanium dioxide 
varying from 0 to  750 mg., in 125-1ng. increments 
were added t o  the  series of solutions and again the  
solutions were shaken for another 24 hr. at a cori- 
stant temperature of 26". The solutions were thcii 
filtered usitig Whatmxn iXo. 2 filter paper arid ari- 
alyzcd spectrophotometrically. 

'llie results obtained using the above two ap- 
proaches were identical to  those obtained from ex- 
periments conducted under similar conditions witli- 
ou t  the addition of titanium dioxide. 

, \  

DISCUSSION 

Interaction Studies Between PEG 6000 and  Dyes 

Interaction Studies Between Dye FD&C Yellow 
NO. 5 and PEG 6000.--Thc type of interaction be- 
tween FD&C Yellow No. 5 atid PEG 6000 may be 
explained on the basis of a n  adsorption phenomenon. 
It is postulated tha t  there exists an equilibrium 
between the solid dye, PEG 6000 in solution, and  
the adsorbed species. Then the adsorbed species 
goes into solution. 'The possible sclieiiie of ititcr- 
action can be represented as: 

1119 

instant for PEG 6000 content was too cunibcrsome 
:tiid lieiicc could not bc establishcd. 

Tlic. results iil~t:iiiietl front tlie two :Lii:iIyscs (li t1 
iiot prove to be definitive and, hence, these experi- 
ments neither proved nor disproved the  existence 
of the adsorption phenomeriori. 

It is observed from Fig. 1 tha t  as the  concentra- 
tion of PEG 6000 is increased, tlie arnount of dye 
being constant, the curve levcls off a t  some con- 
centration of PEG 6000. Since such a plateau 
would occur when all the dye niolccules arc coated 
by PEG 6000 molecules resulting in the solubiliza- 
tioii of the dye, the ariiourit of PEG 6000 (expressed 
in terms of cquivalents of oxyethylene linkages) 
required t o  solubilize a mole of dye could be ob- 
tained from Fig. 1 .  For example, in Fig. 1 (10 
ing. dye) 3.0 X 10-' cquivalrnts per liter of PEG 
6000 (tlie point where the  curve starts leveling 
off) are required to  solubilizc 0.70 X 10 - 3  niolcs/I,. 
of dye. Thus,  

where 
Y = FD&C I'ellow No. 5, 
I' = P E G  6000. 
IrPs = adsorbed species (solute P adsorbed on 

TPI = adsorbed species in solution. 
solid U), 

Various approaches were tried to substantiate 
the  existence of the  adsorption phcriomcna tiicntioued 
above. These include the use of Freundlich's 
isotherm (3) arid elemcrital arid infI-ared spectral 
analysis of the  residues from differcnt regions of the 
interaction curves. 

The use of the isothcrni roulcl not be applied 
in the  case of FD&C Yellow No. 5 because a method 
of direct determinatioii of the weight of the solute 
adsorbed on the dye surface or indirect determina- 
tion from analyzing the solution a t  :t particular 

- -  - - 
P E G  in equivalents/L. - 4.0 X 10-1 

tiyc in moles/Lr- 0.76 x 1 0 - 3  

5.26 x 102 

Similarly, the  ratios of 5.26 X lo2 and 5.20 X 102 
are obtained from 25 rng. dye and 50 trig. dye plots 
in Fig. 1, respectively. Thus, the avcr;Lge ratio, 

PEG in equivalents/L. 
dye in inules/L. ~. = 5.24 x 10' ____  

T h a t  is, on an averagc, 523 cquivalents of oxy- 
ethylene linkages are required to  solubilizc 1 inole 
of  F1)KrC Yellow iio. 5 .  

Interaction Studies Between Dye FD&C Blue 
No. 1 and PEG 6000.-The type of interaction be- 
tween FD&C Blue h-o. 1 and PEG 6000 observed 
was similar to  tha t  observed betwecn FD&C 
Uelloiv 1-0. 5 and PEG 6000, and could be ex- 
plaiucd on a siniil:tr basis. 

I t  was found that on an average, 51 equivalents 
of oxyethylene linkages are required to  solubilize I 
mole of FI)&C Blue No. 1. 

Interaction Studies Between Dye FD&C Red 
No. 2 and PEG 6000.-Thc type of interaction bc- 
twcen FD&C Red No. 2 and PEG 6000 could also 
be explained on the basis of adsorption phenomciioii 
and may lie represented schernatically as: 

1 
A + P ;r AP, 

AP, t n l '  .- AP,, + AP7'1 
L 

where 
A = FD&C Red S o .  2, 
P = PEG6000, 
AP, = primary adsorbed species (solute P ncl- 

AP,,  = secondary adsorbed species, 
AP,,z = secondary adsorbed species in solution. 

FD&C Red KO. 2 differs from FD&C kTello\~ 
No. 5 and FD&C Blue No. 1 in tha t  a shift in the 
phase solubility curve to  thc  right is observed 
(Fig. 2 )  as the initial amount of the dye is increased. 
Because of this observation tlie interaction of FD&C 
Red No. 2 with PEG 6000 was studird in  greater 
detail as shown in Fig. :3. This shift was seen to 
occur in all the studies shown in this figure. Such 
a shift iiidicatcs tha t  as  tlie dye concciitration is 

sorbed on the solid A), 
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where 
.y 2 wcight ol PEG 6000 (in equivalents per 

litcr) adsorbed, 
xt = weight of PEG 6000 (in equivalcnts pcr 

liter) taken, 
xi = weight of PEG 6000 (in equivalents per 

litcr) rcquircd to solubilizc the same 
amount of dyc if no shift. in thc curves oc- 
curr ed . 

Referring to Fig. 3 (1000 mg. dye curve which 
represents the dye in a concentration of 1 Gin./% 
nil .  or 40 Gni.,L.), when x t  = 0.5: x ,  = 0.15, 
then x = 0.35. 

Since the plot of lag x/nz against log C (Fig. -$) 
yiclds a straight line, the cxperinicntnl rcsults 
conforrri t o  the Frctnidlich expression iridicatiriK tltc 
vsistencr of ndsorption plienotncnon. 

I n  the lower conccntration region oi PEG fjO00 
and w-hen the nniount of dye present is largc, the 
primary adsorption phenomenon would be pre- 
tlotriiriant, However, as the concentration of PEG 
ti000 in solution is increased, the secondary adsurp- 
tion and solubilization phcnoirienon would come 
into prcdominance. Approaching the plateau region 
of the curves, the solubilization process would be 
prrdotninant in nature. 

In case of FD&C Red No. 2 also, the residues from 
ten different regions ot the interaction curvcs after 
dynamic equilibrium was established were collected 
and dried. Here also no definitc conclusions could 
be drawn either from eleinental (C, 11, IX) analysis 
or infrared spectra (using KBr pcllet tncthod) of thc. 
rcsiducs. ‘The above analyses did not prove or dis- 
prnve the existence of the adsorption phcnorncnon. 

__ PEG in cquivalents/L. 
dye in nioles/Id. 

Tor FDSrC Red XU. 3 is calculated in the sarnc 
ni:inncr as shown with PI)&C T;rllow So .  5. On 
an average 721 cquivalcnts of oxyctl~ylenc linkages 
arc required to solnhilizc 1 mole of FLXC Red No. 

m e  ratio 

PEG 6000 Equiva lents  /LX 10‘ 

Fis. 3.--Iritcraction between dye FD&C Rcd Xo. 2 
arid PEG 6000. 

increased under conditions in which tlie PEG 6000 
conccntration is kept constant, less dyc actually 
enters into solution. This phenoirienon could be 
explained nu the basis of thc rclative insolubility 
of thc primary adsorbed species AP, (step 1 in the 
interaction schemc). A greater initial amount of 
the dye would adsorb ninre PEG 6000 from its solu- 
tion forming- thc insoluble spccies in relativcly 
larger amounts. Thus a sniallcr amount of 1’EG 
6000 would be available to form the secondary 
adsorbcd spccies AP,, (step 2 in the intcraction 
scheme) which leads to solubilizdtion (step 3 in 
the iiitcraction scheme). 

At a lower initial aniount of the dye, sincc lcss 
PEG 6000 is rcquired for primary adsorption, 
mnrc PEG 6000 would be available for secondary 
adsorption, and, hence, the Iiighcr solubility of the 
dyc is observed. I t  is assumed here t1in.t A P ,  
is practically insoluble and the concentration of 
dye read a t  the absorption maximum at  any instant 
is directly proportional to  the amount of AI’ng in 
solution. 

To  substantiate the hypothesis that air aclsorp- 
tion phenonicnon (adsorption of solute PEG 6000 
from solution onto tlie solid dyc) froin solution 
occurs, the empirical isotherm suggested by Freund- 
lich ( 3 )  nicntioned carlier may be applied here. 

An ideal line, i.e., the line reprrscnting no shift 
due to adsorption phenomenon, is drawri (Fig. 3 )  
passing through the initial point (point representing 
the saturation solubility of the dye in the abscnce 
of PEG 6000) and parallel to the interaction lines 
in the higher concentration rcgion of PEG 6000. 

To apply the Freundlich isotherm, the wcight of 
PEG 6000 adsorbed on the dye is first determined. 
An illustration to calculatc thr values of x is as 
follows: 

x = .xi - xi 

” A. 
Interaction Studies Between Dye FD&C Red 

No. 1 and PEG 6000 and FD&C Red No. 4 and PEG 
6000.-These intcractions wcre similar to that oh- 

4 t  

I I , ,  
2 4 6 8 1 0  

I !  

P E G  6000 Equlvalents/L 

Fiq. 4.-Ad~orption isotherms lor PEG 6000. 
a, 200 nig.; A, 600 mg.; 0, 1001) ing. 

Key: 
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hulk; that is, the larger number of titanium dioxide 
particles present tcnds to rneclianically prevent the 
:tggrcgatim o f  the, t l y a  part ic1c.s. 

served between FD&C Red No. 2 and PEG 6000, 
and can be explained similarly on the basis of ad- 
sorption phenorneiio~i. On an averayc, 700 equiva- 
lents of oxyethylene linkages are required to solu- 
bilize 1 mole of FD&C Red No. I ,  and 460 cquiva- CONCLUSIONS 
lents to solubilize 1 molc of FD&C Red No. 4. 

Filmcoating Studies.-The relative uniformity of 
color produccd by formulations k-1 (FD&C Yellow 
No. 5) and K I  (FI)&C Red No. 2) contrasted with 
thc highly mottlcd appearance produced by fornmu- 
lations UII (FD&C Yellow No. 5 )  and RII  (FD&C 
Red No. 2) substantiates the hypothesis presented 
earlier that to achieve uniform color coverage the 
dye must be brought into solution. However, the 
rcsults shown by for~riulations YIV (FI)&C Yellow 
h-0. 5) and RIV (FL)&C Red No. 2) do not sub- 
stantiate this hypothesis. Although here the 
amount of dye is in excess (same as in YII and RII, 
respectively), the presence of titanium dioxide 
helps to prevent the expected mottled appearance 
of the tablets. 

Study of the Function of Titanium Dioxide in the 
Filmcoating Formulation.-The results obtained in 
the study designed to evaluate the function of 
titanium dimidc in the filmcoating for~nulation 
showed no change in thc adsorption curve patterns 
obtaiued for PEG 6000-dye interactions. Hence, 
it is concludccl that titmium dioxide does not act 
as an adsorbent for the dye or PEG 6000 and thus 
does not aid in preventing mottling by an adsorption 
process. Furthermore, the studies show that the 
titanium dioxide does not act in any way to affect 
the interactions between the dyes and PEG 6000. 
However, the results in the filmcoating studies show 
that even when the dye was not completely solu- 
bilized by PEG 6000, the mottling was considerably 
reduced by the addition of titanium dioxide to  thc 
filrncoatitig formula. Therclore. it is concluded 
that the presence of titanium dioxide promotes color 
uniformity simply due to “mechanical effect” of its 

The results of the present investigation have dem- 
onstrated: ( a )  PEG 6000 interacts with the dyes 
tested (FD&C Red No. 1, 2 ,  arid 1; FD&C Yellow 
No. 5 ;  and FI)&C Blue N o .  1). The interaction 
(adsorption of PEG 6000 onto the solid dye) results 
in solubilization of the dyes which arc almost in- 
soluble in the solvent system used (657; acetone 
and 3575 absolute etliariol). ( b )  No interaction is 
observed between CAI’ and the dyes tested. (c) 
Presence of titanium dioxide does not alter or affect 
the adsorption of PEG 6000 onto dyes. 

Thus, in a typical basic filmcoating formulation 
containing dye, PEG 6000, CAP, and titanium 
dioxide in the nonaqucous solvent system, the inter- 
action between PEG 6000 and dyes plays a sig- 
nificant role in affccting thc uniformity of color. 
In order to assure maximurn color uniformity, the 
amount of dye in a filmcoating formulation should 
not exceed the amount capable of being brought into 
solution by PEG 6000. The purely mechanical 
effect of titanium dioxide in preventing the aggrega- 
tiou of dyc particlcs also plays a significant role in 
achieving color uniformity. 

The information provided by this study Rives 
some insight into methods that may be enipluyed in 
formulating filmcoating solutions on the basis of 
scientific data rather than by the usr of ~ ~ u r c l y  e n -  
pirical techniques. 
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Experiences in Development of Directly 
Compressible Tablets Containing 

Potassium Chloride 
By JACK LAZARUS and LEON LACHMAN 

The influence of particle size distribution, particle shape, apparent bulk density, 
moisture content, additives, and punch shape o n  the directly compressible charac- 
teristics of potassium chloride were investigated. The relative weight and drug vari- 
ability of hydrochlorothiazide-potassium chloride tablets prepared by direct com- 
pression were compared with those prepared by customary wet granulating 

techniques. 

CCORDING TO the literature (I ,  2) i t  should bc longing to the cubic system into conventional A possible to  directly compress crystals be- flat-faced or biconvex tablets. Potassium chlo- 

Ciba Pharmaceutical C o . .  Summit, N. J. normally be directly compressed into such tablets. 
However, when the tablet shape is altered, not all 

April 1966. batches of U.S.P. potassium chloride crystals 
obtained from different suppliers could be directly 
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hulk; that is, the larger number of titanium dioxide 
particles present tcnds to rneclianically prevent the 
:tggrcgatim o f  the, t l y a  part ic1c.s. 

served between FD&C Red No. 2 and PEG 6000, 
and can be explained similarly on the basis of ad- 
sorption phenorneiio~i. On an averayc, 700 equiva- 
lents of oxyethylene linkages are required to solu- 
bilize 1 mole of FD&C Red No. I ,  and 460 cquiva- CONCLUSIONS 
lents to solubilize 1 molc of FD&C Red No. 4. 

Filmcoating Studies.-The relative uniformity of 
color produccd by formulations k-1 (FD&C Yellow 
No. 5) and K I  (FI)&C Red No. 2) contrasted with 
thc highly mottlcd appearance produced by fornmu- 
lations UII (FD&C Yellow No. 5 )  and RII  (FD&C 
Red No. 2) substantiates the hypothesis presented 
earlier that to achieve uniform color coverage the 
dye must be brought into solution. However, the 
rcsults shown by for~riulations YIV (FI)&C Yellow 
h-0. 5) and RIV (FL)&C Red No. 2) do not sub- 
stantiate this hypothesis. Although here the 
amount of dye is in excess (same as in YII and RII, 
respectively), the presence of titanium dioxide 
helps to prevent the expected mottled appearance 
of the tablets. 

Study of the Function of Titanium Dioxide in the 
Filmcoating Formulation.-The results obtained in 
the study designed to evaluate the function of 
titanium dimidc in the filmcoating for~nulation 
showed no change in thc adsorption curve patterns 
obtaiued for PEG 6000-dye interactions. Hence, 
it is concludccl that titmium dioxide does not act 
as an adsorbent for the dye or PEG 6000 and thus 
does not aid in preventing mottling by an adsorption 
process. Furthermore, the studies show that the 
titanium dioxide does not act in any way to affect 
the interactions between the dyes and PEG 6000. 
However, the results in the filmcoating studies show 
that even when the dye was not completely solu- 
bilized by PEG 6000, the mottling was considerably 
reduced by the addition of titanium dioxide to  thc 
filrncoatitig formula. Therclore. it is concluded 
that the presence of titanium dioxide promotes color 
uniformity simply due to “mechanical effect” of its 

The results of the present investigation have dem- 
onstrated: ( a )  PEG 6000 interacts with the dyes 
tested (FD&C Red No. 1, 2 ,  arid 1; FD&C Yellow 
No. 5 ;  and FI)&C Blue N o .  1). The interaction 
(adsorption of PEG 6000 onto the solid dye) results 
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soluble in the solvent system used (657; acetone 
and 3575 absolute etliariol). ( b )  No interaction is 
observed between CAI’ and the dyes tested. (c) 
Presence of titanium dioxide does not alter or affect 
the adsorption of PEG 6000 onto dyes. 

Thus, in a typical basic filmcoating formulation 
containing dye, PEG 6000, CAP, and titanium 
dioxide in the nonaqucous solvent system, the inter- 
action between PEG 6000 and dyes plays a sig- 
nificant role in affccting thc uniformity of color. 
In order to assure maximurn color uniformity, the 
amount of dye in a filmcoating formulation should 
not exceed the amount capable of being brought into 
solution by PEG 6000. The purely mechanical 
effect of titanium dioxide in preventing the aggrega- 
tiou of dyc particlcs also plays a significant role in 
achieving color uniformity. 

The information provided by this study Rives 
some insight into methods that may be enipluyed in 
formulating filmcoating solutions on the basis of 
scientific data rather than by the usr of ~ ~ u r c l y  e n -  
pirical techniques. 
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chloride crystals. The batch of crystals wliich 
compressed satisfactorily was tlien formulatd with 
Ii).drochlorotliiazidc. Tlie inixturcs whicli protlucctl 
satisfactory tablets on the Colton 204 were scaled 
up for cornpression on a 27-station, double-rotary 
tablet press. The production-size batches were 
suficient to make 240,000 tablets and were com- 
pressed on a Stokes 541 double-rotary press, operat- 
ing a t  a speed that produced 2000 tablets/min. 

Thc four-station, single-rotary press was used 
rather than a single-punch machine for the screening 
studies in order to morc closely approximate the 
compression force distribution encountered when thc 
tablets are compressed in production on a larger 
rotary press. Furthermore, in a single-punch 
machine, the lower punch is stationary aiid only the 
uppcr punch exerts the pressure a t  the time of 
rnaxirnum compression. In a rotary press, both 
the upper and lower tablet punches approach one 
another simultaneously up to the point of maxi- 
mum pressure. Consequently, the strains induced 
in tablets produccd on a single-punch machine 
would be different than those obtained from :t 
rotary press. 

For this investigation, modified ball-shaped 
tablets wcrc chosen since such tablets provide a 
minimum volume for a heavy tablet aiid a narrow 
edge which facilitates the application of a coating 
onto the tablets. A tablet compressed with standard 
concavc punches or extra deep concave punches 
would have a wider edge which is not so easily 
coatrd. Figure 1 shows a composite photo of thrsv 
diflerent shaped tablets. 

Friabi1ator.-A modified Roche friabilator (3  j 
was employed to  determinc thc resistance of thc 
tablet to breaking. Both a plastic arid stainless 
steel frame were used initially for tumbling the 
tablets. The plastic frame was selected for use 
after the initial evaluations since i t  was found that 
each frame gave comparable results. Twenty 
tablets were placecl in the friabilator which was then 
set in motion and timed. The test was terminated 
when one or more tablets were broken. Four 
minutes was the minimum acceptable time based 
on experience gained in spray coating of these tablets. 

Particle Size Distribution.-Two I~undrrd grams 
of potassium chloride crystals were sized on &in. 
diameter siainless steel screens (U. S. sieve series) 
using a Rotap sieve shaker operating for 20 rnin. 
Tlie per cent of tlic crystals retained on caeh screen 
was then determined. 

Apparent Bulk Density.-A wcighcd samplc of 
crystils was placrd into a graduated cylinder and 
tamped a given number of times from a uniform 
height. The volume of the crystals in the cylinder 
was used to estiinatc thc apparent bulk density. 

Moisture Determination.-The potassium chlo- 
ride crystals were placed into weighing bottles 
fitted with ground-glass covers and weighed on a 
Mcttlcr semimicro analytical balance. T h e  bottles 
were previously exposed to l i5" for 20 hr. 'rile 
samples of crystals were placed in an oven set a t  
105 & 1' for 2 hr. to  rcmovc surface moisture. 
The bottles were then stoppered, placed into a 
desiccator, and weighed when a t  room temperature. 
After weighing, the bottlcs were transferred to the 
175 f 1" for 20 hr., after which they were stoppered. 
cooled in a desiccator until at room trrnper;ttiirc, 
and rcwcighecl. 

compressed to produce tablets with satisfactory 
physical properties. The term "directly 
compressed" as used in this text refers to  the 
compression of a mixture of materials which heve 
been subjected to  thorough mixing prior to  
compression in order t o  obtain a uniform dis- 
tribution of components of the mixture. By this 
process, treatments, such as drying the  wet 
granulation, rescreening, and lubricating are not 
necessary. 

Several physical factors appear to  influence the 
direct compression of potassium chloride crystals 
into modified ball-shaped tablets. This report 
will relate findings on the influence of particle 
size distribution, particle shape, apparent bulk 
density, moisture, drug, and lubricant on the 
compaction characteristics of potassium chloride 
crystals. 

EXPERIMENTAL 

Formulations.-The formula uscd for screening 
the direct compressibility of potassiuni chloride 
cryst:rls was: 

1000 Tablets 
Potassicim chloride crystals . . . . . .  ,1000 Gm. 
Stcaric acid, powdered . . . . . . . . . . .  5 

Pass the potassium chloride crystals and the 
stearic acid through a No. 30 mesh stainless steel 
screen and mix well. 

Wet Granulation Formula 1000 Tablets 
Potassium chloride crystals. . . . . .  .l000 Gm. 
Hydrochlorothiazide crystal.;, . . . .  50 
Gelatin.. . . . . . . . . . . . . . . . . . . . . . .  10 
Stearic acid, powder. . . . . . . . . . . . .  5 

Pass the potassium chloridc and hydrochloro- 
thiazide through a h-0. 30 mesh stainless steel screen 
and mix well. Dissolve the gelatin in a suitable 
quantity of deionizcd water and granulatc. Screen 
the granulation to break up the lumps, dry on trays 
in  a circulating air oven, rescreen, and lubricate. 

Direct Compression Formula 1000 Tablets 
Potassium chloride crystals. . . . . .  .lo00 Cm. 
Hydrochlorothiazide crystals. . . . .  50 
Polyethylene glycol 6000, 

powdered.. . . . . . . . . . . . . . . . . . .  5 
Deionized water. . . . . . . . . . . . . . . .  
Colloidal silica., . . . . . . . . . . . . . . . .  5 Gm. 
Stcaric acid. . . . . . . . . . . . . . . . . . . .  5 
Talc.. . . . . . . . . . . . . . . . . . . . . . . . .  10 

1 . 0  ml. 

Pass the potassium chloride, liydroehlorothiazide, 
and the polyetliylenc glycol 6000 through a No. 30 
mesh stainless steel screen. Mix well and then spray 
in the water by means of an atomizer or a pressure- 
actuated spray nozzle. Mix well, then add the 
colloidal silica, stearic acid, and talc. Mix until 
blended. The granulation is now ready for com- 
pression. 

Compaction.-A four-station, single-rotary Colton 
204 tablct press, using 15/z2 in. modified ball stainlcss 
steel punches, was used to screen the direct com- 
pressibility of the cliffrreiit batches of potassium 



TABLE I.-MAXIYUM SAFE PRESSURE IN TONS ON 
TABLET MACHINE PUNCHES" 

~~ 

-Max. Safe Pressure, Tons- 
Flatface Revel-Edse 

Punch Aiea of or Std. Modified &I1 
Diam I'unch.Fact:, Concave or Carbide 

Fraction sq. in. Punches Tipped Punches 
~~ 

' * / 3 ~  .3750 ,1305 5 .6  2.2 
1 3 / 3 1  ,4063 ,1295 6 . 6  2.G 
14/38 ,4375 ,1506 7 . 7  3 . 1  
15/32 ,4688 ,1726 8.8 3.5 

. ~~ ____ ~ ~~. 
12. J. Stakes Corp., Philadelphia, Pa. 

Microscopic Examination.-The deformation of 
crystals following compression into modified ball- 
shaped tablets was evaluated inicroscopically-. 
V ie  potassium chloride crystals were lubricated 
with stcaric acid, mixed with a small quantity of 
activated charcoal, and compressed. The tablets 
were thrn cut in half and examined undcr low power 
inagnificatioti. 

Sampling Procedure for the Determination of 
Inter-Unit Tablet Variability.-Six individual 
batches of the directly compressible formulation oi 
potassium chloride with liydrochlorothiazide, suffi- 
cient t o  make 240,000 tablets per batch; were 
prepared and individually processed. Three batches 
wcrc selected for statistical analysis of the inter- 
unit variability in tablet weight, drug content, 
and per cent of drug. Four samples of approxi- 
mately 100 tablets each were taken systematically 
a t  30-min. intervals from cach side of the double- 
rotary tablet press during the compression opera- 
tion. The initial samplc was tdkcn 30 min. aftcr 
starting comprcssion. During this period, the 
production personnel inadc the routine weight 
adjustments on the machine which may not hdvc 
h e n  the same in number or in time for the three 
l ~ t c h e s  that werc analyzcd, uor werc they thc 8anic 
for cacli side of thc: tablct press. Ten tablrts wcrc 
r~rndo~tily selected from cach sample, ititlividually 
wcighccl, and each was p1:iced into a codcd bottle, 
which identified the tablet as to batch, time of 
s:tmpling, side or machine frorri wliich sample was 
takcn, and weight of tablct. Four tablets were 
i-;indornly selected from cach set of 10 tablets for 
:tnalysis of drug content per tablet. A table of 
random numbers was employed to  facilitate random 
selection. 

RESULTS AND DISCUSSION 

The failurc of some crystals to  compact favorably 
when compressed into modified ball-shaped tablets 
may be due to the amount of pressure which can 
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safely bc applied to the tablcts and to thc disti-ibu- 
tions of the forces in the tablet itseIf. Table I 
shows the maxirnum safe prcssurc which may t3e 

applied with different shaped tablet punches. I t  
will be noted that lcss than half the amount of 
pressure can be applied safely when using modified 
ball punchcs thau when using flat-faced or standard 
concave punches. 

Seth (2) stated that deeply biconvex tablcts sllow 
a greater tendency toward capping because the 
applied pressure is not uniformly distributed 
throughout the tablet granulation in the die cavity 
during compression. As a result, thc more deeply 
biconvex-shaped tablets are, in general, relatively 
weaker in strength than flat-faced or conventional 
biconvex tablets. Because of the convexity of the 
tablet, the pressures reaching the center of the 
tablet a t  its maximum diameter would be expected 
to  be a minimum. 

Modified ball-shaped tdbkts which showed poor 
friability were split in half and examined undcr low- 

Fig. Z.-Section of compressed tdblct of potassium 
Carbon has bccn added chloride with stearic acid. 

t o  help visua1iL.e the crystal boundaries. 

C U U U L L T I V E  PERCENT 

Fin. 3.-Particlc sizc distribution of various 
potassiu~n chloride batches sizcd on [I, S. sieve 
series screens. 
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Fig. 'i.-Pota,sium cliloridc crystals, batch A. 

Fig. 4.- Potassium clilnride crystals, batch D 

Fig. 8.--PotassiuIii chloridr crystals. hatch €3. 

Fig. .5.--Potassiurii chloride crystals, batch F 

Fig. 6. -Potassium chloride crystals, hatch F. Fig. 8.-Potassium rhloridr crystals. batch C. 
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power magnification as shown in Fig. 2. Batch B 
crystals were used to  make the t a b k t  shown in the 
figure. The  crystals at tlie edges of the t:tblct, 
i.~... thosccrystals in close proximity to the punch face, 
showed the greatest modificatiori in shape due to  tlie 
pressure exerted. The crystnls in the ccntci- of the 
tablet showed little or no niodificatioii from their 
original shape, indicating tha t  the pressures exerted 
on thc granulation bcd were not uniform, a finding 
which was not uncxpectccl due to  the curvature of 
the punch faccs. 

Particle Size Distribution.-The particle size dis- 
tribution of tlic several hatchcs o f  pot:issiuin clrlo- 
ride crystals is prcseiited iti Fix. 3, aiicl i t  car1 be 
seen tha t  there exists a wide range of sizes in tlic 
batches. Thc directly cornprcssible crystals were 
at least 0.50 p or larger a t  the fiftieth pcrcentilc, while 
tlie largest crystals at this percentile for those 
1):ttclies that did not exhibit directly comprcssiblc 
l~ropcrties were no more than 450 p i n  size. Approsi- 
inately 759;; of the cryqtnls froin thc  directly coin- 
prcssible batches were 420 /i or larger, whili. approsi- 
mately 75% ol the nontlirectly compressible crystals 
were 297 p or larger. 

Particle Shape and Appearance.--Es:iiniii:Llil iii of 
the  crystals uiirlcr lowpower riiagiiification re- 
vealed differences i n  tlic ap1x~:ir~1nce and sli:ipc! of  
the crystals. Tlie directly corripr 
(Figs. 4. 5, aiid 6) ,  batches L), E:, and 
were irregular in shape, frequeiitly 
jagged edges, o f tm ti-ansparciit, and :ippcariiig t o  
be built up  in thc forin of clusters as a result of 
growing together in irrcxu1a.r clutnps. Otlicr 
crystals wcrr cubic units huilt-up iii almost, pyr:miid 
fashion by Lvhat appears to bc fusion of adjaceiit 
crystals. The nontiircctly compressible crystals 
(Figs. '7, 8, and 91, batches A, B, and C ,  respectively, 
frcqumtly had rounded surfaces and appeared t o  
lack distinct crystal faces. In addition. these 
crystals were usually traiislucc-lit :and occ:tsion:illy 
opaquc in appcaraiicc. 

Apparent Bulk Density.-The apparent bulk 
density of the crysta rrcspont1c.d fairly closcly 
to the particle size d )utioii of tlie crystals as  
shown in Table 11. hulk riciisity rcprcscnts 
the  packing tendency J C  crystals :md is ;I fuiir- 
tion of the  crystal sizc distributioii and the irrcgulari- 
ties of the crystal shape. 
the highly irrrgular crystals provide frwcr contact 
poiiits Iwtweeri crystals a r i d  crcatc areatel- void 
sp;rccs; :tiid if tlicse voids arc i i o t  fillcd iii by the 
?iiiaIk~r cryst:tls iii t l i c  distribution, :i lois :tpparciit 
Iiulk cl~.iisity v:tluc will  lit, ol)taiiic(l. I t  w:is 01)- 
h c . r v c d  tli:it tlios(. cr-ys1:tls wl i ic l i  l i a t l  :in :i1ii):ireiii 
lmlk tiensity above 1 .0 coulcl not be directly co~i i -  
prt.ssetl. 

Thr larger cr 
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Moisture Content of Crystals.-Whcn sodium 
chloride and potassium chloride are crystallized from 
solution. sonic' water of crystallization may be 
occluded in the crystals. Smith and co-workers (4) 
dried sodium cliloridc and pntassiuin chloride 
crystals a t  340' and tlicn licated them at 550' for 
1 hr. A loss in moisture was recorded a t  the  latter 
temperature. A further loss in occluded moisture 
was observcd when the crystals were heated for 20 
miu. a t  900" which is niore than 100" above thc 
fusion poiut of the crystals. For cxample, they 
reported a loss nf 0.156:; water a t  ,550" and a n  
additional loss of 0.0CX'/b water at 900' for potas- 
sium cliloridc. crystals prepared by slow cvapora- 
tion cm a hot plate followed by drying to  remove 
surface irioisture. In additiori, they found tha t  the 
amount of water occluded varied with the method 
ol precipikating the salts. 

The  various batches of potassium cliloridc in the 
present study were evaluated for the possible pres- 
(wee of occluded moisture, first by drying thtr 
crystals a t  105" and thrn  at 173" for 20 hr. The  
1';s" temperature bvas selected bccausc of cow 
veiiicncc, no special prec:rutioiis were necessary to 
guard agaiiist loss by decrepitation, and sigiiificniit 
results were :tpparciitly attaiuccl at this temperaturc. 
l'he data obtained from these drying studies are 
suiri~iiarizcd in Table 111. Samples A. B, and C 
represent crystals which could iiot be directly coni- 
In-essed or could they be compressed when wet 
graiiulated. Sainplrs I) ,  [I:, : I . I I ~  F were directly 
compressible. 

The loss of iiioisturr at 175' W:IS, a s  one would 
expect, higher than a t  105" which is the usual 
temperature for removing surface moisture. Thc  
loss a t  175" which is represented by the difference 
brtw~ecn total loss of 1'7.5' and the observcd loss a t  
105" was gciicrally higher for the directly com- 
prc ssiblc crystals than for the others. 

To dctcrmine whether the per ccnt of occluclctl 
water withiii the crystals varied with thr  particle 
size of t,lic cryst.:rls, :I similar study was perforined 

Is from several batches, and 
cd in T:tblc IV. The da ta  
that there were generally 

grc:rtc,r losses iii moisturt. from the larger size crystals 
tlian Ironi the snialler crystals. This moisture is not 
apparently surface moisturc bccausc if i t  were, the 
small crystals, which liave ;t larger surface area, 
wotilrl he cxpcctcd t ( J  cLshibit :t grrater loss o i i  licat- 
in<. 

-lie iiiglicr pcrcciit:i~c (IF iiioisturcs iii the 1argc.r 
t u l h  n iay he oiic ol tile factors tha t  coiitrilmtc to 

tlic c i~ i i i~~is~ss i l~ i l i ty  01 tlicsc crystals. i\lthougli 
these iiioisture values :ire siii:ill in in:tgiiitudc, t1ic.y 
:tppe:tr t o  hc of sigiiificaiice when used as  a measure 

TABLE II.--SUMMARY UF DATA ON T'ARIOVS I'OTASSIUM CHLORIDE BATCHES 
~~~ 

~~ ~~ 

-Particle Size, inp- yG J.ois Bulk 
Sample 60% U p  To 50th From at 17Bc neusity Hardness Friability .. A 450 4511-850 0.01 1.06 I <2.5 min. 

<3 B 360 :<G(J-TrXO 0 .  02 I .  10 
C :{:!(I :320 h X I )  0 (14 1 .  I4  (i <. ."i 
u 73 1 7 3 - 1  200 0.05 0 .  X t i  13 >10 
E 6'70 ti70-1 200 0 OF, 0.88 14 >10 
F f i 5 0  ~i50--1200 0 .  ox 0 .9:! 12 >10 

- 
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T A B L E  III.-LOSS OF MOISTURE JS I'EK CLIN.1 A 1  
105 AND 175" IN VARIOUS SAMPLES OF KCl CRYS- 

TALS' 
-~ ~- ~~ ~ 

~ 

Loss at Total Loss 
Sample 1 0 5 O  at 175' Difiei-ence 

4 0 .  02 0.03 0.01 
R ( I .  01 D . 0 3  i) .02 
c' ( L O X  I )  1% O.(J4 
I )  i J .  01  O . ( l t i  O.iI5 
I< ( 1 . 0 1  i) .0fi 0 . l)5 
I; 0 . 02 0.10 0 . tJ8 

.~ ~ ~ ~~ . ~~~~ ~~ ~ 

Each value r?pi-es?nts an average of five determinations. 
Sample wcixht latixed from 0.9000 to 4.5000 Cni. 

I 'ABLE 1v.- -MUISTUKE I,OSS AT 175" O F  D I F F E K E N T  
BATCHES O F  SIZED CRYSTALS OF Kcl  

-. -- -Ci.ystal Size Retained on Screen-- 
No. 20 No.  30 KO. 60 

Sami,lc Mesh, 9% Mesh, 7, Mesh, yo 
A 0 .  01 0.01 0.00 
B . . .  0.04  0.01 
C . . .  0 .02  0.01 
1) 0 .09  0. 06 0.01 
IC il .04 0 .03  0.01 
P 0.07 0.04 0.02 

T A D L E   EFFECT OF LUBRICANTS ON T H E  PHYSI-  
CAL PROPERTIES O F  POTASSIUM CHI.ORIDE 'LABLETS 
~- ~ 

~ ~~ 

Concn., Hard- Friahilator, Thick- 
Luhi-icant '% nessa mm. ness, mm. 

KCl + stcaric :icitl 0 .5  12 >10 7.9 
KC1 + magricsiuni 

st citra t c 0 .5  5 < 1 7 . 9  
KC1 + calcium 

stcarate 0 .5  6 < 1 7.9 

Hat-dness was measured on a Strong-Cobb hardness 
tcster, invdi6ed so that it was actuated hy air pressure rather 
than the manually operated lever. 

TABLE \'I .-TYPICAL 'I'ABLET I'ROPERTIES FOLLOW- 
ING THE ADDITION OF HYDROCHLOROTHIAZIDE 

I Tahlet, 1 Tahlct, 
__~__. .__~ ~~~ 

I h  mula ing. mg. 
I'ota ssiiitii chi( ~ricl c 7 ()I li  I I 0 0 0  
Stearic acid 5 5 
H ydrochlorothiazidc . . .  5( I 

Tablet tliaiiictcr 16/32 in. 15/x.! in. 
Tablet thickness 7.9 111111. 8 .0 111111. 

'Tablet shape Modified ball Motlifictl b ; L l l  
IIardness 12 9 
FriabiIattrr >10 iiiiii. 3.i) iiiiu. 

-___- Tablet Properties--- ~~~ ~ -. 

- ~ -  ~~ _ ~ _ _ -  -~ ~~ 

of water of occlusion arid are in tlie same order of 
magnitude as  rcportcd by Smith et al. (4). 

It is reasonable t o  assume tha t  the  loss in wcight 
observed after heatirig the crystals represents mois- 
ture since the cryst:ils are ohtuiiieti by cvqmration 
from water. Examination of the  crystals, before 
and after heating, under low-power rnagnification, 
preferably with the stcreo~iricroscopc. will rcvral 

Fig. 10.~Hydrochlorot1iiazidr crystals. 

:ti1 a11p:~ciit incrc,asc. iii the nunihc,r of :iir l~ul)L)lcs 01- 

cavities follo~virig tlie heat treatiiieiit. The air 
bubbles will he more obvious with crystals wliicI1 
exhibit a greater moisture loss a t  thc higher tem- 
perature. 

Although hatch A crystals had a largrr average 
particle size than B or C and more closely approxi- 
niatcd in particle size range thc directly cotnpress- 
ihle crystals, they did not directly compress. This 
can be attributed to  the fact tha t  batch 4 crystals 
wcrc conipactcd on a Chilsoriator' to  attain a Iargcr 
average particle, aiid the amount of occluded tiiois- 

s sccn from thc data in 'I'ahlc III. 
The  photomicrograph of these crystals (Fig. 7) 
shows them to be rounded aiid somewlint opaque 
with few natural transparent aggregates, unlike the 
crystals formed by evaporation of solvent and not 
further subjcctcd to  any mechanical compaction 
process. Sirice inoisture is apparently a n  iniportant 
factor in compaction, the crystals should not bc sub- 
jected t o  aiiy treatment which will cause cvcessivc 
loss of moisture. 

Lubricant Effect.-l'hc addition of different 
luhricants was studied in conjunction with the com- 
pressibility of the  potassium chloride crystals. 
Stearic acid, magnesium steanitc, and calcium 
stcarate were each added in varyiiix amounts t o  
pot:i.ssiuin chloride crystals. Tlic maxncsiunn and 
calcium stcwxtes produced good lubrication, hut 
tlecrcascd the bonditig characteristics of tliv salt 

11 from the  data prcsciitcti in 'l':thlc 

Drug Effect.-Tlie adtlitiou o f  Iiytlroclil~~i-r~tlii:lzitic 
t o  the  mixture coiitaiiiiiig pot:issiuiii chloride :tilt1 

stcaric acid rcduccd tithlct Iinrtl~iris a i i d  the resist- 
m c e  of the tablets t o  splittiiig iii the frialdator as 
cviclcnccd by thc data in Tablc VI. 'Llic good 
tymding proprrtics of thc  directly comprcssihlc 
potassium chloride crystals werc adversely affected 
as evidenced by the  da ta  in this table. The  hydro- 
chlorothiazide crystals wcrc csscntially iiccdle-like 
in shape with an  occasional flat-platelet and wliich 
could he rcadily fractured and is shown in Fix. 10. 

Directly Compressible FOrmUlaS.--'l'o ovcrcoliic 
tlie adversc cffect of hydrochlorothiazide 011 the 

1 ManuincLiired by Lllc Vitzgatlick Cu.. Chicago, 111. 
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T A B L E  VII.-cOMFARISON OF Tn.0 I’RODCCTION 
METHODS 

-Tablet Wt:- -Drug Content, nig.-- 
CoKff, C O K f f .  

of of 
Var. I Var. I 

Lots Mean i S. D. % Mean k S. D. “/o 
Direct Compression 

I?  1 .07l)4 & .0052 .49 48 .28  zt 1 .05 3.42 
I 1  1.0739 =t ,0044 .41 47.60: zt .Y3 1.95 

Wet Granulation 
& 1.0647 f ,0066 .62 48.67 =!r 1.68 3.46 
Kcj 1.0664 i ,0063 .59 48.80 zt 1.33 2.74 

I1 1 ,0752 k ,0050 .47 48.59 ;t , fi0 1 -2.3 

I ( ~  1.0649 i .oom .64 49.00 ;t 1.24 2 . 5 3  
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Tlie purpose of the statistical analysis was to 
detcrminc thc variation in intcr-unit tablet wcight 
and drug content existing in the tablets prepared 
by method 2 and to compare thesc rcsults with sinii- 
par data rcportcd for method 1 (5). 

The mean, standard deviation, and coeflicient of 
variation for tablet weight and drug content were 
cstimatcd for each lot. The contribution to 
hctcrogeneity introduccd by sampling froin i\.c.o 

sicks of the compressing niacliinc and the. diffwcii t 
times of sampling were disregarded. The data are 
presented in Table VII.  

The tablets from method I show a teridency for 
larger inter-unit tablet weight variability than do 
the tablets from method 2 as judged froin the values 
for the coefficients of variation. A stronger tend- 
ency for larger variability of drug contctlt exists 
also in method 1. In view of these results, one can 
conclude that thc directly compressible formulation 
is at. lcast as good, if not better, than the wet granu- 
latcd lormula. 

SUMMARY 
Several factors were found to influcucc tl iv t1in.c.t 

compression of potassium chloride crystals into ~ i ~ i i -  

conventional shaped tablets. These were particlc 
size distribution, crystal shape, apparent bulk 
dcnsity, moisture, additivcs, and punch shape. 

A larger particle size distribution was observed 
for thc potassium chloride crystals which could be 
directly compressed into modificd ball-shapcd 
tablets. These crystals had many straight edges, 
were generally cubic or oblong in shape, or formed 
clusters from these shapes. Iiounclcd surfaces arid 
smaller particle size distribution wcrc characteristic 
of the potassium chloride crystals whicli could not 
be directly comprcssed into modified ball-shapcd 
tablets. The larger irregular crystals Iiad an cx- 
pected lower apparent bulk density and exhibited 
more occluded moisture. As lubricants, calcium 
and magnesium stearate tended to produce weaker 
tablets than stcaric acid. Hydrochlorothiazidc had 
a similar effect as thr stearates. The clevelopmexit 
of a directly compressible formulation for hydrochlo- 
rotliiazidc-potassium chloride tablets is described. 
The inter-unit tablet weight and drug content vari- 
ability for the tablets prepared from the directly 
compressible formulation and those prepared by the 
wct granulation technique were found to he coni- 
parable. 
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directly comprcssiblc propcrtics of potassium chlo- 
ride, additives wcrc incorporated in the forniula- 
tion. The rationale for tlie use of thc various raw 
inatcrials in the formulation will now be presented. 

The polyethylene glycol GO00 powder was msecl as 
a water-soluble binder, and thc small amount of 
moisture which is atomized into the mixture most 
likely activates its binding propcrtics. Sincc thc 
potassium chloridc crystal is well balanced iouically, 
i t  does not have ideal surfaccs for attracting poorly 
soluble additives, such as a hyclrochlorothiazide. 
The pnlyethylene glycol 6000 may act as a bridge 
to provide the necessary bonding between these 
two crystals. 

‘l’hc moisture may also act to Icak-off electrostatic 
charges induced by mixing the dry powders in  the 
prcscncc of hydrochlorothkzide. The surface of the 
potassium chloride crystals may be altered by the 
addition of moisture through surface dissolution of 
the salt followed by recrystallization OR drying. 

The colloidal silica improvrd the flow of the 
mixture by its adsorbent properties, particularly 
when the distribution of the small quantity of iriois- 
turc addcd was not absolutcly homogcneous. In 
the prcscnce of the water, the colloidal silica may 
rnodify the surfacc of the potassium chloride by 
forming a surface film. 

In order to overcome picking of the tablets a t  the 
monogram, it was found necessary to add talc. 
Such picking did not occur on IiorirIioriograrntned, 
imooth-faced punches. 

Inter-Unit Tablet Variation.-Tlic directly con- 
pressible method (incthod 2 )  required less m:mu- 
facturing and material handling time than the wet 
granulation procedure (method 1). At lcast 12 
material handling steps arc involvcd in method 1 
as compared to four for method 2.  The maiiufac- 
turing time for mcthod I is approximately 3.8 
manhours, not including the delay for tlryiiig time. 
There is no delay for drying in method 2, and tlie 
msnufacturing time is about 1.25 manhours. 

(1) “Remington’s Pharmaceutical Sciences,” 13th ed.. 
Mack Publishing Co., Easton, Pa., l!M5. 

(2) Seth,  P. L., “The Influence of Physical and Mcchanical 
Factors in Tablet Making,” Tent House, Calcutta, India, 
l O W  , ., .,” . 

(3) Shafer. E. G. E., Wullish, E. G., and Engel, C. E., 

(4) Smi th .  Cr. P.. Stuhhlrfirld. F. M.. and Middleton. 
J .  A m .  Pharm. Asioc. ,  .%i. E d . ,  45, 114(1956). 

R.b:, I p f d .  E’nn. C b r m  ( A m l  E d . ) , ’ 6 ,  314(1k34). 
(5) Lacbrnan, I.., and Sylwestrowicz, H. D., J. Phavm. 

S c i . ,  53, 1234(lus4,. 



Compressibility of Pharmaceutical Solids I 

Instrumentation Employed and Preliminary Results Obtained 

By JACOB VARSANO and LEON LACHMAN 

A description is presented of an Instron physical testing instrument which was 
adapted to permit its utilization in the evaluation of the compressing characteristics 
of drug particles and granules. Measurements were performed on  a bed of a readily 
and a poorly compressible solid, as well as granules of these solids made with several 
commonly used pharmaceutical binding agents. It was found that potassium chlo- 
ride crystals and granules deformed at lower compression loads than those of potas- 
sium citrate. The  influence of crystal and granule size and granulating agents on  
these measurements was found to be relatively small when compared with the in- 
herent properties of each salt. The  relationship between the logarithm of the load 
and the deformation showed a change of slope depending on  load range. An at- 
tempt was made to obtain a parameter of compressibility having practical implica- 
tions and leading to a better theoretical understanding of the mechanism of bonding 

of solids under pressure. 

UKINC THE past 15 years a considerable 
amount of research has been performed to 

elucidatc the phenomena and mechanisms in- 
volved in the compression of pharmaceutical 
solids and their granulations. 

Higuchi and associates (1 -51, using an instru- 
mented single-punch tablet press, were able to 
demonstrate that a definite relationship existed 
between compression iorcr and various physical 
characteristics of the produced tablets, among 
which were hardness, density, porosity, and 
specific surface area 

Thc mechanisms of compaction of powders into 
pellets and the transmission of the comprcssion 
forces throughout the powder bed were investi- 
gated by Train (6). He also studied the physical 
changes occurring in the powder undergoing 
compression by measuring thc change of relative 
volume with respect to load. 

Shotton and Ganderton (7) evaluated the 
relationships between coinpaction forces and 
crushing strength, voidagc, and cjcction forces. 
The structural changes of granulcs occurring a t  
different compression levels and the mechanism 
of bonding were also investigated by these 
authors (8, 9). 

Several pharmaccutical solids were studied 
lor their stress relaxation behavior under constant 
strain by Shlanta and Milosovich (10). Thc 
investigators found a correlation lxtwecn the 
relaxation properties of these materials and 
their lionding characteristics. 

Set11 ant1 Mutizrl ( 1  1 )  pnstulated that pnr- 

Keceived Ayiil P Y ,  I Y t i t i ,  trum the Keseai-ch Lkgdrttuent, 
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tides bind among each other by the formation 
of surlace irregularities during compression. 
Rumpf (la) invcstigatcd the effect of adsorbed 
water as a factor in the bonding of particles 
undergoing compression, 

In recent years increasing attention has been 
given to the influences of crystal lattice strength 
on the bonding characteristics of several pharma- 
ceutical materials. Correlations between crystal 
liardness and bonding have been demonstrated 
by Windheuser et nl. ( 13). A thorough investiga- 
tion into the elastic and plastic deformations 
of some pharmaceutical solids undcr comprcs- 
sion was reported by Hofer and Gstirner (14). 

The cohesion between solid surfaces depends on 
forces ol atomic attraction which demonstrate 
themselves at distances slightly greater than 
normal interatomic spacing. Therc cxists a 
direct proportionality between bonding and the 
contact area of the solid surfaces on which these 
forces play a role. Solids with a greater tend- 
ency for plastic flow will attain a greatcr con- 
tact area when subjected to a given load and, 
therefore, a higher degree of bonding would 
result (15). Consequently, the plasticity of the 
crystal lattice would be a major factor contribut- 
ing to the bonding of pharmaceutical solids, 
regardless of the other mechanisms involvcd. 

Although previous reports have considered 
the imprtance of this aspect, there is still a need 
for a systematic evaluation as to the effect of 
relative crystal and granule hardness on the 
coinpressioii bonding ol particwlate solids. In 
light of this, a shidy was designed to perform 
hardness measurements on a bed of crystals and 
granules and determine the effect that particle 
size and graniilating additives have on these 
measurements. Data accruing from such a 
study should contribute to the development of 
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crystal and granule hardness specifications of 
materials used in tableting, their relative grading 
in respect to  hardness, and permit an estimation 
of the compressibility charactcristics of new 
drugs before formulation work is initiated. 

This report describes the instrumentation and 
techniques einployed toward achieving the 
aforementioned objectives arid presents tlie 
preliminary data  obtained on two pharinaceu- 
tical solids, potassiurn chloride and IJOtdSSiUlTI 
citrate. Previous experience obtained with these 
salts during formulation work irdicatc.d that 
satisfactory tablets could be obtained by direct 
compression with potassium chloride but not 
with potassium citrate. Thcsc results led to the 
selection of potassium chloride and potassium 
citrate for this study as rcpresentativc of a 
readily and a poorly compressible solid. 

EXPERIMENTAL 

Instrumentation.-’The Instron ITniversal testirtg 
instrument TM-M, table model’ shown in Fig. 1 
was utilized for this study. ‘I‘liis equipment permits 
an evaluation of the stress-strain characteristics of 
materials undcr selected loads :tpplictl at varying 
rates and patterns, The inajor coiisidcrations for 
selecting the instrument were its accuracy, versa- 
tility, operatioiial convenience, and relative coni- 
pdCtnesS. These qualities make it a valuable tool 
for both investigatioid and routine tneasurernents. 

A brief description of the operational principles 
uf this instrument follows. The vertically nioving 
crosshead (A)  is driven by a synchronous system 
exerting a compression force at constant ratcs 
independent of load. A set of interchangeablc 
Rears provides a selection of crosshead sp~eds.  
The load cell (B) is a bonded wire strain gauge 
,iysteln excited by a stabilized oscillator and is 
tcmperaturc compciisated. The load cell output 
is amplified ancl fed to the potentiomctrr-type strip 
‘chart recorder (C), driven synchron~~usly with thc 
crosshead at variable speed ratios. The actuation 
(of thc crosshead and its direction of motion is con- 
trolled from a pancl (D) either manually or auto- 
.matically by preset conditions. 

To allow the measurements of deformation oc- 
tcurring in particulate solid beds undcr varying 
Istress levels, the special fixture shown in Fig. 2 was 
Ilesigrird for the instrument. It consisted of two 
punches and a die rcseniblirig a single-punch tablet 
press. l’he uppcr punch (A) was attached to the 
moving crosshead. The lower punch (B) TELS 

seated on a flange (C) which was fastened by set 
screws to the load s~nsitivc table of a compression 
load cell (11). 4 tlircaded bushiug (B) containing 
1-he lower punch proviclctl a tileans for rcgulatiiig 
its height. The die (I?) was placed on a metal 
plate (G) which slides vertically along a pair of 
sturdy steel rods (H) attached to  the base of the 
i.nstrument. The surface of the rods had inscribed 
:,calrs in 1-inni. iiicrernt.rits to allow the positionin 
1Jc tlic dic platc at desired liciglits which in  turn . 
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Fig. l.-Tiistroti universal tcsting instrunicnt 
cyuipped with compression fixture. Key: A, 
crosshead; B, load cell; C, recorder; D, coiitrol 
panel; E, fixture. 

I 

*- 

I, 

T ’  

Fig. 2.--Fixturc for compressing particulate solidi. 

lower punch; E, threaded bushing; C, flange liold- 
ing lower punch; 1, lirtirig lever; H, steel rods; D, 
coinpression cell. 

KC)-: -4, Upper p U n C h ;  E’, die; G, IIletdl plate; B, 

ltclcl in  pl;icc b y  set screws. A 1evc.i- ( I )  bcrved to 
extrude the cotnprcssed coinpacts from thc die by 
lifting thc bushing co~itaining the lower punch. 
The flat-faced punches employed in this study were 
of  l1/32-iu. diaiurter. ’I‘he die and puuches were 
chromium plated to reduce sticking and friction. 

The iiistrument equipped with the fixture de- 
scribed above permitted an evaluation of the 
deformation properties ol solids undcrgoing com- 
pression froni the rclationship of ulrper puricli travcl 
:tiid tlie compression force exerted on the ~ C J W ~ I  

punch. 
Materials ~Sed.-~’ot~rssiliiii chloride (Scli~iylkill 
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Fig. 3.-Deforttiation of crystals at varying loads. 
Kry:  A,  potassium citrate crystals; B, potassium 
chloride crystals. 

Clictnical C o . ) ;  p(it:~ssiunii citratc (Clias. I'fizcr 
aiid Co., Itic. 1 ;  coriistarch L1.S.P.; acacia U . S . P . ;  
; L I ~  polyviiiilpyrolidonc ( P V P )  (rlntara Chrmicals). 

Procedure.-The potassium chloride and potas- 
sium citrate were niillcd on a Fitzpatrick machine, 
and qanulations of these salts were prepared with 
water, cornstarch paste 20% w/v, acacia solution 
20:", w/v, a ~ i d  I'VP solution 20y0 w/v. For FdCh 
granulation system the ratio of binder to salt was 

'I'he granulations and the untreatcd 
ids were screeried on U. S. standard 

sicves to obtain the following size fractions: 

Sieve Classification, Mesh 
Potassium cliluride, 

crystalline. . . . . . . .  .40-60, 60-80, 80-100, 100- 
120 

crystalline. . . . . . . .  .40-60, 60-80, 80-100, 100 . 
120 

Granulations. . . . . . . .  .1X 20, 20 40, 40-60, 60-80, 
80-100 

The screened hactions and unscreened material 
were dried in a 65"-ovcn until the Karl Fischer test 
indicated no measurable amount of water. 

Compression.--The die wall was dusted with 
inagnesiurn stearate, and a 300-mg. sample was 
accurately weighed and fed into the die cavity 
tlirough a spccially designed glass funnel. In 
nrcler to insure uniform packing of the particles in 
thc die, the funnel was suspended on a vibrating arm 
operating :it a constant frequency. 

'lhc instrument was operated on automatic load 
cycling a t  a downward crosshcad motion of 1 em./ 
ti i in.  until a 300-Kg. (504.9 Kg./ctri.z) load was 
exerted on the lower punch. When this maximum 
load was reached, the instrument automatically 
reversed the direction of the crosshcad a t  a speed of 
50 an./niin. The ratio of the downward crosshead 
speed to that of the rccordcr chart was 1 : 50. For 
each screened fraction, five nieasurements w-ere 
made, and their 1nt.an vulucs were used in sub- 
sequent calculations. Correctioiis were made for 
the amount of deflcction duc to thc instrument and 
the fixture. 

l'trtassiutn citrate, 

KESULTS AND DISCUSSION 

Figur-c 3 prescnts a typical load dcforrriatiuu 
relstionsliiu as rculottcd from the rccordcr. 1 t 

1 c  
1504.9) 

1420.11 250 

1336.61 2W 

I168 3 )  100 ! (252.41  15 

Y 184.1) 5 

2 3 (- 
3 41 ......... 

OEFORMRTION lmml 

IGg. 1. ~~ C I ~ i ~ i p r c s i ~ ~ i  curvcs uf potassiuiii ritraic 
and potassiuiii chloride crystals a t  varying particle 
sizes. Key: (potassium chloridc) a, 011 100; I), n u  
60; c, not screened; (potassium citrate) A, on 100; 
B, 011 GO; C, not scrcened. 

L O l O  

- ~~ 

(336.61 ZO+ 

(25241 150- 

(16831 100- 

1 8 4 1 )  50-  

0 I 3+. 
2 4 , 2- ........ 

D E F O R M A T I O N  i m m  I 

Fig. 5. --Compression curves of potasiuiii citratc 
(on 80) and potassium chloride (on 80) granulated 
with several agents. Key: (potassium citrate) A, 
crystallinc; B, starch paste granulation; C, acacia. 
granulation; (potassium chloride) a, crystalline; 
b, starch pastc granulation; c. acacia grauulation. 

TABLE I.-(a LOG  LOAD/^ DEFORMATION) OF 
POTASSIUM CITRATE AND POTASSIUM CHLORIDE AT 

VARYING PARTICLE SIZES 
_ _ ~ ~  

I ---C,-ysLd- - 
Potassium Potassium 

Sieve Siie Citrate Chloride 
On 40 .96 .51 
On 60 .94 .64 
On 80 90 . M 
On 100 .85 .XI 
On 120 .94 .58 
Not screened . 8 i  .52 
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TABLE II.--INPLlJENCE O F  GRANULATISG AkDDITIVES OS SLOPES (a L O G  LOAD/A 1 )HFORMATION) OF I’OTAS- 
SIUM CITRATE 

.-__. ~ 

~ ~ ~~~ ~~ .~ 

~ - 
I (:iaiiulated with 

Sieve Size Cryrtnls Water Starch Paste Acacia rvr 
On 20 . . .  .87 .85 .85 .84 
011 40 .96 .89 .84 .85 .90 on 60 .94 .88 .82 . 80 
On 80 . YO .R4 .79 .74 .13 
On 100 .85 t 86 .81 .;ti .92 
On 120 .94 . . .  
Kot screened .87 .87 .85 .76 . 80 

.82 
r- 

. . .  . . .  . . .  

TAB1.E III.-IKFLUENCB O F  GRASULATING ADDITTVES O N  SLOPES (a I,OC; LOAD/A DBFORMATIOX) OF 

POTASSIUM CHLORIDE 
~ _ _ ~  - - ~~ 

~. ~~~ ~ ~. 

7 Grand ated wit ti--- 
Sieve Size Ci ystals Water Starch Paste Acacia PVP 

0 1 1  30 . . .  . .54 .54 .46 .47 
0 1 1  40 .51 .50 .4x .4fj .46 
o n  6(1 .64 .54 -49 .40 . rfi 
On 80 . 50 . M -41 . 56 .55 
o n  100 . 50 .54 .52 .49 . 5fi 
on 120 .58 . . .  . . .  
Not screened . 52 .56 .51 .50 .54 

. . .  . . .  

’I‘ABLE Iv --WORK E X P F N D E D  TO COMPRESS CRYSTALS A N D  GRANULATIONS OF ~ O ~ A S S l l J h l  C I r K A I  E A N D  
POTASSIUM <)HLORII)C AT I r A R Y l N G  [’ARTICLE SIZES 

~ 
~ 

~ ~ ~~ 

- -~ ~______  -~ ~ 

Starch Paste 
--Crystals -- . -GranulaLion-. Acacia Granulation PVP Granrjlntion Wate r  Granulation 

Sieve Size K Citr. KCI K Citr. KCI K Citr. KCI K Citi. KCI K Cill. KCl 
On 80 . . .  . . . 179 300 169 283 771 280 165 251 
On 40 145 230 172 281 165 283 161 270 I(i6 265 
On A0 138 212 174 277 174 309 171 254 164 250 
o n  80 153 242 180 261 187 230 185 248 160 243 
On 100 152 245 179 252 178 259 164 241 167 242 
o n  120 151 272 . . , . . .  . . .  
Not screened 161 246 168 262 172 255 162 252 101 254 

. . .  . . .  . . .  . . .  . . .  

shows that the deformation of potassium chloridc 
was grcater than that nbtaincd with potassium 
citrate. 

Plotting thc logarithm of the load against de- 
formation produced a linear relationship over a 
load range from approximatcly .io to  300 Kg. for 
both potassium citrate and potassium chloride as 
sliown in Figs. 4 and 5. Bccause of particle re- 
organization occurring a t  the load range below 50 
I?&., dcviation from lincarity takcs place in the 
zrbove relationship. The slopes of the plots in 
Figs. 4 and 5 (A log load/A deformation), arc an 
index of the relativc case with which the solid bed 
undergoes deformation. 

The compression slopes of the plots in Fig.. 4 are 
summarized in Table I.. It is evident from thc the crushing strength of co nipacts. 
data in this tablc that within cach salt, thc slope 

Fig. 6.-The instrument as utilizcri for mcasuring 

values are for the most part of the same magnitude, 
‘[ABLE \’.-OVER-ALL MEAK CRUSHISC S.I.KI.:NGTIT 

iridcpendent of particle size. However. a curii- ( , ~  cuMPRESsEu FRUR.I CKYs,AI,S 
parison of the slopes of the two salts reveals a signil- ~ R A N , I I , H . T I O x s  pOTASSIUM , ~ N I )  I ’ ~ , . ~ ~ ~  
imnt diffcrence between them. SIUM CHLORIDE 

~~ The effect of granulating additives at a constant ~ 

particle size on the slopes is demonstrated by the K Citi . , KCl, 
plots in Fig. 3. The slopes of such plots are pre- Kg. Kg. 

:,ented in Tables I1 and 111. It can be seen that thc 6.15 10.94 
5 .90  10.06 slopes of each salt are essentially unaffected by 3.78 9 .93 

granule size and granulating agent a t  concentratiuns ~ $ ~ ~ ~ ~ ~ ~ ~ ~ “ L t i o * l  2.99 0.80 
~iorrnally used in tablet technology. Acacia granulatioit 10.15 13  . f iO 

Water granulation 

‘l‘hc valucs for work expended in compressing the _____ 
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materials under study over the load range from 50 
to  301) Kg. were computcd from the areas under thc 
lontl displacetneut curves and are presented in 
arbitrary units it1 'l'ablc I \ - .  The data clearly 
indicate that in all instances the work done in 
compressing potassium chloride is greater than that 
for potassium citratc. This is an indication that 
potassium chloride has undergone greater defnrtna- 
tion a t  this load lc,vrl than potassiuni citrate. 

Crushing strcngth measurements on the compacts 
obtained in this study were performed on the instru- 
ment as illustrated by thc pliotograpli shown in 
Fig. li. 'I'ahlc IT presents the over all nirans of thesc 

Jozlritnl of Pltarrnnceuticrcl Sciences 

values for each granulation. I t  is evident from 
these data that greater apparent bonding was 
achieved with potassium chloride Ilian with potas- 
siuni citrate. 

In order to determine whether the slope relation- 
ship for the two substances found at lower loads 
would remain valid at higher loads, a floor model 
Tnstron capable of cxcrting a maximum load of 
5000 Kg. was utilizcd. Tlic data obtained were 
plotted in Fig. 7, and it is apparent from thc non- 
liuearity of thc plots oI log load versus deformation 
that the straight line relationship found a t  the 
lower loads does not hold true over a wide load 
range. Because of the curvature of the plots, it is 
not readily possible to obtain the compression slopcs 
of the two substances. It was felt that if the com- 
pression curves wcrc approximated as straight 
lines, valuable information on thP mechanism of 
compression would be obscured. Instead, the 
equation of the best fitted line was calculated on a 
computer by thc method of least squares, using the 
quadratic model log y = A 1  + AzX + A3X2. The 
slope a t  each load level of the fitted line was then 
computed by differentiating the model: d(log y ) /  
d r  = A2 + 2i13x. This analysis permitted the 
determination of the comprcssion slopcs a t  any load 
Icvel. The computer program also recorded the 
residual sum of squarcs and the standard dcviation. 
The latter represented the geometric mean of the 
variations ahout thc fitted line and included both 
the experimental error and the inadequacy of the 
1nodcl. 

The slopes computed in this manner were plotted 
against load as shown in Fig. 8. This graphical 
presentation clearly illustrates the influence of vary- 
ing loads on the comprcssion slopes. From thc plot 
of potassium chloride, it can be seen that the cotii- 
pression slopc increases and approaches a plateau 
with increasc in load. This relationship would 
indicatc that the major deformation of the crystal 
bed took place a t  the lowcr load range. As the load 
increases bcyond this range, a greater portion of it is 
being transmitted through the bed onto the load 
cell with little further compaction being accomp- 
lished. In contrast, for potassium citrate, the 
major deformation is occurring a t  the higher load 
range as evidenced by the considerable decrease in 
compression slope as thc load increases. 

The changes occurring in compression slopes a t  
different load ranges provide valuable information 
about thc comprcssion characteristics of a material 
and permit the selection of the most appropriate 
load level to obtain optimal compaction. It would 
be expected that the grading of the relative coni- 
pressibility of materials could bc  accon~plislied by 
cleterniining thc load range at  which most active 
compaction is taking place. 

The work expended in cumpi-essing potassium 
chloride and potassium citrate in the load range up 

D E F O R M I T I D N ~ ~ ~ P I  

Fig. 'i.-Cotnpression curves of potassium citrate 
ion 80) and potassium chloride (on 80) at  high 
loads. Key: A, potassium citrate; €3, potassium 
chloride. 

'4 \ 1 

l " l C  

Fig. 8.--Conipressiori slopes of 80-mcsh crystals 
a t  cliffercnt Inads. Key: A,  potassium citratc; 
B, potassium chloride. 

' 1 ' ~ n r . ~  V1.- --CUMULATIVE WORK EXPENDED To COMPRESS ~O-MESH POTASSIUM CITRATE ASD POTASSIUM 
CIILURIDE CRYSTALS FROM 50 Kg. T O  LOAD LEVELS GIVEN I N  TABLE 

~~ ~~ ~. _. _- - Cumulative Work at 1,oads in Kg. 
5on 1000 i5on 3000 2500 3000 3500 4000 4,500 

Potassium citratc 2x1 557 862 118'7 1528 1882 2246 2620 3002 
Potassium chloride 356 613 870 1129 1388 1647 1906 2166 2425 

~ 
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to  4.30 Kg. is given in Table VI.  It can be seen 
from the data in this table that morc work is ex- 
peiidcd on tlic pot:tssiutri chloride crystals u p  to 
1500 Kg.. wh i l r  fnr pnta.;s'iiiii citratc, niorc work is 
expended from 1.500 to 4500 Kg. Tliis rfioultl i t i -  

dicate that the potassium chloride crystals arc 
undergoing grea tcr rlrformation and cornpactinti 
a t  thc lowvr load raiigc rrliilv tlie i r ~ v w s c  is t ruc f(tr 
potassium citratc. 
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compressibility of thc materials a t  high load levels, 
a. computer program was prepared to  determine the 
yuadr:itic cquation hcst fitting tlic cxpcrirnental 
tlata wliich were subsequt.ntly used to ikbtain th(, 
cornpression slopes at  racli load by calculating thc 
derivative. 

The relationship between compression slopc 
aiid load can he used to dctvniiiiit. tlic l tnd range a t  
wliich riiasiniuiii deforniatioii of thc solid bed is 
taking- place. 

6. The work expended at different loads can 
also bc used to determine the load range of rnaxi- 
nium deformation. 

5 .  
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Metallurgy, 

SUMMAKY AND CONCLUSION 

description has been presented of R modified 
Instron physical testing instrumcnt which can be 
used to obtain a quantitative measurc~ of the con-  
pressibility of plinrmnceutiwl solids. Preliminary 
information is given for potassiunn chloride and 
potassium citrate crystals and granulations or these 
salts which can be summarized as follows. 

1. Potassium chloridc was found to deform a t  
lower compression loads than potassium citrate. 

2. Modifying thc two salts by grariulating with 
materials comniorily used in tnhlet tcchnology in- 
dicated that thc inhcrcnt coriipressioii pi-opcrtics 
of the salts yredoiiiiiiatcd. 'I'hc gr:tiiulating agents 
employed were water, ac;rcia, sktrcli Ixistc, and 
polyviriylpyrroliclonc. 

A linear relationship was found for log load 
versus deformation for both salts a t  load levels u p  
to 301) Kg. However, a t  1iip;her loads, tliis linear 
rclatiotiship did not hold true. 

In ordcr to permit a measure o f  tlic relative 

3. 

4. 

Powder Flow Studies I 

Instrumentation and Applications 

By GERALD GOLD, RONALD N. DUVALL, and BLAZE T. PALERMO 

Several methods have been used to evaluate the flow properties of pharmaceutical 
formulations. Although these methods give reproducible results, they often measure 
different factors. Consequently, it  is difficult to interpret the data, and it is debatable 
whether correlation with actual flow of material is possible. A new approach to the 
measurement of powder flow is presented and involves measurement of the weight of 
powder per unit time flowing through a hopper orifice. The instrument, a recording 
powder flowometer, consists of a hopper, strain gauge balance, and recorder. The  
flow rate can be calculated from the recorder tracing, and in addition, the tracing 
serves to  characterize the flow qualities of a formulation. Various sized hopper 
orifices with or without vibration can be used. By incorporation of an ionostat into 
the instrument, the static charge may also be measured concurrently with the flow 

rate. 

LOW PROPERTIES of pharrnaceutical formula- trial pharmacist. Increasing complex manu- 
facturing technicjucs and modern dosage forms 

~ _ _  require a more tliorougli and basic understanding 

lories, Inc., Elkhart ,  Ind. 46514. I n  tablet and capsule manufacturing, consider- 
able effort is directed toward obtaining and im- 
proving free ilowing powders and granulations. 
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to  4.30 Kg. is given in Table VI.  It can be seen 
from the data in this table that morc work is ex- 
peiidcd on tlic pot:tssiutri chloride crystals u p  to 
1500 Kg.. wh i l r  fnr pnta.;s'iiiii citratc, niorc work is 
expended from 1.500 to 4500 Kg. Tliis rfioultl i t i -  

dicate that the potassium chloride crystals arc 
undergoing grea tcr rlrformation and cornpactinti 
a t  thc lowvr load raiigc rrliilv tlie i r ~ v w s c  is t ruc f(tr 
potassium citratc. 
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compressibility of thc materials a t  high load levels, 
a. computer program was prepared to  determine the 
yuadr:itic cquation hcst fitting tlic cxpcrirnental 
tlata wliich were subsequt.ntly used to ikbtain th(, 
cornpression slopes at  racli load by calculating thc 
derivative. 

The relationship between compression slopc 
aiid load can he used to dctvniiiiit. tlic l tnd range a t  
wliich riiasiniuiii deforniatioii of thc solid bed is 
taking- place. 

6. The work expended at different loads can 
also bc used to determine the load range of rnaxi- 
nium deformation. 

5 .  
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rate, niacinamide, riboflavin, and thiamine. The fol- 
lowing were crystalline: ascorbic acid, aspirin, 
anhydrous citric acid, sotliuni ascorbate, :tiid tartaric 
acid. 'rhe reniaining inaterials were proccsscd 
granules. 

Description of the Recording Powder Flowometer. 
-'The instrument consisted basically of a strain 
Kauge balance and recorder along with various 
hoppers. The hoppers were stainless steel, conical 
in shape, and measured 20 cm. top diameter by 30 
cm. in length with orifice diameters of 8.0, 10.0, and 
15.0 mm. In order to  study poorly flowing materials, 
a vibrolatorl was attached to the 10.0-mm. hopper 
and connected by means of rubbcr tubing through a 
pressure regulator2 to a laboratory air jet. The 
pressure regulator can be set at any air pressure 
depending on the amount of vibration desired. In 
those cxperimcnts rcquiring vibration, a setting of 
10 lb./sq. in. was used. 'The strain gauge balance is 
shown schematically in Fig. 1. The receiving plat- 
form (B) was positioned 11 CIII. directly beneath the 
hopper orifice. This platform was supported by 
bar (C), the upper of two brass bars mountcd 
horizontally to the wood support. The lower hori- 
zontal bar (D), fastened a t  one end, bends when 
weight is placed on the platform. Two strain 
gauges3 were fastened to  this bar. Within the 
enclosed area ( A )  were thc rcsistors, resistor coii- 
trols, and the circuit switch. The electrical dia- 
gram indicating the bridge circuit, voltage regula- 
tor, and strip chart recorder is also shown in Fig. 1, 
1;oltage regulation was accomplished with a transis- 
torized power supply model 10204 set at 8 v. 
The Brown electronik6 recorder has a 0-2-mv. 
range for 25.4 cm. full scale and a chart speed of 0.33 
cm./sec. 

Calibration of the Instrument.-Duc to the 
chaiigc in resistance of the deformed strain gauges 
when powder flows through the hopper onto the  
platform, a voltage difference results in the two 
arms of the bridge circuit. The magnitude of this 
change in potential, indicated by the recorder, was 
found to be directly proportional to  the weight on 
the strain gauge balance. The recorder response 
was calibrated by adding weights to the platform 
arid noting the millivolt rcsponsc. The linear rela- 
tionship between recorder responsc and weight is 
shown in Fig. 2. The weight of material that h;ts 
flowed through the hopper a t  any given time could 
be ascertained from the calibration curve. In this 
study, howcvcr, an equation based on the method o f  
least squares was used to relate recorder response to 
weight in grams. 

Measurement of Static Charge.-Static charge 
and flow rate can be measured concurrently if an 
ionostat described in a previous communication from 
this laboratory (4) is used and the platform of t h e  
strain gauge balance replaces the helipath stand. 

ment activity relative to intertablet dosage var- 
iation have further emphasized the problem. 
Kcscarch in this arra  has liren hindered hy the 
lack of suitable instrumentation, and, until fairly 
recently, flow properties were often evaluated 
empirirally . 

Methods currently in use in an attempt to 
evaluate powder flow include nieasurements of the 
angle of repose or angle of spatula and timed 
delivery from an orifice. The angle of repose is a 
measure of the static coefficient of interparticular 
friction, and is the maximum angle possible 
between the surface of a pile and the horizontal 
plane. The  angle of spatula is also a measure 
of interparticular friction. In this method, 
a spatula is inserted parallel to  the bottom of the 
container and then lifted straight u p  and out  of 
the material, thereby creating an angle t o  the 
horizontal ( I ) .  Timed delivery through a n  ori- 
fice has also been used t o  evaluate flow of mate- 
rials, with either the volume or weight of powder 
flowing through the orifice in a specified time 
period measured (2). Munzel (3) also utilized 
this principle with a modified Emix powder 
dispenser. Although, separately, these three 
methods give reproducible comparative results, 
tliey have no specific relation to each other, and 
arc not nccessarily influcnced by the same factors. 

Powder flow problems encountered in  this 
laboratory could not be satisfactorily resolved 
with the various methods described above. Con- 
sequently, an instrumented approach to the prob- 
lem has been developed and appears t o  be more 
closely related t o  actual flow of materials under 
production conditions. A recorder tracing of the 
weight of the powder flowing through a hopper 
z'cvsus time is ohtained. The tracing serves to  
illustrate graphically variations or fluctuations 
in  flow patterns. 'lhe flow rate through a given 
hopper orifice with or without vibration is easily 
calculated Irom the tracing and, in addition, an 
ionostat can be used to  measure the static charge 
concurrently with the flow rate. This report 
dcscrihcs the recording powder flowonieter which 
should lcnd itself to  basic studies of the flow of 
powdered or granular materials. An example is 
presented to  illustrate the  usefulness of the in- 
strument in identifying the ingredients in  a com- 
plex formulation which adversely influence flow 
and  in  confirming a n  improved flow of the re- 
r0rmul:~ted material. 

EXPERIMENTAL 

Materials.-Commcrcially available materials of 
either U.S.P., N.F., or pharmaceutical grade were 
used. The following materials were powders: 
anhydrous dicalcium phosphate, magnesium stea- 

RESULTS AND DISCUSSION 

Typical results obtained with various materinls 
having different flow rates are illustrated in Fig. 3.  
-~~ ~~ 

1 Model UCV-6, Martin Engineering Co., Neponset, Ill. 
2 C. A. Korgren Co., Littleton, Colo. 
3 Series SR4, type C-5. Baldwin.Lima.Hariiiltori Elec- 

1 Elcctl-unic Instrument C o . ,  Inc., Flushing. h-. Y .  
6 Iloneywell, lnc., Pliiladelphia,-P:r. 

tronics, Waltham, Mass. 
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TABLE I.-FLOW I<ATE" AND CORRESPONDING 
S T A N D A R D  ~ E V I A l I O N "  OF S R L E C T E D  h1ATERIALS 

- 
~~ ~~ .. . _ _ _ ~ _ ~  ~. __ . . .- 

I'lrrrv Kate,  
Material Gm./sec. S.D. 

CaS04 granulation 8 .42  0.48 

Anhydrous CaHP0; 2 . i 2  0 .37  

Glass beads, 18-25 mesh 42.57 0.20 

Aspirin crystals 11.17 0.70 

3 5 0 ~  

Fig. l.-Striiii range balance and electrical diagram. 

li" ~ ILLL~L 
0 100 200 300 400 500 600 

WEIGHT IN GRAMS 

Fie;. 2.--Calibratiom curve relating weight in 
.g-:uiis to  rrcordrr response. The vrrt icil  1xickvtc.tl 
1Iitic.s rt.l)rvsc.iit ;, confitlviicc liiiiits. 

RECORDER CHART D I V I S I O N S  
{One Division= 6.25Gromrl 

Fig. 3.-Flowomctcr recording of selected ma- 
1.crinls. Key: A, dicalciurri phosphate anhydrous 
powder; B, calcium sulfate, dihydrate granulation; 
(3, 2O-incsli aspiriu crystals; D, 18-25 mesh glass 
IKYltlS. 

a 10-mm. diameter hopper orifice. 13 Based ou nine drlrr- 
minations. Usiiig vibrator a t  10 lb./sq in.  

Fix. 4.-Relationship of flow rate t o  lioppcr orificc 
diameter cubed. Key: 4, calcium sulfatc dihy- 
drate granulation; B, lo:& starch granulated as- 
pirin; C, 18-25 mesh glass beads. 

RECORDER CHART DIVISIONS 
(One O ~ v ~ i ~ o n =  6 25 Gromrl 

Fig. 5.-Flowometer recording ol chewable hexa- 
vitamin tablet lormulatiom. Key: A, original 
Eormula; the following ingredients were omitted 
Irom the original formula: B, magnesium stearate; 
C, thiamine; D, riboflavin; E, sodiuni ascorbate; F, 
niacinmiide. Forrriula G was the reforniulated 
product. 
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Glass beads, 18-25 mesh, a calcium sulfate granula- 
tion, aspirin crystals, arid anhydrous dicalciuni phns- 
phatc powder were uscd in order to :iscertain pre- 
cision of the instrurrient ovcr a hroad range of flow 
rates. Flow rates and corresponding standard 
deviations are shown in Table 1. 

The results indicate that the instrurnent is ea- 
pahlc o f  inotiit~irinp. flow O r  materials flowing a t  
widely divergent flow rutcs and CJf giving good 
reproducibility. The recorder tracing provicles 
continuous d a t a  on such flow with time, a niajor 
advantage uf this instrument. Fluctuating or 
irregularly flowing materials can be readily identi- 
fied. The pulsating character shown by the dical- 
cium phosphate powder represents alternating 
periods uf flooding and starving. From Fig. 3, it 
can also bc noted that the relative rnagiiitude of tlie 
flooding may be estimated from the amplitude of the 
pulse pattern. This could prove valuable in solving 
problems relative to tablet weight variation. 

The instrument appears to be applicable to basic 
studies in powder flow. The relationship originally 
established by  Kctchum ( 5 )  indicatcd that  the flow 
rate is dircctly proportional to the product uf a con- 
stant, tlie density of the material, and the cube of 
thc diameter of the orifice. This proved to be an 
oversimplificatiun, primarily because other factors 
which affect the rate of discharge wcre riot included 
[ G ) .  However, Fig. 4, although presented only to 
iuclicate a potential use for the instrumcnt, does 
seem to  show this relationship between the cube of 
tlie orifice diameter and flow rate. 

Application of the instrnmcnt as an aid in solvirig 
flow problems either during the developmental stage 
of a new product or during production of an existing 
product appears promising also. T o  illustrate this 
point, chcwahlc hesavitamin tablet N.F. forniula- 
tions containing coated niacinarnide, riboflavin, and 
thiamine, togatlicr with finc gr:ttiular sodiurn iiscor- 
batc, rriagricsiuin stearate powder, granules of vita- 
mins A rind l). and ninnuitol were studied. The 
powder furrriulation 11:~s poor flow propcrties as illus- 
trated by tracitig X i n  Fig. 5. T o  analyze the 
powder mixture lor tlic effect of individual ingre- 
dients on flow, five forniulations in  whicli it different 
ingredient was excluded from each were prepared. 
There appeared to br no significant diffrrenees in the 
flow patterns of tlic cornplrtc forniula and of those 
formulations without eithcr niagncsiuni stearate, 
thiamine, or riboflaviu. T h e  fonnulation iri which 
sotliutn ascorbate was omitted. tracing E, had a 
slower flow r:ttr than thc complcte formula, indicat- 
ing that  this ingredient had a beneficial effect on the 
flow rate. When niacinarnidc was omitted from the 
formula, rccording F, thc matcui:tl had a significantly 
faster flow ratc, thus identifying niacinarnidc as 
that  irigredieut primarily responsible for the potrr 
flow of the original formula. The product was then 
rcfnrmulated with a granulated niacinarnide arid the 

.TorLrlztcl of PlzicrrncLceutical Sc iemes  

resulting formulation, tracing G, showed a marked 
iniproveinent in flow rate. This example indicates 
thc rclativc ease by which a poorly flowing formula- 
tivn may be analyzed :tnd iniproved through the usc 
of this instrumented approach to the problem. 
This would be a formidable problem if approached 
by existing method< of flow evaluation. 

Tlic relationship o f  static c1i:irgc to flow rate was 
studied by nie:tns of the floworneter modified with 
an iuriustat. Flow rates and static charges of 
selected organic acids are listed in Tahlc 11. The 
results obtaincd with two different hopper orifices 
are the averages of nine deterniinations. The static 
charge, read dircctly from the innostat, represents 
the maximum charge resulting from the flow of 500 
Gm. of material. -4lthough presented only t o  illus- 
trate another potential application of thc apparatus, 
i t  is interesting to notc that  tlie increase in flow rate 
from the larger orifice (15.0 mm.) cffccted an in- 
crease in static charge. 

TABLE II.-FLow RATES AND STATIC CHARGES OF 
SELECTED ORGANIC ACIDS AS OBTAINED WITH 

DIPPEXENT HOPPER ORIFICES 
__ ~~~~~ 

Orifice Diam., OriGce Diam., 
----8.0 n i m -  ---15.0 mm.--- 

Flow Static Flow Static 
Rate ,  Charge, Rate, Charge, 

Gm./sec. -v . icm.  Gm./sec. -v./cm. 
Aspirin 4.77 239 37.77 600 
Ascorbic acid 4 . 4 1  472 36.11 744 
Citric acid, anhyd. 3 .77  533 44.22  10.39 
'Tartaiic acid 5.99 1 R O B  49.37 2289 

SUMMARY 

A new instrumented approach applicable to  thc 
analysis of flow properties of powdered or granular 
materials has been described. The instrument, a 
recording powder flowornetcr, consists basically of 
various hoppers with or without vibration. a strain 
gauge balance, and a recorder. ,4 major advantage 
uf tlic apparatus is the rccortlcr tracing from which 
the flow rate can be calculated and from which 
fluctuatirig or inconsistently flowing materials can 
bc readily detected. In addition, incorporation of 
an ioiiostat into thr  flowninetrr permits simul- 
tanrous tnea~urenient of tlie static charge with thr 
flow rate. 
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Notes 

Quantitative Recovery of Radioactivity from '*C-Pentaerythritol 
Tetranitrate Administered to Rats 

B y  MALCOLM C. CKEW, CLAUDE B. COUTINHO, and FREDERICK J. DKARLO 

A single dose of i4-C-labeled pentaerythritol tetranitrate (PETN) was administered 
orally to fasted rats, and the level of radioactivity was determined 24  hr. later in the 
blood, liver, gastrointestinal tract (GIT), urine, and carcass. One group of treated 
rats was housed to permit collection of expired COn which was also assayed for 14C. 
I t  was possible to account for all of radioactivity administered. More than 40 per 
cent of the drug was absorbed, and about 2 5 per cent of the was excreted into the 
urine. The blood, GIT, and urine, were also assayed quantitatively for PETN and 
its metabolites. The blood contained pentaerythritol and its mono- and di- 
nitrates. Urine contained these metabolites and also a trace of pentaerythritol 

The GIT contained PETN and pentaerythritol. trinitrate. 

PREVIOUS STUDY (1 ) examined thc absorption A and subsequent metabolism of '*C-p<:nta- 
erythritol tetranitrate (PETN) administered i u  
ligated sections of the rat gastrointestinal tract. 
The present experiment was  undertaken to evaluate 
the necessity of monitoring the respiratory carbon 
dioxide in a more geueral metabolic study of normal 
(i.e., nonligated) rats. This experiment provided, 
furthermore, the opportunity to evaluate the 
efficacy uf the extractiori methods used in the 
estimation of PETST and its metabolites. 

In the metabolism OF PE1'N the nitrate groups 
are removed to form PE-trinitrate, PE-dinitrate, 
PE-mononitrate, and finally pentaerythritol (Pb;); 
no breakdown products from the I'E have been 
found (2-5). Although iio evidence of expircd 
14co, m s  found in a conlpardbk study using mice 
(a), this determination was necessary in rats to plan 
the proccdures for animal mariagernent in a more 
complete iiictabolic study. 

For the  present experiment, ' C P E T N  was 
administered to six rats housed in glass metabolic 
cages in such a manner as to provide for the collec- 
tion of the expired carbon dioxide. After 24 hr. 
the rats were sacrificed and the 14C content uf tlie 
a r b o n  dioxide assayed. The blood arid some of the 
tissues were extracted, and the radioactivity of 
both the extract and the residue was measured to  
cvaluatc the cfficacy of the extraction. The dis- 
tribution of the metabolites of P E T K  iti the extracts 
and the urinc was also determined. 

METHODS 

Radioactive PETN.--I4C-PE labeled a t  C-1 and 
C-2 was synthesized from acetaldehyde with 
specific activity of 1.6 mc./mmole and was employed 
t o  prepare '"C-PETN, 111.p. 140-141.5". To mini- 
mize the danger of working with explosive material, 
the  labeled PETN was mixed with 7 parts by weight 
__- 
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of chemically purc lactose. Thc activity of t.hc 
lactose-PETE mixture was 0.59 mc./Gm. 

CO,  Collection.-Six white female Wistar rats 
weighing approximately 180 Gtn. each wcrc fasted 
for a period of 24 hr. prior to the experiment. The 
rats were dosed orally with 1.8 nil. of a 8.0 mg./ml. 
suspension of PETN-lactose in propylcne glycol 
(10 mg. 14C-PE'I"/Kg. body weight) and housed in 
glass metabolic cages connected to a gas absorption 
train. 

The gas absorption train consisted of a drying 
tower containing Dricritc and -4scarite corirlected 
to a source of  lowpressure air, followcd by a gas- 
scruhher coiit:rining u-atcr for reliuniidifying tlic air. 
The  air f r o ~ r ~  tlie scrubber was passed to a manifold 
to distribute the air to the six metabolic cages. 
The effluent air froin the cages ~ v a s  recombined in a 
secoiid manifold arid bubbled successively through 
thrw containcrs of  10%) sodium hydroxide to trap 
the expircd COz before exhaustion to the atmosphere. 
4 total of 4 I,. of 1 Of;, XaOH mas used in the threc 
collection flasks. 

After 24 hr. of CO, collection, the combined 
KaOH solutions were treated with a saturated solu- 
tion of barium cliloride until the precipitation 
barium carbonate was complete and crystallization 
or barium hydroxide was evident. Thc precipitate 
was filtered, washed with 4 L. of water, and dried. 

The anitrials were renioveti from the cagrs and 
sacrificed imincdiately. The blood, liver, Xastro- 
intestilia1 tract, arid carcass were extracted with 
dioxane, and the residues from the cxtractiorls 
assayed for I4C by combustion analysis. The 
barium carbonate was assayed by gas evolution 
analysis. 

Radioactivity Counting.- -Quantitative assays of 
the urine and the clioxane extracts for 14C were 
conducted hy scintillation spectrometry in  a Packartl 
Tricarb using a dioxaue solvent for the scintillation 
solution. Thc combustion analyses of  the residues 
and t h e  gas evolution analysis of the barium car- 
bonate were conducted by the Kew England Nu-  
clear Corp. 
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Thin-Layer Chromatography.-The assay of the 
urine and thc dioxane extracts for metabolites of 
PETN was carricti nut by means of thin-laycr 
chromatography and radioscanning as previously 
described (1). 

RESULTS AND DISCUSSION 

Several hours prior to thc expiration of the experi- 
ment one of the six rats died. The urine and 
tissue used for this study were, therefore, taken 
CJdy from the five survivors. The results of the 
assay for total 14C arc given in Table I. The dis- 
tribution of PETN metabolites in the blood, urine, 
and gastrointestinal tract is given in Table 11. 
The carcass extract was not assayed qualitatively. 
The liver extract provcd too intractable to produce 
a satisfactory chrornatogram. 

.roo2md of P h t l m m d c d  Sciences 

in agreement with data reported by Hcnedict and 
MacLeod (6). 

From the fintlinl: (Table I) tliat tlic rats cxhalctl 
”COa to the extent of only U.28‘;G of tlic 14CC-PETN 
administered, it is evident that there was no sig- 
nificant conversion of PPYI’N or its mctaholites to 
carbon dioxide. This observation confirms the 
finding it1 mice ( 3 ) .  Onc possible source of the 14C02 
might have bccn some trace quantity of radioactive 
impurity in the PETN. Another possibility is that 
the bacterial flora of thc intestine degraded a small 
quantity of pentaerythritol. There scems to bc no 
informatioil on this point. In their review on the 
metabolism of tetritols, Carr and Krsritz (7) in- 
dicated that some microorganisms drgrade eryth- 
ritol. Erythritol, of course, contains two seconrl- 
ary alcohol groups which may rcndcr i t  more 
vulnerable to enzymatic attack than is the COIII- 

pletely symmetrical, primary alcohol-containing 
pentaerythritol. 

Kutscher (8) studied the chrouic feedia,~ of 
pentaerythritol to rats and reported almost RO?;, 
of tlic compound to have been excreted without 
structural alteration. Considering that Kutscher 
did not employ radioactive material, his recovery 
was very high, arid inclines one to accept tlic general- 
ization (9) that compounds containing four alcohol 
groups are not metabolized by mammals, 

More than one-half of the radioactivity of the 
initial dose was found in the gastrointestinal tract. 
Of this activity onc-third was PETN and two- 
thirds pentaerythritol; none of the intermediate 
organic nitrates was detected. One might speculate 
that the PETN was located in t-he upper intestinal 
tract since it was shown prcviously (1) that the 
large intestine or its flora is capable of a measurable 
degradation of the P E T 3  whieh would result in the 
detection of the intermediates. The pentaerythritol 
in the gastrointestinal tract may be the result of this 
action in the large intestine, although i t  could be 
found in the small intestine as a result of bile re- 
circulation or in the stomach as a result of cop- 
rophagy. Since the design of the metabolic cages 
permitted coprophagy, it is not surprising that after 
48 hr. of starvation, there were no fcccs availahlc 
for collection. 
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  ABLE ~.--KECOVERY OF 14C 24 hr. AFTER ORAL 
A4DMINISTRATIOS OF “C-PETN 

-~ _- -~ ~~_I__- 

Uuse, yo---. 
Sample Extract Residue Total  

Blood 0.61 0.02 0.63 
Liver 0.24 0.08 0.32 
GIT 54.73 3.92 58.65 

25.21 Urine 25.21 - 
Carcass 15.73 1.20 16.93 

0.28 - 0.28 COP __ 
96.8  .5 . 2  102.0 

~~ - ~ ~ ~ _ _  - ~ 

Value f l o r n  “6.5” rats. 

TABLE I I.-DISTRIBUTION OF PETN METABOLITES 
AT 24 hr. POSTADMINISTRATIOS ____ 
,- Compn., %“ - 

PI?. . .. 
bIono- PE-Di- PE-Tri- 

Sample PE nitrate nitrate nitrate PBTN 
_. - Blood 45 27 28 

GIT 58 
Urine 51 30 17 2 

42 - - - 
- 

Calciilated on a molar basis. 

The srnall amounts of radioactivity found in  the 
residues f r c i i n  the tissue extraction confirm the 
etficacy of  the extraction procedure. The one 
notable excrptioti is the liver cxtractioii wliich 
removed orily 7.5:,;, of the radioactivity Iron1 the 
tissue, 

The barium carhonatc collected weighed 108.6 
Gm. -4 blank with the apparatus using no rats 
produced 2.9 Gm. of barium cmbonate. The 
difference of 106.7 Gin. of harium carbonate, corre- 
sponding to 23.6 Gm. of carbon dioxide, represents 
the air expired by “5.5” rats in the 24 hr, On this 
basis it is estimated that each young rat (fasted for 
18 Iir. as dcscrihcd) exhaled about 24 Gm. of carbon 
Iliouitlc 1 J r r  k i l o w i i n  h d y  weight. This qtinritity is 
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ibid., 118, 514(1965). 

(5 )  DiCarlo, P. J.,  Coutinho, C. B.. Sklow, N .  J . .  Hayncs, 
I,. J. and Cvew \I. C. ibid.. 120 705(lt)6.5). 

cej Benedict: ‘F. G.’, and Ma’cLeod, G., .r. .vz( iy . ,  I ,  :ii:: 
il4901 
~ - .I - .I , . 

( 7 )  Carr, C. J., and Krantz. J. C., Jr.,  in “Advanrcs i l l  
Carbohydrate Chemistry,” “01. 1. Academic Prcii  Iz~c. ,  
N e w  Yurk, N. Y. ,  1945, p. 178. 

(8) Kutscher, W., Z. Physiol. CJwm., 283, 2C,8(1018!, 
(9) Williams, I<. T., ”Ueioxicati<,n RIcchani\n;\, I t t l i n  

Wilcy S Sons, Inc. ,  New, V I I I - ~ ,  N. Y . .  IV5!J ,  PI , .  7!!, X I 1  



Effects of Some Psychotropic Agents on 
Peripheral Nerve Conduction Rate 

By JACK K. PKUETT* and BYRON B. WILLIAMS 

Impulse conduction rates in isolated frog sciatic nerves were reduced significantly 
by immersion of the nerves in  solutions of chlordiazepoxide, 3.4 x 10-8 pm./ml. 
and prochlorperazine, 5 . 5  X Promazine at a concentration of 3.5 x 
10 a pm./ml. did not significantly alter conduction rates. For chlordiazepoxide the 

conduction rate reduction increased with increase in drug concentration. 

ptn./ml. 

OST OF the studies of psychotropic agents center M around their effects on the central nervous 
system. While i t  has been established that  the 
major component of psychotropic effect involves 
one or more central sites, there are side effects pro- 
duccd by drugs in this group which are suggestive 
o f  peripheral action, t : . ~ . ,  tingling of extremities 
and  iinpaired association movements (1-4). Plexus 
aiesthcsia in frogs induccd by chlorpromazine (5) 
is indicative of the capacity of such a drug to  affcct 
periphcral nerve function. 

Krivoy (6) reported peripheral nerve effects of 
scverxl analgetic agents and speculated concerning 
the relationship of such effects to drug action niecha- 
nisrn. Tasaki (7) has shown that  a 1.27, urethan- 
ringer solution reduced the conduction rate of a 
large motor fiber approximately YOYO after exposure 
of lcss than 5 min. Although it may be argued tha t  
transniissitrn reduction of such a magnitude by a 
drug solution a t  such a concentration would hardly 
rxplain the usual pharmacological effects of urethan, 
it does seem likely that  the effects of urethan 
in large doses might reflect t o  some extent this 
peripheral action. It seems reasonable that  psy- 
chotropic drugs also in high doses might have some 
of their nervous system activity attributed in part 
t o  an effect on peripheral nerve function. 

This projrct w-as designcd to  provide preliminary 
information on the possible effect of somc commonly 
used psychotropic drugs on impulse conduction rate 
in periphcral nerves. Tlie drugs chosen, chlor- 
diazepoxidc,' prochlorperazine,z and prornazirie3 
represent two different structural categories. 

EXPERIMENTAL 

The sciatic nerve of the green frog, Kana pipiens, 
was used in this investigation. The ncrvc was dis- 
sected from the spinal cord to  a point near the 
termination of the perotieal nerve. Care was taken 
to  retain the eighth and ninth roots of the sciatic 
ncrve, and the tibial nerve was trimmed away at the 
bifurcation of peroneal and tibial nerves. The 
dissected ncrvr was mointaincd in a beaker of frog 
ringer solution at 1.111 7.2 for 1 hr. after which time a 
geueral statc of stability was attained (7). The 
nerve was then suspended from silver electrodes 
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mounted in the nerve chamber. The proximal end 
of the ncrve trunk was placed on a pair of stimu- 
lating electrodes, and thc distal end on a pair of 
recording electrodes. The stirnulating electrodes 
were 53 mm. from the recording electrodes. 

Biphasic stimuli were employed to initiate imi- 
pulses. Stimuli were provided by a Harvard clcc- 
tronic stimulator, model 340, isolated from the 
ncrvc chamber by :in isolation transformer. The  
stimulus intensity was 0.,5 v. and of 800 pscc. dura- 
tion. Thevoltagrcoristituted asubmsxirnal stimulus 
for A fibers. The recording and measurement of im- 
pulse conduction rates were accomplished by stand- 
ard electrophysiological techniques esscntially like 
thosc of Krivoy (6) and Stacy (9) with instrumenta- 
tion differcnccs as describcd below. An all-purpose 
conductor-coupled Mark I11 prearripliGer and a 
d.c. amplifier, both manufactured by E and M 
Instrument Co., were used in conjunction with 
a 1,avoie Laboratories TS-239 :\/UP oscilloscope. 
A model 800 Polaroid camera with close-up lens 
was mounted on the oscilloscope to allow photo- 
graphic rccording of thc traces. Type 4i, 3000 
speed Polaroid film was used to insure high-contrast 
prints. The swccp generator of the oscilloscope 
was synchronized with the stimulator. ilti impulse 
from tlie stimulator served to  start tlie sweep a t  the 
same time the nerve received a stimulus. 'l'hc 
nerve, suspended on the electrodes as described 
above, was stirnulatrd, arid the trace with thc 
resulting action potential was recorded plioto- 
graphically by opening the shutter for the duration 
of the trace. Conduction time was measured from 
the end of the stimulus artifact to the apex of the 
action potential spike. Time markers supcritnposed 
nn  the trace rliminatcd necd for separate time sig- 
nals. Time signals appeared on  a l l  trnccs nnd werc 
imposed every 100 psec. ;iltriig the trace as showii 
in Fig. 1. 

Nerve conduction rates were ~lrtcrrniricd for the 
treatment groups and one control group. Tlie treat- 
ment groups included chlordiazepoxide, 3.4 X 
10-3 pm./int. ; prochlorperszinc, 5 .5  X lW3 pm./ 
ml.; and pronrazine, 3.5 X ptn./~nl.  Kervcs 
from treatmeut groups wcre checkcd for normal 
conduction rate then inimersed in drug-ringcr solu- 
tion for a period of 60 min., after which they were 

Fig. 1.-Oscilloscopc trace of action potential. -4r. 
row indicates stimulus artifact. 
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TABLE I,-R~;DUCTIOS IS IMPULSE CONDUCTION KATE IS TSOLATED FROG SCIATIC NERVE 
~ ~~ ~~~ ~ 

~~ ~~ 

~~ ~. _ _ _ ~  

Treatment Concn., #m./ml. Variates, No. Mean yo Reduction S.E. 1 Test Probability 
Control 18 
Chlordiazepoxide 3 4 X 10P 25 
Prochlorpcraziric 5 .5  X 12 
I’romazirie 3.5 x 10-3 11 

~~ ~ 

TABLE 11 --\.‘AKIAhCE ANALYSIS O F  

AT DIFFERENT CONCENl  R A 1  IOXS 
CHLORDIAZEPOXIDE COSDUCTION RATE EFFECT 

~~ ~ ~~ 

Degrees P at 
Sum of of Val-i- P =  

Cnmoonent Sa. Freedom ance F 0.01 
Aniong groupc 5158.91 3 1719.63 31.20  4.6*1 
Within groups 1429.8 i  26 5 1 . 9 5  

Total ti5nn.w 29 

removed from the drug solution and a second ratc 
rccording made. Nerves in control groups were sub- 
jected to tlie same procedure except that no drug 
was added to the frog ringer solution. The chlor- 
diazepoxide group comprised 25 nerves, the pro- 
chlorperazine group 12, the prornazine group 11, and 
the control group 18. 

To establish dose-cllect relationship, four higher 
concentrations of chlordiazepoxide were used. 
Since some oi these concentrations lowered the pH 
of the drug-ringer solutions, control nerves for these 
concentrations were treated with frog ringer solu- 
tions adjusted to the altered pH values. Drug 
treatment groups includcd from six to 12 nerves and 
a11 control groups included six nerves. The same 
general procedure was used as described above except 
that the period of irnrnersion was 30 sec. 

RESULTS 

Single Concentrations.-Per cent changc from 
normal conduction ratc was determined for each 
treated nerve, and these data were subjected to sta- 
tistical analysis. Tablc I presents data from tests 
in which single concentrations of each drug were 
used. Probability valucs indicate that the conduc- 
tion rates were significantly lowered in comparison 
with controls by direct exposure of iiervcs to chlor- 
diazepoxide and to prochlorperazine. Prornazine 
treated nerves did not diffcr significantly from coii- 
trol nerves in conduction rate change at thc drug 
concentration used. 

Concentration-Eff ect Relationship.-Tablc I I  
presents variance analysis data from tests in whicll 
four higher conccntrations of chlordiazeposidc wet c 
used in an attempt to cvaluate the concentration- 
effect pattern. Experimental F values wcre 
found to exceed table F values a t  1% probability 
and, thus, inclicated statistically significant differ- 
ence between effects o f  the several d r-ug coiiccntra- 
tions. Cornparison of control data a t  pH valucs 
corresponding to those of drug-ringer solutions 
rcvcaled that the hydrogen-ion concentration of the 
solution used did not appreciably affect tlie con- 
duction rate. Statistical analysis also indicated 
a significant tliffcrence between drug treated ;ulcl  

control nerve conduction rates. Figure 2 graph- 
ically presents the relationship hrtw-ecu conccw 
tration and pcr ccnt reduction in conduction rate. 

1.04 1.25 
20.7 3 . 2  0.01 
16.17 5.1 0.01 
6 .1  4 0.2 

Data points as well as calculated rcgrcssion points 
are shown. Icegression analysis indicated no 
significant deviation from linearity at the 5‘;; prob- 
ability lcvel. 

DISCUSSION 

Preliminary determinations of effects of thrcc 
psychotropic agents on peripheral nerve impulse 
conduction rates revealed a significant rate rcduc- 
tioii by chlordiazepoxide and prochlurperazine. 
Promazine at  tlie concentration used failed to sig- 
nificantly alter the conduction rate. An investiga- 
tion of the concentration-effect pattern for chlor- 
diazeposidc indicated that within the limits of con- 
centration used there was evidence of increase in 
rate t-educing effcct with incrcasc in conccntration 
of drug. 

Although change in conduction rate of the mag- 
nitude revealed a t  these conccntrations (10 to 30“;; 
reduction) would hardly be expected to account 
for the major pharmacological effccts of these 
drugs, it would not be unreasonable to assume that 
there might be some contribution by such an ason 
cffcct to the total activity of these drugs at  high 
dose levcls. Ilvidcncc of this type may be con- 
sidered oi importance also as an indication oi a ca- 
pacity of some psychotropic drugs to cxcrt general 
effects on nervous tissue in addition to their rather 
specific central nervous system effects. Such cvi- 
dence may point also to a need for the cor~sicleratitrr~, 

a 

1 .  

CON C N . , @rri ./nil. 

Fig. 8.-Relationship between cotiductioti rate 
and concentration oi chlorcliazeyoxide. Key : a, 
culcdatrd point; A .  data poitit. 
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in rnechanism studies, of the possibilities of cow 
ductioiial as well as junctional sites of action for 
psychotropic agents. 

The need to determine sitc :~nd rnechanisiri of tlie 
conduction rate alteration is apparent. Thc drug 
concentrations usrd in this study were near the 
concentration of chlorproIiiazinc found by Kathan 
and Friedman (8) to alt cr thc permeability of rcsting 
cclls of TetvnRyrrmzcz, p?;iijar?icis. They concludcd 
that this alteration had a lipid sit? of actioti. T r t -  
saki (7) ,  i n  his expc.rimcnts with saponin, has dcrn- 
onstrated that yhartnacdogical alteration of lipid 
can change impulse conduction rate. Hc rcportcd 
that this agent? by an effect on lipid of thc iiiyelin 
sheath, increased tlie time rcquirctl for- iinpulse 
transmission across the internotial segment. He 
fCJUIld, however, that uretlian altered conduction 

11-11 

ratc by a nodal rathcr than an iritcrriodal cflcct. 
B study of conduction parameters t n  provide iii- 
iorrnation as to the site of the rate alteration by these 
psychotropic agents is planr~cd. 
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Ion-Exchange Separation and Ultraviolet Spectrophotometric 
Determination of Dextromethorphan in Pharmaceutical Products 

By K. 0. IMONTGOMERY* and M. H. WEINSWIG 

A method for the isolation and determination of dextromethorphan is presented. 
The dextromethorphan is extracted with strong cation exchange resin, AG 50W-X4 ,  
and is subsequently eluted with 1 N hydrochloric acid in 60 per cent methanol 
in water. The dextromethorphan is determined in the eluate by ultraviolet spectro- 

photometry. The assay is used successfully o n  several commercial products. 

HE POPUTAR acceptance of dextromethorphan as T an arititussive agent has brought numernus 
pharmaceutical products to the consumer with this 
as the rnain ingredient. There has been very littlc 
information rcportcd on the analytical procedures 
for the determination of dcxtroinethorphan con- 
ccntrations in liquid dosage forms. 

Saques (1) \vas able to obtain s:i.tisfs.ctory rcsults 
using ultraviolet spectroyliotometry and rioriaqueous 
titration on the pure conipound but control blanks 
had to  be utilized to ovcrcomc interfercnccs from 
excipients. Lee (2) demonstrated the use of the  
classical reincckatc precipitation and colorimetric 
determination on the pure compound. Horioka 
( 3 )  tested a dye complexation and extraction. The 
official method (4) Tor the c~ssay of the pure coni- 
pound and for the oflicial tablets uCilizes noiiaqueous 
titration. Ultraviolet sprctrophotometry aiid paper 
cliromatograyhy (5, 6) liave also been studied. 

The official assay procedure for t h e  syrup rcquirrs 
an involved immiscible solvent extraction and re- 
extraction follow-ed by tlic dctcrmination using 
ultraviolet spectropliotoinetry. 

The prcscnt paper utilizes the ability ol  strmgly 
acidic cation cschnnge resins t o  scpamtc an aniine 
such as dextro~iietli~~rplinn from conininii dosage 
form ingredients prior to detcririiiiatioii oil B spec- 
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trophotomcter. A weakly acidic solution is used 
prior to the use of the strongly acidic solution to re- 
move traces of aromatic amincs from flavors or 
coloring agents that  nay be present in pharmxeu- 
tical products. This typc of scparation using ion- 
cxchange resins has been employed in the determina- 
tion for phenylcphrine by Kclly and Aucrbach (7) 
and by Blake and Nona (8) in tlie determination 
for ephedrine s:rlts. 

EXPERIMENTAL 

Apparatus-Glass column 20 cni. X 1 ctn. with 
stopcock made of Teflon and containing built in 
needle valve for control of flow rate. The column 
is also fitted with a. reservoir with a capacity of 250 
1711. 

-4 suitablc recortling ultraviolct spcctrophotniiictrr 
such as tlie Rccknian DK-%A or Spcctronic 505 
which records in absorbance ur1it.s. 

Reagents.-Catioiiic exchange resin AG 30WX4 
100-200 mesh in hydrngcn form available from Bio- 
Rad Laboratories, Richmond, Calif. Enough resiti, 
about 3 Gm., is added in tlie form of a slurry to the 
glass column and rinsed with water. Hydrochloric 
acid, 0.05 N in C;OvI) methanol in water. Hydro- 
chloric acitl, 1.0 N in GOY; rrielh~iriol in water. 

Standard Solution.--Weigh exactly 160 mg. of 
dextromethorplian hydrobromide N.F. reference 
standard and transfer to a 100-ml. volumetric flask. 
Dissolve aiid adjust the volume with distilled water 
t o  prepare tlir dcsired stnck standard. 

Pipet exactly 1U 1111. of the stock standard iiitci ;t 

200-ml. volumetric flask and adjust the volume with 
1.0 N hydrochloric acid in 60% mc&anol in water. 
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ductioiial as well as junctional sites of action for 
psychotropic agents. 

The need to determine sitc :~nd rnechanisiri of tlie 
conduction rate alteration is apparent. Thc drug 
concentrations usrd in this study were near the 
concentration of chlorproIiiazinc found by Kathan 
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that this alteration had a lipid sit? of actioti. T r t -  
saki (7) ,  i n  his expc.rimcnts with saponin, has dcrn- 
onstrated that yhartnacdogical alteration of lipid 
can change impulse conduction rate. Hc rcportcd 
that this agent? by an effect on lipid of thc iiiyelin 
sheath, increased tlie time rcquirctl for- iinpulse 
transmission across the internotial segment. He 
fCJUIld, however, that uretlian altered conduction 

11-11 

ratc by a nodal rathcr than an iritcrriodal cflcct. 
B study of conduction parameters t n  provide iii- 
iorrnation as to the site of the rate alteration by these 
psychotropic agents is planr~cd. 
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Ion-Exchange Separation and Ultraviolet Spectrophotometric 
Determination of Dextromethorphan in Pharmaceutical Products 

By K. 0. IMONTGOMERY* and M. H. WEINSWIG 

A method for the isolation and determination of dextromethorphan is presented. 
The dextromethorphan is extracted with strong cation exchange resin, AG 50W-X4 ,  
and is subsequently eluted with 1 N hydrochloric acid in 60 per cent methanol 
in water. The dextromethorphan is determined in the eluate by ultraviolet spectro- 

photometry. The assay is used successfully o n  several commercial products. 

HE POPUTAR acceptance of dextromethorphan as T an arititussive agent has brought numernus 
pharmaceutical products to the consumer with this 
as the rnain ingredient. There has been very littlc 
information rcportcd on the analytical procedures 
for the determination of dcxtroinethorphan con- 
ccntrations in liquid dosage forms. 

Saques (1) \vas able to obtain s:i.tisfs.ctory rcsults 
using ultraviolet spectroyliotometry and rioriaqueous 
titration on the pure conipound but control blanks 
had to  be utilized to ovcrcomc interfercnccs from 
excipients. Lee (2) demonstrated the use of the  
classical reincckatc precipitation and colorimetric 
determination on the pure compound. Horioka 
( 3 )  tested a dye complexation and extraction. The 
official method (4) Tor the c~ssay of the pure coni- 
pound and for the oflicial tablets uCilizes noiiaqueous 
titration. Ultraviolet sprctrophotometry aiid paper 
cliromatograyhy (5, 6) liave also been studied. 

The official assay procedure for t h e  syrup rcquirrs 
an involved immiscible solvent extraction and re- 
extraction follow-ed by tlic dctcrmination using 
ultraviolet spectropliotoinetry. 

The prcscnt paper utilizes the ability ol  strmgly 
acidic cation cschnnge resins t o  scpamtc an aniine 
such as dextro~iietli~~rplinn from conininii dosage 
form ingredients prior to detcririiiiatioii oil B spec- 
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trophotomcter. A weakly acidic solution is used 
prior to the use of the strongly acidic solution to re- 
move traces of aromatic amincs from flavors or 
coloring agents that  nay be present in pharmxeu- 
tical products. This typc of scparation using ion- 
cxchange resins has been employed in the determina- 
tion for phenylcphrine by Kclly and Aucrbach (7) 
and by Blake and Nona (8) in tlie determination 
for ephedrine s:rlts. 

EXPERIMENTAL 

Apparatus-Glass column 20 cni. X 1 ctn. with 
stopcock made of Teflon and containing built in 
needle valve for control of flow rate. The column 
is also fitted with a. reservoir with a capacity of 250 
1711. 

-4 suitablc recortling ultraviolct spcctrophotniiictrr 
such as tlie Rccknian DK-%A or Spcctronic 505 
which records in absorbance ur1it.s. 

Reagents.-Catioiiic exchange resin AG 30WX4 
100-200 mesh in hydrngcn form available from Bio- 
Rad Laboratories, Richmond, Calif. Enough resiti, 
about 3 Gm., is added in tlie form of a slurry to the 
glass column and rinsed with water. Hydrochloric 
acid, 0.05 N in C;OvI) methanol in water. Hydro- 
chloric acitl, 1.0 N in GOY; rrielh~iriol in water. 

Standard Solution.--Weigh exactly 160 mg. of 
dextromethorplian hydrobromide N.F. reference 
standard and transfer to a 100-ml. volumetric flask. 
Dissolve aiid adjust the volume with distilled water 
t o  prepare tlir dcsired stnck standard. 

Pipet exactly 1U 1111. of the stock standard iiitci ;t 

200-ml. volumetric flask and adjust the volume with 
1.0 N hydrochloric acid in 60% mc&anol in water. 
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7rABl,E 1.- -AKALYSIS O F  I’K0I)UCTS CONTAISIXC 
DRXTROMETHORPIIAN HYDRODROMIDE 

L)extro- 
methorphau LTL 

Hydrohi-omide Amt. .4mt. Label 
Product Nu.  Claimed Found Claim 

10 0 . 9  Gr./fl. nz. 0.906 Gr./fl. nz. 100.7 
Lh 15 mg./5 ml. 11.93 mg.15 ml. 99 .5  
3 r  5 mg./3 ml. 5 .  18 mg./5 ml. 103.6 
.!,l 7 . 5  mg./5 ml. 7.76 mg./5 nil. 103.5 

Mat-keled as Cheracol D by T h e  I!pjohn Co., Kalamazoo 
* Marketed a5 Robitussin 1) NI by A. H. Robins, 

Marketed as Thorevin hy Tsodine Pharma- 
Marketed as Actin by Chese- 

Mirh. 
Richmond, \‘a. 
cal Corp., New Yurk, N .  Y. 
hrough-Pond’s. Inc.. Kew York, N. Y. 

J o z ~ ~ n d  o j  Plicirrncmdcnl Scieiices 

late the amourit of dextronicthorphan hytlrohro- 
tnidc present from the Standard values obtninctl at 
the Same time the sample is analyzed 

DISCUSSION AND RESULTS 

Standard solutions, when subjected to the above 
procedure, yield an averayc recovery or accuracy of 
99.047,; with a standard deviation of +0.,52$;, 
based on tell determinations. The data for thr 
analysis of marketed products arc shown in TuI)lc 
I. 

‘I’he analytical grade resin uscd was ioiintl t o  1)r 
satisfactory without pretreatment except fur wasll- 
ing with a simple water rinse. 

A slightly raised baseline was noted with sonie 
products where a small portion of the coloring agent 
was hcld and eluted with the sampie. This did 
not cause any problcm since the baseline technique 
was used in the calculations. 

Other ingredients present in the various forrnula- 
tions included potassium Kuaiacolsulfon:ttc, :tin- 

irionium chloridc, tartar emetic, sodium citratc. 
glyceryl guaiacolatc, white pine and wild chcrry 
bark extractives, and various coniiiion iilgredicuts 
in syrups and elixirs. 

SUMMARY 

h mcthod for the isolation and determination o r  
dextroinethorphan has been presented. ‘Fhc pro- 
cedure has been used successfully on commonly 
availablc liquid dosage forms and the results arc. 
accurate and reproducible. 
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Sample Treatment.-Pipet a sample equivalent to 
13 xng. of dextrornethorphan hydrobromidc into the 
reservoir, rinse the pipet with distilled water, arid 
add to  the reservoir. 

Add distilled water t o  the sample to make tlie 
volume approximately 100 ml. and mix well. 

Allow the sample solution to  flow through the 
resin bed at the rate of 2-3 ml./rnin. Wash thc 
column by adding 100 ml. of distilled water and 
allow it to flow through the resin at the rate of 3 
ml , /min. 

Traces of aromatic amiries from flavors or coloring 
agents art: removed by allowing 50 ml. of 0.05 N 
hydrochloric acid in 60% methanol in water t o  
flow through the column at 5 ml./min. 

Position a 200-ml. volumetric flask under the 
colunin and add 190 ml. of 1.0 N hydrochloric acid 
in 60% methanol in water. Allow this to flow 
through the column at the rate 3 mI./rriin. The 
volume is adjusted with 1.0 N hydrochloric acid in 

Determination.-The ultraviolet spectrum of the 
sample effluent and of thc working standard is rc- 
cordcd with a suitable spectrophotometer. Ahsorb- 
ance units should he used. 

Using thc baseline technique dct.erminc the ab- 
sorbance a t  tlie maximum at about 278 m p .  Calcu- 

metllano1 in water. 

Effect of Red Cedar Chip Bedding on Hexobarbital and 
Pentobarbital Sleep Time 

By HUGH C .  FERGUSON* 

Male albino mice, in a r ed  cedar chip environ- 
ment, show a decreased sleep t ime to sodium 
hexobarbital and sodium pentobarbital. 

T h e  effect appears t o  be reversible. 

HROUGHOUT the years various papers have been T published citing controllable factors that modify 
drug action and toxicity in cxpcrimcntal animals. 
Examplcs of these are the age of the aninial re- 
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ported by Petty and Karler (l),  cage design by 
Winter and Flataker (2), exercise and limitation 
of movcmcnt by Hardinge and Pctersori (3), strain 
difference by Weaver and Kerley (4), type of 
anesthetic arid pain response by Giitnian and Char- 
niovitz (5), grouping and aniphctar~iirie tuxicity by 
Chance ( B ) ,  and volume of fluid admiuistcred by 
Fergusori (7). Thus, by taking advantage of such 
knowledge, variations in results niight be minimized 
within this laboratory and from laboratory to  labora- 
1iLIl-y. 

In the course of a screening progr:tm, control 
results changed abruptly in one of the author’s 
standard trsts. Irivcstigation of all possiblc varia- 
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Time, Sodium Hexobarbital Sleep Time + S.13., min. Sodium Pentobarbital Sleel 
hr. Corncoh Red Cedar Chips Corncob 
24 32.4 Z t  2 . 7  31 .2  i 2 . 1  1 0 i  + 8 . 1  110 f 9 2 
48 34.6 i s.1 16.8 & 1 . 5  117 =I= 9.8 58.3 f 2 8 
72 31.7 zt 2 . 1  1 5 . 9  f 1.3 105 f 1 0 . 2  63 2 xk 5 . 8  
Ufi 31.1 l;t 2 . 4  14 .1  f 0 . 9  121 f X  7 55.0 1 2 . 4  

I l l  =t 1 1 . 1 )  (i0. ( J  I :$. X 120 3 4 . 5  ;t 2 . 3  15 .3  * 1 .1  
IOU f 9 2 57.1 & 2  x 14.1 3 4 . 3  i 1.9  15.0 * 1 . 4  

1 68 32 .8  * 2 . 2  16.1 f 1.5  125 f x . 7  ti1 . 1 f .I 5 

bles sliowed tha t  the  only nltcration was in the bed- 
ding material cmployed. Prior t o  the erratic 
results, mice were housed in plastic cagcs with a 
ground corncob bedding, and this had been changed 
to  red cedar chips. Since further investigation 
verified the fact tha t  clianging the  bedding material 
altered thc pharmacologic response, tlic following 
study was undertaken. 

Similar results wcrc obtained in two different 
1;tboratorics: Distillntioti Product Industries. a 
Ilivision of Eastrnan Kodak, and the  School of  
I'liarrnacy, LJniversity of Georgia. Two dijfcrent 
sources of male albitio mice and rcd cedar chips 
were employed in thcsc cxperiments. 

MATERIALS AXD METHODS 

Male albino niicc, obtained from Blue Spruce 
Farms and the Xational Laboratory Animal Co., 
weighing 20-25 Gm. m r c  uscd in all tests. Each 
animal was uscd only once arid then sacrificed. 1Jpon 
rcccipt of a shiptiient of animals, hall were housed 
in ground corncob bedding and half housed in red 
cedar chip bedding in a separate room. Animals 
were allowed a 24-hr. adjustment period before 
tests were started. The red ccdar chips were ob- 
tained from a local pet supply store. 

Sleep time, lor a group of 10 animals, was meas- 
ured from the time of administration of sodium 
liexoharbital (100 rrig./Kg. i.p.j or sodium pento- 
barbital (80 mg./Kg. i.p.) until the return of thc 
righting reflex, indicated by two spontaneous right- 
ing responses cvithiu a 30-xec. period. The average 
slccp time and the standard error were determined 
daily for each group of mice, aftcr the 24-hr. adjust- 
ment period. 

that had been housed in red cedar chips for 120 
Iir. were then changed to  the corncob beddillg and 
sleep time again determined daily employing both 
sodium licxobarbital and sodium pentobarbital. 

T o  dctcrmine if the effects wcrc r 

RESULTS 

Table I shows typical results obtained with so- 
dium hexobarbital and sodium pcntobarbital iii both 
control group and those housed in red cedar chips. 
111 both cases there is a significant difference be- 
tween animals housed in the two bedding materials. 
The slccp time €or mice housed in red cedar chips is 
q~proximatcly 505;) less than control groups. This 
difference is evident at 48 hr. and sliows no signifi- 
cant change u p  to 168 hr. 'l'csts run at 24 hr. 
wet-c n r ~ t  signifiwritly rliflercnt from control rvsults. 

The results in Table I1 indicate that the efiect 

TADLE II.-EPFECT O F  SODIUM HExot<AmrrAL A I D  
SODIUM PENTOBARBITAL O N  SLEEl' TIME AFTER 

REMOVAL FROM RED CEDAR CHIPS 

Time After -- . Sleep Time t S.E., min- 

hr. Hexohar hital Pentobarbital 
Removal, Sodium Sodium 

0 1 6 . 3  f 1 . 3  58 8 i 2 9 
21 21 . f i  i 1 9 ( i 0 . X  + 4 .  1 
48 :i2 (i i :i . I I02 (i + 7. f i  
72 33 .8 f :3 .2  11CLO i 6 . 9  
Wj Xj . fi _t 3 . 2  121.1) I7.1 

~-. . ~ ~~~ ~~~ ~ - 

produccd by red ccd:ir cliips on slccp time is i - ~ ~ e r s i -  
ble. A 1 1  approacli to tiorrrial is observed sonic- 
time between the 24th and 48th lir. aftcr the niicc 
are removed from tlic t-ed cedar cliip environmeiit ; 

lops with about the Same speed 
as i t  is lost. 

DISCUSS1ON 

These results point to  another controllable vari:t- 
kle t ha t  might possibly exist in pharmacologic 
evaluations. I t  is conceivable tha t  one might 
extrapolate to  all phascs of pharmacologic screening 
and wonder whether the rnaiincr in which these 
test animals were housed alters other responses aiid 
detertninations. Further investigation along tliesc 
lines is in progress, e.g., effect on other classcs of 
drugs aiid alterations in mctaholism and dctoxifica- 
tion. Additional experiments are also being carried 
out to  determine if thc volatile nintet-ial in red cedar 
chips might be responsible for the change reported. 

Thus,  investigators should be cautious about tlic 
use of red cedar chips in animal rooms for the sole 
purpose ol minimizing odors. 

SUMMARY 
Male albino mice., in a red ccdar cliip cnviroii- 

ment, show a decreased sleep tiiiic t o  sodiuin IICSO- 
barbital and sodium pentobarbital. The cffect 
appears to  he reversible. 

REFERENCES 
(1) Petty.  C. W., and Karlei-, R.. J. Phirrniaiol. b'npll. 

( 2 )  Winter, C. A,. and Flataker,  J,., Tonirol. A p p l .  P h i w  

( 3 )  Hat-dinge, 11. G . ,  and Peterson, U. I., J. Phnuwzacd. 

(4) Weaver, I*. C., arid Kei-ley, T. T,., ibid., 135, 240(1902). 
( 5 )  (rutman, I . ,  and Charruovitz, M.. A r r h .  Inlvrn.  Phar- 

(ti) Chancc, 1LI. K. A , ,  J. Pharmacol. Exfi l l .  I 'hrrap . ,  89, 

T k P r e p . .  150, 343(1965). 

~ i n i d . ,  4,  tiSO(lS62). 

ExpLl. Thrrap . ,  141, 260(1963). 

vrucodyn., 137, 3Y( lY62) .  

289(1'341i). 
( 7 )  ~ e * g l , s ~ , l , ,  11 .  < ~ , ,  7 '  

(1962). 



Solubility of Acetanilide and Several Derivatives 
in Sucrose Solutions 

By BHOGILAL B. SHETH, ANTHONY N. PARUTA, and FRED C. NINGER 

The solubilities of acetanilide, acetoacetanilide, and the p-methyl, p-ethoxy, p-hy- 
droxy, and p-amino derivatives of acetanilide were determined in aqueous sucrose 
solutions. The  solubilities of a11 solutes were found to change significantly with 
changes in the concentration of sucrose solutions. The  solubility curves indicate 
the changes probably involve solvent polarity, as indicated by dielectric constant of 
the solvent, and decrease in the activity of water. The solubility changes obtained 
for acetanilide and the severalpurtl derivatives were found to show a fair correlation 
with respect to the magnitude of solubility in water. This indicates a possibility of 
predicting solubility changes for the remainder of the compounds if the solubility 

change for one of the compounds is known. 

RAI, STUDIES have been carried out in these s laboratories to itivestigate solubility phenomena 
and thcir implications in the fortnulation of pliarrna- 
ceutical dosage forms. Previous studies indicated 
the solubility of a given solute in syrup could be 
significantly different from that in watcr. This was 
demonstrated for sullanilainide, quinine, plierio- 
barbital, and p-amiiiobcnzoic acid ( l),  for xanthines, 
antipyrine and derivatives ( 2 ) ,  and for the p-1137- 
droxybenzoic acid cstcrs (3). Tlie fact that in- 
creased as well as tlecrrnscd solubilities were noted 
and the nature 01 tlic solubility C I I ~ V P S  obtained 
iiidicated tlicse climgcs were prohably CJf c(JlnpkX 
mechaiiisr~i. I t  wiis thought tliat the inrcliaiiisiii 
involved clizingcs in solvent polarity, as indicated 
by the dielectric coustaiit, and dccrcased activity 
of water due to an additive, sucrose, with strong 
dependence also on the nature of the solute aiid sol- 
vent. 

This is the third in a series of investigations of 
sucrose solutions as solvents of considcrable pliarnia- 
ceutical interest. Solutes were sclccted for this 
study to yield information for predicting solubility 
changes in additiun to the solubility curves obtained 
in the conventional manner. Solubilities of anti- 
pyrine and its 4-amino arid 4-dimethylamino dcriva- 
tives (2) in watcr aiid in various sucrose solutions 
indicated a possibility that solubility changcs might 
be predictable. 

EXPERIMENTAL 

Materials.-The compoiinds used iti this study 
wcrc as follows: acetanilide N.F. (Mallinckrodt): 
acetoacetanilide (Fasttn:in No. 1339); p-aceto- 
toluididc (Eacttnaii No.  425); phenacctin U.S.1'. 
(n'epcra Cheiriical (20.); acetnininophen X.F. 
( KL'rpcr:t Chlniical Co.); 4-airiiiioaet-taiiilifle (East- 
i i i a t i  S o .  13) ; sugar. granu1:rted 1T.S.P. These 111:~- 
terials Lvcrc used without further purificatioii. 

Solubility De terminations.-Solubili ty detcrtninn- 
tioris of each rnntcrial were made in watcr and in the 

18.6, 31.6, 46.0, and 
Tlic 63. 1 ('(, s~icrose solution 

Deioiiized water was 
u5ed througliout this study. The dielectric coii- 
atants of thrsr solutions raiiged from 78.5 for water 
to 58.5 fer syrup U.S.P. The solubility determin:r- 
tioiis were made as clescrilird previously (4-6). 
Equilibration tiinc was 73 hr. .ill dctc.riniriatioiis 

crox svlutions: 
sucrose. 
to syrup [J.S.P. 

were made at 25". Sample volumes diluted for 
analysis were 1 ml. for 63.457 sucrose solutiotis arid 
5 nil. for all other samples. A4fter appropriate dilu- 
tions, all samples were analyzed spectrophotomctri- 
cally. Thc final dilutions and absorbance maxima 
for each compound were as follows: 1: 7000 dilution 
at 237 nip for aeetanilide, 1 : 100 dilution at  241 mp 
for p-acetotoluidide, 1: 100 clilutioii a t  245 nip 
for phenacetin, 1: 1000 dilution at  241 nip for acet- 
aniiiiophen, 1 : 2000 dilution a t  2.50 mp for 4- 
aminoacetanilide, 1: 1000 dilution at 240 nip for 
ncctoacctanilidc. 

Dielectric Constant.-Thc dic.lcctric constants of 
saturated solutions oi the compounds iiivestigatcd 
iti this study were measured on a WTW Multi- 
d(,kamctcr, model DK-06 (Kalil Scieiitilic Instru- 
ment Corp.), a5 previously described (2). Previ- 
ously determined values of the dielectric constants 
of the sucrose solutions were used, as these were in 
agreement with the values reported by other workers 
(7, 8) .  

RESULTS AND DISCUSSION 

The solubility data of the solutes investigated in 
this study are shown in Tablc I. The values rep- 
resent an average of three determinations in all 
cases, except phenacetiii, whcrc tw-o values were 
determined. 

The solubility ratios, i.e., solubility in 63.4570 
sucrose solution relativc to that iii watcr, are show-ii 
iii Table 11. It is notcd that significant solubility 
clianges were obtained in going from water to 63.47,{, 
sucrose solution. For draw-iug solubility curves, 
tlic solubility is plotted against both sucrose c o w  
centration and dielectric constant of the corresponcl- 
ing sucrose solution used as solvent. 

In general, the dielectric coristniit scnk squcc'zes 
in the x-axis. The solubility curves arc sliowii in 
Figs. 1-6. 

Acctoacrtar~ilide shows tlic Iargcst relative cliaiigv 
iii solubility, with a solubility ratio of 0.5. Its 
solubility curve is linear in relation to both sucrose 
coiict-ritration and dielectric constant (DEC) ol the 
solveut. The decrease it1 solubility is 0.25 nig./ml./ 
UEC unit. The solubility curves of acrtanilide and 
tliv p-mcthyl derivative (P-acetotoluidide) are 
smooth, nonlinear functions. However, i t  i q  iti- 
teresting to note that for the p-cthoxy derivative 
(phenacetin) and the p-hydroxy dcrivative (acet- 
;~iniiiopheri), there is a con,sidernblc chnngt- i n  
solubility going from 4B.O to 63.4( 
solubility ratio of tha p-arninoacctanilide is 0.88, 
sliowiul: tlic least change in  this scrics of solutcs. 
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TARLE ~.-sOI.UBILITT; OF I\CETANILIDE AND SEVERAL I)ERIVArIVES IK SUCROSE SOLUTIUNS 
. .~ ~- ~~ 

7--- Solubility, mg./rnl.------------ 

Solvent hcetanilide acetanilide Phenacetin arninophen acetanilide acetanilide 
p Methyl- hce t -  $-Amino- Aceto- 

Water 6.38 1.05 0.93 13.85 15.98 9 . 8 7  
18.6yo Sucrose 5.74 0.95 0.87 13.08 16 .04 8.34 
31.6% Sucrose 5.41 0.90 0.82 12.62 15.68 7.59 
46%, Sucrose 4.63 0.81 0.76 11 .63  14.74 t i .  17 
63.4% Sucrose 4.25 0.77 0.59 9 .80 14.02 4 .90  

~ ~~~~ ~ ~ ~ ~~ ~~ .~ 

TABLE 11. SOLUBILITY RATIOS WOK ACETANILIDE 
AND SEVERAL DERIVA'I'IVRS 

~. ____ 

S<lIll t c 
.icctaiiilicIc 
1 Methylacetariiliclc 
p-Ethoxyacetatiilidc 
p-IIydrowyacetanilicle 
p-Ahninodcetdnilidc 
Acrtoacctanilidc 

Solubility Rat io:  (mg./ml. in 
63.4% wy/w Sucrose Soh.)/ 

(mg./rnl. In Water) 

0 10 20 30 40 50 60 
% W/W SUCROSE 

0.66 
0 ,  73 
0 .  ($3 
0 .  71 
0.88 
0 50 

0 I,,,,,, 10 20 30 40 50 60 

% W/W SUCROSE 

80 75 70 65 60 
DIELECTRIC CONSTP 

Fig. 1.-Plot of solubility of acctuacctatdidc, 
ii1g./iri1. :tt 25", as a function of sucrose conccntra- 
tion and dielectric coustniit of solvent. 

r l ~ i s  scries o f  solubility curves is gciierally in rrgree- 
iuciit with previous fiudings (2.  3) .  The curves 
indicate the observed cfiangcs in solubility prokiably 
i~ivolvc. complex tnechanisrris. 

Tlic dccrcasc in solubility, going froin water to 
63.43; sucrosc solution, is shown in Table IIJ, 
for acet:riiilide x i c l  the ptiietliyl, p t l i o x y ,  p- 
hydroxy, p-aiiiiiio, aid the aceto denvatives. I t  
is sccn tha t  the solubility change is fairly coristuiit 
relative t o  the solubility in water for the  first four 
cornpoiinds. These results indicate the possibility 
o f  predicting solubility and are in agreement with 
iiriiilur observatiuris iiiade for antipyriilc aiid t w < )  
c1crivativc.s (2). 'I'hus, knowing the solubility change 
tliat occurs for xctaiiilidc, the expected change for 
the derivatives could bc approxiinatcly calculated. 

Fig. 2 -Plot of solubility of acctariiliclt~, in< / i d .  
at 25", as a function of mcrose curlcentration and 
dielectric constant of solvent. 

The  p-amino ricrivativr differs fr~)iii tliv rest of 
the solutes in this rc.qm1. This may he clue to tlic 
fact tha t  the aminc substitution niny causr 3 mucli 
stronger charige in the polarity of the molecule. 

It should also b c  noted that the p-amino rlcrivative 
has the highcst ~riagiiitutie of solubility in this scries 
of solutes. Acctoacctanilide, sliou-ing :rholit. a 507; 
decrease in solubility, was not expected to corrclatc 
since the substitution was dirrctly 011 the fui1ction;d 
group of the parent compound. 

It again indicatcs thc ticprndencc on th(. iiaturc~ 
of the solute and solvent. Howvet-, the apparent 
correlatiori noted iu the cliarige in mlubility with 
two sets of derivatives may be ol vduc. if i t  is fur- 
ther substantiated. 

The dickclric  tista st ants o f  tiir s:rturatctl solutioiis 
followed, in getierd, the sliapc o i  thc tiiclc,cti-ic 
constant curves of tlic solvents. 'I'hcrc W ; ~ S  i io  

indication o f  any specific coriclation. This niay 
partly be due to  the low so1ubilitit.s of the solutes. 

SUMMARY AXD CONCLUSIONS 

'I'he solubilities of acetariilidr ;md f i v e  r ~ l ; r t d  
compounds were determined in water and in sucrose 
solutions containing from 18.6 to 6:3.1c;b sucrosc. 
'Thc solubility o f  :ill solutrs ch:tiijietl sijiiiificaritly 
i i i  going from water to  syrup. The solubility curves 
oLtaiIied in this study- again indicate t1i:i.t. ohservcd 
e1i:ingcs arc o f  coniplcs mcchariisiii probubly in- 
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studied. This iurther indicated the possibility of 
predicting solubility changes. These conclusions 
should be considered within the type and range of 
systems investigated. 

This and previous studies show that  the for- 
mulator, in considering solubility or applyirig solu- 
bility data, needs to take into account the solvciit 
as represented by tlic total system of ititerest. I t  
is the authors' view that  i i t i  appropriatr recognition 
of  solubility phenomena is necessary if the forrnula- 
tor is to  use soliibility diffcrcnccs of the type rc'- 
ported in this and other studies either t o  his a(1- 

;/* \ 

I 
- 

0 I0 20 30 40 50 60 
% W/W SUCROSE 

1 0 6 k  

0 98 

0 90 

082 - 
078 - 

80 75 70 65 60 
DIELECTRIC CONSTAI 

Fig. 3 .  --]'lot of solubility of p-methylncetfliiilidp, 
ing./ml. :it 25", as :t function of sucrose conccntra- 
tion and dielectric constant of solvent. 

13.4 b: 
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- 
E 
\ 

119 - 
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109 - 
104 - 

9 4  ggtl I I I I (I 
0 10 20 30 40 50 60 7 

96 W/W SUCROSE 
80 75 70 65 60 

DIELECTRIC CONSTE 

Fig. 4.--Plot of soltihility of B-liydroxyacetaiiilide, 
mg.jml. :it 25', as R function of sucrose concentra- 
tion and diclcctric constant of solvent. 

volving solvent polarity, as indicated by the dielec- 
tric coristaIit of the solvent, and decrease in the 
activity of water due t o  the additive sucrose. A 
strong deprnd~iicy on the nature of the solute and 
the sulveiit is ~ ~ 1 s t ~  indie~~tcd. 

'I'hc decrease in solubility relative to the solubility 
in water, in going from watcr t o  syrup, was found to  
be fairly consistent for several of the dcrivatives 

094 i 

z 082 - 

0 70 

066 - 
062 - 
0 5R 

0 10 20 30 40 50 60 
X W/W SUCROSE 

80 75 70 65 60 
DIELECTRIC CONSTP T 

Fig. 5.--Plot of solubility oi p~etlloxyncct~uiilidc., 
nig./1111. at 25", as a function of sucrose coriccntra- 
tion and dielectric constant of solvcnt. 

13.6 
0 10 20 30 40 50 60 

Yo W/W SUCROSE 

136- 
80 75 70 65 60 
DIELECTRIC CONS1 A 

Fig. Ci.-PIot of solubility of p-aminoacetaiiilitli.. 
ing./ml. at 25", as a function of sucrose coriciictra- 
tion and dielectric constant of solveiit. 
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T A B L E  I~I.-SOI.UBIl.ITY CHANGE, I'ER CENT DE- 
CREASE RELATIVE TO SOL~JBILITY I N  WATER, FOR 
ACETANILIDE AND SEVERAL DERIVATIVES, IN GOING 

FROM WATER TO 63.45; SUCROSE SOILTTIOS 
. ~ .  . -~ 

Soliihility 
i n  63.4y0 

Solubility Sucrose De- 
in  Water-, Soln. ,  crease, 

Solute mg./nil. mg.,'ml. <;& 
Aketariilide 6.38 1.25 33 
p-Methylacctanilidc 1.0,5 0.77 27 
p-Ethoxyacctanilidc 0.93 0.<59 36 
p-Hydroxyacctanilidc 13.8,s 9.80 29 
p-Aminoacetanilidc 15.98 14.02 12 
Acctoacetanilide 9.87 4.96 50 

~~ ~~ ~~ 
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vantage in achicving solubility or it1 avoiding proh- 
Ierns due to increased or dccrvased solubility. 

Although therc is no sweeping involvcrncnt of thc 
dielectric constant as either the parameter of choice 
or the mechanism involved, it may be a useful tool 
to the formulator in considcring solubility problcms. 
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Metabolism of 1C-Labeled Glutamic Acid and Pyroglutamic 
Acid in Animals 

By WINTHROP E. LANGE and EDWARD F. CAREY* 

A useful method has been developed for the paper chromatographic separation 
and identification of certain amino acids found in  biological fluids. A synthetic 
route to  'Glabeled pyroglutamic acid was developed. The "C-labeled glutamic 
acid and pyroglutamic acid were given orally to mice and rabbits. The drug con- 
centration i n  various tissues was determined utilizing a chromatogram scanner or a 
liquid scintillation counter. Experimental data indicated that the metabolic products 
formed following glutamic acid therapy were pyroglutamic acid, .T amino butyric 
acid, and glutamine. Animals to  which the labeled pyroglutamic acid had been 
administered showed radioactivity present as y amino butyric acid and glutamic 

acid. 

LUTAMIC ACID is ari important amino acid. Al- G though it is not essential for growth, it has 
been known for many years to be a rnajor constituent 
of body protein and to  takc part in many metabolic 
processes. In clinical therapy the monosodium salt 
has been used in place of thc free acid because 1,- 

glutamic acid is only slightly soluble in water and is 
absorbed slowly by ingestion. On the other hand 
tlic monosodium salt, which is soluble to t h e  extent 
o f  over 70';;, at rooin temperature is readily absorbed 
( I ,  2 j .  Monosodium glutamate has been tested 
i n  rnnny typrs  of neurological : t i i d  psychi~tric cases 
with positive rcsuits (3, 4) and with negative results 
15). Howevcr, glutamic acid therapy is a problem 
from two points of view. First, large doses are 
rcquircd; and second, its taste is difficult to mask. 

In 1941, Ratrier detrionstrated the formation of 
u-pyroglutaniic acid in rats fed oI.-glutaniic acid (6). 
Wilson and Koeppe dctermined labeled carbon 
c l iodc  excretion, pyroglutamic acid formation, 
:ind tissue glutamic acid coiieentr:ttinns after the 
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administration of D- and ~-glutamic acid-2-14C 
and DL- or u-glutamic acid-5-I4C 17). They found 
that when labeled D-glutamic acid was administered 
in small doses, intraperitoneally or by stomach tube, 
more than 5OfzI of the radioactivity was cxcretcd in 
the urine in 24 hr., most of it as o-pyroglutamic acid. 
There has been a great deal of investigation of thc 
rnetabolisrri of pyroglutamic acid in animals and 
man. Bcthkc and Steenboek fourid that it was 
converted to glutaiiiic acid and postulated that it 
was an enzymatic transfornmtion (8). Howcvcr, no 
reports of the presence of pyroglutamic acid iri brait) 
tissue were found. Thus, it is proposed to  develop 
a micro-method which could accurately deterrriirie 
thc distribution of glutairiic acid or a metabolic 
product in various tissues following oral administra- 
tion of glutamic arid pyroglutarnic acid. If the oral 
administration of pyroglutamic acid shows the same 
compound or compounds are crossing thc hlood 
brain barrier then possibly it can be used iii place 
of  glutamic acid to give a similar thcrapcutic rv- 
spoiisv a t  :L lower dosage. 

METHODS AND PKOCEDUHES 

'I'hc papcr chroniatographic procedure described 
below is based on a method reported by Clayton and 
Strong (9). 

Paper Chromatography.-Standard solutions were 
preparcd of various amino acids. Known quantities 
of the solutions were spotted on strips of Whatman 
No. 1 cliro~natographic paper. 'I'he strips were 
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and DL- or u-glutamic acid-5-I4C 17). They found 
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There has been a great deal of investigation of thc 
rnetabolisrri of pyroglutamic acid in animals and 
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converted to glutaiiiic acid and postulated that it 
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compound or compounds are crossing thc hlood 
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'I'hc papcr chroniatographic procedure described 
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Paper Chromatography.-Standard solutions were 
preparcd of various amino acids. Known quantities 
of the solutions were spotted on strips of Whatman 
No. 1 cliro~natographic paper. 'I'he strips were 
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dried arid developed by the descending techniques 
in chromatographic tanks containing a solution 
consisting of mcthyl ethyl ketone, propinnic acid, 
mid water (7<5: 25: 20). The strips werc devclopc(1 
at 25" for 8 hr., removed from the tanks, and air 
dried. Thc strips were then sprayed with a 0.2Yh 
solution of iiiiihydrin in alcohol and activated in an  
oven at SOo. A11 of the amino acids appeared as 
characteristic piiik to  purple colored spots 011 the 
paper except for pyroglutamic acid. The strips were 
placed in a n  atmosphere of chlorine vapors for 5 min., 
allowed to hang in a hood overnight, and then 
sprayed with 3 starch-potassiuni iodide solution to  
show the yyro~lutaniic acid as a blue-black spot 
on a light blue background (10). The A/ values 
calculated for the various amino acids of interest 
were : 

DL-Glutamine . . . . . . . . . . . . . . . . . . .  0.22 
DL-, L-, and I , ( + )  Glutnrnic acid. .  . 0.29 
y =Imino butyrie acid. . . . . . . . . . . .  0.52 
Glutathione. . . . . . . . . . . . . . . . . . . . .  0.55 
Pyroglutamic acid. . .  

Synthesis of Labeled Pyroglutamic Acid.-A 
measured solution of glutamic acid-l-l", buffercd 
to  a p H  of 2.0 with hyclrochloric acid, was sealed 
in a glass ampul, and placed in an overi at 130" 
for 72 hr. After the arripul was coolrd, it was opened 
and a sample subjected to  paper chromatographic 
examination. The paper strips, after chromatog- 
raphy, were run through a cliromatograrri scanner, 
model KSC-160 by Atomic Accessories, Inc., at  a 
rate of 1.5 in./rnin. with a constant flow of Geiger 
gas. The ratc meter attachment was a Tracermatic 
by Tracer Labs. Standard curvcs of glutamic and 
pyroglutaniic arid were obtained by plotting for a 
scan of a given number of counts pcr minute the area 
under the curve in centimeters agaitist the number 
of gamma's of isotope spotted. The conversion of 
glutamic acid to  pyroglucarnic acid was nearly 
quantitative. 

Liquid Scintillation Detection.-To increase the 
sensitivity for the dctection of micro quantities of 
the amino acids in the tissue samples, the paper 
strips were cut into small portions and placed in 
scintillation fluid. The fluid used consisted ol 0.1 
Gm. of 1 ;l-di~2-(5-pheiiyloxazolyl)-benzene, 14 
Gm. of 2,6-diplienyloxa.zolc, 100 Gm. of naphtha- 
lene (C.P.), and sufficient dioxane t o  make 2 L. 
' lhe liquid scintillation cuunter was from Baird 
Atomic, Inc. From the R, values for the various 
amino acids, the activity found in various portions 
of the paper strips could be identified. 

Comments on the Analytical Procedures.-It was 
found that the paper strip could not be chlorinated 
before sprayin,< with ninliydrin if thc ninhydrin- 
positive amino acids were to  be detected. It was 
also noted that  tlie chlorination step could not be 
speeded up without a loss of sensitivity. Thin- 
layer chromatography was tried. Satisfactory sep- 
aration of tlie amino acids was not obtained. 

BIOLOGICAL TESTING 

Investigation with Rabbits.-A. fasted rabbit 
was fed 900 pl. of glutamic a~icl- l - '~C,  which coii- 
tained 20 pc. of activity in 20 Grn. of glutanlic acid 
carrier. After administration of the drug, 2-ml. 
samples o f  blood were obtained from the rabbit by  
cardiac puiicturcs a t  0.5, 1, 2, 3 ,  4, 6, 18, arid 24-lir. 

.Toilriitrl of Phicrmaceihcnl Sciexces 

intervals. One millilitcr of a 100/0 solution of tri- 
chloroacetic acid was added to the blood sample, 
the suspension mixed, ccntrifugcd, and the  clear 
supernatant fluid separated. A 100-pl. sample nf the 
supernataut was spotted on a strip of Whatman No. 
1 chromatography paper and the strips chrornato- 
graphed iu the previously described devcloping 
system. The strips were allowed to  develop for 6 
hr., dried, and run through the chromatogram 
scanner with a rate iiictcr attached. A 250-p1. sam- 
ple of the supcrnatant fluid was added to  15 ml. of 
scintillation fluid in low 'OK vials, the mixture 
shaken, and countcd in a liquid scintillation counter 
t o  give the total activity for the sample. Portions 
of the chromatographed strips wcrc trratcd with 
scintillation fluid arid the resulting solutions counted 
as before. From thc R f  values found for thc 
various amino acids, the source of radioactivity 
found in the samples could be identified. 

The pyroglutamic acid- l - IT,  w-hich had been 
prepared from the labclcd glutamic acid, was fed 
to  a 2.5-Kg. rabbit. The procedure followed was 
the  same as for the labcled glutamic acid study 
except that  300 pl. of pyro,glutaniic a~ ic l - l - ' ~C  in a 
3-Gm. carrier solution of pyroglutamic acid was used 
as the dose. 

Investigation with Mice.- Three white mice, 
each weighing approximately 20 Grn., were fed 1 
i d .  of a glutaniic acid carrier solution which con- 
tained 1 pc. of glutaniic acid-l-l4C. After 3 hr.. 
the  mice were heparinized and sacrificcd. The 
blood from the three mice was pooled, the protein 
precipitated with trichloroacetic acid, thc mixture 
centrifuged, and the supernatant fluid separated. 
The brain was enucleatcd from each mouse and 
washed with three portions of sterile sahne solution 
at 5". The brains from the three mice were pooled, 
homogenized with 2 ml. of cold saline solution, the 
mixture centrifuged, and the clear liquid collccted. 
The kidneys of each iriou~e were treated in a similar 
uiaiiner. Coiiti-ol tissues w e r ~  similarly prepared 
from untreated mice. Fifty microliters of the three 
differcnt tissuc samples were spotted on strips of 
Whatman No. 1 chronintography paper. Thc 
strips were developed in the previously described 
manner. The chromatographed strips after drying 
were run through the chromatogram scanner. Nu 
clearly defined areas of radioactivity could be dc- 
tected. The strips were then cut into sections and 
placed in 40K free glass vials, each containing 15 tnl. 
of scintillation fluid. Radioactivity \$as detected 
in sorne of the vials. Knowinx the a r m  (R;) of the 

TABLE I.-SERUM LEVELS OF LABELED A M I N O  

GLUTAMIC AND PYROGLUTAMIC ACIDS TO RABBITSO 
ACIDS FOLLOWING AkDMINISTRATION O F  LABELED 

Glutarnic PyroKlularnic 
Acidb Acide 

Glutamic acid 36d 60 
Glutamine 28 . .  
y Aminobutyric acid . .  60 
Pyroglutamic acid 32 20 

Radioactivity obtained from a liquid scinLillatiou counter 
of 100 p l .  of a 3-hr. serum sample chrom-tographed on paper 
arid extracted with scintillation fluid. Dose of 250 p l .  in 
20 Gm. of carrier solution (20 11c. of activily). ugse of 
300 @I. in 2 Gm. of carrier solution (20 pc. of activity). Av- 
erafie riurrtber of counts/min. for six animals. 
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'I'ABT,E II.-'rISSUE 1,BVF:LS OF J,ARELF:D A M I N O  ACIDS FOLLOWING I\DMISISTR.kl . ION OF 1,ARET.ED G l . U T A M l C  
AXD PYROGLUTAMIC ACID TO MIVE* 

______ -~ _____ ~ ~~ ~~ ~~~ ~~ - 
I- ~ <:litlamic Acicl', \ -  I'yi oglutarriic Aciilr, . -  

Serum Brain Kidncy Serum Drain Kidney 

Glutamic acid 4% 4u 4 6 . . .  29 . .  
Glutamine . .  28 36 . . .  . .  . .  
y Aminohutyric acid . .  . .  . .  . . .  . .  82 
Pyroglutamic acid 30 . .  . .  310 . .  . .  

-~ . ~ ~~~ ~ ~~~~~~~ ~ ~ ~~~~~ ~~~~~~ ~ ~~ _ - 
a Radioactivity obtained from a liquid scintillationcounter or 100 p!. of a 3 ~ h r .  tissue sample chromatographed on paper and 

Av~rage  extracted with scintillation fluid. 
number of counts/min. f o r  three groups of three aninials/group. 

Dose of I nil. of glutamic 01- pyroglntamic acid carrier with 1 pc. of activity. 

strip associated with the vials having radioactivity, it  
wiis possible to  predict the amino acids involved. 

Thc cntirc procedure was repeated with groups of 
three mice being fed pyroglutamic ~ c i d - l - ' ~ C .  
'Thc dosage was the same as  for the  glutamic acid 
study. 

RESULTS AND DISCUSSION 

In the synthesis of the  labeled pyroglutamic acid 
from tlir labeled glutamic acid, it  was found tha t  
the 72-hr. heating a t  130" gave better than a Y872 
convcrsion of glutamic acid to  pyroglutamic acid. 
Heating for 24 hr. at the same temperature aave 
about a 95G& conversion, while heating at 100" for 
24 hr. gave only about an WJT, conversion. 

'l'ablcs I and I1 summarize the distribution c i f  tlic 
different labeled amino acids found in thc various 
tissues alter the oral administration of labeled 
,qlutatnic arid pyroglutamic acid t o  rabbits and mice. 
Xo attempt was made t o  determine absorption rates. 
However, when the  total concrntration of labeled 
pyroglutamic acid and labeled glutarnic acid in tlie 
tissues studied are compared it can bc  seen tha t  at 
the  3 hr. sampling time, despite a lower dose being 
given, the pyroglutamic acid is more coinpletely 
absorbed. 

The p:tpcr strips which contained the chrornato- 
graphed samples froin the blood of tlie rahbits fed 
labeled glutaniic acid sliowcd only tlic presence of 
glutarnic acid antl pyroglutamic acid when tlicy wcrv 
run through t h e  chrorn;ttograni scanner. The acids 
were identified by  their RJ values on thv paper, as 
well as thcir color folltiwiiig spraying of thr strips 
with the  described indicator solutions. Tlie pres- 
ence of labeled glutamine in the  hlood samples was 
not detected until the  strips were cut into sections 
and examined with the liquid scintillation counter. 
The highest radioactivity lcvcls in the hlood wcrc 
found between 2 and 1 hr. after oral administration 
ol the labeled glutamic acid. rl'l~csc activity lc 
were found to  be equivalent to approxiniatcly 
of the  adrninistcrcd dose of' labeled drug. The 
cliromatogram scanner did not differentiate tlie 
radioactivity source on paper strips preparctl from 
the  blood of rahbits fctl thc  labclcd pyroglutaruic 
acid. It was possiblc, however, t o  differentiate thc 
amino acids containinx the  radioactivity using the 
liqiiid scintillation counter. 

I n  the  mice, the higlicst tissue concentration o r  
radioactivity was found to  bc hetwceii 2 and 4 hr. 
after adrniriistratii~n of the labeled acids. In all of 
tlie studies with mice, thc chromatogram scanner waq 
not able t o  differentiate the sources of radioactivity 
in  the  tissucs examined. Aftrr 3 hr., the mice which 
had been led the  labeled glutarnic acid werc found 
to have the greatest concentration of radioactivity 
in the kidney, whilc after pyroglutamic acid ad. 
tninstration the highest activity was found in the 
blood. 

Attempts to obtain autoradiograms from contact 
of the  chromatograplied strips with X-ray film were 
not successful. lrarious concentrations of the 
tissue fluids were chroriiatographed as well as vari- 
ous dcvclopnicnt times wcrc tricd for tlic X-ray 
film. It was thought tha t  tlic autoradiograms 
might givc a second method for clicchi~ig R, valucs 
for tlie labeled arriino acids. 

SUMMARY 

It has been found that tlie metabolism of labeled 
glutamic acid znd pyroglutamic acid in mice can be 
followed usiii,g a corribination of paper chroinntog- 
raphy and liquid scintillation counting. Labeled 
pyro.i'lutariiic acitl was found to  I x  absorbed after 
oral administration antl converted t o  glutarnic acid. 
The  labeled gliitarnic :Icitl was further found to  bc 
prcwiit in hraiii tissuc wliile the pyroglutainic acid 
vas  not found in the brain tissue a t  any  time. Thus, 
it  rtiiglit bc possible to obtain a therapeutic 1-csponse 
similar to  that of glutamic acid after oral administra- 
tion of pyro.i':]tit~rii~ic acid. 
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Alkaloids of Scopolin cnrniolicn 
By SANTO W. Z I T 0  and JOHN D. LEARY 

The alkaloid composition of the rhizomes of Scopolia curndolicu Jacq. has been in- 
vestigated and the identification of six alkaloids is reported. Three of these 
alkaloids have been reported previously and are confirmed in this report. More- 
over, the authors report here for the first time the presence of 3-a-tigloyloxytropane 
in the genus Scopolia; in addition, pseudotropine and cuscohygrine are reported in 
this plant for the first time. One other alkaloid could not be identified at this time. 

COPOLIA CARNIOLICA Jacq., a member of the S family Solannceae, is wcll known for its content 
of the tropane ester alkaloids hyoscyamine aud 
scopolamine, and for the hydramine, tropinc ( I ) .  
b:vidcncc for the existence of alkaloids other than 
those mentioned is without firm foundation. Bcn- 
dik et al. (2) dctectcd the presence of scopine in 
addition to the previously mentioned bases, and 
Sclireibcr ( 3 )  reported on the presence of solanidine 
in this plant as well as in many other members of 
the nightshadc family; neither of these bases could 
bc confirmed in this work. Another report sug- 
gests the prcscncc of alkaloids which were not 
identified (4). 

The dried rhizomes were extracted by two different 
methods, subjected to preliminary purification, 
atid were analyzed for the presence of alkaloids by 
paper partition and thin-layer chromatographic 
procedures. Examination oE the chromatograms 
rcvcaled the presence of seven alkaloids, tlircc of 
which were prcviously identified. 

EXPERIMENTAL 

Extraction.-The dried rhizomes' were extracted 
by two different procedures. The first method 
involved continuous extraction with methanol in a 
Soxhlet apparatus (5) until devoid of alkaloids 
when tested with Mayer's reagent. 'I'hc mcthanol 
extract was concentrated to a viscous solution at  
40" in ~acuo ,  diluted with water, and acidified to 
pH 2 with hydrochloric acid. The aqueous solution 
was exhaustively extracted with chloroform (frac- 
tion .%). The aqueous phase was then adjusted to  
pH 10 with 20$, sodium hydroxidc solution and 
extractcd ancw with chloroform (fraction €5). 
ISach of these fractions was submitted to analysis 
by paper and thin-layer chromatography. 

111 thc second metliocl the drug was  nioistetied 
overnight with water and was then intinlately 
mixed with calcium hydroxide according to the 
method of Evans and Stevenson ( 6 ) .  The basifird 
drug was stirred with solvent ether during the next 
2 hr.; thc supernatant liquid was decanted, and thc 
marc was further percolated with solvent ether until 
the percolate gave a negative test for the presence 
of alkaloids. The ether extracts werc combined 
and conccntratcd at  40" in vacuo; the viscous 
c.strnct w:is fractionatctl on a buffered kieselguhr 
column. 

Column Partition Chromatography.-The coil- 
evllt rated extracts from Evans' method were placed 
011 a column of kieselnuhr (30 GIII.) loaded with 
phosphate buffcr (15 ml.; pH 6.6). Elution was 

carried out with successive portions of petroleum 
ether, solvent ether, chloroform, and chloroform 
saturated with conccntratcd ammonium hydroxide 
solution. Petroleum ether gave an oily material 
which gave a questionable Dragcndorff-positive 
spot of high Rf value on paper and thin-layer 
chromatograms (see below). Ether eluted hyoscinr 
followed by 3-~~-tigloyloxytropane; chlorolorm re- 
moved hyoscyamine and an unidentified material. 
'I'hc ammoniacal chloroform afforded tropine, 
pseudotropine, and cuscohygrine. Identifications 
wwe bascd on elution patterns on the buffered col- 
umn which coincided with previously reported results 
(6), as well as by comparison of the extracts with 
known compounds in the chromatographic systems 
mentioned later. 

Paper Partition Chromatography.-U'hatman No. 
1 paper was impregnated with 0.5 -I& KCl solution, 
air dried, and used for the separation of the various 
cxtracts and reference compounds,2 used singly and 
in mixtures. Development of the chromatograms 
was achicvcd with the solvent system of Rothcr 
et al. (7) which consisted of n-butanol-concentrated 
hydrochloric acid (98: 2) saturated with water. 
Revelation of the alkaloids was effected with modi- 
fied Dragcndorff's reagent (8). Two other partition 
systems were used but wcrc not as successful in 
complete resolution of the mixtures. 

Thin-Layer Chromatography.--4 matrix of alumi- 
num oxide G (Brinkmann) was prepared by the 
standard procedure (0.250 mm.), and the plates 
were activated a t  110' for 30 min. Extracts of the 
plant in addition to  reference compounds, singly and 
admixtures, were developed with a solvent system 
of benzene--methanol (9 : 1); extracts suspected or 
containing cuscohygrine were developed with ii 

mixturc of benzene-methanol-dietliylaniine (99 : 
1 : 5). Kcvclation of the alkaloids was achitved 
with modified Ilragendorfi's reagent. 

The data for the chromatographic studies are 
summarizcd in Table I. 

RESULTS 
Extracts of thc rhizomes of S. c a r n d i c a  obtained 

by two different methods havc yiclded fractions 
which were analyzed by several paper and thin- 
layer chromatographic procedures. Maximum res- 
olution w-m achieved in the two systems which arc 
reported. The development of purplc spots iu tlic 
case of tropine and psrudotropirie-contaiIiing ex- 
tracts aided materially in their identification. 
Identification was effected by IIieanS of ehtioli 
patterns on a kiesclguhr-phosphate buffer column, 

Iteceived April ti, IYt iB.  from the lkpartment of Phar- 
macugnnsy, Pharmacology and Allied Scienccs, St. Juhn's 
I;niversily, Jamaica, A'. Y.  

Accepted for publication July 7 ,  1966 
1 The .Y. carnialica Jacq. rhizomes uhed iu this study were 

grnriuusly supplied by S. J3. Penick Co., New Yuzk, N. 1'. 

2 Hyoscyamine and scopolamine (Mcrck) were obtained 
commercially; cuscohygrine, tropine, pseudotropine, and 
3-a-tigluyluxytropane were supplied by Dr A. E. Schwdrting 
IJniversity of Connecticut, Sturrs; a second sample of the 
latter was supplied by Dr. W. Evans, University uf Nottir~g- 
ham, Nottingham, England. 

l l i f J  
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TABLE I.-~HROMATOGRAPHIC DATA FOR THE 
ALKALOIDS OF S. carnidica 

_ _ ~ ~  __ ~~~ ~ ~ ~~~~ 

Alkaloid Paper“ Thin-T.ayer’ 
Cuscohygririe 0.08 0.00; 0.63c 
Pseudotropine 0.15 0.13 
Scopolamine 0.26 0.52 

Tropinc 0 . 3 4  0.88 
H yoscyamine 0.48 0.43 

Unidcntificd alkaloid 0.31 0 . t i3  

3-a-Tigloyloxytropane 0.84 0.63 

a Whatman No. 1 paper (0.5 Bl KCI); n-butanol-HC1 
(98: 2) water-saturated. Aluminum oxide G; benzene- 
methanol (9: 1). Aluminum oxide G; benzene-methanol- 
diethylamine (99: 1:s). 

comparison of R, values of compounds in extracts 
when analyzed by paper and thiri-layer chromatog- 
raphic procedures with authentic compounds, and 
color reactions. 

‘I’hc data indicate the presence of at least seven 
alkaloids. Identification of hyoscyaminc, scopol- 
amine, and tropine corroborates the studies of 
previous workers. This work has succeeded in the 
tentativc identification of 3-a-tigloyloxytropane, 
the  first reported occurrence of this compound in 
the genus Scopolio; it. extends the distribution to 
still another genus of the family Solanacme along 

1151 

with Dnlura (6), Il’itlmnia (5), and Physolis (9). 
J t  also broadens the knowledge of the existence of 
cuscohygritie in plants containinr: tropanc alkaloids. 
Pscudotropine was the sixth alkaloid to be identified. 
One other alkaloid remains to  be identified. Failure 
to confirm the presence of scopine and solanidine 
in this sample was due to a lack of authentic rcfcr- 
ence compounds. 

Work is continuing axid complete details on the 
extraction, isolation, and characterization will be 
published at a later date. 
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Synthesis of N,N’-Haloacyl Analogs of p,f-Oxydianiline as 
Potential Antineoplastic Agents 

By WILLIAM D. ROLL 

A series of eight new haloacetyl and halo- 
propionyl derivatives of#,#’-oxydianiline have 
been synthesized for evaluation of anticar- 

cinogenic activity. 

s A N  IK~EGRAI .  part of this continning caiiccr A chernothrrapy research project, another series 
of  bis-haloamidc analogs of a parent diainine rnole- 
rule have been prepared. Rased upon the screening 
data obtained in this laboratory (1-3) and that from 
others in the field ( 4 - i ) ,  thr  cliemotherapeutic ac- 
tivity of such compounds is deserving of further 
study. This report concerns itself with the syn- 

R n  

thesis of a series of bis-haloacetyl and ,is-halo- 
propionyl derivatives of p,p’-oxydianiline (I) .  

This type of alkylating agent may inhibit the 
growth of cancer cells through selective inhibition 
of vital metabolic activities within tumor cells 
(8- 1.5). By varying the carrier moieties of thcsc 
active, relatively nontoxic compounds, it is hoprd 
that some insight will lie gained as to structures- 
zictivity relntionsliips 3s reg:trcls tlirir alkylatiiig 
abilities. 

DISCUSSION 

An anhydrous chloroform solution of the diamine, 
p,p’-oxydianiline’ ( I ) ,  was treated with a chloroform 

O R  

X = Br, CI, :tiid I 
K = H, n = 1,2 
K = CHI, n = 1 

Received April 25, 1066, from the of Pharl,,ary, solution of chloroacctd chloride, 2-cl1loropropionyl 
University of Toledo, Toledo, Ohio 4360ti. 

Accepted for publication June 24, 1966. 
This investigatiou was supported in part by a grant from 

the College of Pharmacy Research Fund, llniversily of 
Toledo. Toledo, Ohio. 

chloride, and 3-chloropropionyl chloride to form, 
___ 
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TABLE I.-~HROMATOGRAPHIC DATA FOR THE 
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propionyl derivatives of#,#’-oxydianiline have 
been synthesized for evaluation of anticar- 

cinogenic activity. 
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of  bis-haloamidc analogs of a parent diainine rnole- 
rule have been prepared. Rased upon the screening 
data obtained in this laboratory (1-3) and that from 
others in the field ( 4 - i ) ,  thr  cliemotherapeutic ac- 
tivity of such compounds is deserving of further 
study. This report concerns itself with the syn- 

R n  

thesis of a series of bis-haloacetyl and ,is-halo- 
propionyl derivatives of p,p’-oxydianiline (I) .  

This type of alkylating agent may inhibit the 
growth of cancer cells through selective inhibition 
of vital metabolic activities within tumor cells 
(8- 1.5). By varying the carrier moieties of thcsc 
active, relatively nontoxic compounds, it is hoprd 
that some insight will lie gained as to structures- 
zictivity relntionsliips 3s reg:trcls tlirir alkylatiiig 
abilities. 

DISCUSSION 

An anhydrous chloroform solution of the diamine, 
p,p’-oxydianiline’ ( I ) ,  was treated with a chloroform 

O R  

X = Br, CI, :tiid I 
K = H, n = 1,2 
K = CHI, n = 1 

Received April 25, 1066, from the of Pharl,,ary, solution of chloroacctd chloride, 2-cl1loropropionyl 
University of Toledo, Toledo, Ohio 4360ti. 
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chloride, and 3-chloropropionyl chloride to form, 
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Compd. K 
I1 -COCHzCl 

1 I I ~ COCH(C1)CIIj 

T 1- CO( C1IL)PCl 

Y --COCH.Rr 

TI -COCH(Br)CH3 

1‘11 --CO(CH?)Br 

\‘TIT -COCH:T 

IS -C)O(CHJ)LI 

______ - 

N1.p.. OC. 
231-232 

235-230 

“7-228 

210 217 

247-248 

225-226 

Yield, 5; 
80 

71 

7.5 

r r  
I 5 

09 

74 

70 

T4 

~~ 

Anal - . 
Calcd. 

c, 54.40 
H, 4.00 
c1, 20.08 
N, 7.93 
C, 56.70 
H, 4.76 
C1, 18.60 
N, 7.36 
c, 56.70 
H, 4.76 
C1, 18.60 
N, 7.36 
C, 43.46 
H, 3.19 

Br, 36.14 
N, 6.34 
C, 46.98 
H, 3.94 

Br, 34.73 
N, 6.08 
C, 46.98 
H, 3.94 

Br, 34.73 
N, 6.08 
c, 35.78 
H, 2.62 
I, 47.26 

N ,  5.22 
C, 38.32 
H, 3.22 
I, 44.98 
N, 4.96 

Pound 
C, 54.45 
H, 3.96 
C1,19.98 
N, 7.99 
C, 56.68 
H, 4.79 
C1, 18.52 
N, 7.45 
C, 56.73 
H, 4.80 
C1, 18.51 
N, 7.30 
c, 43.39 
H, 3.25 
Br, 36.20 
N, 6.29 
C, 46.95 
H, 3.93 

Br, 34.80 
N, 6.13 
C, 46.94 
H,  3.92 

Br, 34.70 
N, 5.99 
C, 35.79 
H, 2.61 
I, 47.20 

N, 5.18 
C, 38.40 
H, 3.24 
I, 45.03 

N, 5.00 

Infrared 
Y ern.-' (KRr) 
(C=O amide) 

1670 

1670 

1 R m  

1650 

1660 

1050 

1 R 3 0  

1MO 

respcctively, N,n”-bis(chloroacctyl)~P,P’-ouydian- 
iline (11), i?r,;l.”-bis(2-ehloropropion~~l)-~,P’-o~~~i- 
aniline (111), and iV,Ar’-bis(3-chloropropionyl)- 
p,p’-oxydianiline (IV). Similarly, the reaction of T 
with bromoacetyl bromide, 2-bromoproyionyl bro- 
mide, and 3-bromopropionyl chloride gave thc cor- 
responding didmides, compounds V ,  VI, and VII ,  
respectively. Compounds V- and VII wcre cow 
verted into the iodoamidcs, compounds 17111 and IX, 
rcspcctivcly, by treating the forrncr with sodium 
iodide in acetone. 

EXPERIMENTAL 

The proccdurc used for the synthesis of these con- 
pounds has been previously related (2). Rcfercnce 
may be made to Table T for the results of this syn- 
thetic work and propel ties of the compounds prc- 
pared. The melting points were dctcrniined with 

a Fisher-Johns melting point apparatus and are cor- 
rected. The infrared spectra were obtained with a 
Perkin Elmer Infracord. 
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Growth of Callus Tissue of Cuthuranthus roseus in 
Suspension Culture 
By DAVID P. CAREW 

The successful suspension culture of Catharaiztbus roseus (L.) G. Don callus tissue 
for an indefinite period of time has been accomplished. The  growth rates of the 
suspension cultures, which were grown in media with and without growth sub- 

stances, are reported. Alkaloids were detected in both the tissue and the media. 

IIE IMPORTANCE of Catharanthus roseus (L.) T G. 1)on ( Vincn Yosea L.) as a source of anticancer 
alkaloids is wcll established (1). The report of the 
1 YO4 Syriiposiutn on tlie Chemistry and Biological 
Activity of Catharanthus. Vinca, and Rckatcd 
Indole Alkaloids (2) provides considerable infornia- 
tion 011 this subject. The literature also contains rc- 
ports on the growth of C. roseus as a tissue culture 
(3-7) and of the presence of alkaloids in Cntharan- 
thus callus tissue. Previous tissue culture studies of 
C. rnseus have been concerned with growth on solid 
media. This paper reports a study of C. roseus 
tissues grown in suspension culture over a period of 
several months. 

EXPERIMENTAL 

Plant Tissues and Media.-Callus cultures of 
C. Yoseus which had been growing on solid media 
for more than 3 years provided the sourer of tissue 
for initiation of suspension cultures. The solid 
nutrient medium was a modified White’s formula 
containing 1.5% coconut water and 3 mg./I,. of 
2,4-dichlorophenoxyacetic acid (2,4-D) ( 3 ) .  A 
preliminary study revealed that while a modified 
White’s medium provided excellent nutrition for 
the growth of C. Yoseu.7 tissues cultured on solid 
media, a modified Wood and Braun mcdiurn ( 5 )  
was preferable for suspcnsion culture. The inodi- 
ficd Wood and BrduIi niedium as reported prcviously 
(5) was used as a basdl medium throuxtiout this 
study. 

Inoculation, Growth, and Transfer Procedures.- 
Suspension cultures of C. roseus were initiated by 
aseptically inoculating 100 ml. of Wood and Braun’s 
modified mcdium contained in 500-ml. conical 
flasks, with approximately 3 Gm. of callus tissue 
which liad bcen growing on solid media. Thc 
inoculated flasks were placed on an Eberbach 
rotating shaker which operated at 160 r.p.m. on a 
1.5 in. circle. The shaker was located in a dark 
room maintained a t  a tcinpvrature of 26”. Once 
suspension cu1turt.s were succcssfully cst:ihlislird 
these tissues wcrc ustd : i s  inocula lor initiating 
continuing suspension culturc stur1ic.s. A circular 
metal scoop with a perforated base, 1 CIII. in di- 
ameter and 0.7 cm. in depth, was constructcd and 
uscd to transfer suspension cclls to fresh liquid media. 
The scoop was attached to the handle of a conven- 
tional inoculating needle and the unit was easily 
sterilized by flaming. Numerous transfers of tissue 
werc made and their weights determined in order 
to find the approsimate average weight of tissue 
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contained in onc scoop. The average figure was 
found to be 255 mg. 

In an attempt to determine the effect of napli- 
thaleneacetic acid (NA.1) and kinetin on the growth 
of continuing suspension cultures, two media for- 
mulations were studied. One medium consisted of 
Wood and Braun’s basal medium without tlie pres- 
ence of either kinetin or NAB. A second formula 
contained the basal medium plus NAA, 1 mg./L., 
and kinetin, 0.5 mg./L. 

The procedure for inoculating and subscqucntly 
continuing growth of tlie suspension cultures was the 
following. The appropriate medium was prepared 
and adjusted to  pH 5.8 and placcd in conical flasks 
(100-m1./500-ml. flask). The flasks were plugged 
with cotton and sterilized by autoclaving Tor 15 min. 
a t  15 p s i  Onc hundrrd milliliters of media was 
inoculated by the aseptic addition of five scoops of 
suspended cells (approximately 1.275 Gni.). The 
inoculated flasks werc placed on a rotating shaker. 
The suspcnsion cultures were observed daily and a t  
the end of the growth period the flasks w-erc rcmoved 
from the shaker. At that time some of the sus- 
pcnded cells were aseptically removed for the pur- 
pose of inoculating new media. The remainder of 
the suspcndcd cclls werc collected on filtrr paper as 
the cell-media suspension was passed through a 
Ruchner funnel. The fresh weight of the tissue 
from each flask was  detenniiied and recorded. In 
each case thc tissue which had been removed for 
inoculation of new media was included in the total 
fresh weight figure. The tissue which was col- 
lected or] the filtcr paper was wrapped in aluminum 
foil and frozen for later chemical investigation. 
‘The results of the growth rate study are recorded in 
Tables I and 11. As rioted in these tables, five series 
of suspension cultures, each series consistitiR of from 
10 to 20 cultures, were grown on media with A-AA 
and kinetin, while 10 series of cultures were grown 
on the basal tnediuni without thc addition o f  any 
growth suhstancc.. 

In a separate cspc.riinciit s ~ i s ~ ~ c n s i ~ ~ i i  culturcs of 
C. roseus were grown in 2,5I)-iiil. conical 1l:isks. sonic 
of conventioiid design ant1 othrrs containing 
three bafllcs in thc has? of each flask. Tlic baffled 
flasks are a product of Bellco Glass Cn. ‘l‘lie pur- 
pose of this experiment was to determine if iricreascd 
agitation and aeration of cells would have any effect 
on the growth rate. The 250-nd. conical flasks each 
contained 50 nil. of sterile Wood and Braun medium 
with kinetin, 0.5 nig./L., and NAA, 1 mg./L. A 
suspension culturc inoculum of approximately 765 
mg. was aseptically placed in each flask of sterile 
medium. Both tlie conventional and the triple- 
baffled flasks werc placed on an Eberbdch rotating 
shaker which operated at  160 r.p.m. Two growth 
cyclcs wrrc evaluated and the growth rates of tissucs 
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T A B L E  1 -MODIFIED WOoD AND B R A U N  MEDIIJM 
WITHOUT GROWTH SUBSTANCFS 

~~ 

~ 

Plasks Days AL Fresh 
Flasks Contam- Cultured, U't /F$ak, 

Series Inoculated inated No Gm 

Journal qf Plui.rmciceul?:cnl Sciences 

of inoculuni was about 1.3 Gm. Several previous 
attempts to maintain C. roseus tissue cultures on 
solid media without growth suhstancc.s nict with 
only limited success. The tissue grew very slowly, 
especially in comparison to tissue grown on media 
with growth substances. 

In the flasks of media without growth substances 
there was ncver evidcncc of tissue differentiation. 
Furthermore, on several occasions suspension cells 
were transferred to solid nutrient media without 
growth substances and in no instancc was there 
cvidence of differentiation which has been reported 
under similar circumstances with other tissucs. 

Dcspitc the fact that the suspension cultures were 
conditioned to the media over a considerable period 
of time, very littlc growth appeared in the first 
3 weeks after cells were transferred to new media. 
rZfter this 3-week "lag" period growth occurred a t  a 
rapid rate for approximately 3 weeks. In flasks 
in which the cells remained as clumps or clusters, as 
opposcd to  thosc flasks in which the cells were finely 
dispersed, there was much slower growth. In a few 
flasks very little growth occurrcd and the clumps of 
cells a t  the end of the growth period appeared 
about the same as a t  the beginning. Problems of 
microorganism contamination were encountered as 
are indicated in Tables I and IT. No growth rates 
were determined for flasks of tissue which became 
contaminated. 

In the experiment concerned with cultures in 
conventional and baffled flasks it was found that sus- 
pension cultures in conventional conical flasks grew 
a t  a significantly faster rate than did cultures in the 
triple-baffled flasks. Apparently the increased 
agitation and aeration does not improve the growth 
ratc but in fact may be detrimental to growth. 

A qualitative examination of the tissues and the 
spent media from this study revealed the presence 
of several alkaloids in both the tissue and the media. 
The suspension culture of C. roseus is presently being 
scaled up from 500-ml. flasks to multiliter fermentors. 
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1 20 3 47 19.361 - 5 53 15,324 
3 20 8 48 17.913 
9 

3 41 18.534 
41 24.936 

4 

53 19.899 
7 20 41 12.920 

5 
6 2o 6 

20 0 ~~ -- 
8 10 2 41 21.578 
9 20 0 53 11.415 

10 20 4 54 14.581 
~- 

".Growth rates were nut determined if flasks were con- 
taminated. 

TABLE IT.-MODIFIED Woon AND BRAUN MEDIUM 
CONTAINISC KINETIN ASD NAA" 

~~ 

Flasks Days Av. Fresh 
Flasks Contam- Cultured, Wt./Flask, 

Series Inoculated inaled No. Gm.6 
5 53 19.834 

I 70 47 24.249 
47 15.935 

5 
1 

7 
10 53 15.631 

5 20 8 53 10.044 

3 
4 

a Kinetin in concentration of 0.5 mg./L. and WAA in 
Concentration of 1 mg./L. Growth rates were nut de- 
Lei mined it flasks were contaminated. 

9 

2o 1 

cultured in the two types of flasks were compared. 
In  each case the tissue was harvested after 54 days. 

RESULTS AND DISCUSSION 

It has been demonstrated that C. roseus tissue 
cultures can be grown under submerged conditions 
and i t  appears, that providing proper subculturing 
procedures are performed, growth can be carried 
on indefinitely. In the experiment employing 
growth substances, the concentration used in liquid 
media was considerably less than that employed 
previously in solid media. In fact, it  was found in 
one experiment with suspension cultures that the 
tissue required no added growth substance in the 
medium. The mean fresh weight, per flask, of 
tissue grown in a medium without NAA arid kirietin 
was 17.646 Gm. while the average fresh weight of 
tissuc grown on a mcdium with thcse growth 
factors was 17.938 Gm. In each instance the weight 
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Molecular Interaction of Stereoisomers When in Solid State 
By A. H. BECKETT and N. H. CHOULIS 

Studies of acid-base association of asymmetric molecules in the solid state, involving 
the determination of melting points of the formed diastereoisorneric salts, their 
infrared spectra, and for a number of examples, X-ray diffraction powder pho- 
tography, have been carried out. In  these examples, in  which crystalline salts were 
obtained using optically active acids and bases, the diastereoisomeric salts prepared 
from components of the same configuration had higher melting points than those of 
different configuration. Although infrared measurements could not be used to 
indicate configuration of the components, definite differences in the spectrum of 
salts formed from isomers of like configuration from those of unlike configuration 

have been observed; likewise, the X-ray diffraction pattern was different. 

AXOWSKI ASD Hartung (2), w-orking with the J mandelates of ephedrine-type molecules, showed 
some correlation between chemical structure a i d  
physiological properties; they also reported the 
melting points of the salts formed. However, no 
attempt was made to interpret the differences in 
tnelting points in terms of differences iii the geometry 
of  the cornponents of these diastereoisomeric salts. 

Ricci (3)  discussed the principles of the quasi- 
racernic method of configurational assignment and 
coiicluded that molecular interactions in a systrm of 
two substances of opposite configuration cause 
riegative deviation from ideality as compared to the 
phase equilibrium in the corresponding system 
between related configurations. 

Diffcrences observed in infrared spectra of dia- 
stereoisomeric sd ts  have already been the subject 
of another paper (1). 

The X ray method has been used by Bijvoet 
ct al. ( 4 )  to deduce configurations and also by 
cxarnining X-ray photographs (5-T), the degree of 
association of the molecules withiti the diastereo- 
isomeric salts. 

In the present invcstigation, melting point meas- 
urements, infrared spectra evaluations, and X-ray 
difiraction powder photographs of a iiutnbcr of 
different diastereoisomeric compounds have been 
examined. 

EXPERIMENTAL 

Materials.-The optically active acids and bases 
used arc these recorded in Table 1. 

The signs D- and L- refer to tlic absolute configura- 
tion of tlie compounds used. 

Preparation of the Salts.-Equirnolar quantities 
(about 0.5 Gm.) of the appropriate acid and base 
were dissolved in an appropriate solvent (e.X., 
methyl or ethyl alcohol, ether, etc. j under reflux. 
The solution was cooled and placed in the refrigera- 
tor until crystals separated. These crystals were 
filtered off, dried under vacuum, and melting points 
were taken; these salts were recrystallized to COII- 
stant melting points. 

The substancc (small quantity in a melting point 
tube) was placed iu the melting point apparatus 
when the temperature was about 10" below the 
melting point. IIcating a t  a rate of about 2"/rriin. 
was then carried out. 
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For the infrared spectra Nujol mulls of the salts 
were prepared (1). The satne salts wcrc sent for 
X-ray diffraction powder p1iotographs.l 

Instruments.--The following instruments were 
used: ( a )  the Townson and Mercer melting point 
apparatus and ( b j  the Unicarn S.P. 200 spcrtro- 
photometer. 

RESULTS 

Melting Point Measurements.-The results ('Tablc 
I j indicat.e that salts formed from optically active 
acids and optically active bases, and possessing the 
same configuration, had a higher melting point than 
those formed from tlie corresponding acids and 
bases of opposite configuration. The latter salts 
in somc cases could only be obtained in the form of 
oils. 

As expccted, thc melting points of D-acid/D-base 
salts were similar to those of the corrcsponding L- 
acid/L-base salts; L-acidlD-base salts also had the 
same melting points as n-acid/L-base salts. 
X-Ray Diffraction Powder Photography.-The 

results (Table 11) indicate that d-values, calculated 
from the application of Bragg's law (Eq. l), were 
not tlic same for both diastereoisorners (ix., br- 
tween D/D and D/L or betwccn L/L and L/D). 

nX = 2 CE sin 9" (Eq. 1) 
where 

v, = order of reflection 
X = wavelength 
d = interplanar spacing 
do = angle of dcviation from tlic direct X-ray 

beam. 

DISCUSSION 

The results indicated that in the series studied, 
diastcrcoisomeric salts, formed from compounds of 
the same configuration (e.g., D-amphetamine-n- 
mandelate or L-amphetaminc-L-mandelate) have x 
different arrangement of the molecules, and con- 
sequently a difference in association between the 
isomers, from that of diastereoisomeric salts from 
compounds of unlike configuration (e.g., D-amphet- 
arnine-L-mandebate or L-amphetainiiie-D-nialide- 
late). 

This dissimilarity between the D/D (or L/L) and 
D/L (or L/D j diastereoisomeric salts was observed in 
diffcrcnces in meltiug points ( e . g . ,  D-amphetamine 
D-maliddate, m.p. 166", D-amphetamine-L-mande- 
late, m.p. lfi?"), tlifftrcnrcs in  tht%-spc.ctra, aiid also 

1 The X-ray diffraction powder photographs werc cairied 
nut by Mr. G. 11. IIunt. Ovci-was Geological Surveys, 
London. England. 
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ACTIVE BASES OF K N O ~ X  COXFIGURATION 
TABLE I.-MELTING POINTS OF VARIOUS SALTS FORMED FROM OPTICALLY ACTIVE ACIDS AND OPTICALLY 

~~ ~~~ 
~~ 

~ ~~ 
__  

Bases 
Acids D-Isomers Salts, M.p. L-Isomers Salts, M.p. 

D-Mandelic Amphetamine 166.2 Amphetaminc 162.0 
~-Mandclic Amphetamine 162.0 Amphetamine 166.2 
D-Mandelic Adrenaline 139.0 Adrenaline oil 
~ M a n d e l i c  Adrenaline oil Adrenaline 139.0 
~-Mandelic a-Phcnethylamine 177.4 a-Phenethylamine 104.7 
L-Mandelic a-Phenethylaminc 104.7 a-Phenethylaminc 177.4 
o-Tartaric Amphetamine 169.7 Amp hetamine 145.2 
1.-Tartaric Amphetamine 145.2 Amphctamine 169.7 
rn-Tartaric Amphetamine 199.1 Amphetamine 199.1 
L-Tartaric Adrcnalinc 144.0 Adrenaliue 150.5 
D-~-CH~-POP" rlniphetaminc 187.2 Amp hetarnine 156.0 
L-4-CII3-POP" Amphetamine 156.0 ilmp hetamine 187.2 
U-NOPb Amphetamitie 104.5 Amphetamine oil 

L-4- c1-POP Amphetamine 147.5 Amphetamine 178.6 

L-POB~ Amphetamine 148.1 Arnphetaminc 153.0 

L-POP Amphetamine 146.7 Amphetamine 150.5 
D-2-OCHa-POPa a-Phenethylaminc 120.6 a-Phenethylamine oil 

L-XOP" .kmphetamine oil Amphetaminc 104.5 
D-~-CI-POP" Amphetamine 178.5 Amphetamine 147.5 

D-POB~ Amphetamine 153.0 Amphetamine 148.1 

D-POP" Amphetamine 150.5 Amphetamiue 148.7 

L - ~ - O C H ~ - P O P ~  a-Phenetliylaminc oil a-Phenethylaminc 120.5 
u-4-Br-POPa a-P henethylanhe 155.2 a-Phenethylamine 124.7 
L - ~ - B ~ - P O P ~  a-Phenethylamine 124.7 a-Phenethylaminc 155.2 

a Phenoxy-a-pi opionir. Xaphthoxy-a propionic. a Phenoxybuiyric. 

TABLE II.--~-VALUES OF SOME UIASTEREOISOMERS 
AS DETERMINED BY USING THE X-RAY DIPFKACTION 

POWDER PHOTOGRAPHIC TECHNIQUE 

D-Amphet- D-Amghet- D-a-Phen- D-a-Phen- 
amine- amine- ethylamine- ethylamine- 

D-Mandelate 1.-Mandelate o-Manddate L-Mandelate 
14.5 A. 14.5 A. 12.8 A. 12.8 A. 
5.1  5.15 6.35 6.35 
4.65 4 . 9  5 . 2  5 . 2  
4.35 4.57 4.51 4.60 
3.86 4.2 4.09 4 .4  
3.59 3.70 3.54 3.60 
2.75 2.93 3.31 . . .  

~- 

differences in d-valurs in X-ray diffraction powder 
photographs. 

Because of the observed influence of the geometry 
of the components of diastereoisomeric salts on thc 
melting points of the latter, the use of melting point 
differences of salts to assign configuration to acids 
and bases may become possible. For example, the 
configuration of a base isomer may be determined if 
an isomer pair of acids of known configuration arc 
available and crystalline salts can be prepared from 
the base and these two isomeric acids; the higher 
melting point diastereoisorneric salt will havc com- 
ponents of the samc configuration (i,e,, if a riiandelic 
acid isomer forms a salt, n1.p. 166", with ~-amphet-  
amine and one, m.p. 162O, with L-amphetamine, thc 
mandelic acid isomcr uscd would have the D-con- 
figuration). 

'I'hc infrared spectra also showed significmt 
differences between the diastereoisomcric salts 
formed from stereoisomers of unlike atid of like 
configuration. 

However, infrared spectra canuot be used to 
allocate the configuration of the components (1). 

X-Rdy diffraction powder photography also 
showed differences between diastereoisomcric salts, 
formed from stereoisomers of unlike and of like 
configuration ( P . g . ,  D-amphetaminc-D-mandelate 
and D-amphctarnine-L-mandehte) (Table 11). 

Since these differences were observed between the 
interplanar spacing (d) of the diastereoisomeric 
salts, it is suggested that there is a difference of 
packing between the stcrcoisorners in the crystals. 

Smaller d-values for the diastereoisomeric salt 
formed from stereoisomers of like configuration as 
compared with the diastereoisomeric salt with 
stereoisomers of unlike configuration, suggested 
closer packing of the crystals and, thereforc, bcttcr 
association. However, the number of examplcs 
studied for the X-ray method was not enough to 
show that this method could be used for configrrra- 
tional assignment and further work is needed. 

REFEKENCES 
(1) Choulis, N. H. J .  Pharm. Sca'., 54, 19fi7(1965). 
(2) Jarowski, C., Lnd Hartung, W. H., J .  Oug. < ' ~ C I I ! . ,  8. 

(3) Ricci. J. E. Z'elrnhriiuo~i, 18, 605(1!)62). 
(4) Bijvoet. J. if., Petrrdeman, A. F., and Von Rromrnel. 

(5) Gronohtz,'S., Arkio. Kcmi, 11, 361(1957). 

564(11)43). 

A. J.,Nalurc 168 271(1951). 



Books 

REVIEWS 

Mcth,ods i t z  Drug Evaluation. Proceedings of the 
International Symposium on Mcthocls in Drug 
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ited by P. MANTEGAZZA and F. PIWININI. North- 
Holland Publishing Co., AIIisterdam, The &-ether- 
lands, 1966. Price 
$16 .go. 
A Iiuniber of books discussing thc arca of dru,q 

evaluation have rcceutly been published. These 
fulfill a need in pharmacology that has been long 
standing. 'This ncwest book has as its stated pur- 
pose a critical evaluation of proposed testing meth- 
uds, not just along list of literature quotations. This 
would allow the scientist t o  choose the method best 
suited to his requirements. The volume is based 
upon papers presented a t  the International Con- 
ference on Methods in Drug Evaluation and this 
may contribute to some of its faults. The book does 
not liavc the consistency of structure between chap- 
ters that should be present. Many oI' the chapters 
(i.e. cardiac glycosidcs, FFA,  anti-iiiflanimatory 
drugs, etc.) are excellent wit11 the required dcpth and 
breadth necessary for acctirate reader evaluation. 
but in contrast other chapters do not fulfill the 
aims of the book in that they only discuss a limited 
number of methods that are used by that particular 
author. This could mislcad the fledgling scientist 
who desires a critical discussion of a particular 
area in pharmacology. The book does not discuss 
all arcas of pharmacology, although there has becn 
an attempt to include areas of recent interest. I t  
discusses new areas such as rddioprotcctives, cat- 
citonin, etc., but neglects auticholinergics, anti- 
histamines, anticoagulants, anticonvulsants, etc. 
The excellence of certairi of its chapters, w-hen COIII- 

pared to other published works, suggests the book's 
usefulness to a school or industrial library, but its 
partially restricted scope limits its place in the 
library of the individual scientist. 

xii + ,580 pp. 16 X 23 mi. 

Reoiewed b y  U'. J .  Kinnard, Jr. 
University of Yittsburgh 
School of I'knrrrluLy 
I'itfsburgh, Pu. 
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co., West Washington Square, Philadelphia, 
Pa., 19105, 1966. 17 X 25.5 cin. 
Price 59. 
This new edition of thc Textbook of Biochewzistry, 

like previous editions, is designed for introductory 
courses in biochemistry. It contains a cleas and 
precise presentation of biochemistry :is it exists 
today coupled with a flexible course twtline render- 
ing it highly adaptable for students in a variety of 
#disciplines. Particularly conlmendable is the desire 
of the authors to  keep abreast of the rapidly changing 
developments in the sciericc of hiochrinistry. 

Biochemistry developed first as an outgrowth of 
IJrg-anic chemistry, gradually incorporated ccrtain 
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principles of physical chemistry, and, more recently, 
began to develop unifying concepts of its own. 
These concepts have eniergcd from the application 
of theories and techniques of biology, chemistry, 
and physics to the study of living systems. This 
9th edition incorporates recent significant advances 
in biocliemical thought with an excellent fundamen- 
tai prcscntation of biocheniically important com- 
pounds and their rc~aetions. 'I'hc reader is provided 
early in thc text with a review of elementary chemical 
priiiciples as they apply to liochcmically significant 
compounds; these may be considered the unifying 
concepts of biochemistry. This prcsentatiou is fol- 
lowed by an introduction to several more specializcd 
areas of biochemistry and shows certain relation- 
ships that exist between chemical structures, their 
reactivitics, and their biological functions. Some 
of the newer concepts which have resulted in the 
modification of portions of this edition are the recent 
elucidation of the structurc of cellular macromole- 
cules, proteins, and iiucleic acids; newly proposcd 
mechanisms for thc regulation of the synthesis of 
vital cellular compounds; and biochemical genetics. 

This wcll-illustrated, well-documented textbook 
should provide the student with an exccllcnt intro- 
duction to the science of biochemistry. For scien- 
tists in allied fields, it should serve as a useful basic 
reference. 

Reviewed by  Carolyn Damon 
Drug Standards Laboratory 
A .Ph.A Foundation 
II'ashington, D. C. 
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ORISTOL. Reinliolcl Publishing Corp., 430 Park 
Avc., Xew York, K. Y. 10022, 1966. xv f 966 
pp. 15.5 X 23.5 cm. 
Professor Smith, of Valparaiso University, and 

Profcssor Cristol of the University of Colorado, both 
teachers of chemistry, have prepared a text 
especially for a full-year organic chemistry course. 
Their organization differs from that of most other 
tests on the subject. Traditionally the material is 
organized by functional groups; some of the morc 
recent hooks are based on reaction types and 
mechanisms. In this text, the authors have com- 
bined what they felt were the best features of both 
presentations. The book is divided into five major 
sections, with the first devoted to introduction and a 
review of general principles. The second scction 
covers constitution of compounds, nonicnclature, 
furldainc~tital clicniical properties, classical methods 
for dctc.rrniiiing structurc, :ind structure and 
physical properties. The third presents the theory 
and mechanisms of organic reactions. The fourth 
covers physical principles of measurement. The 
fifth section provides topics of special interest from 
wliicli the teacher may select those of pertinence to 
his courses. Each chapter is followcd by study 
questions and problcms. 

Price.$l2.50. 
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cm. Price $12.00. 
More than 30 pharmaceutical authorities have 

participated in the revision adding new material to 
make this sixth edition nearly 200 pages longer than 
the fifth. Thc format of the book and the topics 
included are similar to  those of the previous edition. 
Howevcr, ncw information has bcen incorporated in 
those areas where it has become available. h 
section on emulsion stability has been added, 
several new suspension stabilizers are evaluated, the 
information on flavors has been expanded, an 
entire new chapter covers aerosols, and the chapter 
on drug stability has been updatcd. Advcrse 
drug reactions are recognized and discussed from 
the viewpoint that they are a therapeutic in- 
compatibility. Specific organic incompatibilities 
are included for many recently marketed drugs. 
Like its predecessor, Husa’s sixth cdition is a useful 
rcfrrcncc for both student and practicing phar- 
macist. 
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ing Co., Inc., 52 Vaiiderbilt Ave., New York, 
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Pricc 88.75. 
This work is intended as an introduction to  this 

special field of organic chemistry. It was published 
originally in France by Dunod and titled “Les 
Mecanismcs Rcactionncls el Chimie Organique,” 
and was modified slightly; certain areas have been 
amplifcd. The first section of the book covers 
fundamentals of electronic theory of chemical 
structure. This includes modern theory of inolec- 
ular structure, covalency mid electron density, 
polarity and polarizability of covalent bonds, 
conjugation or niesomerism, and acids and bases. 
The second part of the book covers reaction 
mechanisms and rates and deals with the applica- 
tion of electronic theory to the study of reaction 
mechanisms. 
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realistic or unrealistic anticipation of a threat- 
ened stressor, likewise are stressors. Deprivation 
of environmental stimulation for several hours 
may also be stressful (3 ) .  Different types of 
stressors require diffcrcnt behavioral responses 
and physiological changes to maintain or restore 
homeostasis. However, all stressors, if suf- 
ficicntll; iri~ense and prolonged, evoke the general 
adaptation syndrome, with the successive stages 
of alarm reaction, adaptation, and exhaustion. 

The various physiological and endocrinological 
changes in different stages of the general adapta- 
Lion syndrome are accompanied by behavioral 
responses which the stressed animal learns and 
performs. The alarm reaction generally includes 
vigorous muscular movcmcnts of attack or flight 
to destroJ- or escape the stressor. If the stress 
situation cannot be terminated by the initial 
violent reaction, the animal eventually resumes a 
more normal response, thus conserving energy 
and prolonging resistance to exhaustion by means 
of behavioral as well as physiological adaptation. 
The initial agitated behavior tends to improve 
the animal’s ability to destroy or escape ctle 
stressor but curtails its survival in a situation of 
severe, inescapable stress. The choice of a thera- 
peutic compound may depend on whether it is 
needed to enhance the initial alarm reaction or to 
prolong resistance to exhaustion. 

Purposes of This Review.-The present 
papcr attempts to  review and evaluate the experi- 
mental techniques which have been used t o  test 
eEects of compounds on behavioral responses to 
pain, threat of pain, and other stressors. The 
most frequently used test situations may be 
classified as measures of avoidance, escape, or 
approach-avoidance conflict. The physiological 
and endorrinological reactions involved in the 
stress syndrome are also summarized and related 
to the effects of drugs on behavioral performance 
during stress. The principal purpose of this 
review is to  identify the features of the test situa- 
tions which influence drug effects on behavioral 
performance. In  order to enable such compari- 
sons, emphasis is placed on techniques which have 
been used most frequently, such as the condi- 
tioned avoidance response, and on those com- 
pounds, notably chlorpromazine, whose effects 
have most commonly been tested with these 
techniques. 

A series of excellent reviews of behavioral 
effects of drugs (6-10) have included various 
stressful test situations. Their coverage of the 
literature was necessarily selective and abbrevi- 
ated. -4 comprehensive review of drug effects 
on the conditioned avoidance response (1 1) was 
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limited to this one major technique and was pri- 
marily concerned with identifying the effects of 
a wide variety of drugs rather than comparing 
the various techniques with respect to their 
measurement of drug effects. Other articles 
( 12-14) have drscribed and evaluated certain 
selected techniques for testing drug effects on 
behavioral performance but without any at- 
tempt a t  a comprehensive coverage. Many of 
the studies described or cited in these prior 
articles are included in the present review, which 
aims to  provide a new summary and interpreta- 
tion of accumulated findings rather than merely 
bringing the literature up to date. Two collec- 
tions of abstracts, available from the U. S. Public 
Health Service, have provided a number of useful 
references: “Psychopharmacology Handbook,” 
vols. 1-3, for publications in 1954-1961, and 
“Psychopharmacology Abstracts,” vols. 1-4, 
fLL publications in 1961-1964. 

I n  spite of the fact that the preponderance 
of studies on behavioral drug effects have been 
published since 1953, the high and rapidly ac- 
celerating rate of output since that time has 
accumulated several thousand articles, only a 
small proportion of which can be cited in the 
present paper. The main criterion for including 
an article in this review was the description and 
use of an important behavioral technique for 
measuring drug effects in a stressful situation. 
Preference is given to large-scale studies, testing 
a number of doses of several compounds on a 
sizable number of animals. Most of the studies 
have tested drug effects on performance of a 
previously established avoidance, escape, or 
conflict response, but some have tested drug 
effects on acquisition of the rcsponse or on per- 
sistence of the avoidance during extinction, 
when removal of the threatened stressor has 
made i t  unnecessary for the animal to continue 
responding to the warning signal. Painful 
clectric shock has been used as the stressor in 
most studies; objective records of performance 
have been ensured by automatic recording in 
almost all of the studies cited, and automatic 
programming of the experimental events was 
also used in many of them. The majority of the 
experiments were performed on rats, but many 
other species have been used, including mice, 
dogs, cats, and monkeys in a substantial number 
of the studies. This review excludes the few 
pertinent studies on humans. The use of infra- 
human animals permits much greater control of 
the stress conditions and also has the advantage 
that the data are free from variations due to 
verbal learning and cultural expectations of thr 
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subjects. The behavioral tests on animdls 
were usually designed to measure general features 
of motivation and performance which are coin- 
inon to all species, including humans. Certain 
types of stressful situations have bccn discussed 
in the Review Article in the October 1966 issue 
of J .  Phavm. Sci. (15) and are not included here. 
These include the relatively mild stress of ex- 
posure to a novel environment, measured by 
defecation and locomotor activity in the open 
field test, and test methods which involve man- 
ually pinching or otherwise stimulating the animal 
to elicit a reaction which is observed and rated 
rather than being automatically recorded. 
Measurements of forced locomotor activity, also 
included in this prior review (151, are stressful 
situations but have generally lieen used as tests 
of muscular coordination. 

The present review is expected to  be par- 
ticularly useful for those who conduct, direct, or 
evaluate experiments on animal behavior. The 
comparisons among commonly used techniques 
are intended to help in the choice of experimental 
methods and in the interpretations of the find- 
ings, whether the purpose is basic scientific knowl- 
edge or screening for clinically useful compounds. 
However, the authors hope that this review will 
also be rend with appreciation by those with a 
purely clinical interest in the drugs and by those 
with a scientific desire for further understanding 
of the interrelations between drugs and behavior 
in stressful situations. 
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MANIPULATIVE RESPONSE 

A frequently used test situation is a chamber 
(Skinner box) equipped to deliver painful elec- 
tric shocks to the grid floor; the animal is trained 
to escape or avoid thc strcssful shocks by means 
of an “operdnt” manipulative rrsponse, usually 
pressing a lever or rotating a wheel attached to 
one of the walls. This situation is generally 
used for testing drug effects on performance in 
test situations which last several hours, after 
the avoidancc or escape response has been 
thoroughly established in a number of prior 
sessions. Most animals readily learn to press a 
lever to escape the shock, but many fail to per- 
form the same response consistently in order to 
avoid the shock. The manipulative avoidance 
response must compete with an immobile, crouch- 
ing response to the threat of shock. The test 
session comprises an inescapable, chronic stress 
situation in which crouching is a strong behavior 
tendency ; thus, the animal’s normal performance 
and the drug effects show the outcome of a con- 
flict htween opposing response tendencies rather 

than measuring the strength of a simple avoid- 
ance response. 

Continuous Avoidance.-The procedure of 
continuous avoidance without a warning signal 
is one of the most recent of the conimonly used 
behavioral tests. It was devised by Sidman (16) 
in 1953, at approximately the same timc as the 
beginning of the recent upsurge in rate of pub- 
lications on behavioral drug effects. The animal 
receives a brief electric shock at a fixed interval 
of once every few seconds. Each levcr press 
postpones the next shock by a fixed interval, so 
that the animal can avoid the shock indcfinitcly 
by pressing this lever before the expiration of the 
fixed interval between shocks. Several different 
studies on rats (17-20) showed that a l o w  dose of 
chlorpromazine (CPZ) substantially decreased 
the rate of avoidance lever presses, thus increas- 
ing the number of shocks received. The number 
of shocks is R more valid measure of the drug 
effect than the avoidance rate; one of these 
studies (18) showed an increase in shocks and 
an increase in the rate of lever presses with a low 
CPZ dose, becmse of a tendency for the animal 
to make a rapid burst of lever presses after each 
shock. Low doses of reserpine or tetrabenazine 
likewise markedly impair avoidance, thus in- 
creasing the number of shocks received by rats 
(21, 22) and by monkeys (23). The doses at 
which these compounds prevent ax-oidance 
are too small to cause any marked analgesia or 
ataxia; however, it  is possible that the drugs 
intensify the immobile, crouching response which 
competes with the lever-pressing avoidance. 
Relatively high doses of chlordiazepoxide ( l i)  
and dcohol (54) caused only a moderate dec- 
rement in lever pressing by rats, and half thc 
anesthetic dose of pentobarbital was required to 
impair avoidance in monkcys ( 2 3 ) .  

The avoidance performance of rats improved 
after injection of adrenocorticoti-opic hormone 
(ACTH) or dexamethasone (2.5).  Lysergic acid 
diethylamide (LSD) improved perforumice at a 
low dose and impaired it a t  higher doses (X). 
Administration of amphetamine or one of its 
isomers, at low or moderate doses, increases the 
rate of lever pressing under a variety of contin- 
uous avoidancc conditions (19-2 I ,  27-:30). -4 
toxic depression of responding is produced by 
doses only slightly ahove those inducing niaxitnal 
stimulation of lcvcr pressing. Even a t  Ion- doses? 
there is generally little or no decrease in the 
number of shocks rewived ; an ana,lysis of lever- 
pressing in ter-response times (21) shon-ed that 
amphetamine incrrased the incidence of responses 
in rapid succession while tlcvreasing the incidence 



1162 

of the more effective avoidance responses at 
times shortly before the next shock was scheduled. 
Two alternative schedules, requiring rats to lick 
a water tube at a high or low rate for shock avoid- 
ance, were used to demonstrate that low doses 
of amphetamine improved avoidance perform- 
ance on either schedule, whereas higher doses 
caused the animals to lick at a faster rate o n  
either schedule (31). Amphetamine greatly 
increased the rate of lever pressing during non- 
shock time-out periods which were designated 
by a visual signal (29). In a procedure with 
omission of shocks for 0.5-hr. periods without 
any signal (In), response rates decreased during 
the nonshock period in nondrug tests but not 
under dextroamphetamine. Three anticholin- 
ergic compounds (scopolamine, atropine, and 
benactyzine) generally produced an elevation in 
lever-pressing rate with no consistent effect on 
the number of shocks received (I  9, 20) ; thus, 
as in the case of amphetamine, efficiency of 
performance was impaired. Likewise, monkeys 
responded to scopolamine and atropine with a 
marked increase in avoidance lever presses and 
in unnecessary responses during a signaled non- 
shock period. Much larger doses of methyl 
scopolamine and methyl atropine were required 
for equivalent activity, suggesting that the be- 
havioral effects were mediated by ccntral rather 
than peripheral anticholinergic action (32) .  

The fact that the continuous avoidance sched- 
ule docs not require any signals for experimental 
events facilitates the use of this procedure as one 
component of a multiple schedule, in which 
different experimental events are associated with 
different signals, a t  different times during the 
same session. This has the advantage of permit- 
ting a comparison of shock avoidance with food- 
rewarded or other types of performance, in the 
same animal and session. Drug effects on a con- 
tinuous avoidance component of a multiple sched- 
ule appcar to agree well with drug effects reported 
in other studies on a simple avoidance schedule. 
CPZ impaired avoidance in rats (33) and in dogs 
(34) at  doses which produced no decrement in 
other components of the multiple schedule. Doses 
of amphetamine which greatly increased lever 
presses during the food-reinforced and time-out 
stages of the multiple schedule had no consistent 
effect on the number of shocks received during 
continuous avoidance (33). A high dose of pen- 
tobarbital was required to increase the number 
of shocks received by rats (33) and by rhesus 
monkeys (35 ) .  Low doses of scopolamine in- 
creased the rate of avoidance lever presses, and 
high doses depressed food-reinforced much more 
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than shock-avoidance lever pressing, in rats 
(36) and in monkeys (35 ) .  

A method for differentiating avoidance from 
escape performance is through the use of a two- 
lever system whereby depression of the escape 
lever terminates the shock, while the separate 
avoidance lever is ineffective during this shock 
period. In tests with a variety of compounds 
(3i), low doses of CPZ consistently increased the 
number of shocks received, indicating impairment 
of avoidance. Other compounds rcliably in- 
creasing the occurrence of shocks at low doses 
include morphine and chlordiazepoxide, whereas 
high doses were required for detrimental effects of 
barbiturates, alcohol, and meprobamate. The 
animals always escaped the shock in nondrug 
sessions, and much higher doses of CPZ, mor- 
phine, and chlordiazepoxide were required to 
cause escape failures than to impair avoidance, 
whereas the compounds which required a high 
dose to impair avoidance were found to cause 
escape failures at slightly higher doses. An 
increase in rate of avoidance responses was pro- 
duced by low doses of dextroamphetamine, co- 
caine, and anticholinergic compounds. I n  gen- 
eral, the drug effects in this study (37) agree well 
with the findings obtained with other continuous 
avoidance procedures. Detailed analysis of 
inter-response times, shock escape latencies, and 
other measures of performance on this two-lever 
avoidance schedule is feasible with a recently 
reported system for punched paper tape records 
and computer analysis (38) With the use of this 
system, the probability of avoidance responses 
shortly before shock is scheduled was greatly 
decreased by CPZ at doses which had little 
effect on the bursts of response in rapid succes- 
sion (39). 

Warning Signal for Avoidance.-If the 
continuous avoidance schedule is modified by 
presentation of a signal several seconds before the 
shock, rats (40, 41) and monkeys (42) generally 
do not perform the response until the signal 
appears. In  most studies, the warning signal is 
presented a t  fixed or varied intervals, according to 
a schedule determined by the experimenter rather 
than by the animal, and lever presses during the 
intertrial interval have no effect. Generally, 
the same response which terminates the signal 
and avoids the shock also terminates the shock if 
the animal fails to avoid, so that it is possible to 
compare the drug dosage which impairs avoid- 
ance with the higher dose which impairs escape. 
A crouching tendency interferes with the Icver- 
pressing avoidance response, so that typically 
only a minority of animals acquire consistent 
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avoidance performance (431, but the warning 
signal apparently has a stimulating effect which 
results in greater resistance to disruption by drugs 
than is inund in continuous avoidance. Six 
depressant compounds (tetrabenazine, CPZ, 
chlordiazepoxide, diazepam, meprobamate, and 
pentobarlital) all impaired continuous avoidance 
a t  a lower dose than that which impaired the 
avoidance response to  a warning signal (44, 45). 
The differential sensitivity of thcsc testing metli- 
ods was apparently greatest for chlordiazepoxide 
and smallest for meprobamate and pentobarbital 
(45). The fact that CPZ and thiopropazate, 
another phenothiazine, had similar magnitudes 
of effect on continuous avoidance and on avoid- 
ance with a warning signal (46) might be cx- 
plained b?- the fact that the continuous avoidance 
was measured throughout 90 min. after drug 
administration, whereas avoidance with a warn- 
ing signal was measured only for the 30 min. of 
niaxiniuiii drug effect. Doses of scopolamine and 
atropine causing a large increase in shocks re- 
ceived by monkeys in a continuous avoidance 
schedule had less effect on avoidance by monkeys 
which were required to  petform or inhibit an 
avoidance response by disrsiminating between 
two warning signals (32).  The drugs produced a 
much greater detrimental effect with warning 
signals which were more difficult to discriminate. 

Differential drug effects on avoidance with a 
warning signal in general appear to  agree well with 
findings in continuous avoidance situations. A 
wheel-turning avoidancc responsc was impaired 
a t  much lower doses of CPZ than sccobarbital 
(47j or pcntobarbital (481, and the dose required 
to prevent shock-escapc was much greater than the 
avoid:incc-hlocking dose for CPZ but not for 
the barbiturates. Morphine appeared to  be 
intermediate in these respects (49). The ratio 
between escape-blocking and avoiddncc-blocking 
doses was rrported to be highest lor CPZ, inter- 
mediate ior chlordiazepoxide, diazepam, and 
nieprobainate, and lowest for pentobarbital 
(45). .\voidance in response to a warning signal 
was decreased by low doses of anticholinesterase 
drugs (30, 4.7. 51) and was increased by dextro- 
amphetamine (52) at a dose which generally 
caused a toxic decrement of responding in the 
continuon.;-avoidance situation. A “tracc” 
avoidance procedure consists of following the 
5-see. warning noise by 5 sec. of silence before the 
shock is delivered. A dose of chlordiszepoxide, 
diazepam, and meprobamate, which prevents 
avoidance during the signal, permits axroidance in 
the postsignal period, indicating that these drugs 
tend to delay rather than block the response 
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to the warning signal. whereas in CPZ, pento- 
barbital, and nondrug tests, the animal generally 
respnnds either during the warning signal or not 
a t  all (‘$5). 

A lever-pressing avoidance response to a warn- 
ing signal has been used as one component of a 
multiple schedule, compared with a milk-rein- 
forced approach response in the same sessions. 
Idow doses of CPZ, which greatly decreased avoid- 
ance in rats, had little effect on the approach 
response. Similar differential effects, requiring 
rather high doses. were induced hy meprobamate 
and reserpine, whereas a high dose of pentobar- 
bital had almost equal effects on avoidance and 
approach (-53). I n  contrast. LSD, mescaline, 
serotonin, dextroamphetamine, and iproniazid 
impaired approach with a much smaller detri- 
mental effect on avoidance (54). In a similar 
schedule, reserpine had a much greater inhibitory 
effect on lever pressing by cats for shock avoid- 
ance than for milk reward (55). These findings 
with a multiple schedule agree well with each 
other and with drug rffects on avoidance in 
other situations. 

LOCOMOTOR RESPONSE 

Animals may avoid or escape shocks by the 
more naturally occurring response of running or 
jumping. Such a procedure has the advantage 
of enabling quicker and easier training of the 
avoidance rcsponse, with few animals being 
discarded due t o  insufficient performance. Drug 
effects on various locomotor responses have been 
investigated in many studies. 

Avoidance by Running.--A test apparatus 
which has been widely used? for many years prior 
to its recent extensive application to drug re- 
search, is the two~compartmcnt shuttle box. 
The animal avoids or escapes the shock by run- 
ning into the other compartment, usually through 
a door or across a hurdle; succcssiw trials can be 
programmed automaticdly, shiiting the shock 
Iron1 one compartment to the other. In a shuttle 
box for continuous avoidance by mice, low doses 
of CPZ were found lo  decrease performance, with 
one of three strains tested being much more 
resistant to the drug effect than were the other 
two (56). -4 number of investigators have tested 
drug cffects on shuttle-box avoidance by rats or 
other species in response to a warning signal. 
Low or moderate doses of CPZ decreased avoid- 
ance in rats (57-58), mice (60). and monkeys 
(Gl), with much higher doses being required to 
affect escape. The saine doses of CPZ had 
a greater inhibitory effect on the escape response 
when shocks were delivered on the same schedule 
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without the warning signal (indicating a function 
of the signal in arousing the animal and thus 
facilitating the escape response) at doses which 
prevented the avoidance response (57). Re- 
serpine likewise produced a great decrement in 
shuttle-box avoidance of mice (62, 63), rats 
(W,  64), cats ((i3-08), and monkeys (69). A 
very high, ataxia-inducing dose is required for 
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clockwise direction, has been shown to improve 
performance. A still more effective method for 
increasing the attractiveness of the escapc or 
avoidance response might be a safet!- compart- 
ment where the animals are never shocked. from 
which thcy are manually removed before being 
placed into the starting compartment a t  the 
start of each trial. 

ethyl alcohol ('TO) or pentobarbital (61) to impair 
avoidance. Amphetamine or its congeners ef- 
fectively improved shuttle-box avoidance of 
rats (71-'73) and cats (BS), apparently by de- 
creasing the crouching tendency (72). Perform- 
ance was also improved by a low dose of ben- 
actyzine or LSD (il) and by a high dose of ben- 
actyzine, which reduced various rated measures 
of tension (74), but not by scopolamine, which 
likewise reduced tension (75). A general ex- 
citatory or disinhibitory effect of some com- 
pounds which improve avoidance is indicated by 
the finding that amphetamine and several anti- 
cholinergic compounds increased the frequency of 
incorrect, shuttling responses to a second warning 
signal which indicated punishment if the animal 
crossed to the other compartment, whereas it 
would not be shocked if it  remaincd in the same 
one (7G). Another procedure required animals to 
remain motionless on the grid floor in order to 
avoid shock ; this response was readily learncd 
in the nondrug condition, and activity was in- 
creased by CPZ, imipramine, and methylpheni- 
date in test sessions when shocks were omitted 
(7'7). Nearly all other experiments have used 
some form of active behavior as the avoidance 
response, so that it is difficult to distinguish 
the speciiic drug effect on avoidance perform- 
ancc from a general stimulant or depressant 
effect. 

Rats (81) which were manually placed in the 
same Compartment of a two-compartment 
shuttle-box, thus never receiving shock in the 
other compartment, required rather high doses of 
CPZ and reserpine for inhibition of avoidance. 
The same conclusion appears to be valid for 
other studies on effects of CPZ and reserpine in 
rats (82) and mice (83). Barbiturates, anti- 
cholinergics, and meprobamate were even less 
active in this situation. Drug-induced inhibition 
of avoidance may have been enhanced in one 
of these studies (82) by the use of a long. GO-sec. 
interval before shock, without any warning signal 
other than placement in the starting compartment 
of the test box. Rats which have learned to 
avoid shock by running to a safe compartment 
a t  the end of an alley are highly resistant to 
inhibiting effects of CPZ (84, 85) and other 
compounds (85). Different groups mere trained 
to run down an alley for food remrd ,  shock 
escape, or shock avoidance, using a higher shock 
intensity for the avoidance than escape group in 
order to equalize nondrug running spred. Most 
of thc compounds had similar effects on thc three 
groups, but amobarbital caused the greatest 
decrease in avoidance and the smallest decrease 
in approach speed (85). CPZ does appear to 
inhibit avoidance performance a t  relati\-elv low 
doses in locomotor response situations in\-olving 
a multiple schedule or a discriminatix-c choice. 

In general, the shuttle-box avoidance ms CPZ greatly impaired avoidance with very littlc 
to be more readily improved by stimulants and effect on approach, whereas reserpine impaired 
less easily impaired by depressants than is a approach with very little effect on a\-oiclance. in 
lever-pressing avoidance response. A higher rats trained to avoid shock or approach iood dur- 
dose of CPZ was required to block a shuttle-box ing different trials in the same runway (86). 
than le\rer-press avoidance response in rats (78) .  Effects of compounds have been studied in a 
Contrary to this Gnding, the same doses of CPZ, situation with a visual stimulus identifving the 
secobarbital, and morphine appeared to produce correct exit for avoidance or escape from shock 
a greater decrement in avoidance and escape for a (87-91). CPZ decreased avoidance at a low 
shuttle-box t?ian for a wheel-turning response, dose, with a higher dose being required to de- 
perhaps because the wheel-turning response was crease the percentage of correct choices during 
extensively trained to a high level of performance escape. Benzquinamidc, chlordiazepoxide, me- 
(79). Avoidance performance in the shuttle- probamate, and hydroxyzinc likewise had greater 
box may be impaired by the fact that the animals effects on avoidance than on discrimination. 
on each trial are required to return to the com- In contrast, rcserpinc and pentobarbital affected 
partment in which they previously received shock both measures of performance almost equally, 
(13). A four-compartment box (801, permitting and alcohol had a greater detrimental effect on 
the animals to progress in a clockwise or counter- discrimination than on avoidance. All ol the 
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compounds required higher doses to suppress 
escape from the shock than to inhibit avoidance. 

Avoidance by Jumping.-When shock is 
delivered to a grid floor, a response of jumping 
up to a safe area may provide quicker escape 
than running across the electrified grid. A rather 
high dose of CPZ but a fairly low dose of niepro- 
bamatc was required to inhibit an avoidance 
response of rats trained to jump onto a stand 
(92). A relatively high dose of CPZ was re- 
quired to inhibit a similar avoidance response in 
rats (9.7). In mice, an avoidance response of 
jumping onto a net was not affected by amphet- 
amine and required high doses of CPZ to impair 
this responsc (94). Other studies on mice indi- 
cated that a jumping avoidance response was 
more resistant to inhibition by mcproharriate and 
barbiturates than by CPZ, reserpine, and 
chlordiazepoxide (95-9i). 

Many investigators have tested drug effects on 
an avoidance response of jumping onto a vertical 
pole, which is usually constructed of wood with a 
rough surface, so that the animal can cling to it 
and must be removed manually. A number of 
investigators have shown that rather high doses 
of CPZ were required to inhibit the pole-jumping 
avoidance response of rats (98-103). The dose 
which prevented escape from shock was generally 
much higher than the avoidance-inhibiting dose. 
A comparison of pole-jumping with shuttle-box 
avoidance has been reported in Peromysczrs 
maniculatus gi’acilis, an arboreal species of mice 
(104). Animals trained in the pole-jumping 
apparatus acquired a higher percentage of 
avoidances and were more resistant t o  suppression 
of avoidance by CPZ arid pentobarbital than 
animals trained in the shuttle-box. A similar 
conclusion may he drawn from the report (105) 
that a rnuch higher dose of a cholinesterase 
inhibitor was required to suppress avoidance by 
rats in a pule-jumping than lever-pressing 
situation. 

Pole-jumping avoidance was inhibited in rats 
by cholinergic compounds (106) and by benzo- 
quinolizine derivatives, monoamine oxidase in- 
hibitors, and catecholamines ( I O T ) ,  generally a t  
much lower doses than those required to prevent 
the escape response. Morphine has also bcen re- 
ported to inhibit the pole-jumping avoidance a t  
a much lower dose than escape (98, 99, 103), 
whereas pentobarbital and meprobaniate impair 
both avoidance and escape at very high doses, 
which usually also induce ataxia (98, O!)). In 
general, pole-jumping avoidance was highly re- 
sistant to the effects of the above compounds, 
reserpine (99), and other drugs (10.1). Ilowcvcr, 

the “secondary conditioned response” of jumping 
onto the pole as soon as the animal was placed 
into the chamber, prior to the warning signal, was 
inhibited by much lower doses, especially by 
CPZ, meprobamate, and morphine (99). The 
drug effect on this unnecessarily early avoidance 
response may be primarily an index of general 
central nervous system depression. 

Avoidance trials have been programmed auto- 
matically a t  regular intervals, using a metal (108) 
or plastic (109) pole which causes the animals to 
slide down to the grid floor. With this procedure, 
avoidance is inhibited by CPZ at lower doses, 
reserpine a t  approximately the same doses, and 
pentobarbital only a t  higher doses in comparison 
with brief pole-jumping sessions (108, 109). ,4 
finding that CPZ at low doses inhibited pole- 
jumping avoidance, with very brief inl ertrial 
intervals (1 lo), suggests that rapidly repeated 
trials, in addition to a continuous session, may 
enhance the inhibitory effect of CPZ. However, 
even under these conditions a jumping avoidance 
response seems to be more resistant to inhibition 
by CPZ than is a lever-pressing avoidance re- 
sponse. 

Flinching and Fighting.-A leg-flexion avoid- 
ance response by dogs requires only a slight move- 
ment, is performed very reliably, and is highly 
resistant to inhibition by CPZ, meprobamate, 
phenobarbital, and morphine (1 11). The dose 
necessary to prevent shock-escape is much higher 
than the avoidance-inhibiting dose for CPZ hut 
not for meprobamate and phenobarbital, indicat- 
ing differential effectiveness of these drugs on 
performance despite the high dose of each com- 
pound necessary to inhibit avoidance. Ari in- 
crease in heart rate during the warning signal 
(found in riondrug tests) was blocked by the doses 
of chlorpromazine. phenobarbital, and mepro- 
bamate which suppressed avoidance. Morphine, 
which failed to suppress avoidance, also failed to 
alter the lieart rate response Lo the warning signal 
( 11 2). A similar leg-flexion avoidance response 
in cats (1 1.7) was inhibited by cholinergic drugs, 
and this technique was described as showing an 
all-or-none effect in comparison with a shuttle- 
box avoidance response in a different group of 
cats. When an i.v. injection of I-epinephrine 
was used as the warning signal 3 0  sec. before 
shock (1 14), the leg-flexion avoidance response in 
dogs was inhibited by a low dose of chlorproma- 
zine which did not block the usurtl physiological 
effects of the epinephrine. Thc conditioned 
avoidance response may have been weakly estab- 
lished, with the use of a drug as warning signal 
and the unusiially long interval until shock. 
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Pain threshold is generally measured by gradu- 
ally increasing the intensity of a painful stimulus 
until the animal performs an escape or other re- 
sponse. It is difficult to specify whether a drug 
alters the motivation, tlie intensity of the stim- 
ulus, or the capability for performance, in this as 
in other behavioral tests. A number of com- 
pounds require higher doses to inhibit the initial 
flinch response to electric shock on a grid floor 
(115, lI6) or foot-licking response on a hot plate 
(117) than to inhibit the subsequent response of 
jumping. The effects of several doses of the 
same compounds have been compared in a test of 
pain threshold (response to  electric stimulation of 
the tail root) and pole-jumping avoidance in rats 
(118, 119). Much higher doses of CPZ were re- 
quired to increase the pain threshold than to de- 
crease the probability of avoiding. A similar 
differential effect was found with pentobarbital, 
bulbocapnine, and reserpine. Morphine, and to 
some degree dextroamphetamine, showed oppo- 
site differential effects, with higher doses being 
required to decrease the probability of avoiding 
than to increase the pain threshold. Several 
cholinergic compounds had a similar magnitude 
of effect on both measures. In mice, a much 
higher dose of CPZ than morphine was required 
to inhibit tlie response of squeaking when electric 
shock was applied to the tail (120) and to inhibit 
the reaction when heat was applied on a hot plate 
(100) or to the tail (121). Contrary to these 
findings of analgesic effects of morphine, higher 
doses of morphine were required to inhibit the 
reaction to these two types of heat stimulation in 
rats than to inhibit the pole-jump avoidance re- 
sponse (122). Rats which had been trained to 
terminate a progressively increasing tail shock by 
turning their head in one direction required a 
higher dose of morphinc than CPZ to cause an 
elevated shock intensity threshold a t  which this 
response occurred (123). In general, tests of pain 
threshold appear to be rather insensitive to drug 
effects, requiring high doses of morphine and even 
higher doses of most other compounds to produce 
reliable changes. However, analgesic effects with 
low doses of morphine have been reported using 
grid shock (124) and ultrasonic pain stimulation 
(125) in rats and with the jaw-jerk response to 
electrical stimulation of the tooth pulp in dogs and 
cats (1%). Sympathomimetic compounds have 
shown analgesic eflects, with ACTH and cortisone 
causing an elevated pain threshold, measured by 
thermal stimulation of mice on a hot plate (127), 
and with amphetamine and norepinephrine (NE) 
likewise causing an elevated pain threshold, meas- 
ured by the inflamed-foot method in rats (128) 
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and by electric shock to the tooth pulp in guinea 
pigs (129). Most tests of analgesia have been 
hased on a iriotor response of flinching, with- 
drawal, or vocalization. However, a well-trained 
lever-pressing response has been used successfully 
in several experiments. With progressively in- 
creasing shock on a grid floor, the threshold for a 
lever-pressing escape response by rats (130) or 
for an active motor reaction by mice (124) was 
increased by moderate doses of morphine, sodium 
salicylate, and acetylsalicylic acid, whereas a siz- 
able dose of pentobarbital had no effect (130). 
A similar procedure likewise showed analgesic 
effects with low doses of morphine in monkeys 
(131). 

The startle response to a loud noise associated 
with painful shocks may be a sensitive measure of 
anxiety or €ear, hut there have been few tests of 
drug effects on this response because of the tech- 
nical difficulties in constructing and using an 
appropriate measuring device. Alcohol (13) and 
aniobarbital (132) reduced the motor response t o  
a loud sound when it occurred during a visual 
warning signal for shock. at doses which had little 
effect on the startle response to the sound alone. 
hmobarbital was even more effective in reducing 
the startle response to shock, without loud noise 
or warning signal; however, fear rather than pain 
may have been the principal reaction to the mild 
shock used (132). 4 variety of severe stressors 
have been used for the measurement of drug 
effects on escape. The speed with which rats 
escaped from electric shock in a runway was 
slightly increased by dextroamphetamine and 
slightly decreased by pentobarbital and chlordi- 
azepoxide (133, 134). Swimming has been used 
as an escape response, and drug effects may be 
influenced gre.atly by variations in the procedures. 
Barbital (135) and amphetamine (136) greatly 
slowed swiinniing of rats to an escape ramp when 
they were required to pull a weight, at doses with 
little effect on swimming time under normal con- 
ditions. CPZ and meprobamate also decreased 
swimming speed a t  fairly low doses, especially 
when the animals were required to pull a weight, 
with generally smaller effects on a shuttle-box 
avoidance response tested in the same rats during 
the same session (137). Escape of rats from 
audiogenic stimulation was inhibited by fairly 
low doses of CPZ but not by high doses of pheno- 
barbital and meprobamate (138, 139). Rats 
housed and tested in isolation generally fail to 
escape audiogenic stressors, and amphetamine or 
other stimulant drugs enabled a substantial pro- 
portion of them to escape (140). -4 lever-pressing 
escape response has also been used in tests of drug 
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doses of several antidepressant compounds effec- 
t i d y  inhibit the mouse-killing response (155). 

APPROACH-AVOIDANCE CONFLICT 

A conflict may readily be established by punish- 
ing the animal for responses which procure a 
desired goal. The stress of the punishment is 
augmented by the thwarted need for food or 
other reward fornierly obtained, and the conflict 
itself may be an additional stressor (13). The 
strength of the opposing approach and avoidance 
tendencies can be measured only in relation to 
each other, but this disadvantage is offset by the 
advantage that the opposing tendencies are likely 
to he affected equivalently by any drug-produced 
changes in activity or freezing. This equivalence 
is not complete, because the approach response is 
generally acquired first, is more strongly es- 
tablished, and requires more active behavior. 
Whereas thc active lever-pressing or locomotor 
response is motivated by fear of shock in the usual 
avoidance test situation, in the conflict test it  is 
the suppression of an active response which is 
motivated by fear. Therefore, the conflict situa- 
tion niay indicate whether CPZ and other coin- 
pounds suppress performance of an avoidance 
response during a warning signal because they 
intensify an incompatible freezing tendency or 
because they ciccre:lscl the fear-producing effect of 
the signal. 

Manipulative Response.-One technique for 
measuring conflict is to present a signal, tcrmi- 
nated by inescapable electric shock, while an 
animal is pressing a lever for food reward. The 
“conditioned emotional response” to this stimulus 
includes “conditioned suppression” of the lever- 
pressing response. Reserpine, in doses which de- 
creased normal lever-pressing rate, increased the 
number of responses during the aversive stimulus 
in rats and monkeys (156, 157) but not in guinea 
pigs (158). Procedures which caused almost 
complete suppression of responding by rats during 
the signal (159-161) prevented any substantial 
recovery under reserpine. On the other hand, 
when rats were trained to press a lever in response 
to a signal that food was available, instcad of on 
the usual free-operant schedule, reserpine greatly 
increased the rate of suppressed lever pressing 
during a concurrent signal for inescapable shock 
(162). Lauener (Itis) trained rats on a fixed- 
interval schedule, with water reward obtained by 
thc first lever press 5 sec. or more after the last 
rcwartl, instead of using the more custoniary 
variable-intcrval schedule. The high, stalile per- 
formance ratc generated is very resistant to  dis- 
ruption by drugs and thus is advantageous for 

effects. Amphetamine increased thc rate of lever 
pressing by rats to terminate loud noise (141) and 
moderate doses of aniphetaniine increased, CPZ 
decreased, and pentobarbital briefly decreased 
rate of lever pressing by rats to turn on a heat 
lamp in a cold environment (142). 

Painful electric shocks on the grid floor may 
induce pairs of animals to  attack each other, indi- 
cating that a stressor is likely to elicit aggression 
if the test situation permits this response. Figlit- 
ing in rats was inhibited by high doses of CPZ 
and henactyziiie; however, high doses of mcpro- 
baniate and rcsrrpine had no effect (1.43, 144). 
Fighting of mice in response to grid-floor shocks 
is suppressed by nieproobamate and to a lcsser 
degree by CPZ, barbiturates, and chlordiazepox- 
ide (145-147). Another method for inducing 
aggressive behavior in mice is to house the animal 
in isolation for several weeks prior to testing with 
another mouse. Suppression of attack behavior 
was found a t  approximately the same dose of 
CPZ for both techniques, but much higher doses 
of phenobarbital and meprobamate were neces- 
sary to inhibit isolation-induced than shocli- 
induced fighting (148). Isolation-induced aggres- 
sion of mice was also suppressed by a modcrate 
dose of benactyzine and a very high dose of 
reserpine (14!1). 4 comparison of aggression with 
analgesia and other behavioral measures showed 
that isolation-induced fighting was suppressed a t  
a lower dose by CPZ, other phcnothiazines, and 
morphine, but not by barbiturates and mcproba- 
mate (150). In a comparison of aggression with 
shuttle-box avoidance, isolation-induced attack 
was suppressed a t  a lower dose by chlordiazcpox- 
ide. a t  thc same dose by CPZ, and a t  a higher dose 
by pentobarbital and meprobamate (97). The 
doses of pentobarbital and meproba.mate required 
to supprcss aggression also prevented escape from 
shock in the shuttle-box. Isolation-induced a t -  
tack has been reported to  bc inhibited hy high 
doses of LSI), psilocybin, and iescalinc (151, 
152). The aggressive response to strcssors gen- 
erally appears to be highly resistant to effects of 
most compounds, even in one study (87) in which 
it was characterized as being wcak arid unstable 
in nondrug tests. A different type of attack 
behavior, found in a minority of rats, is to kill a 
mouse plrtcctl into the rat’s cage. This has heen 
described as aggression but niay be related to  
predatory or feeding behavior, and is highly re- 
sistant to drugs. -4 variety of depressant com- 
pounds inhibited this behavior only at sc.vercly 
ataxic rloscs; hydroxyzine was the only drug 
tested which abolished the mouse-killing response 
at a moderate dose (153, 154). However, low 
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testing drug effects on conditioned suppression. 
The responding during the signal was greatly in- 
creased by chlordiazepoxide, several barbiturates, 
a.nd to a lesser degree by meprobamate, but not 
by CPZ, morphine, ethanol, and amphetamine. 
Morphine has been reported to increase sup- 
pressed responding (1ci4), but most of Lauener’s 
findings are supported by other studies, which 
show that suppressed responding was greatly in- 
creased by amobarbital (165, l G G ) ,  increased by 
meprobarnate in one study (167), but not in 
another (162), not increased by CPZ (160, 162), 
and decreased by amphetarnine (156, 157). 

A morc direct conflict procedure is to punish 
the animal only when it presses the lever, so that 
the aversive shock is associated specifically with 
thc food-rewarded lever-pressing response. Com- 
parisons between these procedures have given 
evidence that reserpine increases responding dur- 
ing a signal for inescapable shock but not when 
the animal is punished for pressing the lever 
(156, 157) ; whereas, meprobamate increases re- 
sponding during a signal for punishment but not 
inescapable shock (168). Effects of several com- 
pounds have bcen tested in a conflict situation 
where lever presses by rats are rewarded on the 
average of once every 2 min. on an unpredictable, 
variable-interval schedule, and at periodic inter- 
vals a tone is presented for 3 min., during which 
every lever press is punished by shock and re- 
warded by food (169-172). The number of lever 
presses during the conflict signal was increased 
greatly by meprobamate, substantially by bar- 
biturates and chlordiazepoxide, slightly by reser- 
pine, and decreased by CPZ and morphine, at 
doses which had little effect on the lever-pressing 
rate during the unpunished portion of the sched- 
ule. Another conflict procedure (173), for rats 
trained to press a lever for milk in response to a 
signal, is to  accompany this reward signal with an 
additional stimulus indicating that each of the 
next four lever presses will be rewarded and also 
punished. The number of lever presses during 
the conflict signal was increased by meprobamate 
and pentobarbital and not by CPZ and reserpine. 
Punished responding was likewise increased by a 
barbiturate (amobarbital) but not by CPZ in 
pigeons pecking a key for food reward on a vari- 
able-interval schedule and punished by shock for 
every responsc during the conflict signal (174). 

When evcry response is punished during the 
conflict period, as in the above studies, drug 
effects might be due to changes in the aversiveness 
of the shocks, based on the immediately preceding 
experience with shocks in the samc scssion, rather 
than being due to changes in fear or avoidance of 
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the threatened shocks. A procedure for measur- 
ing fear rather than pain, by omitting shocks dur- 
ing the conflict signal in some test sessions, showed 
a large increase in levcr pressing during the con- 
flict signal under amobarbital but not under the 
other compounds tested (175). Contrary to the 
failure of CPZ to increase suppressed responding, 
in several of thc above studies, CPZ produced a 
slight but reliable increasc in lever pressing during 
the conflict signal in this situation with shocks 
omitted (175). CPZ produced a large increase in 
lever pressing during the conflict signal in a study 
using similar procedures (176) but with a more 
prolonged duration of the conflict signal. 

Drug effects on conflict have been tested in 
situations without a signal for punishment. Alco- 
hol and amphetamine decreased rate of rewarded 
and punished lever pressing by rats (1771, in 
agreement with the effects of these drugs during 
the conflict signal in another study (175). Mor- 
phine greatly increased the number of punished 
water-drinking responses by rats during a pro- 
longed conflict session (178); a similar effect of 
CPZ during a prolonged conflict signal (176) sug- 
gests that the duration of the conflict period mdy 
be a factor in the drug effect. In two other 
studies on rals (179, 180), the frequency of 
punished drinking responses was increased by 
meprobamate, amobarbital, and mcthylpentynol, 
decreased by CPZ, and not significantly changed 
by benactyzine. A measure of agitated approach- 
withdrawal responses showed a dccrcase under 
benactyzine (179). 

Locomotor Response.-Conditioned sup- 
pression of a running response was tested in rats 
previously trained to obtain water reward by 
shuttling back and forth in a two-compartment 
box (181). In  this situation, the signal for an 
inescapable shock caused slightly less suppression 
of the running response in animals injected with 
CPZ than in a control group. However, conflict 
has generally been induced by direct punishmcnt 
of the locomotor approach response. The use of 
a long runumy permits measures of speed and 
distance of approach, and provides a test of drug 
effects on fear of punishment as well as on the 
immediate effects of punishment. Conger (182) 
showed that alcohol restored the approach re- 
sponse in rats which had been shocked a t  the food 
cup. Measures of strength of pull in the same 
apparatus showed that alcohol greatly reduced 
the vigor of running in a shock-avoidance group 
but not a food-approach group. h further dem- 
onstration of the avoidance-reducing effect of 
alcohol was with a method of omitting shocks 
after alcohol injection for one group and after 
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placebo for another group; approach in the non- 
shock condition was more rapidly learned by the 
group for which shocks were omitted under alco- 
hol rather than placebo. Barry and Miller (183) 
devised a “telescope alley” in which progressive 
‘changes in runway length signaled increases in 
:shock intensity delivered a t  the food or water cup, 
‘during several trials of the same day. This tech- 
-niyue measured drug effects on normal approach 
speed and on the intensity of punishment or fear 
of punishment required to prevent the approach 
responsc, with repeated tests of the same animals 
.under different drugs on successive test days. 
hmobarbital and alcohol generally decreased a p  
proach speed in the initial safe trial of the day but 
consistently increased speed and probability of 
;approach in the scries of trials with increasing 
!$hocks, whether the shocks were delivered or 
omitted (183-18s). Other compounds tested 
(CPZ, morphine, cocaine, methamphetamine) 
tended to decrease approach speed, gencrally with 
;a greater effect in the safe trial than in the conflict 
-test (183). One study gave evidence that CPZ 
iincreased approach during trials with shock but 
decreased approach during trials when shocks 
‘were omitted (184). 

Drug effects on conflict in a runway or other 
locomotor situation have also been studied in 
other species. Amobarbital effecthely restored 
the approach response of cats in a runway (18G). 
In a more complex situation, designed to induce 
neurotic behavior (187), alcohol restored rood- 
approach rcsponses of cats and had othcr bcne- 
Jicial effects in the conflict test. A series of 
studies on cats and monkeys in the same situation 
(188) showed even greater beneficial effects of 
‘barbiturates but little or no effect of reserpine. 
‘CPZ, and mephenesin. A similar procedure (189) 
was used to test effects of several compounds (1!10) 
on conflict behavior of cats after food deprivation 
of only a few hours instead of 24 hr. Approach 
responses were increased by benactyzine, by re- 
‘lated anticholinergic agents, and by alcohol, with 
ti0 beneficial effect of CPZ and scopolamine. 
ICats which were punished by electric shock when 
they seized a mouse resumed the punished re- 
:sponse under the influence of a low dose of mepro- 
‘baniate, but high doses of benactyzine and CPZ 
‘were required to elicit the response (191). Dogs 
resumed a punished food-approach response under 
the influence of barbiturates, alcohol, and mc- 
probarnate but not benactyzine (192). 

The most consistent finding in the locomotor 
conflict studies is that barbiturates and alcohol 
:increased approach performance of all species 
tested, in all of the situations which included tests 
of these compounds. The failurc of alcohol to 

1169 

increase approach in a lever-pressing conflict 
(17.5, 177) may be duc t.o the greater detrimcntal 
effect of alcohol-induced ataxia on this type of 
response. CPZ fails to increase approach in both 
lever-pressing and locomotor conflicts, with a few 
exceptions (175, 171i, 184, 191). Other tranquiliz- 
ing agcnts (meprobamate, benactyzine) appar- 
ently increase approach responding in some situa- 
tions but not in others. 

Other Conflict Tests.-An approach-avoid- 
ance conflict occurs during “experimental extinc- 
tion,’’ when the cessation of rcwards for a learned 
approach response results in a conflicting avoid- 
ance response motivated by the aversive experi- 
ence of frustration (1!)3, 19-1). In this situation. 
the inhibited approach response is increased by 
amobarbital (193, 195) and by alcohol (1 93) ; this 
drug effect has been attributed to a redUCtioR 
in frustration-motivated avoidance (193, 194). 
Likewise, amobarbital gives evidence of counter- 
acting inhibition due to a frustrating schedule in 
which many of the responses are not rewarded 
(194, 196, 197) or due to a portion of a schedule 
associated with nonreward (198). These findings 
have been reported for locomotor responses of 
rats (193-197) and for lever prcssing by pigeons 
(196, 198). Rcsponding of rats inhibited by a 
signal for nonreward was increased by amobar- 
bital in a runway but not in a lever-pressing situa- 
tion (I  GO), indicating a stronger drug cffcct for the 
locomotor response. A temporary incrcasc in 
lever pressing by rats during the first few minutes 
of nonreward, attributed to frustration-produced 
emotionality, was enhanced by CPZ (199). A 
comparison of this compound with phenobarbital 
(200) showed that the barbiturate elicited a larger 
number of unrewarded rcsponscs, following a 
smaller initial increase in lever prcssing a t  the 
beginning of extinction. Scopolamine and other 
anticholinergic compounds have been shown to 
increase preservation and to  retard the inhibition 
caused by nonreward under a wide variety of con- 
ditions (201 -203). However, scopolamine gave 
no evidence oE diminishing the aversive effects of 
punishment (201), and the effects of anticholin- 
ergic drugs were attributed to a specific antag- 
onism of the inhibitory effects of nonreward (203). 

Drugs may help or hinder performance in a 
conflict situation by affecting the specific motor 
actions which are required. An example is found 
in the requircmcnt that a pigeon hold its head for 
a specified duration in a restricted spot, intersect- 
ing two photocell beams, in order to receive food 
reinforcement (204). The birds were observed to  
he very excited and agitated in this situation, and 
the time they were able to remain sufficiently im- 
mobile was increased by CPZ and decreased by 
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pentobarbital. This conflict situation, in which 
the obstacle to the necessary response is the 
animal’s own motor activity, is one of the few 
instances in which CPZ has been found to improve 
the performance of animals. 

Drug effects on performance of rats in a com- 
plex conflict situation have been reported in a 
series of studies (205-209). The Lashley jumping 
apparatus is used to inducc a maladaptive, 
perseverative-choice response during a long 
series of test sessions. The hungry animal jumps 
from a platform to one of two windows in a 
situation where the chosen window has an equal 
probability of opening to givc access to food re- 
ward or of punishing the choice by failing to open 
so that the animal falls into a net below. An 
electric shock, delivered to the platform after 
30 sec., forces the animal to make a choice and 
adds a further stressor to the situation. These 
procedures are highly stressful as shown by 
frequent urination and defecation on the plat- 
form and by the fact that the hungry animal 
usually does not eat on the trials when the door 
opens to make the food available (205, 206). 
The maladaptive, perseverative-choice response 
developed in this situation is highly resistant to 
therapeutic modification by drugs, but chlor- 
diazepoxide (205, 206) and diazepam (206) gave 
evidence of reducing emotionality and improved 
the performance of some animals after a number 
of days of drug treatment. Under certain 
conditions, however, the reduced motivation 
under the influence of chlordiazcpoxidc prevented 
animals from acquiring an adaptive choice 
response (207). The other compounds tested 
did not have any therapeutic effect in this situa- 
tion; high doses of CPZ, reserpine, and meproba- 
mate but not phenobarbital gave evidence of re- 
ducing avoidance of the shock on the platform by 
causing the animals to delay jumping to one of 
the windows under some conditions until the 
shock was administered (205, 2138). The thera- 
peutic effectiveness of a guidance method for 
breaking a maladaptive, perseverative choice 
was apparently enhanced by amphetamine and 
retarded by CPZ and meprobamate (209). The 
maladaptive, pcrseverative-choice behavior seems 
to resemble certain types of neurotic behavior in 
humans, but this test situation has the dis- 
advantage of being extremely complex, and the 
behavior was apparently resistant to the rather 
high drug doses used in these studies. 

PERSISTENT BEHAVIOR ALTERATION 

Most of the studies reviewed thus far tested 
the acute effect of a single drug administration on 
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performance which had previously been well 
established and stabilized. Drug effects on 
acquisition, extinction, and relearning of re- 
sponses are also of interest, especially for potential 
applications to therapy in humans. 

Drug Effects on Acquisition.-CPZ (82, 210- 
214) and reserpine (82, 212) impair performance 
during acquisition of various types of avoidance 
responses in rats, hut the magnitude of these 
drug effects does not appear to exceed their inhibi- 
tory effects on a well-established avoidance re- 
sponse. The magnitude of the drug effects may 
depend partly on the test situation; for example, 
CPZ caused slight decrement in acquisition of 
runway avoidance, but when the test was made 
more difficult by requiring the animal to select 
the lighted one of two adjacent compartments, 
this compound produced a much greater decre- 
ment (213). Likewise, CPZ but not pento- 
barbital reduced the percentage of rats learning 
to make the correct choice in a swimming escape 
situation which was made more stressful by forced 
immersion for 30 sec. prior to the start of each 
trial (215). 

A variety of depressant drugs have been 
found to facilitate acquisition of an avoidance 
response in rats. These include reserpine a t  low 
doses (21F), amobarbital (212, 217), meproba- 
mate (218), alcohol (219, 220), chlordiazepoxide 
(221), and benactyzine (222). Some oi the drugs 
which improved shuttle-box avoidance during the 
warning signal also were shown to increase the 
frequency of intertrial crossings from one com- 
partment to the other (217-219) indicating that 
these ordinarily depressant compounds ap- 
parently decreased the tendency for immobile, 
freezing behavior in this stressful situation. 
These drug effects are influenced by certain char- 
acteristics of the test situation. Acquisition of 
a pole-jumping avoidance response was impaired 
by amobarbital (223) ; another pole-jumping 
situation where amobarbital facilitated ac- 
quisition (212) differed in several procedural 
conditions, including a longer interval between 
onset of the warning signal and the shock, and a 
longer intertrial interval. The same dose of 
benactyzine which improved acquisition of a 
shuttle-box avoidance response (222) impaired 
acquisition of a lever-pressing continuous 
avoidance response (224). On the other hand, 
a dose of scopolamine which improved acquisition 
of a lever-pressing continuous avoidance response 
(225) impaired acquisition of a pole-jump 
avoidancc response (228) Various stimulant 
compounds have been shown to facilitate acquisi- 
tion of avoidance, including amphetamine (212 
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223), pipradol (224), epinephrine (227),  and 

.Lfcqtiisition of an a~)~iroacli-avoidance conflict 
response was studied with the use of a signal that 
a lever press woi~ld deliver water reward to the 
thirsty rat, with a painful shock being delivered 
15 sec. after onset of the signal (331). Inability 
to control the shock duration apparently en- 
hanced its stressful effect, as indicated in a 
comparison of rats which escaped the shock by 
pressing a lever with matched animals which 
received the shock for the samc length of time; 
after several days of training the latency of 
drinking was much shorter for the escapable- 
shock animals than for their paired inescapable- 
shock controls, A phenothiazine (thioridazine), 
administered chronically throughout training, 
substantially decreased the latency of responding, 
with a greater effect on the inescapable-shock than 
on the escapable-shock animals. This technique 
thus gives evidence for a tranquilizing effect of 
a phenothiazine not usually round with the 
more commonly used tests of conditioned sup- 
pression. 

Drug Effects on Extinction.-An animal 
which always makes the avoidance response when 
thc warning signal is presented will continue to 
respond unnecessarily even if failure to avoid is 
no longer punished by shock. Therefore, oc- 
casional failures to avoid serve an adaptive pur- 
pose, and when the warning signal is repeatedly 
presented without shocks, in a test of extinction 
of the avoidance response, excessive persistence of 
the learned response is maladaptive. I-Iowever, 
if animals acquire the avoidance response in a 
nondrug condition followed by extinction trials 
under a drug, their performance may be in- 
fluenced not only by the drug itself but also by 
the novelty of their drugged condit.ion. It is 
necessary to have separate drugged and non- 
drugged groups in acquisition, so that the effects 
of the drug and o f  a change in condition can bc 
equalized by changing half the animals of each 
group to the other condition at the start of 
extinction (13). The change in condition may 
have an important effect, as indicated by an 
experiment in which rats, following punishment 
for a lever-pressing food-rewardcd rcsponse, 
resumed pressing and obtaining food without 
punishments under the influence of amoharbitdl 
but failcd to continue pressing the lever in a sub- 
sequent placebo test (232). A4 decrease in 
avoidance response, clue to a change from drugged 
to placebo or from placebo to drugged condition, 
has been shown in rats with aniobarbital (185), 
phenobarbital (233), chlordiazepoxide (221), 
and CPZ (214). 

ACTH (228-230). 
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A dose of CPZ which produced a moderate 
decrement in acquisition of avoidance response 
also moderate1 y decreased the number of extinc- 
tion trials before the animals stopped responding 
to the warning signal (210). CPZ decreased thc 
probability of an avoidance response to the 
warning signal during extinction (234) ; all of the 
animals were in the nondrug condition Ihrough- 
out acquisition, so that the drug effect was as- 
sociated with a change in condition, but pheno- 
barbital had no eKcct on extinction perlormame 
after nondnig acquisition. CPZ had little eKect 
on extinction of a runway avoidance response 
(213), but the rcc~uiremcnt of a choice response 
almost completely eliminated avoidance re- 
sponses during extinction under CPZ. .4 dose of 
phenobarbital which had no effect on speed of 
shock escape in a runway decreased persistence of 
the response during extinction, when shock was 
omitted (233). Other compounds have the oppo- 
site effect of increasing persistence of avoiding 
after shocks are omitted. Extinction of shuttle- 
box avoidance was greatly retarded by a dose of 
ACTII which had very little effect on acquisition 
(238). A dose of demeton,’ which greatly re- 
duced brain cholinesterase also retarded extinc- 
tion of a platform- jumping avoidance response, 
with little effect on acquisition (235). Anti- 
cholincrgic drugs have likewise been shown to in- 
crease persistence of avoidance responses in a 
variety of situations (202, 20:3). 

A passive instead ol active avoidance response 
may be tested by placing a rat in a box which it 
has previously explored without shock and meas- 
uring the amount of time spent in an adjoining, 
smaller compartment where it previously re- 
ceived painful shock (236-238). Drug effects 
have been rcported with a similar procedure 
adapted for mice (239). This technique has 
generally been used as a measure of impairment 
in the passive avoidance rcsponse, presumably 
due to loss of memory, after administration of 
anticholinergic drugs. I-Towevcr, prolonged or 
repeated test sessions would provide a measure 
of extinction o f  avoidance. 

Thcrc have bccn some studies of drug effects 
on extinction of avoidance in conflict situations. 
Rats trained to press a lever for water and 
punished for this response by shocks normally 
resumed pressing the lever in subsequent nonshock 
tests but not if ACTH was administered during 
punishment and subsequent test sessions (240). 
A highcr level of perlormame found in animals 
punished under ACTII and tested without drug 
than in the placebo group might be due to the 

1 Marketed as Systox by the Chernapio Coi-p., New York, 
N. Y .  
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effects in alleviating or intensifying anxiety in a 
stressful situation. If animals could be trained 
to consume a drug in order to relieve thcir 
anxiety, this might confirm the tranquilizing 
drug effect and also provide a method for mea- 
suring the stress response to various experimental 
situations. A tendency for an increase in choice 
of an alcohol solution, during or after stress, has 
been found in cats (187), rats (246, 247), and 
monkeys (248). This behavioral response 
generally seems to be slight, with no resemblance 
to the human alcoholic’s craving for liquor, but it 
apparently does occur in several species of animals 
in spite of the obstacles of the delayed pharma- 
cological effect after drinking, the unpleasant 
ctrecls of excessive quantities, the unpalatability 
of alcohol solutions except a t  low concentrations, 
and the dimculty of inducing consummatory 
behavior in stressful situations. A technique 
for self-injcction, which may ovcrcome most or 
all of these obstacles, was used in a study- with 
rats, showing that inescapable electric shocks 
caused an increase in rate of lcver presses which 
injected amobarbital into their jugular vein 
(249). Diminution of this response after several 
1-hr. sessions indicates the possibility of habitua- 
tion to the drug or aversive physiological effects 
of the injected substance. Tests in rats showed 
that stress failed to increase the choice of a solu- 
tion containing reserpine (24B) and actually de- 
creased the choice of a solution containing 
chlordiazepoxide (250). 

THE STRESS SYNDROME 

Selye (1-3) has postulated that organisms sub- 
jected to alarming stimuli will respond in a given 
manner, which he termed “the general adaptation 
syndrome” or “stress syndrome.” Briefly, the 
general adaptation syndrome (GAS) can be 
divided into three distinct stagcs. The first is 
the alarm rcaction, associated with the discharge 
of adrcnocorticotropic hormone (ACTH) , cortical 
steroids, and catecholamines, plus various other 
physiological changes. The second is the stage 
of resistance, in which adaptation to the stressor 
results in a diminished reaction and thus in- 
creased resistance. The third is the stage of 
exhaustion, during which adaptation can no 
longer be maintained because of prolonged over- 
exposure to the stressor. Different homeostatic 
adjustments may be aroused by various types of 
stressors, such as the contrasting stimuli of 
excessive heat or excessive cold. However, in 
thc case of severe stressors the universal, non- 
specific stress syndrome is generally the most 
prominent response. 

change in condition (13). Jumping or running 
was measured as the response to a signal for 
inescapable shock in mice (241), shocked under 
CPZ or placebo and all givcn nonshock extinction 
trials under placebo. Fewer extinction trials 
were required to abolish this active response to 
the signal in the animals which had been given 
acquisition under CPZ. This might indicate a 
tendency for CPZ to cause the acquisition of a 
frcrzing rather than active response to the signal 
for inescapable shock. Drug effects on learning to 
reverse a choice response were tested in rats which 
were trained to turn their head in one direction 
to turn off a gradually increasing shock, followed 
by trials in which only the opposite direction of 
head-turn escaped the shock (123). The reversal 
learning was greatly impaired by phenobarbital 
(123) and by meprobamate (242). 

Prolonged Drug Effects.-- Most of the 
studies have investigated the acute effects of a 
single dose of a compound. Thc chronic effects 
of repeated administrations may result in de- 
creased drug effect on behavior, indicating 
tolerance, or else increased effect, indicating 
sensitization. Behavioral tolerance to the effect 
of a high dose of CPZ is shown in the finding 
(243) that there was progressively less suppression 
of a locomotor avoidance response on successive 
test days under the drug. A progressive develop- 
ment of tolerance is indicated by the finding that 
CPZ produced less decrement in a lever-pressing 
continuous avoidance response (244) if pro- 
gressively higher doses were given, starting with 
a vcry low dosc. than if the doses were givcn in a 
descending sequence. A more acute instance of 
behavioral tolerance is shown by the finding 
(245) that CPZ caused less decrement in a shuttle- 
box avoidance response if the test session began 
immediately after injection, providing a gradual 
onset of drug enect, rathcr than a t  the time of 
Deak drug action. These and other factors in- 
fluencing behavioral tolerance or sensitization 
to  drug ell‘ects may alter the results of experi- 
ments, especially those which use repeated 
administrations of a drug. Furthermore, test 
compounds themselves are stressors if given in 
high doses or if they impair the performance of 
avoidance or escape in a stressful situation. 
Thus, the development of behavioral tolerance 
to the drugs may represent the stage of resistance 
to a chronic stressor. 

A different type of response, suitable for meas- 
urement of the chronic cflccts of a prolonged 
stressor, is an increase or decrease in voluntary 
consumption of certain drugs. A number of 
the behavioral tests are designed to assess drug 
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Acute Exposure to Stress.-The following 
physiological responses to stress have been sug- 
gested by Selye (3). The stressor (stimuliis) acts 
on the target (the body or some part of it) directly 
and by way of thc pituitary and adrenals. 
An immediate discharge of ACTH stimulates 
the release of corticoids from the adrenal cortex. 
If the stress is extremely severe, the adrenal 
cortex shows niorphologic changes characteristic 
of hyperactivity. Simultaneously, the animal's 
corticoid requirement markedly increases and 
there is an increase in the blood concentration and 
urinary excretion of corticoids and their metabo- 
lites. Thcrc is a general stimulation of the 
sympathetic division of the autonomic nervous 
system and the splanchnics induce the adrenal 
medulla to discharge epinephrine (E) and nor- 
epinephrine (NE), thus increasing the discharge 
of NE a t  various peripheral receptor sites and 
causing the cardiovascular responses of vasocon- 
striction and hypertension. Other marked 
physiological changes include alterations in water 
and electrolyte metabolism, gluconeogenesis and 
increased blood sugar levels, alteration in both 
rcd and white blood cell counts, and increased 
renin production by the kidney. 

Some of these components of the stress syn- 
drome have been measured in animals which were 
subjected to painful electric shocks in behavioral 
test situations. Elevated plasma 17-hydroxy- 
corticosteroid (231) and NE levels (252) have 
been found in monkeys after sessions of pressing 
a lever on a continuous shock-avoidance schedule. 
There was also an increase in plasma steroid and 
YE lcvels after sessions of pressing a lever for food 
rewards in which no shocks were delivered but 
R conditioned emotional response was aroused by 
presentation of a clicking noise previously as- 
isociated with shocks. Aceto et el. (1 09) reported 
.that rats subjected to the pole-climbing avoidance 
test developed hypertension within 4 weeks. A 
recent study ('753) showed that corticosterone 
concentration is elevated in rats a t  the end of a 
session of inescapable shocks, and an adaptive 
behavioral function of this physiological rc- 
!sponse is suggested by the further finding that 
,the animals successfully acquired a shuttle-box 
:ivoidance response if they were trained im- 
mediately following their exposure to the warning 
!signal paired with inescapable shocks; thc 
animals did not acquire this response if thc 
avoidance training began 1 to 4 hr. afterward, at 
which time the corticosterone had dropped to a 
normal level. Inescapable shocks delivered to 
the grid floor a t  regular intervals, for 1.5 hr.? 
caused a 38% reduction in brain NE of guinea 
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pigs (234). Another measure of sympathetic 
activation is the skin resistance of thc paws, 
which was lowcrcd in rats by a severe, single 
5-sec. shock to the grid floor (253j. 

Compounds Altering Acute Stress Response. 
-There is potential clinical value as well as basic 
scientific information to be gained by idcntifying 
compounds which alleviate or aggravate the 
components of the stress syndrome. Several 
compounds have shown evidence of protective 
effects, with somewhat conflicting findings for 
CPZ. The large decline in brain-stem N E  in 
rats, resulting from the stressor of inescapable 
electric shocks on the grid floor, was partly re- 
versed by large doses of CPZ and pentobarbital 
but not by morphine (256). Jn another study, 
the decrease in adrenal ascorbic acid in rats due 
to the st.ressor of excessive heat or cold was 
partly counteracted by a moderate dose of CPZ 
and by a low dose of reserpine (25'7). A large 
CPZ dose had a similar clTcct on rats subjcctcd 
to restraint a t  room temperature (255). The 
increase in blood glucose after rotation stress was 
partly counteracted by methylpeiitynol but not 
by CPZ (259). Sedative doses of CPZ and 
other phenothiazines have been reported to 
stimulate secretion of ACTH, mimicking the 
effect of exposure to cold temperature (260). 

Stress increases the urinary excretion of 
catecholamines, especially E (261-263). Al- 
though E is thc main catecholamine excreted in 
the urine during stress, a more important com- 
ponent of the stress response might be the general 
stimulation of the sympathetic nervous system 
and the increased discharge of NE a t  the periph- 
eral receptor sites. Since the uptake of NE 
at the peripheral receptor site is very rapid, a 
more prolonged physiological change may be 
preferable as a measure of the stress response. 
-3faickel et al. (204) reported that adipose tissue 
lipase was stiniiilated and plasma free fatty acid 
(FFA) elevated in rats by catecholamines, gan- 
glionic stimulants, and exposure to cold, but 
plasma FFA was unaffected by cold exposure in 
the absence of a functional sympathetic nervous 
system. Gilgen ef ol. (265) found that an intact 
sympathetic nervous system was essential for 
increasing the output of FFA and glucose on 
exposure to cold and concluded that NE a t  
peripheral nerve endings was essential for this 
reaction. Plasma FFA levels in rats are signifi- 
cantly increased by inescapable electric shocks 
delivered to the grid floor, and the degree of in- 
crcasc in plasma FFA is proportional to the 
duration of the strcss. The eFCect or ihc stressor 
(electric shock) on plasma FFA was either blocked 
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variations in the arousal of hopelessness or help- 
lessness as a component of the perceived situa- 
tion. Animals are much more resistant to the 
lethal effects if they are allowed to escape from 
the situation a few times instead of being main- 
tained in the situation continuously. 

Another conseqnence of excessive parasym- 
pathetic stimulation during stress may be the 
development of gastric ulcers. Reserpine has 
bcen shown to increase the incidence of ulcers in 
rats subjected to physical restraint for a number 
of hours (274-277). In one study (277), pre- 
treatment with reserpine for several days prior to 
the restraint lowered the incidence of ulcers to the 
level of the nondrugged controls; this effect of 
more extensive premcdication was attributed 
to the tranquilizing action of the drug. The 
incidence of ulcers after restraint stress has been 
found to be decreased by imipramine (275, 270, 
278), thalidomide (279), cortisone (280), and a 
variety of other compounds, including anti- 
cholinergics, barbiturates, and CPZ (276, 281). 
A method for inducing ulcers without physical 
restraint is to immobilizc rats for 24 hr. by 
punishing every motion with electric shock; 
ulcers were prevented by an extremely low dose 
(5  mg./Kg.) of meprobamate, but higher doses 
(10 and 20 mg./Kg.) were less effective, perhaps 
because they reduced the animal’s ability to re- 
main sufficiently immobile to avoid the shocks 
(282). 

Chronic Exposure to Stress.-The alarm 
reaction cannot be maintained for long, and the 
process of adaptation or habituation enables 
most of the physiological reactions to return to 
their normal homeostatic level of functioning, 
even if the stressor continues unabated. This 
is identified as the stage of resistance, which con- 
tinues until the stressor ceases or until exhaustion 
overcomes the adaptation. Mice forced to swim 
in cold, agitated water (272) werc described as 
showing within the first 6 min. the agitated re- 
actions of alarm reaction iollowcd by thc slowcr, 
energy-conserving behavior of the resistance stagc 
and finally exhaustion when they sank beneath 
the surface. However, a much longer time span 
is generally required as a criterion for the stage of 
resistance. 

Not all of the components of the stress re- 
sponse appear to return to normal levels of 
functioning during this stage. A41dosterone pro- 
duction increases, whereas corticosterone pro- 
duction is normal (283, 284), giving evidence that 
the renin-angiotensin 11-aldosterone complex is 
involved in the response of the organism to 
chronic stress. Investigators (285-287) have 

or markedly attenuated by CPZ and meproba- 
mate (266). The elevation of plasma F F A  in 
rats by a similar schedule of inescapable electric 
shocks was effectively blocked by several tran- 
quilizers (reserpine, benzquinamide, CPZ, me- 
probamate, hydroxyzine, and chlordiazepoxide). 
Two sedative compounds (pentobarbital and 
ethanol) were only partially effective; however, 
rather small doses were given. Two stimulants 
(dextroamphetamine and caffeine) elevated plas- 
ma FFA, in both shocked and nonshocked rats 
(267). 

Since the stress syndrome may have an 
adaptive function in preparing the animal to 
resist a stressor, compounds which diminish the 
physiological reactions do not necessarily have 
beneficial effects. A more valid criterion for a 
protective effect of a compound might be a pro- 
longed survival time during exposure to an acute 
stressor which is severe enough to cause rapid 
death. CPZ prolonged survival of rats subjected 
to combined heat and vibration stress (268) and 
of pigs subjected to combined heat and restraint 
stress (269). Survival of mice subjected to rapid 
mechanical vibrations was prolonged after pre- 
treatment with large doses of chlordiazcpoxide, 
reserpine, pentobarbital, and phenobarbital, and 
curtailed after large doses of iproniazid, dextro- 
amphetamine, and morphine (2in). Swimming 
time of,mice in agitated cold water was prolonged 
by meprobamate (271) and by morphine (272), 
with no beneficial effect of hexobarbital or of 
several stimulants (271). 

The generalized increase in sympathetic out- 
flow, occurring in the alarm reaction to acute 
stressors, rapidly elicits a reciprocal stimulation 
of the parasympathetic nervous system. This 
reciprocal activation is not usually included in 
descriptions of the stress syndrome, but it adds a 
high level of internal stimulation to the effects of  
the original strcssor and in some situations may 
be the immediate cause of the sudden lethal 
effect sometimes observed in cases of intense, 
acutc stress. Richter (273) described this type 
of rcaction, which is almost invariably lethal 
when wild rats arc forced to swim in a vertical 
position with their whiskers clipped. In this 
situation, there is a marked slowing of heart rate, 
accompanied by decreased respiration and 
hypothermia, and at the time of death the heart is 
stopped in diastole, indicating a massive over- 
stimulation of the parasympathetic nervous 
system. The lethal effect is aggravated by 
cholinergic drugs and retarded by atropine 
This stress reaction may be influenced by the 
animal’s experience with the situation, producing 
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shown that the kidney is the source of an aldos- 
tcrone-stimulating hormone and that thc renin-- 
angiotensin I1 system is involved in the stimula- 
tion of aldosterone production by the zona 
glotnerulosa of the adrenal cortex. Miller (288) 
has shown that the glonierular zone increases in 
weight and hypertrophies by stress in hypophys- 
cctomized rats. Feldberg and Lcwis (289) have 
reportcd that angiotensin is one of the most 
potent compounds inducing a release of catecho- 
lamines from the adrenal mcdulla, and other 
invcstigators (290-294) have provided evidence 
that there is an interrelationship between the 
activity of angiotensin 11 and the sympathetic 
division of the autonomic nervous system. 

In a chronic stress situation, gastric ulcers have 
developed in monkeys performing a continuous 
shock-avoidance lever-pressing response for Ghr. 
sessions, alternating with 6-hr. rest periods 
(295). The ulcerogenic effect was apparently a 
consequence of the chronic rather than the acute 
stress situation, becausc the gastric acid secretion 
was suppressed during the test sessions and 
greatly clevated in the rest periods. In rats, a 
chronic approach-avoidance conflict situation 
lasting 18 days gave rise to gastric ulcers which 
were greatly increased in animals given reserpine 

Gastric ulcers are not the only consequences of 
chronic stress. Friedman and Ader (297, 2%) 
delivered inescapable electric shocks to the grid 
floors of the home cages of mice for 15 hr. per 
day, during a span of 7 days. The most strcsslul 
experimental condition, as indicated by the 
greatest loss in body weight (297) and the greatest 
susceptibility to the effects of injected coxsackic 
virus (298), was the presentation of the 2-sec. 
shock once every 15 min., a t  regular instead of 
irregular intervals, and with a stimulus light 
being presented for 15 sec. immediately before 
each shock instead of at different times. Thcsc 
conditions are similar to the typical schedule for 
a conditioned avoidance response. In another 
study (299), reduced weight gain and enhanced 
susceptibility to a toxic viriis (herpes simplex) 
were found in mice after 28 days of 8-hr. sessions 
in a shuttle-hox conditioned avoidance responsc. 
Animals tested lor 1 or 14 days did not difler 
significantly from rionstressed controls. Meas- 
urements of blood pressure in rats tested for 42 
weeks in a pole-climbing conditioned avoidance 
response (109) showed a rapid hypertensive rc- 
sponse within the first few weeks on this schcdulc, 
persisting a t  approximately the same elevated 
level thereafter. 

Rats subjected to a chronic variable stress 

(296). 

1175 

program consisting of visual, auditory, and me- 
chaniral stirnulation (flashing bright light, 
noxious intermittent sounds, aud 120 oscillations 
per rninutc) Tor 4 Iir. per day developed hyper- 
tension and had a high incidence of mortality 
within 20 wceks (300). Rosecrans ef al. (301), 
using a similar stress protocol, also induced 
experimental hypertension in rats and found 
significant. increases in both urinary NE and E 
following a single stress exposure, with a return 
to normal range by the eighth week of chronic 
stress. After the initial increase in secretion of 
adrenal E, adaptation occurred within 8 weeks. 
In contrast to accliniation of the sympathetic 
nervous systcm, the pituitary-adrenal axis ap- 
peared to continue to function maximally 
throughout the study, as indicated by high 
plasma steroid levels. The authors suggested 
that adrenal medullary activity appeared to be 
more important in acute stress situations, where- 
as the pituitary-adrenal axis appeared to play a 
more iniportsnl role in adaptation during the 
long-sustained phase oi chronic stress. 

In  spite of the great clinical importance of 
identifying protcctivc or harmful drug effects in 
chronic stress, little research has been reported 
on drug d'fccts in prolonged stress situations. 
Moderate doses of reserpine and CPZ failed to 
counl cract the hypertension induced by chronic 
stressors hut, on the contrary, potentiated the 
lethal effects of the stressors, apparently by the 
action of thcse compounds on the anterior pitui- 
tary-adrenocortical system (302). When re- 
serpine treatment was begun after the seventh 
week oC strcss, hlood pressures dropped to the 
control level but thcre was some indication of a 
higher mortality rate among the reserpinized 
than nondrugged animals (303). Acetylsalicylic 
acid failed to reduce blood pressures and greatly 
increased mortality of rats subjected to this 
chronic stress pi-ngrsm; the deaths were ap- 
parently duc to perforated gastric ulcers (303). 
The strcss of physical restraint for 3 hr. per day 
causcd 50% mortality within 32 days in rats 
pretrcatcd with a large dosage of reserpine com- 
pared to successful adaptation and no mortality 
in nondrugged animals (304). 

Drug Effects Modified by Stress.-In view 
of the physiological alterations involved in the 
stress response, the effects of some exogenous 
compounds may be expected to differ, depending 
on whether they are administered to a stressed or 
tranquil animal. Such differential effects have 
been found in a behavioral test situation in which 
rats turn a wheel to terminate a progressively in- 
creasing electric shock delivered to the grid 
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and isolated conditions (312). The toxicity of 
amphetamine in aggregated inice is greatly rc- 
duced if the animals have had 40 hr. of previous 
habituation to the same group of three in which 
they are placed after amphetamine administra- 
tion (313). A study of the effects of several 
variables showed that amphetamine toxicity was 
increased by the strcssors of elevated environ- 
mental temperature and forced activity as well 
as aggregation. Aggregation failed to increase 
toxicity under conditions in which motor activity 
was not stimulated (314). 

A variety of other stressors have also been 
found to potentiate toxicity and pharmacological 
effects of compounds. ,4mphetamine toxicity 
was greater in mice after 4 weeks of chronic iso- 
lation stress, whether they were isolated or placed 
in a group after amphetamine injection (315). 
,4 similar result was reported after only 13 days 
of isolation, beginning a t  weaning (316). Iso- 
proterenol toxicity was likewise found to be 
greater in rats after 13 weeks of isolation (317). 
The pentylenetetrazol seizure threshold in mice 
was lowered by restraint for a very brief (15-sec.) 
period immediately prior to the test (318). A 
subsequent study in the same laboratory showed 
similar effects on seizure threshold after more 
prolonged body immobilization (for 7.5 to 
60 min.) and also after 20 presentations of 
inescapable electric shocks, a t  I-min. intervals 
(319). In both studies, there was evidence for 
adaptation to the effects of more prolonged re- 
straint. A study of the effects of three environ- 
mental temperatures on acute toxicity of a 
number of compounds showed the greatest toxicity 
a t  the hottest temperature (37') for amphet- 
amine and most of the other compounds tested, 
with the least degree of toxicity at 28' for the 
tranquilizers and a t  the coldest temperature 
( 1 8 O )  for the stimulants (320). The lethal effects 
of scorpion and rattlesnake venom were 
potentiated by either cold ( 2 O )  or heat (35-38O) 
stress, with the greatest resistance being found at 
normal room temperature (321). 

Contrary to these reports on the potentiation 
of drug cffccts in stressed animals, rats subjected 
to unilateral hindleg ligation showed shorter 
sleeping time after injection of hexobarbital, 
meprobamate, or zoxazolamine (322). This 
stressor was shown to lower the blood levels of 
hexobarbital, pentobarbital, and nieprobamate 
(323). However, phenobarbital produced no 
significant difference in sleeping time (322) and 
blood levels (323) between the stressed and non- 
stressed animals. Shorter sleeping time was re- 
ported after injection of pentobarbital or a com- 

floor. There was an exaggerated stimulant 
cfkct of ~iietliamphetainine and caffeine and an 
exaggerated depressant effect of CPZ on escape 
performance of a group of animals previously 
given severe, inescapable shocks in the same 
apparatus. In  contrast, alcohol had less de- 
pressant effect on the stressed animals than on 
the control group (305, 306). Another study 
has also provided evidence that the stress re- 
action potentiates the effects of stimulant drugs 
and of CPZ. With the use of a method of rating 
various measures of fright in rats introduced to a 
novel situation, animals whose fear was aroused 
by loud noises and by a bright, flashing light 
showed a greater increase in fright under the 
influence of E and a greater decrease under the 
influence of CPZ than did the low-fear controls 
(307). The finding that stress counteracted the 
depressant effect of alcohol (306) is convincingly 
supported by a report that rats under the in- 
fluence of alcohol were better able to cling to a 
tilted plane after thc stress of forced swimming or, 
to a lesser degree, after exposure to inescapable 
electric shocks or loud noise compared to non- 
stressed control animals. Amphetamine and E 
also improved performance under the influence 
of alcohol. Forced swimming likewise improved 
the performance of hypophysectomized rats, 
indicating that the depressant effect of alcohol 
was counteracted by a general arousing 
mechanisnm rather than by adrenocortical secre- 
tion activated in the stress reaction (308). 

Reports have shown that stress may markedly 
alter the activity and toxicity of compounds. 
The survival time of guinea pigs administered 
emetine hydrochloride (a cardiotoxic agent) was 
reduced in animals which had been trained in a 
shuttle-box conditioned avoidance response and 
was further reduced in animals which, after 
training, had been subjected to conflict by being 
punished with shock when they made the condi- 
tioned avoidance response (309). The LD50 

for amphetaniine is less than one-tenth the dosage 
for mice or rats after receiving a brief severe in- 
escapable shock every 8 or 10 sec. for 3 hr. than 
for nonshocked control animals (310). Rats 
being trained in a lever-pressing avoidance may 
be killed by normally sublethal doscs of dextro- 
amphetamine (19). Aggregation in a confined 
space may be a stressor, and therc have been 
many replications of the original report (311) 
that aggregation greatly increases toxicity of 
amphetamine in mice. However, this effect 
depends partly on genetic factors, with some 
strains of mice showing little or no difference in 
amphetamine toxicity between the aggregated 
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TABLE I.-sUMMARE' OF THE EFPECPS O R  SEVRKAL COMPOUNDS ON TIIE SPECIFIED BEHAVIORAL RESPONSE 
I N  SEVEKAI. Tyms OF SITUATIONS 

~~~~ ~ ~ 

~~ 

~- ~~ ~ .- ~ ~~ 

Avoidance Component 
----of Conflict/"---. ,--Stress Syndrome'- 

-Avoidance Responseb- LJnavoidahle Aroidahle Llarm 
mg./Kg. '' Performance Acquisition Shuck Shock Reaction Lllcers 

- - 0 0 
0 

0 + 
_ _  -- CI'Z 2 

Kescrpine 0 . 5 + Chlordiazepoxide 10 - + Morphine 5 
Meprobamate 50 0 + 
Pentobarbital 5 0 ++ 
Alto 11 01 10OCl 0 + + Bennctyzine 10 + 
Scopolamine 0 . 5  + 
Dextroa111 phet- 

+ - -- - _ -  
~ - _ _  

- 
- 
~- _ _  _ _  

- 

- _  -- - - 
_ - 0 

0 I- 

_ _  - 

aniine 1 + ++ 0 0 ++ 
I 1.p. . 

.~ ~ -~ 
in ,rats. ' f, increase; -, decrease, 0, unchanged; no entry, insuilicierit information. 

bination of pentobarbital and CPZ, in rats which 
had been isolated for 4 weeks previously (315). 
The writhing response of mice to benzoquinone 
may bc inhibited by elcctric shocks prior to the 
drug injection (324). 

Thcse studies, showing various ways in which 
a stresshi1 situation influences the action of com- 
pounds, indicate that the physiological and 
endocrinological components of the stress syn- 
drome interact with the administered compound. 
I t  would he useful to determine for each im- 
portant dnig whether its effects are potentiated, 
counteracted, or unaffected by stress, as an aid 
in determining appropriate doses during stress 
and normal conditions and also as ail addition 
to  scientific knowledge about the drug's mech- 
anisms of action. The drug effects might 
also he influenced differentially by different 
intensities or types of stressor or a t  differcnt 
stages of the stress syndrome. In contrast to 
the finding that severe stress potentiates the de- 
pressant effect of CPZ on behavior of rats (305- 
307j, evidence has been reported (325) that the 
mild stress of exposure to a novel environment 
counteracts the depressant effect of CPZ on 
spontaneous motor activity of mice. 

DISCUSSION 

During stress, the physiological and behavioral 
alterations occur in an attempt to maintain or 
restore homeostasis. The marlred increase in 
endocrine secretions and activation of the 
autonomic nervous system during the alarm re- 
action prepare the animal for violent fighting or 
flight. The energetic behavior may succeed in 
terminating the stressful situation and also dis- 
charges the excess energy potential, thus helping 
to rcstore the organism to its normal, homco- 
static statc. If the strcssor continues, as in an 
inescapable situation, the best chance for survival 

is to conserve strength, with most of the physio- 
logical and behavioral responses returning to 
normal during the stage of resistance. The 
freezing, crouching reaction, often seen during 
prolonged stress, may also occur during the 
alarm reaction if the initial attempt to destroy 
or escape the stressor is unsuccessful. Violent, 
agitated behavior very quickly leads to exhaus- 
tion; the rigid, tense posture of crouching con- 
serves energy and also keeps the animal alert to 
the environment and in a good posture for spring- 
ing forward as soon as there is an opportunity for 
escape or attack. Another adaptivc value of 
freezing in small animals is that a moving object 
i s  morr likely to be seen by an enemy; further- 
more, a predator is less likely to attack an animal 
that is immobile ( 3 % ) .  

Summary of Drug Effects.-The findings 
reviewed in this paper may be classified as show- 
ing either a decrease (-), an increase (+), or no 
change (0) in the behavioral and physiological 
responses to stressors. Table I shows a classifica- 
tion of the cfTects of the compounds most com- 
monly included in these studies for sevrral of the 
most frequently used measures 01 behavior. The 
number of plus or minus symbols (one or two) 
indicates the degree of consistency with which 
the effect has been reported in the various studies. 
411 specics and routes of administration are in- 
cluded in the compilation of Table I, although 
the sample doses are specilied as i.p. in rats. 
The absence of a symbol (+, -, or 0) indicates 
that the information is lacking. The behavioral 
tests of pain threshold and pain-induced ag- 
gression are not included here because almost 
all of the compounds have effects only at higher 
doses than those cited here. The data forming 
the basis for this table are rather ineagcr and 
often inconsistent for most of these compounds ; 
CPZ is the only one of thcsc which has been 
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diazepoxide, morphine, meprobamate, pentobar- 
bital, and alcohol) do not havc a marked pre- 
1)ondcrance of adrenergic or cholinergic effecti. 
However, thc balancc or imbalance of the two 
divisions of the autonomic nervous system is a 
critical factor in the stress syndrome, as shown 
by the adrenergic stimulation characterizing the 
alarm reaction, followed by reciprocal parasym- 
pathetic stimulation which may lead to sudden 
death (2'73) or gastric ulceration. Somc bc- 
havioral drug effects have been convincingly at- 
tributed to central sympathetic or parasympa- 
thetic stimulation. Avoidance is greatly enhanced 
by the combination of an adrenergic and anticho- 
linergic compound (28) ; many other behavioral 
effects of drugs have been attributed to their 
central adrenergic or cholinergic activating or 
blocking effects. 

The choice of drugs for protectivc or 
therapcutic effects may be expected to depend 
on certain features of the strcss situation. Adren- 
crgic or anticholinergic compounds may enhance 
and prolong the alarm reaction, helping the 
animal to destroy or escape the stressor. Tcr- 
mination of the stress situation is the purpose of 
the vigorous alarm rcaction, and if successful this 
eliminates the need for adaptation to the stressor. 
However, in most ca5es the organism's own 
mcchanisms provide sufficient adrenergic stimula- 
tion. Administration of certain compounds is 
likely to be disruptive, as indicated by the lethal 
cffcct of moderate doses of amphetamine in 
acute stress situations (19, 810). The most 
conspicuous behavioral effect of adrenergic or 
anticholinergic compounds is the perGstcncc of 
unncccsw-y avoidance responses (203). Anti- 
cholinergics can be beneficial in counteracting 
the parnsympathctic overstimulation which may 
cause sudden death (273) or gastric ulcrrs. 
However, therapeutic effects are found more often 
with tranquilizing drugs which prolong the stage 
of resistancc. This might be due to the fact that 
in most experimental test situations the stressor 
is inescapable, so that survival is prolongcd by 
physiological and behavioral adaptation rather 
than by increasing efforts to escape. In  nature 
both escapable and inescapable stress situations 
occur, and the adrenergic and cholinergic systems 
apparently provide a mechanism for an ap- 
propriate response in eithcr typc of situation 
Drugs influence simultaneously the hchavioral 
and physiological responses to stress, but our 
knowledge of these effects is severely limited 
by the fact that drug effects on behavior have 
usimlly been tested in animals previously sub- 
jected to the stress situation repeatedly, for 

tested by more than one investigator for each of 
the six measures shown. 

In spite of deficiencies in the available infor- 
mation, some meaningful patterns are apparent. 
The performance o€ an avoidance response is 
inhibited by several tranquilizing and general de- 
pressant drugs, unaffected by therapeutic doses 
of a muscle relaxant and hypnotic, and is in- 
creased by anticholinergic and adrenergic agents. 
Drug effects on acquisition of avoidance show a 
less consistent pattern, perhaps because drug 
effects on learning of a new response are more 
complex than drug effects on performance of a 
well-established response. Drug-produced dec- 
rements in avoidance pcrformancc cannot 
reasonably be attributed to a specific reduction of 
avoidance motivation, because the compound 
which most consistently inhibits avoidance 
(CPZ) has 110 effect in the approach-avoidance 
conflict situation, whereas the compounds which 
reduce avoidance of the shock in conflict tests 
(meprobamate, pentobarbital, and alcohol) have 
no effect on performance of avoidancc and 
actually improve acquisition of an avoidance re- 
sponse. The two additional compounds which 
generally increase an animal's willingness to 
accept avoidable shocks, in a conflict situation 
where the food-rewarded responses are punished 
by shock (chlordiazepoxide and benactyzine) , 
likewise improve acquisition of an avoidance re- 
sponse. Three compounds which reduce per- 
formance of avoidance (CPZ, reserpine, chlor- 
diazepoxide) reduce physiological components of 
the alarm reaction, and dextroarnphctamine in- 
creases both the behavioral and physiological re- 
sponses, but the other compounds do not show 
much correspondence between behavioral and 
physiological effects. 

These drug effects cannot be adequately ex- 
plained in terms of general stimulation or de- 
pression. The first scven compounds listed in 
Table I might all be classified as depressants, but 
they show very different patterns of effects. A 
distinction between sy-mpathetic and parasym- 
pathetic dominance may explain why the effects 
of reserpine, which depletes catccholamincs, and 
of CPZ, a centrally acting a-adrcncrgic blocker, 
are generally opposite to the effects of the 
sympathomimetic agent, dextroamphetamine. 
Scopolamine and benactyzine, which reduce 
cholinergic stimulation, tend to resemble dextro- 
amphetamine and differ from CPZ and reserpine 
in certain respects. The iew studies on effects of 
cholinergic drugs, such as physostigmine, have 
shown profound decrements in avoidance. 
Five of the compounds listed in Table I (chlor- 
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TABLE II.-EFFECTIVE DOSE' OF CPZ AND MEPRO- 

OF RATS 
BAMATE FOR INHIBITING AkVoIDANCE PERFORMANCE 

~ ~- ~ _ _  ____ 
-Lever Pressing, 

Contiiiuous Signal Pole-Jump 
Warning 

CPZ 1.1 3 . 0  3.5 

Ref. (37, 45) (45) (92) 
Meprobamate 103.0 135.0 72.0 

mg./Kg. i.p. 

many days or even weeks, whereas drug effects on 
physiological stress responses have usually hcen 
measured by restraint or some other acute stress 
procedure during a single session of several hours. 

Variations in Test Procedures.- Each com- 
pound has a wide variety of effects in addition to 
the stimulant, depressant, adrenergic, or choliii- 
ergic action by which it is often classificti. DiE- 
fcreritial effects may be analyzed by comparing 
drug effects in situations which differ in a partic- 
ular specified feature. h i  important methodo- 
logical aid for such comparisons is to measurc 
effects of several doses in order to estimate the 
effective dose, usually defined as the dose which 
causes a definite change in the behavior of half of 
the animals (EDSO). This measure of the response 
to a drug is concise and may be standardized and 
used for cornparing data obtained in different 
laboratories. Unfortunately, a widc range of 
variations in EDbo values has been reported by 
different investigators, even when using appar- 
ently the same proccdures for the same com- 
pound, administered by the same route in the 
same species. Similar wide variation is found 
also in measurements of lethal dose (LDjo). 
Since the variations among laboratories which 
influence the toxicity or eflectivrncss of a com- 
pound would generally be expected to influence 
other compounds in the same way, the relation- 
ship among compounds in EDa or LnSo might 
be expected to show more consistent results than 
the levels found for each compound singly. Table 
I1 compares the effective doses of CPZ with 
meprobamate for inhibiting avoidance in three 
different situations. A CPZ effect was found a t  
a much lower dose in the chronic, continuous 
avoidance situation tliari when the extra stimula- 
tion of a warning signal was provided, and the 
pole-jumping response, which was least compat- 
ible with a crouching response, was least readily 
affected by this compound. Meprobamate af- 
fected avoidance only at doses which caused 
marked skeletal muscle relaxation; with this 
compound the warning signal had very little 
stimulating effect, and the pole-jumping response 
was most readily impaired, presumably because 
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it  required the highest degree of muscular co- 
ordination. These differential situations indicate 
some specific drug actions which may be identi- 
fied; a great deal more could be learned from 
large-scale studies in which a number of different 
cornpounds arc tested in several different situa- 
tions, using the same species and route of adminis- 
tration. Unfortunately, such information is ap- 
parently very scarce a t  the present time. 

The experimental findings reviewed in this 
paper permit some additional conclusions about 
interactions between drug effects and behavioral 
test situations. Generally, a lever-pressing avoid- 
ance response was most susceptible to drug effects, 
whereas avoidance by jumping on a pole or plat- 
form was most resistant to  drug effects, with a 
running response being intermediate in this 
respect. The lever-pressing response mas gen- 
erally the most difficult to train, whereas the 
jumping response was usually the quickcst way 
to escape the clectrificd grid and was readily 
learned. In the lever-pressing situation, it is 
probable that the usual procedure of training the 
animals to a Stable level of avoiding over a long 
period of time somewhat counteracted the tend- 
ency to he more readily affected by the com- 
pounds. CPZ appeared to block avoidance a t  
lower doses in rodents than in cats; this species 
difference might be interpreted as showing that 
the crouching reaction, which is potentiated by 
this compound, is a stronger response tendency in 
rodents. However, reserpine showed no such 
specics diffcrcnce, suggesting a different mecha- 
nism for the action of this compound in decreasing 
avoidance. A much greater decrement in a 
locomotor avoidancc was causcd by CPZ when 
the animal was required to select the correct one 
of two exits rather than being able to avoid by 
either route (213); perhaps the process of choice 
or decision potentiates the inhibitory crouching 
tendency. In an approach-avoidance conflict, 
alcohol has 1)cc.n shown to decrease the avoidance 
response in a runway (183, 184) but not in a 
lever-pressing test (175, 177), perhaps because the 
drug causes greater muscular interference with 
the manipulative than with the locomotor re- 
sponse. Some substantial differences in drug 
effects have resulted from seemingly minor pro- 
cedural variations. Studies which isolate and 
experimentally manipulate the situational fea- 
tures influencing drug effects may contribute 
valuable information about drugs and behavior 
through the measurement of their interactions. 

Recommendations for Experimenters.- 
Effective research in behavioral pharmacology 
requires testing several doses of each drug, t~ 
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obtain an EDa. In order for this measure to be 
reliable it should be determined over a wide time 
range after administration, on a sizable number 
of animals. Thc value of an experiment is 
greatly increased by the use of several drugs in the 
same tcst situation and by a comparison of sev- 
eral measures of performance and several related 
procedures. These requirements can only be 
fulfilled by large-scale studies. It is often pos- 
sible to use the same animals in testing differcnt 
time intervals, doses, and compounds. This use 
of each animal as its own control reduces the 
number of animals needed, increases the sensi- 
tivity of the statistical comparisons, and also 
saves time in preliminary training. IIowevrr, 
these advantages can only be obtained if drug 
effects are tested on performance of an already 
learned response, rather than on the process of 
acquisition or extinction. Also, the experimenter 
must be alert to the possibility that the nondrug 
pedormance may change during repeated tests, 
and that a test under a particular drug condition 
may influence performance in the following test 
session. In  addition, the possibility of cumula- 
tive drug effects and development of tolerance 
should be taken into consideration. 

Expcrimenters are encouraged to select tcst 
techniques which have already been used in a 
number of previous drug studies, such as the 
lever-pressing, shuttle-box, and pole-jumping 
avoidance. Most of the meaningful conclusions 
in this review have been based on results reported 
with the most frequently used techniques. If 
novel procedures are used, the data are greatly 
increased in value when the investigator also 
obtains comparable data from a related, com- 
monly used technique. Some of the most novel 
techniques, such as immobility as an avoidance 
response (77) and lever-pressing escape from cold 
temperature (142), are potentially valuable ineth- 
ods which deserve and need a great many more 
studies to establish a pattern of drug effects under 
these experimental conditions. The characteris- 
tics of the test situation to be used may depend 
on the purposes. Performance that is difficult to 
acquire, such as a lever-pressing avoidance re- 
sponse, may have the advantage of being a meas- 
ure of learned rather than innate behavior that is 
readily altered by drugs. On the other hand, a 
polc-jumping avoidance response has the advan- 
tage of being easier to train, and its similarity to 
natural behavior tendencies may be advantageous 
for certain clinical applications. 

It is to be hoped that the findings on drug 
effects in animals will lead to useful clinical ap- 
plications. This is a necessary and challenging 
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task, with many complex factors to be taken into 
account in applying results to a different species 
under varied conditions. However, the cxpcri- 
menter should select techniques which are simple 
and yield readily understandable results. The 
complex, multiple-conflict situation tested in a 
series of studies with a jumping-stand discrimina- 
tion (205-209) does not permit isolation and 
identification of the determinants of behavior. 
Even though the drugs may be used to alleviate 
multiple conflicts and complex neuroses, the pre- 
clinical tests should measure simple, prototype 
components of the naturalistic situation. A pre- 
liminary step is to obtain more data and gain 
better understanding of the drug effects in animal 
test situations. Some glib assumptions, such as 
the belief that CPZ decreases avoidance per- 
formance because of reducing fear of the shock, 
have been based on an inadequate amount of 
data. At present we still do not fully understand 
the crouching response pattern and the situations 
and drugs which influence it. The collection of 
further data will greatly increase the validity and 
usefulness of theories about drug eflccts on animal 
behavior and thus provide a firm basis for clinical 
applications. It would be easy to deplore the 
shortcomings of behavioral pharmacology re- 
search to date, but it is more constructive to e n -  
phasize its recency, with nearly all of the studics 
having been published since 1953. It is inevita- 
ble that such a new field of scientific knowledge is 
largely characterized by diverse methods, con- 
flicting findings, and small-scale studies. Already 
the research seems to show improvemerit in scope 
and methods as well as a rapid increase in number 
of published studies. We can expect very rapid 
advance in the next few years. 

The stress syndrome includes both behavioral 
and physiological components, which should be 
measured concurrently, such as by testing effects 
of drugs on behavior and also on brain arnines, 
blood pressure, and other physiological measures 
in the same situation. Most of the behavioral 
tests currently being used to investigate centrally 
acting compounds involve a stress reaction to thc 
animal. Cardiovdscu~ar, endocrine, and a variety 
of biochemical changes most likely occur; how- 
cvcr, thc quantitative changes will vary from 
animal to animal and will also depend upon the 
intensity of the stressor involved. Effects of the 
psychotropic compounds on animal behavior may 
in reality be effects on stress-induced alteration in 
one or more of the biological systems within the 
organism. The behavioral and physiological 
components of the stress syndrome interact with 
each other and with experimcntally administered 
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compounds. The inclusion of both behavioral 
and physiological measiires adds a new element of 
difficulty to pharmacological studies, but the 
value or thc additional information may lie cx- 
pected to outweigh the disadvantage of the extra 
work required. 
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Resea rcb Articles 

Thermodynamics of Chelation by Tetracyclines 
By LESLIE 2. BENET* and JERE E. GOYAN 

Thermodynamic data were determined for the complexation of five tetracycline 
analogs with cupric ion. Free energy values were calculated from data previously 
published by the authors. Enthalpy determinations were made i n  a &war calo- 
rimeter. Entropyvalues weredetermined from AGO and AHo at 25 O. For the formation 
of 1 : 1 complexes, AHo was approximately - 1 2  KcaLjmole and ASo was approximately 
- 4 e.u. for the three chlor-analogs studied (4-epi-chlor-, demethylchlor-, and chlor- 
tetracycline), while a AH' of -7.6 Kcal./mole and a AS" of f10.2 e x .  was obtained 
for tetracycline. It is suggested that all of the analogs studied form inner sphere 
1: 1 complexes with cupric ion but that the chlorine at C-7 compels the three chlor- 
derivatives to undergo a more severe conformational change than tetracycline in 
order to reach a favorable configuration for chelation. All of the above analogs 
showed a small negative enthalpy change and a large positive entropy change for 
2 : 1 complex formation. It is suggested that all four analogs form outer sphere or 

ion-pair complexes during 2 : 1 complexation. 

iy A PREVIOUS paper (I), the authors calculatcd I the thermodynamic dissociation and stoichio- 
metric stability constants for five tetracycline 
enalogs with cupric ion. In light of thc cxperi- 
mental evidence presented, it was felt that all 
five analogs investigated, tetracycline. HC1, chlor- 
tetra,cvcline~ HCI, demethylchlortetracycline . 
HC1, 4-epi-chlortetracycline- HC1, and 4-epi- 
anhydrotctracycline- HC1, formed 2: 1 (ligand- 
metal) complexes with cupric ions. The present 
study was undertaken to further elucidate the 
therniodynamic relations involved in this com- 
plexation 

In order to reach accurate conclusions regard- 
ing the nature of the forces operating within 
complexes during their formation in solution, 
it is necessary to know the energy changes 
accompanying the reactions in question. Stabil- 
itv constants are related directly only to the 
change in free energy I 
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1 The choice of the standard state is of great importance 
in determining AGO, A H " ,  and ASo. Many authors choose 
as the standard slate a hypothetical 1 molal solution with the 
properties of an infinitely dilute solution. This choice 01 
standard state eliminates the effect of ionic strength and the 
arnhiguity which arises when comparing values with other 
work. However, this advantage is usnally outweighed by 
the inaccuracy inherent in the extrapolation of data to values 
a t  zero ionic strength. In recent years, Lherefore, use has 
been made of a less hypothetical molar solution of a given 
ionic strength ( p  = constant) a t  25'. This choice of standard 
state was used in this work. However, it must be pointed 
out that  all determinations, calculations, and comparisons of 
thermodynamic Iunctions must be made with I-efci-ence to 
the same standard state. 

Go = -2.303 RTloqoB,  (Eq  1) 

Where is the over all stability constant. The 
values for the change in free energy for the 
tetracycline chelations studied may be calculated 
from the data presented in Reference 1. 

A knowledge of the entropy change during the 
complexation reaction allows the investigator Lo 
estimate the effects of certain steric factors which 
may be involved in complex bonding. In 
order to calculate the entropy of complexation, 
thc enthalpy of complexation must also he 
determined as seen in Eq. 2. 

A S o  = (AH' - AGo)/T (Hq. 2) 

The enthalpy of complexation was determined 
by direct calorimetry. A41though this method 
requires more expeiimentation than the deter- 
mination of enthalpy by the variation of stability 
constants with temperature, the accuracy gained 
in the caloriiiietric method justifies the work 
expended, especially in this study where the 
maximum heat evolved for any one measurement 
was only 0.5 cal. Rossotti (2) presents an 
enlightening discussion as to the accuracy of thc 
two methods. 

EXPERIMENTAL 

Materials.-Tetracycline ' IICI, chlortetracycliric 
. HCI, demcthylchIortetracycline . HCl, 4 epi- 
clilortetracyclitie . HC1, atid 4-cpi-anhydrotetra- 
cycline . HCl were donated by- Lederle Lahoratorics. 
Alll solutions mere prepared as described in Rejerrnce 
1 

Calculation of Dissociation and Stability Con- 
stants.-Dissociatioti constants and conccntration 
of tetracycline present were determined by the 
mcthod of nonlogarithmic titration curves (1, 3). 
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Fig 1 -Circuit diagram for thermistor bridge 
I < c x y :  T, 10OO-ohm thermistor; A, amplifier. 

Stability constants were determined as described in 
Keferenc e I .  All cletermitiations were carried out 
at an ionic strength of 0.01. 

Calorimetry.-The design of the calorimeter was 
influenced by the desire to measure the heat of 
cornpleratiom for the same reactions from which the 
stability constants wcrc determined. The work of 
Atkinson and Baurnan (4, 5) was of special interest 
siuce they had used very dilute solutions. There- 
fore, modificatioris were nmdc on a basic Wheat- 
stonc bridge in order to improve on the accuracy 
which they reported. A circuit diagram of tlie 
"thermometer circuit" is shown in Fig. 1. The 
bridge was driven by a LMallory 1.35-v. mercury 
battery (hM-12-R) which could be switched in and 
out of the circuit. Two arms of the bridgc wcrc 
Gxed with niatchecl470-ohm, 0.5-w. carbon resistors. 
The teiupcraturc-sensing arm contained two 1000- 
ohm thermistors ( Fenwall GI3 31 P2) connected 
in parallel. The fourth arm contained two 10- 
turn wire wound potentioiiieters in serics, the first 
a 1000-ohm potentiometer and the second a 25- 
ohm potentiometer. These potentiometers wcrc 
used to zero the voltage output of the bridge a t  tlie 
beginning of a titration run. The voltage output 
of the bridge then goes to a model 1755 low-noise 
d.c. instrumentation amplifier2 which is operated 
as a differential amplifier. The voltage output of 
the amplifier then passes through a model 7500 
d.c. active filter2 which attenuated all sigual fre- 
quencies above 0.1 C.P.S. The voltage output was 
then fed into a Varian model G-10 graphic recorder.s 

Tlie calorimctcr was constructed witli a Dewar 
flask, based on the design proposrd by Schlyter (6) 
as modified by Baurnari (6) ,  and was cquippcd with 
a thermostated buret for enthalpy titrations. The 
buret dcvicc was constructed from a rnicroburet 
identical with the oiie utilized in the potentiometric 
procedures (1, 3). Tlie entire device holds approxi- 
mately 1.7 iid.  of titrant, of which 1 rnl. may be 
delivered to the solution. -4 micro-hcatcr was 
utilizcd to calibrate the Dewar flask arid its com 
tents (7). The procedure was a$ follows. 

The solutiotis to be titrated were placed in thc 
Dcwar flask, the pipet was filled with titrant, the 
calorimeter was closed and placed in a constant- 
temperature bath rriaintaitied at. 25.00 * O.0OR". 
The solution was either cooled or heater1 as was 
required to bring thc temperature of the solutio~i 
t o  25". At this time the bridge was balanced and 
a constant drift rate was established on thc recorder. 
Heat was added by applying a voltage across the 

i' CaliCotnia Elect,-onic Mfg. Co., Inc., Alamo, Calif. 
3 Varian Associates, Palo Alto, Calif. 

known resistatlee of the heater for ii period 01 time 
which was electronically recorded ( 7 ) .  A steady 
drift rate is again obtained and the uutnher of 
spaces between the two drift lines is rrieasurcd. 
The heat sensitivity per space (C,)  can then hc 
calculated frnm Kq. 3. 

where C, = calories per space, 
E = voltage across hcatcr. 
R = heater resistance, 12(0.30 olims. 

t = heating timc iii scc., 
A spaces = numbvr of  spaces tiriit curvv is dis- 

In  the beginning of tlie calorimetric work, elcc- 
trical calibrations were made before and after each 
addition of titrant. The average of the two calibra- 
tions was then taken as the C, for that  particular 
additiou of titrant. However, when followi~ig this 
procedure, the time spent in joule calibrations in 
any one run was well over a11 hour, which was uricle- 
sirable since epimerization takes place during the ti- 
tration. Therefore, the averagc values of C,  for &A 
calibrations with 158-rill. volutiie and 25 calibrations 
with 153-ml. volume wcre cdlcuk~tcd.~ 

C8 = (1.551 f 0.039) X 10 cal./space for 158 ml. 

C, = (1.504 i 0.037) X lo-* cal./'spncc far 15'3 nil. 

During the coursc of the work sample determiria- 
tions of C, were run to ascertain that the calculated 
values had not changed. 

Most titrations were carried out with a total 
volume cliaiigc of lcss than 0.6 ml.; therefore, it was 
felt that  any change in C, due to volume change 
would bc impcrccptiblc considering the size of the 
standard deviation. =211 joule calibrations were 
made on solutions with fi = 0.01, so that it was 
assumed that  C, was the same no matter which 
tetracycline was being titrated. 

To test the reliability of the calorimetcr, the heat 
01 neutralizatiori of HCI by KOH was examined. 
Tlie average of 2 i  determilrations a t  0.01 N HCI 
gave a value of 13.95 * 0.46 Kcal./rnole, which 
when corrected to  infinite dilution (8) was 13.76 f 
0.46 Kcal./mole. Recause the range was slightly 
higher than those values reported by calorimetry 
for very dilute solutions (9), all the parameters used 
in the determination were carefully rechecked. 
Since the heat of neutralization of hydroxide ions 
is used in the cnthalpy dcterminations to  be prc- 
sentecl, it was decided to use the value obtained 
in this calorimeter, siuce any systeinatic error would 
then be carried through all of the ralculations. 

For each addition of titrant, the heat evolved, Q, 
in cal./L., is given by Eq. 4. 

v =  

placed. 

C, ( A  spaces) - (heat of dilution of KO11 ti trant)  
~- - 

total vol., L. 
(Eq. 4 )  

The heat of dilutiuri for 1 1111. of 0.4405 M ROH 
added to  158 rn l .  ol ionic strength 0.01 was cal- 

4 Calibrations were necessary at  both of these volumes, 
siticc all caloi-imrtt-ic dctci minations wrrr carried out iindci 
identical cnnditionn as tlic potrntiumett ic deter minations 
for lhe stability constants, which were cariied out  a t  both of 
these volumes. 
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culated from the values tabulated by Kossini (8) 
and found to  be 7.3 X 

The heat evolved in the titration of a solution of 
tetracycline. HCl and cupric ions is the sum of the 
heats cvolved in the five reactions listed below. 

HjT+  + OH- H2T 4- HzO AHo,  

cal /ml of titrant 

Reaction 1 

HnT + OH- F? HT- + HzO AH"$ 
Reaction 2 

HT- + Cu++ Cu(HT)+ AIZ'', 

Reaction 3 

Reaction 4 
IIT- + C u ( H T ) + C  Cu(HT)Z AH', 

H +  + OH- Hz0 AH", 
Reaction 5 

If A [  ] is defined as the concentration initially 
minus the concentration after titrant (base) is 
added, and noting that multiplying the enthalpy 
for each reaction times the change in one oi the 
reactants give.: the heat cvolved by this reaction, we 
can write Eq. 6.  

Q = A[HaT] (AH',) - (A[HT-] f A[Cu(HT)+] + 
A[Cu(HT)n]/ (AH'p)  - (A[Cu(HT)+] + 

A[CU(HT)~~]  (AH's )  - A[CU(HT)B] (AHo.+)  + 
AlH+l (mot) (Eq. 5 )  

Before the values of intercst in this work AH', 
and AHo,  can be calculated, the heats of reaction 
AH', and A H o 3  must be dctcrmined. These heats 
can be found by measuring the heat of reaction for 
the titration of a pure tetracyclinc . HC1 with base. 

Journal of Pharmaceutical Sciences 

This was done for each of the five tetracycline 
analogs studied here. The calorimetcr was filled 
with a solution of the particular tetracycline liydrcr- 
chloride. Siniultaneously an exact duplicate of 
the solution in the calorimeter was titrated poteti- 
tiometrically. To obtain a larger number of values 
for AH', and AH', the concentrations of the tetra- 
cycline analogs used in the titrations without metal 
were about 3 times as great as those used for the 
work reported in ReJerence 1. This procedure gave 
good values for all the tetracyclines except 4-epi- 
anhydro-, which is considerably less soluble than 
the other four derivatives. 

The heat ol reaction for Reactions 1 and 2 may 
be determined from Eq. 6 .  

Q = A[HrT+] (AH',) - A[HT-] (AH'.) f 
A[H+] (AH",) (Eq. 6) 

From the parallel potentinmetric titration, 
[H+],  [HaTf] ,  and [HT-] may be determined as 
described in Refwence 1 .  Since the first and second 
dissociation constants for the tetracyclines are widely 
scpdrated, [€IT-] will be negligible a t  high hydro- 
geii-ion concentrations and AH", may be deter- 
mined. 

The Q values were calculated from the experi- 
mental data by use of Eq. 4. A sample deterniiria- 
tion for A H o ,  and AH', is given in Table I for tctra- 
cycline.HC1. Due to overlap of the second and 
third dissociation constants, there are fewer detcr- 
minations for AH', and consquently these answers 
are not as accurate as those for AH',. 

Once AH", and AH', are known, it is necessary to 
run two simultaneous titrations of tetracycline with 
metal-calorimetrically and potcntiometrically. 

At lower [H+] , AH", may be determined. 

TABLE  DETERMINATION O F  A f I o l  AND AffO, FOR 153 l d .  O F  %I.UTION O F  'rETRRCYCLINE.HC1, ISITIAI. 
CONCENTKATIOW (TO) = 14.32 X lo+, USING STOICHIOMETRIC DISSOCIATION CONSTANTS K," = 4.61 X I 0 P  

AND KEc = 2.48 X lop8 

Total KOH 
Added, m1. 

0.03 
0.11 
0.19 
0.27 
0.35 
0.47 
0.55 
0.63 
0.75 

IH+l 
5.71 x 1 0 F  
4.84 x 10-4 
3.16 x 10-4 
2.136 X 
1.27 X lop4 
2 38 x 10-5 
2 58 x 10-7 
7.07 x 10-8 
2.50 X lo-* 

[HsT+l 
7.91 X 
7.49 x 10-4 
5.84 x 10-4 
4.54 x 10-4 
3.10 x 10-4 
7.03 x 10-5 
7.30 x 1 0 - 7  
1.62 x 1 0 - 7  

Negligible 

AH', AHo* 
[IIT -1 Q cal./L. Kcal./mole Kcal./mole 

Negligible . . .  . . .  . . .  
Negligible -3.22 -12.2 . . .  
Negligible -2.87 -12.5 . . .  
Negligible -2.89 -11.3 . . .  
P\-egligiblc -2.90 -11.7 . .  

1.41 X 10-5 -4 21 -11.7 ~ -~ 

1.25 X 10-4 . . .  . . .  . . .  
3.72 X lo-' -1.42 . . .  - 5 . 7  
7.14 x 10-4 -1.97 . . .  -5 .7  

-11.9 -5 .7  
Av. Av 

TABLE II.-DETERMINATIOS OF AH", AND AH", FOR 153 ml. OF SOLUTION OF TETRACYCLINE.HCI, INITIAL 
CONCENTRATION ( T O )  = 4.81 X lo-' &I, INITIAL CONCENTRATION OF ADDED HC1 ( A " )  = 3.97 X 

INITIAL CONCEXTRATION O F  CUPRIC CHLORIDE (MO) = 2.45 X 1 0 ~  ' -tJ 

Total AH'S,  AHd,, 

Added, ml. [H+I [HIT +I  [HT-I [Cu(HT) +1 [Cu(IIT)z] Q cal./L. mole mole 
0.0300 6.60 X lo-' 2.27 X 10-4 5.68 X 10-9 9.53 X 1 0 - 5  0 . . .  . . .  . . .  
0.1047 4.88 X 1 0 - 4  1 .84 X 10-4 9 . 3 2  X 1 0 - 9  1.05  X 1 0 - 4  0 -2.90 -5 .5  . . .  

- 2 . 4 0  - 6 . 1  _ _ _  0.1670 3.57 X 10-4 1.59 X 1 0 - 4  1.13 X 10-R 1 . 1 7  x 10-1 0 
0.2334 2.33 X 10-1 1 - 1 5  x 10-4 2.42  x 1 0 . 8  1.39 x 10-1 0 -2.63 -10.8 . . _  
0.2Yil 1.29 X 10-1 fi.75 X 10-5 4.64 X 1 0 - 8  1.72 X 1 0 - 4  0 -2 38 -5 .7  . . .  
0 3840 7.47 x 1 0 - 5  3.96 x 1 0 - 5  8.14 x 10-8 1.96 x 1 0 - 4  0 -1.47 - 9 . 8  . . _  
o.:mo:! 2-13 x 1 0 - 3  1-05 x 10-5 2.64  x 10-7 2 .44  x 10-4 0 . . .  . . .  . . .  
0.4095 3.81 X 10- 1.47 X 10-6 1.16 X 10" . . .  0 . 5 6 x 1 0 - '  -0.78 . . .  -1 .9  
0.4349 7.24 X 1 0 - 7  1 . 7 3  X 10-7 3.74 X 10-6 ... 1 .24  x 1 0 - 6  -0.57 . . .  -1.8 

-7 .5  -1 .8  
Av. Av. 

KOH Kcal./ Kca1.j 
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TABLE TII.-THERMODYNAMICS OF DEFROTOKATION 
FOR TETRACYCLINE.HC~ ANALOGS 

AGOG = - 1  364 log K I  Ki = (H:T][W+l/[€IsT+] 
AHoo  = A H o i  - AHOc 
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particular analog were compared, the average 
values were very close. This was also noted in the 
joule calibrations. Since the calorinieter had no 
way to lose heat cxccpt by diffusion through the 
Dcwar, it seemed that the calorimeter sometimes 
compensated by giving alternate low and high 
readings. Yet the average was a good measure 
of thc actual heat evolved. Stability constants 
calculated from the data as presented in Table I1 
showed good agreement with those values reported 
earlier (1 1, 

RESULTS 

As previously explained, the calorimetric work 
had to he carried out in two parts. Initially the 
heats of deprotonation for the first and second dis- 
sociating hydrogens were determined. The thermo- 
dynamic parameters of the first dissociating hydro- 
gen are designated with a subscript 6 ;  the therrno- 
dynamic parameters of the second dissociating 
hydrogen are designated with a subscript 7. The 
values for these parameters are presented in Table 
111. The values for K, and K, are the stoichio- 
metric dissociation coustants determined in the 
parallel potentiometric titrations (vide supva) and 
correspoud to the thermodynamic dissociation 
constants reported previously (1). The values for 
AH', and Ar lo9  are dctcrmined experimentally 
as deirioristrated in Table I. The value for AH", is 
taken as - 13.95 Kcal./molc as cxplaincd ahovc. 

The actual heat evolved in each determiriation of 
AH", is about 0.5 cal., and the AH", values calcu- 
lated from these results are accurate to about &57;. 
The AH", values are approximately equivalent for 
all five tetracyclinc analogs, as is reflected in the 
agreement of the AH', values in Table 111. The 
cpi-dcrivatives have AS", values which arc slightly 
more negative, indicating that the change in p K ,  
(1) is an entropy effect as would be expected for a 
stereochetuical change (compare chlortetracycline 
with 4-epi-chlortetracycli~ie). 

'The actual heat cvolved in cach determination of 
AH', is about 0.25 cal. Due to the overlap of 
pK, and pK, there are fewer determinations for 
AH",, and consequently, these values are not as 
accurate as the A I I o ,  values. Due to the low solu- 
bility of the isoionic form of 4-epi-anhydrotetra- 
cyclinc, no accurate values of AH", could he ob- 
tained for this analog. 

Once AH", arid AH', had been determined, 
tetracycline-metal titrations were run tu find AH',, 
the heat of 1: 1 chelation, and AH",, the heat of 2: 1 
chelation. These values are prcscnted in Tdhlc 
I\'. Particular notice should he directed toward 
the values determined for tetracycline. HC1 where 
the exothermic heat of chelation, AH',, is sigriifi- 
cautly less than those values determined for the 
clilor-dcrivatives. Since the AG",'s for the four 
analogs are reasonably similar, the large difference 
in AH", for tett-acycline.HC1, appears as an entropy 
eflect causing A S o $  to be +10.5 for tetracycline and 
about -4 for the chlor-analogs. 

Before attempting to  explain this cfiffcrencc, Ict 
us take a further look a t  AH",, the heat of con-  
plexation fur the second ligand. The actual heat 
given off for each addition of titrant in A I Y ,  deter- 
minations was in many cases helow 0.2 cal. Also 
the number of determinations for AH', in each 
titration was limited to the lower pH r q n p  t q  

hnalog 
Chlortetracvcline . HC1 
Dernethylc6lortetra- 

cycline . HC1 
Tetracycline -HCl 
I-Epi-chlortetracycline . 

HC1 
4-Epi-anhydrotetra- 

cycline . HCl 
AGO? = - 1.364 log KI 

AH'r = 

Analog 

AG'o A A " s  
(Kcal./ (Kcal./ ASOn 
mole) mole) (e.u.1 

+4.46 $2.35 -7 .1  

+4 .50  +2.35 -7.2 
+4.55 + T o 5  -8.4 

$4.90 +2 .25  -8 .9  

+4 .75  +1.95 -9 .4  
Ks = [HT-][HCI/[H2Tl 

A P T  4HU7 
(Kcal./ (Kcal./ A S 0 r  
mole) mole) (e.u.) 

4HOp - AHos 

Chlortetracycline.IIC1 +10.03 +6.75 -11.0 
Dcrnethylchlortetra- 

cycline . I1Cl i 9 . 7 9  +7.75 -7.5 
Tetracvcline .IICl 'r10.51 +8.25 -7.6 
4-Epi-chlortetracycline . 

H C1 +10.34 +7.65 -8.7 

TABLE PJ-THERIMODYNAMIC DATA FOR COM- 
PLEXES OF TETRACYCLINE ANALVCS WITH CUPRIC 

IONS 
. _ _ ~  

Andloa 

AGOs AH'S 
(Kcal./ (Kcal / AS"s 
mole) mole) (e.u.) 

Chlortetracycline.HC1 -9.99 -11.7 -4 .0  
Dcmcthylchlortetra- 

cycline .HC1 -10.71 -12.3 -5.4 
Tetracycline -HCl -10.64 -7 .6  + l O . Z  

HCl -10.41 -11.5 -3 .7  
4-Epi-chlortetracycline . 

AGO, A H " ,  
(Kcal./ (Kcal./ A S o &  

Analog mole) mole) (e.u.) 
Chlortetracycline . HCl - 6.95 - 1 .80 + 17.3 
Demethylclilortetra- 

cycline. HCl -7.45 -2 60 t-16.3 
Tetracvcline . HCl -7.28 -1 80 +18 4 
4-Bpi-chlortetracycline . 

H C1 -6.92 -2.00 + l6 .5  

Since the chelation steps of tetracycline with cupric 
ion are separated sufficiently. it w-as assumed that 
when f i  < 1 only Cu(HT)+ is formed and therefore, 
the Cu(HT), terms may be dropped from Rq.  5. 
Using the calculations described in Reference 1 ,  
the concentrations of H+,  H,T*, HT-, arid Cu- 
(H1')" may be calculated after cach addition of 
base. 

A t  Fz > 1, A[CU(HT)~] = -A[Cu(HT)+] so that 
the only chelate term remaining in Eq. 6 will he 
-A[Cu(HT)z] (AH",), and thus the heat of chela- 
tiou for the second ligand may be calculated by 
determining [H+],  [Ha?"], [HT-1, and [Cu(HI').r] 
after each additiou of titrant. A sample calcula- 
tion of AH", and AH", is presented in Table I1 for 
tetracycline . HC1. 

I t  should he noted that the AII"., and AIIoL 
values show a wide ratige of individual points, yet 
when the averages of two different titrations of a 



1188 Joumul of YlzurmcLceuticnl Sczences 

TABLE T' -THERMODY\AMIC DATA FOR THE COMBINED REACTION 2 + 3 
- ~- - -~ 

C u + +  + HpT - OH-, Cu(HT)- f Hz0 
ACOz+s = - 1  364 (log KI f log @I - log Ka)  

4GOa + J A H o * ,  s AS"e - s 
Analog (Kcal /mole) (Kcal /mole) ( e  u ) 

Chlortctracvcline. HCl -18 90 -18 92 -0 01 
D~nethylc~lortetracycline . HCl -20.00 -18.70 
Tetracycline -HC1 -19.23 -13.3 
4-Epi-chlortetracycline . HCl -19.11 -18.91 
4-Epi-anhydrotetracycline. HCl -19.90 - 14.0 

+4.4 
+19.9 
+0.7 

$19.8 

insure that the third dissociable hydrogen froni 
the chelated tetracycline was not present to a 
significant extent. For 4-epi-chlortetracycline only 
one value of AH", could bc calculated per titration 
before precipitation began in the calorimeter. This 
could easily be seen on the recorder as irregular 
bursts of heating replaced a smooth drift curve. 
Even with all the errors inherent in measuring such 
a small heat changc and the pyramiding of effects 
of inaccurate AHo, and AH', values, it is possiblc 
to get some idea of AH",, a t  least qualitatively. 
The AH', values listed in Table 11' show a reason- 
able degree of consistency, as do the AS", values. 
In this case all four derivatives, the chlor-analogs 
and tetracycline itself, show a high positive AS",. 

As mentioned prcviously, AH", is the most ac- 
curate enthalpy determined in this work. Therc- 
fore, to prove that the difference in ligatioiial 
entropy was not just a factor of an incorrect AH",, 
it was decided to cxaminc the entropy of the over-all 
Reaction 2 + 3 .  

CU++ + HzT + OH- G Cu(HT)+ + Hz0 
AHo,+, Reaction 2 + 3 

= - 1.364 (log K, + log fll - log K,") 
(Eq. 'i) 

The AH",&, can be calculated, using only one pre- 
determined value, AH',. In addition, Reaction 
2 + 3 is a good approximation to what is actually 
happening 111 solution, since below i? = 1 [z.c., 
where Cu(HT)+ is forming] the concentration of 
free ligand (HT-) is negligible and the addition of 
titrant (OH-) results in pH changes (Reaction 5), 
neutralization of HaT+ (Reaction I ) ,  and tlie cow 
version of I&T to Cu(HT)+. Therefore, 

The thermodynamic values obtained from such a 
calculation are illustrated in Table V. 
can be calculated without knowledge of AH",, this 
calculation may also be made for 4-epi-anhydro- 
tctracycline. Calculating AS",+,, a value of 
+19.8 is obtained for 4-epi-anhydrotetracycline, 
+19.9 for tetracyclinc, and much lower values for 
the three chlor-analogs. 

Since 

DISCUSSION 

Kossotti (10) has suggested that from a simple 
viewpoint, the entropy change on complex forma- 
tion would be expected to be negative (about -25 
e.u.) due to  tlic conversion of translational to vibra- 
tional and rotational entropy, accompanying the 
decrease in the number of particles in solution. 

However, thc role of the solvent must also be 
estimated in rationalizing ligational entropy changes. 
Association of a metal ion with a chargcd ligand in 
aqueous solution will bring about a decrease in the 
numbers of ions, (partial) neutralization of electrical 
charge, attenuation of the remaining charge, and dis- 
placement of water froin the hydration sphcrcs of the  
rcactant (10). The last term is a major factor and 
has brought aboiit a differentiation between inner 
and outer sphere complexes. An inner sphere com- 
plex is formed when a ligand is able to replace a water 
molecule from the hydration sphere of the mctal. An 
outer sphere complex does not replace water from the 
metal hydration sphere but is rather an ion pair com- 
plex. A less favorable entropy change will be ex- 
pected from the formation of an outcr sphere complex 
than from the corresponding inner spherc complex. 

However, it should be noted that the inagriitude 
of the enthalpy of complexation must also be con- 
sidered, and that judgment concerning the sphere 
of complexation cannot be made strictly from an 
entropy viewpoint. Outer sphere complexes with 
C1- or Sod-- as ligancls usually show a slight endo- 
theunzic heat of formation (ll),  whereas inner sphere 
complexes presupposc the formation of strong co- 
valent bonds, which show large exothermic heats 
of formation, It should also be expected that a 
ligand of thc size and complexity of tetracycline 
would show large conformational changes during 
chclation which would be reflected in the entropy 
changes. 

Therefore, in considering what type of complexa- 
tion takes place, no set rule for entropy values may 
be established, but rather an ovcr-all view of all the 
processes listed abovc by Rossotti must be taken, 
with special emphasis for tetracycline on the con- 
formational changes expected. On the basis of the 
high negative Af Ios  values obtained for the 1 : 1 
complexes, it would seem that tbc two tetracycline 
analogs aiid the three chlortctracycline analogs 
all form inner sphere coniplexes with cupric ions. 
However, there is a significant difference between 
thc AH", values obtained for tetracycline and 4-~pi -  
anliydr~tetracycline~ as opposed to the AH", values 
for chlortetracycline, denietliylchlortetracycline, and 
4-cpi-chlortctracycline. Since the values for 
tetracycline aiid the three chlor-derivatives are 
approximately the samc, thc difference in enthalpy 
is probably a function of tlie conformational changes 
required for tetracyclirie and the clilortetracyclines 
to reach a favorable complexing configuration. 

As a system bccomes more ordered, the entropy 

5 Although AW'J has not actually been deteimined for 4 
epi-anhydrotetiacycline, it seems reasonable to assume, on 
lhe basis oI the data presented in Tahle V,  that  AH's for 
4-epi-anhydrotetracycline will be very close to AH's for  
tetracycline. 
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between ASo, for chlortctracycline and 4-epi- 
chlortetracycline, since the 4-diIrietliylarnrnoniurn 
group would not be involved in complexation. 
This is found to he true in Table I V ,  and lcnds 
support to the idea that chelation takes place a t  
oxygens 10 and 11. 

It might seem that dcnicthylchlortetracycline 
should have a A s ” , q  which is more positive than 
A S o s  for chlortetracycline, sincc deniethplchlor- 
tetracycline has no 6-methyl group availablc for 
steric interaction with the chlorine. However, it 
seems reasouable to assimie that for derncthylchlor- 
tetracycline the 6-hydroxyl woiild generally bc 
found axial to the C ring, siiice there would hc much 
less steric interaction bctwcen tlir 6-hydrogeri 
(cquatorial) and the i-chlorine. Therefore. it 
might be reasoned that it would be less favorable 
lor the C ring in dernethylchlortetracyclirie to be- 
come planar (bringing about steric interaction be- 
tween chlorine and hydroxyl) than for the C ring 
in chlortctracycline, where there is no specially 
favored conformation for the hydroxyl (or methyl) 
group, and, thus, it could be hypothesized that a 
slightly more severe conforrnational changc is rc- 
quired for dernethylchlortetracycline than chlor- 
tetracycline in order to bring about complexation.’ 

In the case of 4-epi-anhydrotctracycline, it would 
be expected that the entropy of chelation would be 
similar to that of tetracycline (as is seen in Table 1’) 
for two rcasons. First, there is no chlorine present 
at carbon 7 to cause steric interactions with the 
6-methyl; and second, since chelation seems t o  
occur a t  oxygens 70 and 11, entropy of chelation 
should mot depend on whether the 4-dimethyl- 
ammonium group is epinierized. In  addition, for an 
anhydrotetracycline analog, tlie C ring is initially 
iu a planar configuration due to the additional 
double bond a t  Cba-C6. ‘l‘hus, it niiglit be ex- 
pected that all anhydrotetracyclines would have a 
AS”, similar to tetracycline, regardless of whether 
a chlorine was present a t  carbon 7. 

The results obtained for Reaction 4 ,  the formation 
of the 2: 1 chelate from the 1 : 1 chelate and the free 
ligand, are generally similar for all four compounds, 
but considerably different froiii the results obtaincd 
for Reaction 3. In the previous discussion it was 
hypothesized that the first ligand forms strong 
covalent bonds with the cupric ion. As a simple 
picture, we may consider a small cupric ion sur- 
rounded by the much larger tetracycline molecule, 
and although the C and D rings of tlie ligarid are in 
a fixed position, the A and B rings and the bulky 
groups attached to them are still free to rotate. 
Now- another large, negatively-charged tetracycline 
molecule complexes with the copper ion. It is 
very diflicult to visualize a. second tetracycline as 
being capable of approaching the cupric ion close 
enough to form a covalent ligand bond. This is 
confirmed by the low values obtaincd for AHo& for 
all of the compounds studied, and thus it may 
reasonably bc presumed that the second tetracyclinc 
forms an outer sphere or ion-pair complex. 

Fig. 2.-Configuration for chlortctracyclinc after 
Donohue et id. (12). Other authors (15) show the 
configuration for the enantiomorph. 

of the system decreases. Therefore, thc chlor- 
tctracyclinc analogs with negative &YoJ values seem 
to be required to undergo a more severe confortna- 
tional chauge than tetracycline iu order to reach a 
favorable configuration for chelation. From the data 
presented in Tables I\: and V it would be expected 
that thr requirement for a more severe conforma- 
tional change would be dependent on the prcscncc 
of the chlorine atom a t  carbon 7 (see Fig. 2). 
‘These ideas were tested by constructing framework 
molecular rriodelss ol the various tetracyclines using 
the bond lengths and configuration for chlortetra- 
cycline as determined by Donohuc et al. (12) from 
X-ray data. The hydrogens on 6-methyl and 6- 
hydroxyl and the chlorine a t  carbon 7 were so con- 
structed that the van der Waals radii for these 
atonis (13) were physically represented. Froin the 
model it is seen that the C ring can readily flip from 
a “boat” conformation where the 6-methyl is axial 
to the ring, to a “boat” conformation where the 
6-methyl is equatorial to the C ring (while the 6- 
hydroxyl group goes from equatorial to axial posi- 
tions) and that this flipping would he influenced 
greatly by the steric hindrance occurring between 
the chlorine a t  carbon 7 and either the 6-methyl 
or 6-hydroxyl. 

On the basis of the data presented, it seems most 
likely that the first tetracycline lignnd forms an 
inner sphere complex with cupric ions and that this 
complexation takes phcc with the formation of a 
chelate ring involving the cupric ion, oxygen 10, 
carbons 10, IOa, and 11, and oxygen 11, in which 
case it is necessary that all of the above atoms 
and ions lie in a plane (14). T o  accomplish this it is 
iicccssary that the C ring be essentially planar with 
the D ring, and in this casc there would be corisider- 
able steric interaction between the chlorine atom and 
probably both the methyl and hydroxyl groups on 
carbon 6. Donohuc el d. (12) point out that tl2e 

CHs distance for this conformation is 2.99 A. 
is much less than 3.8 A., thc sum of the van 

der Waals radii. Obviously, if the chlorine at carbon 
7 was mot present as for tetracycline, the steric prob- 
lem would be decreased arid tlie entropy change 
would cssentially depend on the replacemcnt of water 
from the hydration spheres of copper. 

In light of the above reasoning, it is hypothesized 
that the diffcrcnce in the entropy of formation for 
1 : 1 complexes of clilortetracycline and tetracycline 
is due to the strained steric requirement that chlor- 
tetracycline must undergo. It this hypothesis is 
true, it follows that there should be little difference 
. ~~~ 

0 Prentice-Hall, Inc., Englcwood Cliffs, N. J. 

7 An alternate hypothesis, suggested by the reviewel, 
proposes tha t  the conformation in unchdated demethyl- 
chlortetracycline is the same as in cblor-tetracycline, perhaps 
due to  hydrogen bonding to the 7-chlorine. Therefore, a 
similar cnnforrnational change occurs upon chelation lcading 
to  the obsctved similar entropy change. It should also be 
pointed out that  the ahove cxplanatious are only valid if 
chelation actually does take place a t  oxygens 10 and I I as 
would be expected from the protonation scheme detw-mined 
by Kigler el al. (1iiJ. 



In  this reaction A S o &  has a high value (see Table 
IV) for all of the analogs studied, both tetracycline 
and chlor-derivatives. ‘This niay be explained by 
the fact that when the second ligand attaches to the 
metal, the over-all charge of the complex becomes 
zero, and the number of ions in solution is decreased. 
This neutralization of charge and decrease in the 
number of ions is common to  all the analogs studied 
and would be expected to  give a positive entropy 
change. In addition, the conformational entropy 
changes between tetracycline and thc chlor-analogs 
is not significant here, since little conformational 
change is nccded to form an ion-pair complex bond. 
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Ionization of Bases with Limited Solubility 

Investigation of Substances with Local Anesthetic Activity 

By IVO SETNIKAR 

The deionization process of six local anesthetics, i.e., procaine, lignocaine, cocaine, 
Rec 7-0518, Rec 7-0544, and Rec 7-0591, was investigated. The compounds are 
weak bases with a low or a very low solubility of the unionized form. The  effects of 
this property on the deionization process were studied and an explanation of the 
irregularities of the deionization curve suggested. A method for plotting the de- 
ionization process as a straight line is described. Temperature markedly affects the 
ionization constant. A limited solubility of the unionized base influences its buffer- 
ing capacity. Both phenomena may be relevant to tissue tolerance for solutions of 

these substances. 

T IS essential to know the ionization curve of a 
I l o c a l  anesthetic in aqueous solution in ordcr to 
choose a pH of the injectable solution that  is 
optimal both for pharmaceutical stability and for 
local tissue tolerance. 

Ionization curves may be plotted by the coti- 
ventional method (1) which, for monoprotic 
species, lcads to the well-known S-shaped curve. 
Other expressions of the results lead t o  straight- 
lincd representation of ionization, with the ad- 
vantage of showing more clearly experimental 
errors or deviations from theory. 

,Methods of obtaining straight-line representa- 
tion of ionization of weak acids or bases were 
presented by Hofstee (2), by  Benet and Goyan 
(3, 4), and by  Leeson and Brown (5). The 
methods involve recalculations of the results and 
arc strongly influenced by experimental errors 
(4). More immediate and easier to apply is 
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the method proposed by  Druckrey (6, T ) ,  based 
on the nse of a specially dcsigncd scale for the 
titrant, which yields a straight-line expression of 
the law of mass action. This method may also he 
adapted for expressing with a straight line the 
ionization process of weak acids or bases in which 
the unionized form is sparingly soluble, a fact 
which limits its availability for the ionization 
equilibrium. 

THEORY 

The ionization or a proton acceptor. B, is repre- 
sented by 

B + Hf.HzO & R H t  + HzO (Eq. I) 
Since in a diluted aqueous solution the concen- 

tration of He0 remains practically constant, the 
equilibrium of thc ionization process is expressed by 
Eq. 2. 

[BH+I- = g, (Eq. 2) 
[ B] [ H+. € 1 2 0 1  

whcrc R’ is the apparent ionization constant, valid 



In  this reaction A S o &  has a high value (see Table 
IV) for all of the analogs studied, both tetracycline 
and chlor-derivatives. ‘This niay be explained by 
the fact that when the second ligand attaches to the 
metal, the over-all charge of the complex becomes 
zero, and the number of ions in solution is decreased. 
This neutralization of charge and decrease in the 
number of ions is common to  all the analogs studied 
and would be expected to  give a positive entropy 
change. In addition, the conformational entropy 
changes between tetracycline and thc chlor-analogs 
is not significant here, since little conformational 
change is nccded to form an ion-pair complex bond. 
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these substances. 

T IS essential to know the ionization curve of a 
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on the nse of a specially dcsigncd scale for the 
titrant, which yields a straight-line expression of 
the law of mass action. This method may also he 
adapted for expressing with a straight line the 
ionization process of weak acids or bases in which 
the unionized form is sparingly soluble, a fact 
which limits its availability for the ionization 
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The ionization or a proton acceptor. B, is repre- 
sented by 

B + Hf.HzO & R H t  + HzO (Eq. I) 
Since in a diluted aqueous solution the concen- 

tration of He0 remains practically constant, the 
equilibrium of thc ionization process is expressed by 
Eq. 2. 

[BH+I- = g, (Eq. 2) 
[ B] [ H+. € 1 2 0 1  

whcrc R’ is the apparent ionization constant, valid 
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for the particular system in which ionization takes The I,K scale of Fig. 1 (log [R]/[BH+])  
place. Equation 2 describes with suf-ficient approxi- The L scale (log l / [BH+])  refers 
mation the ionization equilibrium of a weak base, 
except a t  the boundaries of almost total ionization Equation 5 shows that ~ K B '  = pH when [B]/ 
or unionization of the base. Without approxima- [BH+] = 1 or F = 0.5. Therefore the p&' can 
tions the ionization equilibrium is expressed by easily be found, either from the poiut a t  which [B]/ 
Eq. 3, derived from Clark (8). [BH+]  = 1, or from any other point on the ioniza- 

Fig. 1. 
refers to Eq. 5. 
to Eq. 6. 

in which 4 -  and D +  are the ions of strong acids and 
bases present in the solution and S is the total quan- 
tity of the base, i e . ,  

IS] = [Bl + [BH+l (Eq. 4) 
In the range of its validity Eq. 2, in logarithmic 

terms arid substituting hrB' for l / K ' ,  becomes 

pH = ~ K B '  + log ~ [B1 (Eq. 5) DH+l 
If B has a lirriited solubility, a t  a certain point of 

titration thc cxccss of B prccipitatcs and the con- 
centration of the dissolved B remains constant 
during the rest of titration. When this plienum- 
enon happens Eq. 5 describes the deionization 
process only up to the point a t  which B starts t o  
precipitate. Above this point the deionization is 
described by : 

where C is the concentration of dissolved B on 
saturation. 

In the conditions described by Eq. 5, :L straight 
line is obtained by plotting the pH on the ordinate 
and log [B]/[HH+] on the abscissa, or using charts 
in which the abscissa is graded to a special scale, 
corresponding to the values of log [R]/[BH + I .  
Furtherrnore, it rriay be convenient to substitute 
[B]/[BH+] with the titrated fraction F, where F 
is given by [BJ/[S]. Since [BJ is equal to [A-I, 
Z.C . ,  the titrating strong acid, F is also giveu by 

Similarly, Eq. 6 is expressed by a straight line 
when the pH is plotted on the ordinate and log 
l / [BH+] on the abscissa, or using a chart in which 
the abscissa is graded to a special scale correspond- 
ing to the values of log l / [BH+] .  In this case too 
l / [BH+] may be substituted by the titrated frac- 
tion F. The correspondence of the logarithmic 
scales, with thcsc special F scales is represented in 

[A- I /[a. 

Fig. 1.-Scales of F (titrated fraction), which 
yield a straight-line relationship between F and 
pH for deioriizatiori processes of weak proton 
acceptors. Key: LR, scale equivalent to units of 
log ([BJ/[BH+J)  according to Eq. 5; L, scale equiv- 
alent to units of log ([S]/[BH+]) according to  
Eq. 6 .  

tion line, since its slope, for monoprotic species, is 
the Same on a pII V L I Y . S U . S  LR diagram. 

On the contrary Eq. 6, which may also be written 
as 

does not yield the ~ K B '  value, unless C, the con- 
ccntration of B a t  saturation, is determined. 

EXPERIMENTAL 

Investigated Substances.-The invcstigated sub- 
stances were: procaine; lignocainc; cocaine; Rcc 
'7-0518, i.e., ketocaine or 2-( i2'-diisopropylamino~ 
et1ioxy)-1-butyroplienone ; Rec '7-0514, i .e . ,  1-( IV- 
diisopropylaminoethoxyphenyl)-butan-lol; and Rec 
7-0591, i .e. ,  2-( ~~-~iisopropylaminoetlioxy)-5-amino- 
1-butyrophenone. Rec 7-0518, Rec 70544, and Rcc 
7-0591 are three nem local anesthetics described by 
Setnikar (9, lo j .  

The hydrochlorides of thcse substances were 
dissolved in COz-free glass-distilled water a t  a 0.1 
and 0.01 M concentration and submitted to titra- 
tion with 2 N and, respectively, 0.2 N carbonate- 
free KaOH. 

Apparatus and Procedures.-The pH was meas- 
ured with a Reckman Zeromatic model 96 meter, 
standardized against 0.05 A[ potassium hydrogen 
plithalate (pH = 4.0) and 0.01 M sodium borate 
(pII = 9.2). IYaOH was added from a 3-1111. micro- 
buret, calibrated to 0.U1 ml. Measurements were 
taken at  20.0' and at  37.0' on 50 ml. of the solutions 
of the local anesthetics under continuous and 
uniform agitation (magnetic stirrer). After each 
addition of NaOH, the pH was read when thc metcr 
had reached a stable value. The nicter was read 

11 I 

3 

Fig %.--Ionizatiori curve of 0 01 116 procainr 
plotted by the conventiotial method T l i ~  titratioii 
was performed at  20 Uo and at 8'7.0°, yirlding two 
S-shaped deionization curves. 
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present in solution, and plotted on thc charts Z)CYSUS 

the pH values. 
Solubility of the Unionized Base. --Solutions of 

thc hydrochlorides of the investigated substances, 
a t  a concentration of 0.1 ;zI for procaine and ligno- 
cainc, and 0.01 M for the others, were deionized 
with a 5%, excess of NaOII, filtered, or centrifuged, 
and the clear filtrate or supernatant acidified with 
HCl. These procedures were performed a t  20" 
and a t  37". The concentrations of the substances 
in these acidified solutions were determined spectro- 
photometrically. 7 

Fig. :<.-Procaine 0.01 M .  Same data as in Fig. 
2 plotted on a LR scale yiclding straight-line rcla- 
tionships betwccn pH and titratcd fraction F. 
The pKB' can be estimated from the whole titra- 
tinti and not only from the central data, as by the 
conventional method. 

10 , I 

PROCAINE -1 M 

0 .1 .2 .3 .4 3 .6 .7 4 .9 1.0 
F 

Fig 4 --Ionization curvc of 0.1 M procaine 
plotted by the conventional methocl. At the 
arrows, P,  the undissociated base, starts to pre- 
cipitate, markedly altering the deionization process. 

this point the pH drops considcrably, par- 
ticularly on the curve obtained at  20". 

10 

PH 
9 

8 

7 

Fig. 5.-Procainc 0.1 A T .  Same data as in Fig. 4, 
but plotted on a LR scale for F. The initial straight- 
line part of the dcionization process enables one 
to find the ~ K B '  values by extrapolation (9.05 at  
20.0" and 8.70 a t  37.0'). The data beyond the 
precipitation point arc on a curved line, demonstrat- 
ing a deviation from thc theory described by Eq. 5. 

10 min. aftcr adclition of the titrant when the 
titration was associated with precipitation 

The unounts of NaOH, corrected according to 
Parke and 1)avis ( l ) ,  were expressed as fractions of 
the quantity necessary to titrate tlie whole base 

10 

Fig. 6.-Procainc 0.1 Af. Same data as in 
Figs. 4 and 5 ,  but plotted on the I, scale for F, 
which shows a straight-line deionization process 
after the precipitation point. Beyond this point 
the theory described by Eq. 6, therefore, applies. 
The line marked with S on the bottom of the figure 
shows the theoretical slope in these conditions. 

Fig. 7.--lktail of Fig. f i  showing a part of the 
dcionization process a t  20.0". The arrow marks 
the point a t  0.07 titration which corresponds to the 
maximum solubility of the unionized base in these 
conditions. This value is found by extrapolating 
the measurements aftcr prccipitation. From 0.07 
F to 0.35 F, however, the basc in unionized form 
remains still in solution, duc to a phenomenon or 
hypersaturation. Phenomena of hypersaturation 
are orten present, transicntly as in this case or even 
during the whole titration, interfering with the 
evaltiation of the ~naximum solubility and of the 
pKB' values. They are not seen in back-titrations, 
i .e.,  of the unionized basc with a strong acid. In 
this case the dotted line is followcd and tlie solution 
becomes clear only a t  the point in which the dotted 
line meets the first part of the titratioti curve. 
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RESULTS 
The ionization curvc for the tcrtiary amino group 

of 0.01 &' procaine, plotted by the conventional 
method, is given in Fig. 2, yielding the m-cll-known 
S-shaped curve. The same data plotted on the LR 
scale (cf. Fig. 1) yicld a straight linc with a slope of 
45" (Fig. 3). 111 both instariccs tlic ~ K B '  value 
(second apparent ionization constant of procaine) is 
easily found. 

The shape of the drionization curve of 0.1 M 
procaine is different, since between 0.3 and 0.4 F 
the unionized basc prccipitatrs and thc dcionization 
curve changes markedly. Particularly a t  20.0' the 
pH drops by about 0.6. Then. procccding in thc 
titration, the pH raises again, first slowly, and then 
more rapidly, the final (right) part of the curve 
closely reserriblirig the S-shaped dcionimtion curve 
of soluble basrs. 

Welir arid Koelzer (11) noted that other bases 
with local anesthetic activity behaved in a similar 
complex way, but thcy offered no explanation. 

Thc same data for 0.1 121 procaine were plotted 
on a chart with thc titrated fraction F cxprcsscd 
on the LK scale of Fig. 1. They yield a straight- 
line relationship between F and pH up to  the precipi- 
tation point, i.e., as far as the requirements of ISq. 5 
arc fulfillrd (Fig. 5). Then the pattern departs 
tnarkedly from thc straight linc and the thcorctical 
pattcrn is approached again toward the end of 
titration. 

By using a chart which yields a straight-line rela- 
tionship between titratcd fraction and pH whcn thc 
requirements of Eq. 0 are fulfilled, it  may be shown 
that, after prccipitation, thc theory described by 
Eq. 6 applies (Fig. 0 )  since the data arc now 011 a 
straight linc which has the theoretical slope. 

The irregularities of the deionization curve of 0.1 
ilf procaine shown by Fig. 4 are, therefore, rclated 
to the limited solubility of the unionized base and 
to the constant concentration of [R] in solution. 

In the example given by 0.1 M procaine the solu- 
bility of B is limited but not very low. The estima- 
tion of ~ K B '  obtained in Fig. 5 by extrapolation of 
the straight-hcd part of the deionization curve 
before precipitation may be considered reasonably 
precise, and so is the estimation of the maxiinum 
solubility of unionized procaine (Fig. 7). 

For substances with a low solubility of tlic union- 
izrd basc precipitation occurs after the addition of 
a very small amouiit of titrant and, due to the inter- 
fercncc of traiisieiit hypersaturation plieiiomeiia, 
the evaluation of the ~ K B '  hy extrapolation becomes 
rather arbitrary. A n  rxnrnple of this is given by 
hy the deionization curves obtained with 0.01 ill 
and 0.1 M Rec 7-0518, which. in the unionized 
form, has a solubility 1owc.r than 1 mmole/L. 
(Figs. 8 aiid 10 and Table I). Lk shown by Figs. 9 
arid 11 the tieionization of thc ltcc 7-0518 fits the 
theory of Eq. 6 tliroughout titration. In fact the 
relationship of the titrated fraction D ~ T S U S  the pII 
on a chart with F on thc L scalc is straight-hr and 
has thc slope required by Eq. G. Furthermore, the 
pH of tlie deioriization lines of 0.1 ild Rcc 7-0518 
is 1 unit higher than t h a t  of 0.01 A< Kec 7-0518, 
due to the fact that log S and, thercforc, a l s ~  log 
[BH ' 1  differ by one unit in thc two conditions. 

For substances with such properties both the 
pK,' and the maximum solubility valucs may be 
cstirnated only with rough approximation. Un- 

119.3 
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.01 .05 .1 .2 3 .5 .7G .9.95 F.99 

Fig. 8.- -1)eionization curve of 0.01 A T  Kcc 7-0,518 
plotted on a 1,K scale for F. Owing to t h e  very 
low solubility of the unionized form the process of 
precipitation starts a t  the very beginning of titra- 
tion (in the rarige or 0.05 F) .  TakinK account of tlie 
possiblc prcscncc of hypcrsaturation phenomena, 
it becomes difficult to evaluate exactly the max- 
imum solubility of Rec 7-0518. Since the calcula- 
tion of the pKu' value depends on tlic tiinximum 
solubility of the unionized basc, the ~ K B '  can hc 
estimated only with rough approximation, The 
figurc shows how thc ~ K ; B '  was cstimatcd as 8.70 
at 20.0" and as 8.20 a t  37.0'. 

5 

Fig. 9.-Rec 7-0518 0.01 M. Same da ta  of Fig. 
8 plotted on a L scale of F. After the precipitation 
point the theory described in Eq. G applies. A t  the 
bottom the theoretical slope (S) of the cleionjzation 
process according to Eq. 6 is shown. 

9 

PH 

8 

7 

6 

Rec7.0518 .1M 
5 

9 1  .05.1 -23 .5 ,7.8 .9 .95 r.99 

Fig. 70.-lkionization curve of 0.1 M Jiec XJ.518 
plotted on a LR scale for F. A t  this conrcntmtion 
it becomes still more dinicult to evaluatc the  maxi- 
mum solubility of the unionized form, since the 
precipitation obviously occurs a t  a lower tit ration 
point than Tor 0.01 ,ll Rec 7.0518. Thcrdorc, the 
calculafion of the ~ K B '  value beconics still iuore 
approximate. 
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TABLE 1 -APPARENT IONIZATION CONSTANTS OF THE INVESTIGATED BASES AND MAXIMUM SOLUBILITY OF 
THEIR UNIONIZED FORM A T  20.0" 4 N D  A 1  37 0'" 

_________ 

Procaine (11) 0.01 ill 
0 . 1  M 

BE 

0 . 1  l\!l 
BE 

0 .1  M 
BE 

Rec 7-0591 (I)  0.01 M 
0 . 1  12.I 

BE 

0 . 1  llf 
BE 

Rcc 7-0591 (11) 0.01 M 

8.95  
9.05 
9.0 
8.20 u 
8.00 
8 . 1  
8.78 
8.76 
8 . 8  
8.70 
8.60 
8 .7  
9.10 
8.92 
9 . 1  
4.60 D 
4.60 D 
4.6 
9.40 

? 
9 . 4  

8.70 
8.70 
8 . 7  
7.70 I) 
7.70 
7.7 
8.35 
8.40 
8 .4  
8.20 
8.00 
8 . 2  
8 .55  
8.40 
8 . 5  
4.32 D 
4.34 I) 
4 . 3  
9.40 

? 
9 . 4  

- Maximum Sulubility, minoles ~- 
Fiotn the Ueioniza- Spectruphotome- 

tion Curves trically Determined 
200 370 200 370 

S 
7 
7 
S 

18 
18 
2 
2 
2 
0 I 5 

? 
0 .5 
0 .4  

? 
0 . 4  
S s 
S 
0 . 8  

? 
0 . 8  

s 
38 
32 

S 
16 
16 
2 .5  
2 .5  
2.6 
0 . 5  
? 

0 . 5  
0 .4  

? 
0.4  
S s 
S 
0 . 2  

? 
0 . 2  

. . .  
12 
... 
. . .  

16 
. . .  
. . .  
2 
. . .  
. . .  
0.4  
. . .  
. . .  
0 . 8  
. . .  
I . .  

. . .  

. . .  

. . .  
0 . 5  

.. . . .  . .  

. .  . . .  . .  

. . 15 . .  

. .  . . .  . .  

. . 2 . .  

. . .  . .  
0.5 . .  

. .  . . .  . .  

. .  . . .  . .  

. .  . . .  . .  

. .  . . .  . .  

* Bl? = best estimate, based o n  the most reliable values; D = obtnined directly, without eatr-apolation; S = soluble at the 
investigated concentration; procaine I1 = second deionizatirrn of plocaine; lignocaine 11  = secund deionization of lignocaine; 
Rec 7~0591 I = fir-st deionization of Kec 7-0591; Rec 7-0591 I1 = second deionization of Kec 7.0591; H = a substantial 
amount of procaine (about 20%) hydTolyzes at the high pH d r i e s  of some steps of the experimental conditions. 

I I 

5 L/F- 
0 1  

Rec70518 1 M 
6 

- ,  
1 , l ' I  ' 4 ' I ' I ' l ' " ' ,  . - .  
2 3 4  5 6 7 8 F 9 

Fig. 11.-Rec 7-0518 0.1 M .  Same data of Fig. 
10 plotted on a L scale for F, in order to check the 
theory of Hq. 6. Besides by the straight-line 
alignment and by the slope of the data, the theory 
of Eq. 6 is verified also because the lines of Fig. 9 
(Rec 7-0518 0.1 M )  are higher by 1 pH unit than 
the corresponding lines of Fig. 11, as required by 
Eq. 6. since log S differs by 1 in the two conditions. 
Figure 9 becomes thus a right-hand continuation of 
Fig. 11. 

fortunately, interference by hypersaturatiun phc- 
nomena and othcr technical difficultics make the 
estimation of maximal solubility by other methods 
prohlematic too. Therefore, the ~ K B '  values and 
the maximum solubility values of bases with a very 
small solubility of the unionized form, obtnined by 
the described methods, must anyway be considered 
as very rough estimatcs. 

The comments on Kec 7-0518 apply also to Rec 
7-0544, since the solubility of its unionized form is 
also very low. 

Kec 7-0591 has two basic radicals which ionize: 
one is the 3-amino group, with a ~ K B '  valuc of 4.6 
a t  20" and of 4.3 a t  37", and the othcr is the tertiary 
amino group in thc ,~-diisopropylarnirlo~tllox~ 
chain, whose clietriical-physical features are similar 
to those of the same radical in Rec 7-0518. 

The results obtdincd with the investigated sub- 
stances are summarized in Table I which leads to 
the following grouping. 

( a )  Substances soluble enough in thc unionizcd 
form to remain in solution during the whole titra- 
tion when the titration is pcrformed on solutions 
with a concentration approsituating that of the 
pharmaceutical solutions and in thc range of pharma- 
cological activity. This category includes procaine 
and lignocaine at  0.01 A!l concentration and Rec 
7-0591 with regard to their properties during the 
first deionization process. The theory of Eq. 5 
applics and the pH versux log [B]/[BH+] is a 
straight-lined relationship (cf. Fig. 3 of 0.01 M 
procaine). The pKn' valurs can be determined 
directly. 

( h )  Substances with a more liniitcd solubility of 
the unionized base. The theory of Eq. 6 applies 
until full saturation of the solution with the union- 
ized base. Then the unionized form starts to 
prccipitatc and the theory dcscribcd by Eq. 6 
applies. This group includes 0.1 .M procaine 
(Figs. 4-6), 0.1 AT lignocainc, and 0.01 M and 0.1 iM 
cocaine. 

Maximum solubility of the unionized base and 
~ K R '  values must hc dctcrmincd indirectly but still 
may be estimated with good approximation. 
Phenomena of hypersaturation are often present 
and can hc demonstrated by plotting the data on an 
abscissa with a LR or 1, scale of Fig. 1. By thc 
linearization so obtained it becomes possible to 
detrrmine the actual concentration of soluble B 
tluriiig the remaining part of titration, when the 
cxccss of the unionized form precipitates. 

(6) Substances with a low solubility of the union- 
izccl base. This group includes Rec 7-0518, Rec 
7-0544, aricl Rcc 7-0591, the last with regard to its 
propcrtics during the second dcionization process., 
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where M is the quantity of base or acid which 
provokes a change in pH 

For a base .;oluble in its unionized form, the 
buffering capacity 6 versus the titrated fraction F 
is given by the lower curve of Fig. 12 and is equal to:  

1 

5DLUBLE B \ '  
0 1 2  3 4 5 6 7 8 g F 1 O  

Fig. 12.-Buffering capacity p z'erszis titrated 
fraction F of bases with insoluble unionized form 
or with soluble unionized form. The curves were 
calculated from thc differential p = dM/dpH arid 
substituting for pH thc right-hand member of 
Eq. 5 or, respectively, of Eq. 6. At a givcn con- 
centration, the buffering capacity of bases with 
insoluble unionized form is rnuch higher than 
that of bases with soluble unionized form. Further- 
more, the maximum buffering capacity for the 
first type of bases is at thc initial part  of titration, 
whercas it is at the medial part of titration for the 
:second type of bases. 

:Solubility of the unionized base and pK=' values 
may be determined only with rough approximation. 

DISCUSSION 

Drop of pH Concomitant with Precipitation.- 
This behavior is frequently seen with suhstanccs 
whose unionized base is sparingly soluble, e.g., 0.1 M 
procaine in Figs. 4-6. I t  is related to  phenomena of 
hypersaturation of the unionized base, so that an  
exccss of basc provokes the prccipitation of a part 
of [B] in Eq. 5 ,  and the pH drops according- to  the 
new equilibrium dcscribcd by Eq. 6. Thc maximum 
solubility of the unionized base, therefore, cannot 
always be deduced from the titrated fraction at the 
.moment of precipitation, but must be calculated 
:From the curve found after precipikation, cxtrapolat- 
'ing it in the direction of the first tract  of tlic dr- 
.ionization curve, as exemplified in Fig. 7. This 
;abrupt change of pH is nevcr seen during the hack- 
titration of the unionized base with a strong acid. 
In the back-titration the ionization curves follow 
the pattern of the dotted line of Fig. 7 and the solu- 
tion beconics clear at the point in which the dotted 
l h e  meets the first part of the ionization rurvc. 
which is then followed. This holds good for pro- 
caine and for all weak bascs genernlly, whish show 
ithe abrupt drop of pH during during dcionization. 

Buffering Capacity.-The tissue-tolerance for 
solutions with a pI-1 different from that  of the 
tissues depends partly on thc buffering capacity of 
the solution, since possible datnnge to  the tissues is 
related to  the quantity of basic or acid radirals 
iiccdcd for re-equilibrating thc pH. 'I'he buffering 
capacity is given by 

F - F' p = -  
log e 

The inavimurn value of f l  is at 0.5 titration, i.~., 

A base which is insoluble in its uiiionizcd form has 
when the pII = ~ K B ' .  

a much higher buflering capacity, equal to 

I-F p = -  
log e (Eq. 10) 

as shown by the higher curve of Fig. 12. 'Thc 
maximum value of B in this case is at zero titration. 
At a given concentration, a buffering systcm formcd 
by a base with limited solubility of the unionized 
form is, therefore, more damaging for the tissues 
than il system formed by a base with a good solu- 
bility of thc unionized fnrin, whcn the pH differs 
from that  01 the tissues by the same degree. This 
explains the observation of Wehr and Koelzer (11) 
that  low precipitation points on the pH or on the 
titration scale are correlntcd with low tolcrance. 

Effect of Temperature.-Conventionally ~ K B '  
values are determined at 20' or at othrr tempcra- 
tures close to  room tempcrature. 

As shown by Table I tlie pKu' at 37' is usually 
lower, by a value up to 0.6, than the ~ K B '  at 20". 
This phenomenon is relatccl to the influence of 
temperature on the ionization constant of water 
which is 14.167 a t  20.0' and 13.620 a t  37", with a 
drop of more than 0.5 unit. 

The invcstigatcd bases have, therefore, a stronger 
protoIi-accepting property a t  37' than a t  20' and 
measurements takcii at 20" or 25" can be misleading 
with regard to  any irifcrence on the tolerance of 
solutious for tissues a t  37".  

It is intcrestiug to notc that  for bases with a 
limitcd solubility ol the unionized form an increase 
of tlic solubility of this form has an cffcct compa- 
rable to an  increase of ~ K B ' ,  z.e., a shift toward a 
higher pH region of the whole dcionization curve. 
The increase of temperature has, therefore, two 
opposite effects on the position of thc ticionization 
curve: due to the increase of the solubility of the 
unionized basc, the deionization curve is shifted 
toward the top (q'". Eq. 6)  and due to the decrease o f  
the ~ K B ' ,  the curve is shifted toward the bottom. 
The second effect seems usually to prevail over the 
first. 

REFERENCES 

(1) Paike, T. V., and Davis. W. W.. A d .  Cizrm., 2 6 ,  
G42(1!?,54). 

(2) Hofstee, R. H. J., S c i r w c ,  131, :39(1060). 
( 3 )  Benet, L. Z . ,  aud Goyan, J. E., J .  Pharm. SrL, 54,  

~ l X 2 i l 4 6 . 5 ~  j _ . _ _  __,. 
(,I) Ib id . ,  54,  1179(1965). 
(5j Leeson, L. J . ,  and €31-own. I'd., ibid., 5 5 ,  4:31(1!466). 
( 6 )  Uruck:ey, H., Science, 129, 1492(195Y). 
( 7 )  Di-uckrey, H., Arz?,eimilleZ~l'ovsih., 3, 394(1Y53,) 
(8) Clai.k, W. NI., "Topics in Physical Chemistry," 

(9) Setnikar, I. ,  Aumeimillel Forsch., 16, 623(1966). 
William & Wilkins Co., Haltirnore. &Id. ,  1982, p. 262. 

(10) Ibid. ,  16, 1026(1966). 
(11) Wehr, K. H., and Koelzer, P. P.. ibid., 8, 88, 181 

(1958). 



Interaction of Di- and Tricarboxylic Acids 
with Glutaric Anhydride in Aqueous Solution 

By JOSEPH R. ROBINSON, ARNOLD J. REPTA, and TAKERU HIGUCHI 

Anionic forms of polycarboxylic acids such as succinic, citric, etc., interact reversibly 
and rapidly with glutaric anhydride in aqueous solution at  room temperature to 
produce species which undergo subsequent hydrolysis. The species formed in 
situ from citrate was reacted with aniline and the resulting products isolated by 
column chromatography. Results of the chromatographic study suggested a 
mechanism based on the initial formation of a mixed anhydride which cleaved to 
produce an anhydride of the attacking anionic species. Spectrophotometric in- 
vestigations have shown that the rate of formation and subsequent hydrolysis of the 
anhydride are dependent upon the pH and the buffer concentration. These reac- 
tive species are presumed to be formed to a varying extent in any formulation con- 

taining citrate, particularly under autoclaving conditions. 

ANY BIOCHEMICAL systems as well as phar- M maceutical formulations contain poly- 
carboxylic acids. Citric acid, tartaric acid, malic 
acid, aconitic acid, and succinic acid are examples 
of food acids which occur naturally and are also 
often used in pharmaceutical preparations. In 
an earlier report (1) i t  was shown that these acids 
exist in solution in equilibrium with their cor- 
responding cyclic acid anhydride forms which 
are capable of reacting with any nucleophilic 
species present. The present communication is 
concerned with results of studies designed to 
determine the rate and mechanism of transference 
or this anhydride character in a mixture con- 
taining two of thesc: polycarboxylic acid species. 
Specifically, the interaction of citrate species 
with glutaric anhydride was investigated. 

In  aqueous solution, since water is a weak but 
an effective nuclcophile, acid anhydrides undergo 
relatively rapid hydrolysis with half lives of t.he 
order of minutes. In  the presence of other more 
potent electron donors, which are often con- 
stituents of frequently iiscd pharmaceutical 
buffers, other reactions may take place pref- 
erentially. Thus, i t  has been suggestcd that 
acetic anhydride reacts with propionate ions with 
subsequent formation of a mixed anhydride (2). 

Scheme I as written would be expccted to be 
largely irrcvcrsible in the presence of a large 
exccss of the attacking carboxylate species. 
If an analogous reaction takes place between a 
cyclic anhydride and a polycarboxylic acid species, 
on the other hand, an cquilibrium system such as 
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CH3-C-O-C-CH2-CH3 
Scheme I 

that shown in Scheme I1 may be expected to take 
place 

Formation of citric anhydride probably results 
from intramolecular attack from the neighboring 
carboxyl group of the citrate moiety on a carbonyl 
carbon in the mixed anhydride. The mixed 
anhydride may also revert back to glutaric 
anhydride by the same mechanism and is 
probably present only in relatively low con- 
centration. 

The present investigation was designed to 
determine whether the postulated reactions would 
occur and to establish the individual rates and 
products of the system. This was done by- 
observing spectrometric changes in the reacting 
systems and by chromatographic analysis and 
identification of the end products. 

RESULTS AND OBSERVATIONS 

Spectrophotometric Studies.-Glutaric anhydride 
has a characteristic ultraviolet absorbance spectrum 
that can be utilized to follow its hydrolysis in 
aqucous solution. When citric acid is employed as 
a buffer at a pH where substautial quantities of the 
di-ionized species are present, a change in ultraviolet 
absorbance is observed. This interaction can be 
conveniently followed since the reactants, inter- 
niecliate species, and thc final products apparently 

1 Higuchi el al. (3) have also shown that  acyl exchange of 
Their paper hhould this type takes place with great facilily. 

be conslilted for specific details. 
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glutaric + citratc-- 
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glutaric 
acid acid 

Scheme I1 

possess sut3icicntly diffcrcnt ultraviolet molar ab- 
sorptivities to permit observation of the various 
reactions. .4 typical absorbance change at 248 
mp with time for a system coritainirig initially 7.05 
x 10-3 moles of glutaric anhydride in 0.3 :If 
citrate buffer at pH = 5.0 is shown in Fig. 1. 
‘I‘herc is a small increase in absorbance initially, 
followed by a logarithmic approach to an equi- 
librium value. This corresponds presumably to 
a G + B G C --L L) type relationship where spccics 
C possesses a slightly higher molar absorbance 
than the reactants or the final product. The cx- 
perimental observation noted above is in agree- 
ment, at least in form, to the reactions implicit in 
Schcme 11. 

It is apparent from the proposed reaction scheme 
that there are two possible species which could 
corrcspond to  species C, the mixed anhydride and 
citric anhydride. Similarly, thc deterioration of 
thc species could be attributable to decotnpositiori 
of the mixcd anhydride or hydrolysis of citric 
anhydride. 

If one assumes k,  >> k l ,  k - l ,  kz, kz, and k,, and 
that k-& is negligiblc,2 the concciitration of species 
such as citric anhydride can be expressed as:  

[ e -kr l  - e - ( k l [ B ]  + k,jt]  (Eq. 1) 

where [CAI = citric anhydridc, [GA] = glutaric 
anhydride, and [B] = citrate buffer. If the ab- 
sorbance of a reacting systcrn initially coutaining 
glutaric anhydride and citrate is followed at 248 
nip, a plot of log [ A T  - Am]  against time (where 
A I’ is the absorbance at any time, t ,  and ,4m is thc 
limiting absorbance) will yicld a straight liue in 
thc terminal phase, provided ( k l [ B ]  + k , )  >> k,. 
This is because undcr such a circumstance [ A T  - 
.4 j will he expected to be esseritially proportional 
to the conccritration of citric anhydride when the 
total anhydride concentration becomes very small. 
The slope of thc logarithmic plot would then be 
equal to -kr. Extrapolation of this line will give 
an  imaginary (Ao’ - A , )  value (which is propor- 
tional to [CA] ) at timc zcrn. i\ semilogarithmic 
plot of [ ( A  7’’ - A ..) - (-4 1‘ - A m)] against time 
mill yicld a linear relationship with a slope equal t o  
- ( k l [ B ]  + kuj .  

The ratcs of appearmce {corresponding to (k l  [B] 
+ k , ) ]  of the strongly absorbing intermediate 
species (citric anhydride?) were determined from 
plots of (‘4~’ - . I T )  for systenis at several pH 
values and different buffer conccntrations. Re- 
sults are shown in Fig. 2. The data suggest that  
the initial reaction between the anhydride and 
citrate probably involves the di- and/or tri-iouized 
form of citric acid. 

The apparent rates of loss of the active species 
( k , )  determined as outliued abovc are shown iu 
~~ 

2 Pseudo first-order conditions were maintained and 
there was always at  least a sixtyfold excess of citiate buffcx. 

43 80 120 160 2CO 

SECONDS 

Fig. 1.-Semilogarithmic plot of absorbance 
change a t  248 mp for the systcm glutaric anhydride 
in citrate buffer. pH = 5.0, 0.3 iI.1 citrate; T = 
23”. 

Fig. 3 for several values of p H  and various buffer 
concentrations. The pH range studied was limited 
to that  where citratc behaved cffcctivcly as a buffer. 
Based on  the proposed rrieclianistri of relatively rapid 
formation of citric anhydride followed by a slower 
hydrolysis, the apparent pH clcpericlency could be 
ascribcd to a slower rate of formation of citric 
anhydride a t  lower pH valucs arid buffer conceii- 
trations. ‘l‘he relationship presented above pcr- 
mitting separation of the individual rate constants 
requires that  ( k r [ B ]  + k , )  be a t  least 4 to 5 limes 
larger than k,. Since in the lower pH range this 
minimum ratio in the reaction velocities is not 
apparently obtained, the limiting slopes do not 
reRcct the true mngnitudc of k,, in this range. 
The terminal slopcs above pH = 4..5 are considered 
to reflect the true values of k ,  i n  that  at these pH 
values, the rate of fo r ruahn  is curisiderably faster 
t]ian the subsequent hydrolysis. In Fig. 3 .  above 
p€I = 4.5, the lines connecting the experimental 
points CXtPdpOkItC hack to a common v a h e  of 11.5 
x 10-3 set.-'. This is assumed to  br the rate 
constant for hydrolysis of citric anhydride in watw. 

The observed decrease in absorbance niay also 
he attributed to slow disappcat‘ancc o f  the mixed 
anhydride (to foriri citric anliydridc~) followed by 
rapid hydrolysis of citric anhydride. A rnechanistn 
such as this would require that  the gluturic-citric 
mixed anhydride ivould be R relatively stable species 
which would not be c%upcctccl hasetl oil the struc- 
tui-e. Direct hydrolysis ol tlic iiiiaed anhydride 
is also a possibility, but again a stable rnisrd 
anhydride could be required. Further work is 
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required to definitely establish which mechanism 
is correct, but intuitively the schcme involving rapid 
formation of citric anhydride followed by a relatively 
slow hydrolysis would seem the more likely. 

Chromatographic Studies.-Although results of 
rate studies were strongly indicative of formation 
of citric anhydride spccics from mixtures of glutaric 
anhydride and citrate buffers, the data  were riot 
considcrcd dcfinitc by themselves. Attempts wcrc 
made to  substantiate these findings by direct chem- 
ical examination of the reacting systems. The 
procedure adopted was isolation and quantification 
of the reaction products resulting from addition of 
aniline to  the anhydride mixture, all anhydride 
species prcscnt presumably reacting extremely 
rapidly with the strong nucleophile aniline. 

Separation of reaction products following addition 
of aniline to  the reacting systems are evident in the 
chromatogram shown in Fig. 4. The particular 
run contained initially 0.3 M p H  = 5 citrate buffcr 
and 3.95 X moles of glutaric anhydride with 
a trace of dioxanc. The reaction was quenched 
with aniline after 30 sec. and separated by column 
partition chromatography and analyzed by ultra- 
violet spectrophotonietry as dcscribcd earlier (4). 
The double peak ascribed t o  citric nionoanilide 
corresponds to the isonieric forms as previously 
suggested (4). Elemental analysis, equivalent 
wcight, ultraviolet spectrum, and infrared spectrum 
of the compounds corrcsponding to peaks 1 and 
2 were determined and found to be compatible with 
that  of citric nionoatiilidc. 

Supportive evidence to corroborate the pcjstulate 
that  the two peaks correspond to  the isomeric 
forms of citric monoanilide was obtained by hy- 
drolyzing citranilic acida and chromatographing 
thc resultant products. Random hydrolysis of 
this citric acid h i d e  will produce the two isomeric 
monoanilides of citric acid. Chromatographic 
separation of this mixture in the same manner as 
that  employed for the anilides formed in the glutaric 
anhydride-citric acid mixture gave two peaks. 
The retention volume required for these two peaks 
was the samc as that required for the two peaks in 
the glutaric-citric case. 

I t  is conceivable that  citric monoanilide could 
have formed through a lactonc intermediate. 
However, previous work with the lactones of tartaric 
acid ( 5 )  has shown them to  be unreactive toward 
aromatic airlines under the conditions employed 
here, and therefore, this was ruled out as a possible 
pathway. 

Citric monoanilide theoretically could have 
been formed through a mixed anhydride as well as 
citric anhydride. Previous work has shown (6) 
that  addition of aniline to a mixed anhydride 
usually gave anilidcs of both compounds. Dc- 
pending upon the nature of tlic mixed anhydride. 
the yield of one of the anilides may he favored 
over the other. When aniline was added to the 
reaction mixture where the pII of citrate buffer 
was 2.0, citric monoanilidc could not be isolated.' 

TOTAL CITRATE CCNCENTRATION N/L) 

Fig. %.-Rate of formation of the species fortrid 
from the glutaric-citric systcm at various pH values 
and different buffer concentrations. 

I I I I 

01 0 2  0 3  0 4  0 5  

TOTAL CITRATE CONCENTRATION (WL) 

Fig. 3.-Observed rate of hydrolysis of the species 
formed from the interaction of glutaric anhydride 
in  citrate buffer a t  various pH values arid different 
buffer concentration. Key: 0 ,  1 M KCI; 0, Hi0. 

citric 2.5 - 
glu,arlc monoanilide W 

a 
m 
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[L 
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0 5  

9 I2 I3 18 21 241 2 7  30 33 36 39 

FRACTION NUMBER 

Fig. 4.-Typical chromatograni for the anilides 
formed by addition of aniline to  the reaction mix- 
ture. The reaction was quenched with aniline 
after 30 see. The eluatc was extracted with 0.1 N 
NaOH and tlic alkaline solution aualyzed spectro- 
phototrietrically itt 241 mfi. 

8 Citranilic acid was prepared according to Higuchi el at. 
(4) ,  m.p. 187-188" (litcratuie values vary fi-om 185-189'). 
ivlollruular weight dcterniincd by dii ect titration with sodium 
hydroxide mas found to be 253 (calculated 249). 

At pII = 2.0,  the fraction of aniline in the protonated 
f c ~ r m  is quitc high and then-efore a large excess was employed. 
Isolation 01 glutaric moiioanilide from the reaction mixture 
indicated that sufficient unyi-otonated aniline was present 
ttl 1-cact with anhydrides in the system. 
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presents :t possible pathuay for drug loss from 
solution. Equally important is thc possibility that  
a myriad of products could result. 

0.1 0 1  

TOTAL CITRATE CONCENTRATION (M/U 

Fig. 5.--r)isappcarancc of phtlialic anhydridc a t  
302 mp as a function of pH and buffer concentra- 
tion. 

A.t a pH = 2.0, using 3.08 and 4.74 as the rcspectivc 
first and second ionization constants of citric acid 
( 7 ) ,  the monoionized and frec acid would be present 
almost exclusively with very little of the di-ionized 
species present. If the tnonoionizcd citrate species 
can attack glutaric anhydride, and since citric 
monoanilide was not isolatcd, i t  is reasonable to 
assume that either the mixed anhydride is present 
in a very low concentration or that  glutaric mono- 
anilide is exclusively favored in this system. 

An additional system that was tried was glutaric 
anhydride in a pH = 5.5 acetate buffer. Addition 
of aniline to  this reaction inixturc did not produce 
any acctanilidc. This would indicate that this 
system, like the previous one, hydrolyzcs our an 
unstablc mixcd anhydridc or formation 01 glutaric 
mionoanilide is exclusively favored. An altcrnative 
piossibility is that  acctatc ion serves as a general 
b:ise in this systcni. 

To demonstrate the generality of the reaction, 
ptithalic anhydride was used in place of glutaric 
anhydride. Phthalic anhydride hydrolysis was 
fclllowed at 315 rnp in citrate buffer. Unlikc the 
glutaric casc, there was no apparent anomaly oh- 
s a v e d  i n  the ultraviolet spectrum, indicating that  
if a new spccics was being formed in solution, i t  
had less absorbancc at this wavelength than the 
reactants. The rate of hydrolysis of phthalic 
anliydridc as a function of pH and buffcr conccntra- 
h t i  is sltown in Fig. 5. ,4pparcntly this system, 
like glutaric anhydride, is sensitive to  the di- and/or 
tri-ionized species of citric acid. Addition of ani- 
Iinc to the reaction mixture in a manner the same 
as beforc gave substantial quantities of citric 
monoanilide. This indicates that  phthalic ati- 
hydride likr glutark anhydride is capable of react- 
ing with citrate to form a species in solutioii which 
has anhydride properties. 

DISCUSSION 

Polycarboxylic acicls are often uscd in combination 
asl buffer compoueuts; in light of the finclings of 
this study an cxchaugc of anhydride character also 

EXPERIMENTAL 

Equipment and Reagents.-A Cary niodcl 11 
M.S. recording spcctrophotorneter was utilized for 
thc spectrophotometric determinations. All pH 
measurements were made with a Beckman Zero- 
matic pH meter with an expanded scale. 

Aniline was purificd by repeated distillation and 
was stored under nitrogen prior to use. IXoxanc 
was purified according to Vogel (8). Glutaric 
anhydridc was recrystallized from ether until a 
i11.p. of 56-57' was obtained. All other chemicals 
were of analytical or reagent grade. 

Procedure for Kinetic Runs on Citric Acid- 
Glutaric Anhydride Reactions.-Citrate buffers of 
appropriate concentration and pH were prepared. 
One-hundred microliters of a 0.450 M glutaric nn- 
hydride in dioxane solution was mixcd with 6 ml. 
of citrate buffer in a 2-cm. photometer cell. The 
reaction was followed spectrophotometrically at 
248 m p .  411 reaction solutions were equilibrated 
a t  26 f 0.1' prior t o  use. 'I'hc conccntration of 
dioxane uscd in all cases was determined to have 
a ne.gligible effect on thc rate constants. 

Procedure for Kinetic Runs on Citric Acid- 
Phthalic Anhydride Reactions.--Citratc buffers of 
appropriatc concentration and pH were prepared. 
Fifty microliters of a 0.0338 M phthalic anhydride 
in dioxane solution was mixed with 6 ml. of citrate 
buffer in a 2-cm. photutneter cell. The reaction was 
followcd sprctrophotnmctrically at 302 mp. All 
reaction solutions were equilibrated at 25 f 0.1" 
prior t o  use. 

Chromatographic Separation of the Reaction 
Mixture.-The chromatographic columns were prc- 
pared as outlincd in a previous communication 
(4). The reaction mixture was prepared by adding 
15 ml. of citrate buffer to 100 pl.  of a 1.58 M glutaric 
anhydride in dioxane solution. The reaction was 
allowed to continue thc requisite period of time and 
was quenched with 4 nil. of a 0.33 A4 aqueous aniline 
solution. Thc pH was adjusted to 3.13 with HC1 
and a 5-nil. sample was placed on the column with 
5 Gin. of silicic acid. The eluting solutions con- 
sisted or 100 ml. each of chloroform, 1.5"/L butanol 
in chloroform, 10%) butanol in chloroform, and 305/; 
butanol in chloroform; each solution was saturatcd 
with the internal phase prior t o  use. The eluate 
was collected in 10-ml. fractions; the collecting 
vcssel was rinsed with 10 1111. of clilorofortn and 
addt-d to the lO-inI. fr:tction. Each sample was 
extracted with 80 ni l .  of  0.1 N PiaOH. 

Preparative Chromatography of the Reaction 
Mixture.--A chrornatograpliic column with the 
following dimensions was employed: length : 
60 cm., i.d. = 3.40 cm. Three-hundred grams of 
silicic acid was utilizcd as the support aiid 300 ~ n l .  
of pH 3.13 phosphate buffer was employcd as the 
internal phase. The eluting solutions consisted of 
500 ml. each of chloroform, 1.5Ojn butanol in ehloro- 
form, 5% butanol in chloroform, 15(;5 butanol in 
chloroforrn, and 3.57;, butanol in chloroform; each 
solution was saturated with thc internal phase 
prior to use. 'The reaction mixture was prepared 
by mixing 100 ni l .  of 0.3 :LZ pH = 5 citratc buffer 
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and ultraviolet spectra were characteristic of an 
anilide. NMR spectrum strongly suggested this 
to be the symmetrical isomer, 2-hydroxy-2-N- 
phenylcarbamide-l,3-propanedicarboxylic acid. 

Citric Monounilide-2.-This was recrystallized 
from chloroform, m.p. 127-128'. Molecubar weight 
determined by direct titration against sodium hy- 
droxide solution was 270 (calculated 268). 

Anal.-Calcd. for C, 63.94; H, 4.87; N, 5.23.  
Found: C, 53.87; H, 4.8.5; N, 5.20. 

Infrared and ultraviolet absorption spectra were 
characteristic of an anilide. KMR spectrum sug- 
gested this to be thc unsymmetrical isomer, 2- 
hydroxy - 1 - N - phenylcarbamide - 2,3 - propane- 
dicarboxylic acid. 
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this solution was placed on thc column with 30 
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50-ml. fractions. The solvcnt was removed from 
each sample under reduced pressure and a mixture 
of chloroform-petroleum ether added to precipitate 
the compounds. 

Characterization of Reaction Compounds.-Glu- 
Lark Monounilide.-This was recrystallized from 
nicthanol-water, m.p. 129-130". Molecular weight 
found by direct titration against standard NaOH 
was 205 (calculated 207). Known glutaric mono- 
anilide was prepared by adding glutaric anhydride 
dissolvcd in dioxane to an aqueous solution of 
aniline. The sparingly soluble anilide precipitated 
and when recrystallized gave a m.p. 129-130'. 
Both known and unknown compounds gave iden- 
tical infrared arid ultraviolet absorption spectrums. 

Citric Monoani1ide.-1 .-This was recrystallized 
from chloroform, m.p. 136-137". 

Anal.-Calcd. for C, 53.94; H, 4.87; N, 5.23. 
Found: C, 53.90; H,4.94; N, 5.3. 

Molecular weight determined by direct titration 
against KaOH was 269 (calculated 268). Infrared 
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Interaction of Acetic Anhydride with Di- and Tri- 
carboxylic Acids in Aqueous Solution 

By ARNOLD J. REPTA, JOSEPH R. ROBINSON, and TAKERU HIGUCHI 

Earlier studies have shown that cyclic anhydrides, such as succinic, glutaric, etc., 
interact with citrate ions in  aqueous solution to  form what appears to be a citric 
anhydride species. These interactions have been assumed to be highly reversible 
through intermediate formation of a mixed anhydride. The present studies were 
concerned with a comparable system which was expected to be essentially irrevers- 
ible. Spectrophotometric investigations have shown that acetic anhydride ap- 
parently reacts with citrate in  aqueous solution to form a new species which under- 
goes rapid hydrolysis. The rate of the initial reaction and the rate of the subsequent 
step appear to depend on  the citrate concentration and pH. Results of chroma- 
tographic studies o n  products obtained by reaction with aniline at different phases 

of the reaction are presented. 

N AN EliRLIER report (I), experimental evi- I dence was presented which suggested that 
glutaric and presumably other cyclic anhydrides 
formed a n  equilibrium system in the presence 
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of a large excess of citrate buffer in which the 
total anhydride concelitration was distributed 
among glutaric anhydride, citric anhydride, and 
perhaps g-lutariecitric anhydride. An attempt 
has been made in the present study to obtain a 
clearer picture of the reacting system by em- 
ploying acetic anhydride to  furnish the initial 
anhydride concentration; the noncyclic anhp- 
dride not being expected to  participate effectively 
in any reversible process. 

If the forward reaction pathway remains essen- 
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of a large excess of citrate buffer in which the 
total anhydride concelitration was distributed 
among glutaric anhydride, citric anhydride, and 
perhaps g-lutariecitric anhydride. An attempt 
has been made in the present study to obtain a 
clearer picture of the reacting system by em- 
ploying acetic anhydride to  furnish the initial 
anhydride concentration; the noncyclic anhp- 
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ki k3 
acetic anhydride + citrate + mixed anhydride citric + acetic 

k-a anhydride acid .1 kw k? 
acrtic acetic + citrate .1 fi4 

acid acid citrate 

Schcme I 

tially the same as in the cyclic anhydride case, a 
mixed acid anhydride species would he formcd 
by interaction of acetic anhydride and citrate ion. 
The loss of the acetate in this step would, how- 
ever, make formation of the mixed anhydride 
irreversible. The net effect of this would be to 
drive the rcaction to the right. The proposed 
reaction is shown in Scheme 1.l 

In the presen-t investigation the differences in 
the charac1,eristks of this irreversible system 
from those of the previously studied reversible 
system have been explored. 

RESULTS AND OBSERVATIONS 

Spectrophotometric Studies.-Although acetic 
anhyclride hydrolyzes rather rapidly in cold water 
( t , lz  E 5 min. a t  2,5"), it appears to be capable nf 
reacting with nucleophilic species such as citrate 
anions. When the hydrolysis is followed spcctro- 
photometrically a t  248 mp in citrate buffer, at pH 
values where there is an appreciable quantity of di- 
ionized citrate, a spccies appears to be formed which 
has an ultraviolet absorptivity greater than the 
original anhydride. The absorbance-timc profile 
obscrvcd for a system initially containing 1.08 X 

M acetic anhydride in 0.3 11.1 citrate buffer, 
pH = 5 and 25", is shown in Fig. 1. 'The shape of 
the plot suggests that the reaction involves relatively 
rapid formation a.nd subsequent hydrolysis of some 
intermediate species. 

As shown -previously (l), the concentration of 
citric anhydride can be expressedz as: 

If (kL [ B ]  -I- k,) >> kq, a semilogarithmic plot of 
( A  - A,)  against time (where At is the absorbance 
a t  any time I and A ,  is the limiting absorbancr) 
will have a tcrminal slope equal to -ka Eutrap- 
ulation of this terminal line to zero tinie will give a 
value (Au' - A,: which corresponds to the imagi- 
nary absorbance of the new species a t  time zero. A 
semilogarith~nicplotof [(At' - A m )  - (At - A m ) ] ,  
a t  various trmes, against time will yield a linear 
rclationship with .I slope equal to - ( k l [ B ]  + kw) .  

The rates of appearance ( R ,  [ B] + k , )  of the more 
strongly absorbing species in the system are influ- 
enced by btu th hydrogen-ion concentration and 
buffer concentration as shown in Fig. 2. As is evi- 
dent from the plois, the rate uf formation appears to  

1 The reaction steps kY,  k2, and ka are considered irrevers- 
ible, since under the conditions employed here (25O, aqueous 
solution) the reverse reaction would be negligible (2). 

2 The assumptions involved in this derivation are the Same 
as previously reported ( I ) .  The reaction step, ka, is con- 
sidered irreversible since at least a sixtyfold excess of buffer 
was employed at all times. 

2 0 -  
,-"-A* 

',-A+ 

0 2  - 

100 200 
Seconds 

Fig. 1 .-Semilogarithtnic plot ol absorbance 
change a t  248 rnp for the system acetic anhydride in 
citrate buffer. pI1 = 5.0; T = 26". 

depend upon either the di- and/or the tri-ionized 
form of citric acid. It should be noted here t h a t  the 
apparent transfer of anhydride character was ob- 
served only at  a pH = 3 or greater whcrc the con- 
centration of di-ionized citrate was appreciable. 

The observed rates of loss (k4) of the ncw species, 
found from the terminal slopes as described above 
arc shown in Fig. 3 for various pH values and dif- 
ferent buffer concentrations. From the proposed 
reaction Scheme I, if k4 >> ks, one would be essen- 
tially observing thc rate of loss of the mixed anhy- 
dride. Similarly, if ka >> k4, the observed hy- 
drolysis would be that of citric anhydride. I t  is felt 
that the latter situation probably exists and that 
acetic anhydride reacts with the citrate buffer to 
produce citric nuhydride which subscqueiitly under 
goes hydrolysis. 

Thc apparent dependency upon hydrogen-ion 
concentration observed in Fig. 3 can be explained on 
the basis that if the rate of formation of citric anhy- 
dride is slow a t  low pH values arid low buffer con- 
centration, extrapolations of the terminal slope does 
not reflect the true hydrolytic rates for the dis- 
appearance of the species. It is suggested, there- 
fore, that only above pH = 6 is the terminal slope 
representative of the true hydrolytic ratc of citric 
anhydride. 

The pH dependency is similar to that observed in 
the glutaric anhydridecitric acid case (1 ) .  The 
extrapolations of the higher pH values to zero buffer 
concentration would be expected to yield the un- 
catalyzed hydrolytic rate for citric anhydride. 
Since in both systems citric anhydride is apparently 
formed, the extrapolated rate value should be the 
same. The value of 11.5 X scc.-I obtained in 
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TOTAL CITRATE CONCENTRATION (MIL) 

Fig. 2.-Rate of formation of the species formed 
from the acctic anhydride-citrate system at  various 
pH values and different buffer concentrations. 

SECONDS 

Fig. 4.-Absorbance-time profile for acetic anhy- 
dride, initial concentration 4.5 X 1W3 Al, in 0.5 M 
phthalate buffer, The absorbance change was fol- 
lowed at  315 mp. pH = 5 . 5 ;  T = 25". 

TOTAL CITRATE CONCENTRATION (MIL) 

Fig. 3.-Observed rate of hydrolysis of the species 
formed from the interaction of acetic anhydride in 
citrate buffer a t  various pH valucs and different 
buffer concentrations. Key: 0,  1 M KCl; 0, 
H20. 

this investigation is in good agreement with that 
reported in the earlier work (1). 

Apparently the pH values, neccssary to obtain a 
limiting maximum rate constant upon extrapolation 
to zero buffer a t  a given pH, are higher (pH = 6.0) 
for the present case than those found for the glutaric- 
citrate case (pH = 4.5). This dependence may be 
rationalized on the basis of steric effects. Since 
both glutaric and acetic anhydrides have approxi- 
mately the same ratc of hydrolysis in water, one 
cannot ascribc the observed phenomenon singly to 
the different sensitivities of the two species to 
nucleophilic attack, 

As prcviously mentioned (l), thc data presented 
can also bc rationalized by an alternate pathway. 
This essentially requires that the rate-determining 

step corresponds to the decomposition of the mixed 
anhydridc A mcchanism such as this requires that 
acetic-citric anhydride be a relatively stable species 
which seetns unlikely. It should be pointed out 
that direct hydrolysis of the mixed anhydride is also 
possible, but the slow rate of hydrolysis observed 
would again rcquire that the mixed anhydride be a 
relatively stable species. 

The catalytic effect of citrate buffer on the hy- 
drolytic rate of the assumed citric anhydride has 
becn observed with other anhydrides. An example 
of this is the catalytic hydrolysis of acetic anhydride 
by acetate ions. The most acceptablc theory for 
this catalysis is a general base effect, since nucleo- 
philic attack would result in an identical anhydride 
(3). A general base effect might be a satisfactory 
cxplanation in the citrate case, but it should be 
pointed out that attack of citrate ions on citric 
anhydride would produce an intermediate citric- 
citric anhydride which could undergo hydrolysis 
at a faster rate than citric anhydride. 

Supportive evidence for the formation of citric 
anhydride rather than the mixed anhydride was ob- 
tained by using phthalate as the buffer rather than 
citrate. Addition of acetic anhydride to phthalate 
buffer produces a species which can be followed a t  a 
wavelength where there is no interfering absorbance 
from thc acctic anhydride. As shown in Fig. 4, a 
species forms and subscquently undergoes hydroly- 
sis. Applying the same kinctic treatment as was 
described for the citric case allows for separation of 
the individual rate constants. Figure 5 shows the 
rate of disappearance of this species as a function of 
phthalate concentration and pH. The proposed 
mechanism for this interaction is relatively rapid 
formation of phthalic anhydride, followed by a 
somewhat slower hydrolysis. The apparent pH 
dependency observed here is explained on the same 
basis as the acetic anhydride-citrate case, i e . ,  at  
low pH valucs and low buffer concentrations the 
rate of formation is slow, and, therefore, extrapola- 
tion of the terminal slope does not reflect the true 
hydrolytic ratc. Above pH = 5.5 the limiting 
intercepts a t  zero buffer concentration value giving 
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an uncatzdyzeil velocity constant o f  9.B x 
S C C . - ~  which is in good agrccrnriit with reported 
work (4).  

Because of the sparingly soluble nature of phthalic 
anhydride, it w a s  possible to  isolate it from the reac- 
tion mixture. Addition of excess acetic anhydride 
to the phthalatc buffer gave a copious precipitate 
which redissolved upon standing. Isolation and 
characteri:z:ttion of this precipitate showed it to be 
phthalic anhydride, lending support t o  thc hypoth- 
esis that  the mixed anhydride has only a transi- 
tory existence in systems containing acetic anhy- 
dride and various carboxylic buffers, 

Chromatographic Studies.-The presence o f  a 
citrate species possessing anhydride properties can 
be dcmonstratcd by addition of aniline to  the reac- 
tion mixture as has been previously noted (5). The 
anilides that  :ire produced can be separated by 
chromatography as shown in Fig. 6. The typical 
chromatognzphy run demonstrated in Fig. 6 was 
carried out using a 0.3 M ,  pH = 5 citrate buffer, 
atid 8.0 X ] . O F  rnoles of acetic anhydride; thc reac- 
tion was c~uenclied with aniline after 40 sec. The 
double peak corrcsponding to the two isomers of 
citric monoanilide is again in good agreement with 
earlicr work (5 : ) .  Verification that  the peaks corre- 
spond to the two isomeric forms of citric monoanilide 
was carried out as previously described (1 ) .  

Determinatim of the Citric Anhydride-Time 
Profile by the Aniline Method.-The citric anhy- 
dride concentration in a mixture containing initially 
only acetimc anhydride and citrate buffcr can be 
cstirnated hy quenching the reaction system with 
aniline and determining the concentration of the 
total citric monoanilide products. The anilides 
formed from samples drawn a t  different times dur- 
ing the course of the reaction werc separated by 
column partition chromatography and the total 
yield of citric monoanilide dctermincd. 'I'hc re- 
sults arc shlciwn in Fig. 7. The indicated concentra- 
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tinn nf citric anhydride as reflected by the total yicld 
nf citric rnonoaniliclc apparently increased initially 
with time. T h e  data suggcst that  the hydrolysis of 
citric anhydride resulted in a decrease in the amount 
of the anilidri formctl in the terminal phase of the 
reaction. The yield of citric anilide was calculated 
based on a molar absorptivity for the citric mono- 
anilide of 11,000. 

It is apparent in this system that the anilide 
could have been formed from the mixed anhydride 
or from citric anhydride, although the spcctro- 
photometric evidence prescnted supports citric 
anhydride rather than a mixed arihydride 

DISCUSSION 

These studies indicate that,  although the irrevcrs- 
ihlc interactions of acetic anhydride with citrate 

I I I 
01 0 2  03 0 4  0 5  O E  

I I  

TOTAL IPHTHALATE CONCENTRATIOY (MIL) 

Fig. 5 --'Observed rate of hyclroly\is of the species 
formed froln the interaction of acetic anhydride in 
phthalate biiffe~ a t  various pH values and different 
buffer concentrutions. 

3 0  
CltriC 

FRACTION NUMBER 

Fig. 6.-Typicdl chronintogram for the anilides 
formed by addition of aniline to  the acetic anhy- 
dride-citrate system. The reaction was quenched 
with atiiline after 40 sec. The cluate was extracted 
with 0.1 N XaOH and the alkaline solution analyzed 
spectrophotomctrically at 241 nip. 

SECONDS 

Fig. :.-Total yield of citric motioanilidc for the 
acetic anhydride -citrate system. The various 
points were obtained by withdra\~ing samples from 
the rraction mixture a t  various times and quenching 
the reaction with aniline. The total citric mono- 
ariilide present was thcn determined. pH = 5, 0.5 
i l l .  
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Preparative Chromatography of the Reaction 
Mixture.-A chromatographic column was prrpared 
as previously reported (1). The reaction mixture 
was prcpared by adding 100 ml. of pH = 5.0, 0.3 M 
citrate buffer to 4 ml. of a 1.08 M acetic anhydride 
in dioxane solution. A t  the end of 60 SPC. the reac- 
tion mixture was quenched with 27 ml. of a 0.33 
aqueous anilinc solution. The reaction mixture was 
placed on the column in the previously outlined 
rnanncr and the cluatc was collccted and treated as 
reported (1). 

Characterization of Compounds.-Acetani1ide.- 
This was recrystallized from methanol, m.p. 114- 
11.5". Commercial acetanilide was rerrystallized 
from methanol and gave a m.p. 114-115". A mix- 
ture of the known and unknown sample gave no de- 
pression of tlie melting point. In addition, both 
known and unknown samples gave identical infrared 
and ultraviolet absorption spectra.. 

Citric Monoanilide.-1 .-Anal.-Calcd. for C, 
53.94; H, 4.87; N, 5.23. Found: C, 54.09; H, 4.92; 
N, 5.22. 

Molecular weight determined by direct titration 
against NaOH was found to be 271. (Calcd. 268.) 
Infrared and ultraviolet absorption spectra were 
characteristic of an anilide. The NMR spectrum 
strongly suggcsted this to be the symmetrical iso- 
mer, 2-hydroxy-2-N-phenylcarbamide-l,3-propane- 
dicarbnxylic acid. 

Citric MonoaniZide.-2.-Tliis was recrystallized 
from chloroform, m.p. 127-128'. Molecular weight 
determined by direct titration against sodium hy- 
droxide solution was 270. 

Anal.-Calcd. for C, 53.95; H, 4.87; iV, 5.23. 
Found: C, 53.98; H, 4.92: N, 5.19. 

Infrared and ultraviolet absorption spectra were 
characteristic of an anilide. NMR spectrum sug- 
gested this to bc the unsymmetrical isomer, 2-hy- 
droxy- 1 - N - phenylcarbamide - 2,3 - propanedicar- 
boxylic acid. 

Phthulic Anhydride.-This was recrystallized 
from chloroform, m.p. 130-131'. Commcrcial 
phthalic anhydride was recrystallized from chloro- 
form and a mixture of the known and unknown 
compounds gave no depression of the melting point. 
Both known and unknown samples gave identical 
ultraviolet absorption spectra. 

REFERENCES 

(Calcd. 268.) 

differ markedly in character from the reversible 
reaction observed for thc glutaric anhydride-citrate 
system, the apparent kinetic behaviors are surpris- 
ingly similar. The primary observation, aside 
from the irreversibility of the systcm, sccms to be 
that the acetic anhydride rcactiou with citratc pro- 
cccds a t  a substantially slowcr second-order rate 
than that observed for tlic cyclic anhydride. 

The experimental ohscrvations again strongly sug- 
gest intermediate formation of a reactive citric aiihy- 
dride specics. Although the compound was not iso- 
lated in these studies, the data suggest that acetic 
anhydride can be employed to produce substantial 
concentrations of citric anhydride which, in turn, 
can be conveniently employed for synthesis of 
citric acid derivatives in aqueous solutions. 

EXPERIMENTAL 

Reagents and Equipment.-Commercial acetic 
anhgdridc was purified by distillation. Dioxane 
was purified according to Vogel (6). Aniline was 
purified by repeated distillation and was stored 
undcr nitrogen prior to use. All other chemicals 
were of analytical or reagent grade. 

All pH measurcmcnts and adjustments were 
made with a Beckman Zeromatic pH meter with an 
expanded scale. 

Kinetic Procedure for the Reaction of Acetic 
Anhydride with Various Buffers.-Fifty micro- 
liters of a 1.08 M solution of acetic anhydride in 
dioxane was introduced together with 6 ml. of the 
buffer into a 2-cm. photometer cell. The reaction 
was allowed to proceed and was followed directly on 
a Cary model 11- M.S. recording spectrophotom- 
cter. All solutions were equilibrated at 25 f 0.1' 
prior to use. 

The dioxane concentration employed in these 
runs was dctcrmined to have a negligible effect on 
the rate constants. 

Chromatographic Separation of Reaction Mix- 
ture.-The chromatographic columns were pre- 
pared as outlined in a previous communication (5). 
The reaction mixture was prepared by adding 15 
i d .  of thc appropriatc citrate buffer to 300 pl. of a 
1.08 M acetic anhydride in dioxane solution. The 
reaction was allowed to proceed the requisite period 
of time and was quenched with 4 ml. of a 0.33 M 
aqueous aniline solution. The pH was adjusted to 
3.13 with HCI and a 5-ml. sample was placed on the 
coluinn with 5 Gm. of silicic acid. The eluting 
solutions have previously been described (1). 

Blank determinations were made following the 
same procedure as above using (a) acetic acid, citrate 
buffer, and aniline solution, and ( b )  acetic anhydride, 
watcr, and anilinc solution. 

(1) Robinson, J. R.,  Repta, A. J., and Higuchi, T., J .  

(2) Higuchi, T., Miki, T., Shah, A. C., and Herd, A. K., 

(3) Johnson S. L. ibid. 84, 1729(1962). 
(4). Flynn, G. L. , '  Uissertation. University of Wisconsin, 

(5) Higuchi, T., Briksson, S. 0.. IJno. H.. and Wind- 

(6) Vogel A. I. Practical 0%-gnnic Chemistry " 3rd ed., 

Phavm. Sci . ,  55,  IlSA(1966). 

J .  A m .  Chem. Soc., 85, 3655(18633. 

Madison, Wis., 1965. 

heuser, J. J., J .  Pharm. S c i . ,  5 3 ,  280(1964). 

John Wiley h Son;, lnc. .  New York, N. Y.. 1 9 6 2 , ' ~ .  607. 



Quantitative L. Studies of Urinary Excretion of 
Chlorpromazine Metabolites in Chronically-Dosed 

Psychiatric Patients 

By A. G. BOLT, I.  S. FORREST, and M. T. SERRA 

K method was developed for the routine assay of conjugated and unconjugated 
chlorpromazine metabolites in human urine. The  method could be adapted to 
excretion studies of related drugs, e.g., other phenothiazines and imipramine 
derivatives. The unconjugated drug metabolites were extracted from alkaline urine 
into dichloromethane and assayed spectroscopically in 50 per cent sulfuric acid at 5 30 
nip. The conjugated chlorpromazine metabolites were determined after passing 
a sample of urine through an ion-exchange resin to remove the unconjugated metabo- 
lites and contaminating endogenous urinary constituents. The eluate was made 
up t i 3  50 per cent sulfuric acid content, and drug metabolites estimated spectro- 
scopically at 5 5 0  mp. The total urinary drug excretion of 1 5  chronic mental 
patients receiving chlorpromazine in doses of 100 to 1400 mg. per day, varied from 
21.1 to 7 0  per cent of the daily dose. The conjugated drug metabolites formed 
the major fraction of urinary metabolites. The ratio of conjugated to unconju- 

gated drug metabolites ranged from 2.1 to 11.  

SSENTI[ALLY two groups of chlorpromazine E metabolites are observed in human urine 
(1 -(i)-namely, (a)  the unconjugated fraction 
consisting; of unchanged drug, dcsmonomcthyl- 
chlorpromazine, desdimethylchlorpromazine, 
their sulfoxides, and chlorproii~azine-~~~-oxide; 
(b)  the Conjugated fraction containing the greater 
number and amount of urinary chlorpromazinc 
metabolites (6, 7 ) .  The metabolites in this 
fraction are the U-glucuronides (and small 
amounts of ethereal sulfates) of the mono- and 
dihydroxy derivatives of chlorpromazine, their 
demethylated derivatives, and of the corre- 
sponding sulfoxides (6, 8). Trace amounts of 
other unknown conjugates may also be present. 

The unconjugated metabolites have been 
consistently rcported in the literature and reprc- 
sent from 5 to 10% of the daily dose. There 
are, however, discrepancies in the estimates in the 
major drug fraction containing the conjugated 
metabolites which may be due to the different 
methods used '(4, 9, 10). Other methods reported 
in the literature involve chemical or enzymatic 
hydrolytic procedures which are time consuming 
and give low recoveries. The  authors have 
previously described a method (1 l),  using a strong 
cationic resin, which was less satisfactory than the 
present method. When the carlicr procedure 
was proposed, hydroxlyated or methoxylated 
derivatives of chlorproniazine were not avail- 
able as reference compounds for conjugated 
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metabolites; in fact, these metabolites were 
later shown to be incompletely estimated. 

Since significant inter-patient (7) and inter- 
species (12, 13) differences in urinary chlorprom- 
azine metabolites have been noted, especially 
with regard to  the large group of conjugated drug 
metabolites (i), simple and rapid procedures are 
needed for the separate estimation of the two 
groups of drug metabolites. 

EXPERIMENTAL 
Materials.'--Dichloromcthanc, ACS; !Xc/;, sul- 

furic acid, ACS; 0.1 N sulfuric acid solution; 
S$rcnsen's phosphate buffer (pH 6); 2 N sodium 
hydroxide solution; 2 A' hydrochloric acid solution ; 
30% hydrogen peroxide solution; ion-exchange resin2 
IRC-50, analytical grade, 20-50 mesh; chlorprom- 
azine HC1; '7-hydroxpchlo~romazine; 'i-methoxy- 
chlorpromazine HC1; clilorpromazinc-5-oxide HC1. 

Apparatus.-U.V. spectra were obtained usiny: a 
Beckman DB recording spectrophotoineter. 'rhc 
Beckman Zeromatic p€I meter was used for pH 
tneasuretnents. 

Determination of Unconjugated Drug Metabo- 
lites.- A 10-ml. aliquot of urine was adjusted to  pH 
9-9.5 and extracted with 3 X 10 ml. of dichloro- 
rnetliane (14). The extract was evaporated on a 
water bath under a stream of nitrogen, the residue 
was dissolved in 5 ml. of 0.1 N sulfuric acid solution, 
and the acid solution transferred to a 10-ml. volu- 
metric flask. The flask was immersed in an ice 
bath and 5 ml. of concentrated sulluric acid was 
added very slowly down the wall of the  flask. The 
sulfuric acid mixture was heatcd for 15 min. a t  
65', brought to  room trmprrature, 1 drop of 0 .1% 
Hs02 was added, stood for 15 xnin., and adjusted 
to 10 ml. with cold 509/0 sulfuric acid solution. The 

1 The authors express appi-eciation t o  Smith Kline P; 
French Laboratories, Philadelphia, Pa., and Dr. A. Manian, 
Psychopharmacology Service Ccntei-, Natinnal Institutes 
of Mental Hcdlth, Rockville, Nld., Ior the yhenothiazine 
derivatives used in this study. 

2 Marketed as Amherlite IRC-50 by IZohm & Haas, 
Philadelphia, Pa. 
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rhlnrprornazirie metabolites varied between sam- 
ples. The patients were thoroughly supervised, 
bytli with regard to ingestion of medication and 
collcction of 24-hr. specimens. 

RESULTS 
The results are summarized in Table I. Total 

urinary excretion of the combined groups of drug 
metabolites varied from 21.1 to i O C / , .  Conjugated 
and unconjugated metabolites ranged from 16 to  
51$4J, and 2.1 to 19% of the daily dose, respec- 
tively. A11 patients excreted much larger amounts 
of conjugated than unconjugated chlorpromazine 
mctaholites; the ratio of the conjugated to thc 
unconjugated drug metabolites varied from 2.1 to 
11. 

DISCUSSION 
Method.-Since 0-glucuronide derivatives of 

7-hydroxychlorpromazinc (11) were not available, 
7-niethoxychlorpromazine (1) was chosen as the 
reference compound for the determination of the 
conjugated metabolites, although the Amax. of i- 
methoxychlorpromazine after reaction with 5070 
sulfuric acid was 567 mp, compared with 550 nip 
for thc conjugated metabolites. i-Mcthoxychlor- 
proniazine was used for the following reasons. 

(a) The absorptivity of 7-hydroxy- (the aglycone 
of 7-methoxy-) and 7-n1ethoxy-~hlorproinazines are 
ncarly identical. ( b )  The conjugated drug metabo- 
lites consist mainly of 0-glucuronides (11), in which 
the glucuronic acid residue is attached to the 
phenothiazine nucleus via an ether linkage ( 6 )  a t  
the 7-position (16, 17). Thus, the structure of the 
chlorpromazine 0-glucuronides is more closely 
related to that of 7-methoxychlorpron1azine than to 
7-hydroxychlorpromazine. (c)  Under the experi- 
mental conditions 7-metlioxychlorpromazinc and the 
0-glucuronides of chlorpromazine reach maximurn 
color development in 50% sulfuric acid solution 
faster than 7-hydroxychlorpromazine. ( d )  7- 
Methoxychlorpromazine is more stable than 7-  
hydroxychlorpromazine and is more readily avail- 
able. 

In 50y0 sulfuric acid, the colored reaction products 
form more rapidly from the chlorpromazine and i- 
methoxychlorpromazine sulfoxides than from 
the Corresponding sulfides (11, 18), and therefore 
the sulfoxides were used as reference compounds. 

The present method was rapid and reproducible 
to 5y0. Studies using thin-layer chromatography 
showed that all unconjugated drug metabolites 
were absorbed onto the exchange resin and that 
only conjugated drug derivatives remained in the 
effluents. These studies also showed that all 
unconjugated chlorpromazine metabolites were ex- 
tracted into dichloromethane. 

The prcscut method determines approximately 
95’3, of the chlorpromazine derivatives normally 
present in the patient’s urine. However, the 
assay procedure does not estimate all the drug 
metabolites in urine. 7-Hydroxychlorpromazine, 
its demethylated derivatives, and corresponding sulf- 
oxides, and the dihydroxychlorproinazine deriva- 
tives are not measured by the present procedure. 
2-Chlorophenothiazinc and its sulfoxide and other 
nonbasic (deaminated) metabolites are not com- 
pletely extracted from urine into dichloromethane. 
IIowever, only trace amounts of deaminated and 
hydroxylated metabolites are normally present in 

7iO 6 i ) O  500 400 
mN 

Fig. 1.-The spectrum of a typical dichlorome- 
thane urine extract after treatment with 50% sul- 
furic acid solution. Reading of absorbance at 
530 mp by the background cancellation method. 

absorption spectrum of the acid solution was re- 
corded between 40C-700 mp (see Fig. 1). Ab- 
sorbance was measured at 530 nip by a background 
cancellation technique as follows. A straight line 
AB was drawn between the points of xniriitnurn ab- 
sorption on either side of the peak and a perpen- 
dicular line was drawn from the point of maximum 
absorbance, C, to intersect AB a t  D; the line CD 
was measured in absorbance units. h standard cali- 
bration curve was prepared from aqueous solutions 
of chlorpromazine sulfoxide hydrochloride. The 
absorbance of chlorpromazine sulfoxide after re- 
action with 507, sulfuric acid was proportional to 
concentrations up t o  5 X 10-5 M. 

Determination of Conjugated Drug Metabolites.- 
Chromatographic columns were prepared from the 
ion-exchange resin in the Na+ form. One gram of 
resin was used for each nil. of urine, depending upon 
the quantity of metabolites in the The 
column was washed with a few ml. of Sgirensen’s pH 
6 buffer which was discarded. From 0.5 to 2.0 ml. 
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volume. Absorbance was proportional to  concen- 
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Procedure.-Twenty-four hour urine collections 
from male chronic mental patients, receiving 100 to 
1400 mg. of chlorpromazine hydrochloride per day, 
were assayed for conjugated and unconjugated 
chlorpromazine metabolites. Each determination 
was made in duplicate. At least two collections, 
about a wcck apart, were obtained from each 
patient. Additional collections were made in 
those cases in which urinary Concentrations of 

I An estimate of the quantity of wine to be nsed can be 
made accot-ding to a rapid urine color test (15); use Z ml. of 
urine for a 1+ color reaction, 1 ml. for Z + ,  and 0.5 ml. fur 
3 +  and 4+ .  
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T A n L E  [ -EXCRETIO\ OF U R I N A R Y  CHLORPROMAZINE METABOLITES I N  15 CHRONIC MENTAL PATIENTS OK 
CONIINUOUS DRUG THERAPY RAVCINC FROM 100 TO 1400 m g  PER DAY OF CHLORPROMAZINE 

~~ ~- ~~ 
~ ~ 

~- 
~~ 

~~~ 

~~ 

~~~ 

Uo5e ,-- -Metabolite\ b x c i  t i ed  Conjugated/ 
Patirnt mg 24 hi Conjugatcd L ncon~ugated Total UnConJUgdted 

‘ I  1400 25 3 6  28 6 7 0  
24 6 0  30 0 4 0  

13 1200 3 7 8 2  45 2 4 7  
30 12 0 42 0 2 5  

c 1200 28 4 3  32 3 6 6  
21 5 0  26 0 4 2  

17 1200 32 3 6  35 6 8 9  
31 2 8  33 8 11 0 

I? 900 27 5 1  32 1 1 9  
2fi 4 1  30 1 A 3 

F YO0 26 3 2  20 2 8 1  
23 2 9  25 9 7 9  

G 800 22 4 5  26 5 4 9  
21 5 5  26 5 3 8  

750 

noo 
600 

A 0 0  

300 

300 

300 

100 

~~ 

29 
19 
16 
22 
44 
37 
35 
31 
51 
43 
3 1 
3 1 
33 
32 
38 
38 

5 . 5  
2 .1  
7 . 5  
6 . 4  

4 . 3  
4 . 1  
4 . 6  

19.0 
10.0 

9 . 3  
3 .8  
3 . 9  
7 . 0 
8 . 0  

10.1 

C r  
1 . 1  

34 5 
21 1 
23 5 
28 4 
54 1 
41 3 
39 1 
38 6 
70 0 
53 0 
38 7 

36 8 
35 9 
45 0 
46 0 

40 3 

5.3  
9 . 1  
2 .1  
3 . 4  
4 . 4  
7 . 4  
8.5 
i 5  
2 . 7  
4 .3  
4.0 
3 . 2  
8 .7  
8 . 2  
5 .4  
4.8 

‘I Averaxe of two  rlctet-minations calculaled as percentage o f  the dose pel- 24-hi-. as chlorprornazine tiydrrichloride. 

on 

I 
II ici,l3NICn3)2 

CMorpromazine (7)-O-Glucuronic Acid 

urine. T h e  authors have estimated that  deaminated 
chlorpromazine metabolites represent less than 19; 
of the daily drug dose, and Goldenberg and Fishtnau 
( 12) conclude that the unconjugated 7-hydrosy 
derivatives represent about O. lq$  of the daily drug 
dose. IkIowever, the 7-hyrlrosy group of drug 
metabolites occur in somewhat larger amounts in 
patients (2  1) with chlorpromazinc-indciced skin 
pignietif:a.tion (20). 

The procedures used t o  separate the chlorpron- 
azine metabolites from urine do not exclude all the 
urinary constituents that  give colored products in 
507/& sulfuric acid. Howcver, tlir nonspecific back- 
ground absorption of these interfering constituents 

was eliminated by the use of the background can- 
ccllation method previously described. 

Other drugs derived from phenothiazinc or 
imipramine produce colored radical ions in 50y0 
sulfuric acid, and the biotransforrnation products 
derived from these drugs could presumably be 
measured by an  assay procedure similar t o  the one 
reported here provided that appropriate reference 
compounds are available. 

Results.-The excretion of cl~lorpromazine and 
its conjugated atid unconjugated metabolites was 
not related to  drug dose (10&1400 rng. per day). 
Thus, it was s h o u ~ i  (Table I )  that a patient 
receiving 100 mg. and another 1200 mg. chlor- 
promazinc per day, both excreted 4575, of the ad- 
ministered dose. These results differ markedly 
from those of Nadeau and Sobolewski (9),  who 
reported earlier that  the limits of urinary drug 
excretion were reached a t  a dose of 200 mg. per day. 

In the present study total drug excrction varied 
from 21.1 to  of  the administered dose, with an 
average excretion calculated a t  37%. Previous 
data of Posner et al. (4),  who had used methods 
similar to those of Nadeau and Sobolewski (9),  
showed recoverics of 7.2 to 24.7y0. These authors 
also stated that  there was a trend toward decreasing 
urinary excretion with increasing drug dose. Using 
an assay procedure employing biologically derived 
reference compounds, Huang et al. (10) reccntly 
studied seven patients receiving 300 to  1200 ing. 
of clilorprornazine per day, and recovered an av- 
erage of 580;) of the administered dose in urine. 
These recoverics were higher than those obtained in 
the prcscnt study, and the authors also observed a 
tcndeticy toward decreased urinary excretion of 
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conjugated mctabdites with increasing drug dose. 
The present study differs from earlier ones (4, 9, 10) 
by not showing ally dose-excretion correlation, and 
by yielding per cent excretion values substantially 
higher than those of Posner et al., considered less 
than comprehensive, but lower than those of 
Huang et ak., believed to include normal uriiiary 
contamiriants. 

The reported results (Table I )  could not be ex- 
pected to show a definite correlation between drug 
excretion and such cliuiral parameters as diagnosis, 
drug response, or mental status of the paticnts; this 
group of patients was sclected only to establish the 
spread of urinary excretion over a large range of 
chronic doses. Thc population sample, though 
small, included members of the three major ethnic 
groups with the most diverse psychiatric diagnoses. 
However, preliminary data on the correlation be- 
tween side effects of drug therapy and urinary drug 
metabolism were recently reported for the initial 
phases of drug administration (19) as well as for 
drug-induced skin hyperpigmentation (22, 23). 

The method is currently being used to study the 
time required to reach a steady excretion rate, to 
determine thc effect of simultaneously administered 
compounds on the biotransformations and urinary 
cxcrction of chlorpromazine, and to elucidate 
species differences in chlorpromazinc mctabolism. 

When studying the urinary drug excretion in 
mental patients, a number of factors not readily 
controlled in a normal hospital setting may affect 
the reproducibility of the chemical results. They 
are variations in diet, and intake of food andliquids. 
Most paticnts werc found to increase their urinary 
output by a factor of 2 or 3 under chronic ad- 
ministration; the volumes eventually became 

Joumol of Pharmaceutical Sciences 

reasonably stable a t  this higher levcl. Large 
fluctuations in consecutive 24-hr. specimens tcndcd 
to yield erratic results. Therefore, rigorous sur- 
veillance of controllable parameters like drug intake 
(preferably in liquid form) and of 24-hr. uriue 
collections cannot be overemphasized. 
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Solubility of Parabens in Syrup Vehicles 
By ANTHONY N. PARUTA* and BHOGILAL B. SHETH 

The solubilities of methyl, ethyl, propyl, butyl, and benzylparabens have been 
determined in sucrose vehicles of varying concentration. These syrup vehicles 
possess dielectric constants less than pure water, their respective dielectric con- 
stants decreasing with increasing sucrose concentration. The effect of both the 
concentration of sucrose added and the dielectric constant upon the solubility of 
the subject compounds is presented. The solubilities of these materials were seen 
to change to a relatively small degree with increasing sucrose concentration. 
Although these changes in solubility are minute, they would appear to be positive 
in character. The only definitive change noted was for benzylparaben where a 

relatively large change in solubility was noted. 

HE GENERAL use and application of sucrose was undertaken. It was felt judicious that  a 
Tsolutions of varying concentration for liquid study of a set of solutes of varying polar character 
pharmaceuticals is still widespread. In an be undertaken so that the effect of methyl, ethyl, 
effort to  continue (1, 2) t o  determine the solvency etc., groups upon the solubility in common dis- 
characteristics of these media, the present study solution media could be studied. In this way, 
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solubility effects occurred with the xanthine 
drugs, anl-ipyrine, and several derivatives in 
syrup vehicles (2). In  these cases, both increased 
and decreased solubility was noted with increasing 
sucrose concentration up to simple syrup. The  
p a r a b a s  find wide use as preservatives in phar- 
uiaceutical liquid preparations as well as syrup 
vehicles, and it was felt desirable to determine 
their soh~bility in these vehicles. It was thought 
that  if solubility effects, especially decreased 
solubility, occurred as extensively as with 
materials previously studied, the possibility of 
untoward effects such as preservative precipita- 
tion ma,y occur. 

EXPERIMENTAL 

Materials.-The solutes used in this study wcrc 
used directly as supplied by the manufacturer. 
'The methyl and propylparabeiis were obtained 
from the Kepera Chemical Co. The ethyl and 
benzylparabens were obtained from Heydeii 
Chcmical Corp., lots 113 and 59, respectively. 
Butylparaben was obtained from Eastnian Kodak, 
catalog :No. EK 4574. Syrup vehicles wcrc prcparcd 
from commercial grauulated sugar and deionized 
or distilled water. Mixtures of absolute ethanol 
and either deionized or distilled water were used 
for dielectric constant calibration. 

Equ4pment.-A WTW DK-06 multidekatiieter 
was used for  dielectric constant determinations, a 
Bantam (mixed resin bed) detnineralizer for pro- 
ducing deionized water. A Bausch & Lomb 505 
spectrophotometer was used to determine sample 
absorbance and a water bath and attcndcnt tcm- 
perature controller was used for equilibration a t  
25O. 

Dielac.tric Constant Determination.-The di- 
electric constants were dctcrmined by the use of a 
WTW niultidekariieter DK-06. Calibration curves 
were prepared from condenser rcadings and known 
dielectric constants (3) using ethanol-water niix- 
tures. 'The diclcctric constant values obtained 
for the syrup vehicles prepared gave excellent 
agreement with values of previous workers (4, 5 ) .  
The accuracy of these determitiations is about 
r t O . 3  of a dielectric constant unit. 

Solubility Determinations.-Thc protocol uscd 
in solubility determinations has been described 
previously (1, 2). Seventy-two hours was the time 
determ.incd for equilibration a t  25" zI= 0.1'. All 
solubility runs were done a t  least four times, how- 
ever, seven replicates were needed for the propyl 
and butylpa.rabens in order to delineate the range 
of the magnitude of solubility for each givcn sucrosc 
vehicle. hdethylparaben caused some experi- 
mental difficulty since nonfilterable suspensions 
formed in syrup vchiclcs. It was found that 
allowing the methylparaben samples to lie quiescent 
in the water bath for several hours, clear samples 
were readily obtained. 

RISULTS AND DISCUSSION 

In Fig. 1, the solubility of inethylparabeii in 
mg./ml. DCY.TUS both the concentration and the di- 
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Fig. 1.--A plot of the solubility of nicthylparaben 
in rng./ml. at 25' as a function of sucrose concentra- 
tion arid dielectric constants. 
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Fig. 3.-A plot of the solubility of propylpdrdbcn 
in mg./ml. at 25' as a function of sucrose conccntra- 
tion and dielectric constants. 
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electric constant of the syrup vehicles is shown. 
The solubility is sccn to decrease as a function of 
both increased sucrose concentration arid decreased 
dielectric constant. The rate of change is approxi- 
mately linear having values of about -0.1 mg./lO% 
w/w sucrose and about -0.1 mg./lO dielectric 
constant units. The solubility of methylparaben 
in simple syrup relative to water has a value of 
about 0.9. 'The variation in solubility in mg./ml. 
in Fig. 1 and subsequent figures is shown as a 
vertical line through thc point of the average 
value. The variation is shown as the highest and 
lowest solubility in mg./ml. over the number of 
runs for pure water or any particular syrup vehicle. 
The variation has only been shown on the sucrose 
concentration axis, since once the nature of the 
curvc has been defined on this basis, the dielectric 
constant scale retains the same shape, accentuatcd 
to some degree due to the "squeezing-in'' on a shorter 
x-axis scale. The latter is especially true in the 
casc of cthylparaben shown in Fig. 2. Again thc 
solubility in mg./ml. is plotted in the usual fashion. 
In this casc, an approximately sigmoidally disposed 
and decreasing solubility curve is observed. The 
solubility ratio, the solubility in simple syrup 
relative to water has a value of about 0.9. Kepeti- 
tive runs in the 2040y0 w/w sucrosc range showed 
small variation and it is felt that the curve shown 
is a true reflection of the solubility pattern. It 
should also be pointed out that the solubility curve 
on a dielectric constant basis accents the sigrnoidal 
nature of this curve. 

In Figs. 3 and 4, the solubility curves obtained 
for the propyl arid butylparabens, plotted in the 
usual fashion, arc shown. As can be seen from 
these plots, the variation of solubility over a num- 
ber of runs is quite wide, and this is due to the 
very low solubility of these materials. I t  would 
seein that onc can only simply descrihc thcse soh- 
bility curves in approximately quantitative terms. 
Thus, the solubility of propylparabcn decrcases 
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Fig. 4.-A plot of the solubility of butylparaben 
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Fig. 5.-A plot of the solubility of benzylparaben 
in mg./ml. a t  25" as a fiiriction of sucrose conceritra- 
tion and dielectric constants. 

TABLE I -SUMMARY OF THE AVERAGE SOLUDILITY IS mg /ml FOR THE PARABENS IN THE SYSTEMS Nomn 
. ~~ ~ 

~ ~- ~~~ ~ 

System hlethylparaben 
Water 2.26 
7.5';.1 w/w sucrose 2.24 
18.576 w/w sucrose 2.21 
31.5'6 w/w sucrose 2.15 
41.5'jL w/w sucrose 2.12 
46'1.1 w/w sucrose 2.11 
63. 5yG w/w sucrose 2.02 
Solubility ratio: 

Ethylparahen 

1.06 
1.04 
1.02 
3.01 
1.00 
0.99 
0.95 

0.90 

-Solubility, rng../ml. -~ ~ 

P~-opylparabcn Butylparaben Benzylparaben 
0.516 0.145 0.092 
0.510 0.149 0.116 
0.500 0 . 150 0.131 
0.497 0 .  153 0 .  140 
0 493 0.150 0 143 
0 491 0 149 
0 484 0.153 0 153 

0.94 1.06 1 . 7  

TABLE II.-sUMMARY OF THE SOLUBILITY RA.rIOS (mg./IIll. SYRUP/mg./IIlI. WATER) 
FOUND FOR THE PARABEN DERIVATIVES 

.. .~ - 
,- ~ ~~ Run ,  No.---- ~- 

1 2 3 4 5 6 7 AV. 
Methylparaben 0.89 0.91 0.92 0.86 0 91 0 88 . .  0.90 
Eth ylparaben 0.93 0.89 0.89 0.91 0 87 0.89 . . .  0 .90 

Butylparaben 1.04 1 .Od 1 .Mi 1 .OY 1.05 1.04 1 . O f i  1.05 
Benzylparabeu 1 . 7  1.4  1 . i  1.9  1 . 6  . . .  . . .  1.67 

Propylparaben 0 .  90 0.93 0.95 0.96 0 9; 0 . w 0.93 0 , CJ4 
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increase or dccrcasc according to  the niechanism 
or combination of mechanisms operative. The in- 
crease or dccrcase in solubility probably dcpcnds 
upon the nature of the solute and the original niagni- 
tude of the solubility in water. 

It would be well t o  consider that  a noted change 
in solubility should be outside or greatcr than 5%. 
In  other words, it is presumed that a direction of 
change can only bc classified as positively increased 
or decreased when all the data on repetitive runs 
fall outside this 5% limit. 

I n  this regard, the solubility ratios for the n-alkyl 
parabens ovcr rcpctitivc runs (Tablc 11) havc been 
plotted in Fig. 6 using the largest variation ob- 
scrvcd for the solubility in simplc syrup for each 
of tlie parabens. 

Thc line unity represents 100% of solubility (of 
the value in water) and the dashed lines are the 57” 
limit described above. Thc vertical lines through 
tlie avcrage data points represent the determined 
variation. 

From the Spread of valuesfor themethyl and ethyl- 
parabens, it would sccm that the solubility of these 
materials isaffcctcd to a very slight degree, i.e., about 
5?:,. For propyl and butylparabens, the descriptive 
term of “esscntially linear” would apply, espccially 
in view of the wide variation of solubility in the 
vehicles studied. 

The only definitive change observed in the 
magiiitude of solubility was for the benzylparabcn 
where an  average increase of about 70% in solu- 
bility was observed. 

These results are perhaps iiot completely unex- 
pected sirice the solubility parameter valucs given 
by Martin (6) are quite close to  one another. This 
would indicate that  the asymptotic right-handed 
portion of the solubility distribution curve over a 
sinall portion of thc dielectric rangc (syrup vehiclcs 
E = 60-75) for the parabens are very close to one 
another. This would be cspccially true in solvcnt 
systems such as sucrose in water relative to  a hy- 
droalcoholic solvcnt system where it might he 
expected that  discriminatory differences in solu- 
bility would occur. 

I n  conclusion, the solubility effects notcd with 
the parabens of general interest are slight or non- 
existent in contrast t o  prcviously noted cffects with 
othcr materials (2). 

Since large solubility effects havc bcen noted for 
the xanthines and antipyriue (2) aud small or no 
effect was notcd for the parabens, it is felt judicious 
to  continue this type of work. I n  this regard, the 
solubility of acetanilide and several derivatives 
are presently being studied in syrup vehicles. 

The parabcns are an important class of materials 
in pharmacy. Future work on tlic dielectric solu- 
bility profiles of thcsc materials is presently under 
way and the authors’ results will be given in a futurc 
communication. 

REFERENCES 

123456 123456 1234567 1234567 
I4 B C D 

RUN NO. 

Fig. ti-A plot of the solubility ratios for the n- 
alkyl parabcns ovcr repetitive runs including the 
drtcrmiried variation. Key: A, mcthylparaben; 
H,  ethylparabcn; c, propylparaben; D, butyl- 
paraben. 

slightly ;and has a solubility ratio of about 0.94. 
Butylparaben, on the other hand, increases slightly, 
the solubility ratio having a value of 1.06. 

For both propyl and butylparabeii, a nonlinear 
solubility curve has bccn drawn through the points 
of average value. Since the experimeutal values 
varied to such a largc cxtcnt, the nature of the 
curve is consi(dered arbitrary. 

In  Fig. 5, the solubility of benzylparaben in 
mg./ml. is plotted in the usual manner. For this 
derivative, h.aving very low solubility in water, 
the solubility is sccn to  increase to  a rather largc 
extent, the solubility ratio having a value of about 
1.7. 

The avcragc solubility in mg./Inl. for cadi  of the 
paraberis studied in the syrup vchiclcs notcd is 
given in Table I. 

Although the solubility cffccts in syrup vehicles 
for the parabens are sinall, there is good consistency 
in the solubility ratios ovcr a set of multiple runs. 
The value for independent solubility ratios for the 
number of runs stated is given in Table 11. 

The dicleclric constants of the syrup vehicles 
were known, :and it would be desirable to note any 
changes in this parameter for the saturatcd solutions 
of the parabens. The dielectric constants of thc 
saturatcd! solutions were measured at 25O on the 
DK-06 dtnlrameter. As was found previously ( 2 )  no 
discernible patterns of change were found for the 
parabcns. The dielectric constants for thc saturated 
solutions, however, did follow t h e  solubility curve 
and no suddttn chanxes or aberrations in these 
values wcrc notcd for the range studied. 

The solvency charactcristics of sucrose vehicles 
can be viewed in two ways, the iirst being the de- 
crease in the activity of water. With iricreasing 
sucrose concentration lcss watcr is available to 
intcract with solute molecules, causing dissolution. 

Second, the dielectric constants of syrup vehiclcs 
decrease with increasing sucrose concentration, 
implying decreased “polarity” of the dissolution 
1nc.dia. ’ 1 ‘11~  solubility of ally give11 solute Illuy tlierl 

(1) Paruta A. N. J .  Pharnt. Sci. 53 1252(1964). 
(2) Paruta: A. N.,’ and Sheth, B. B., ;bid., 55, 896(1966). 
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( 5 )  Akerlof, G. ,  J .  A m .  C h r m .  Sor. ,  54,  4126(19321. 
(6!, Kestaino. F. A , ,  and Martin,  A .  N., J .  Phuriia. S c i  

Bar. S ld . ,  45, 299(1950). 
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Simple Method for Determination of '"CO, 
from Expired Air 

By S. Y. YEH, JOHN H. CAVANAUGH*, and L. A. WOODS 

Two simple procedures for preparation of homogeneous 14C02 samples for liquid 
scintillation counting are described. In one procedure (A) ,  the carbon dioxide 
absorbing agent and the carbonate solution are placed in one tube. Carbon dioxide 
is released from the carbonate solution by sulfuric acid and absorbed by phenethyl- 
amine directly. Added NaH14C03 (16-8000 dpm/ml.) is recovered nearly quanti- 
tatively in the amine phase. Similar results are obtained with another procedure ( B ) ,  
with which "COP is released from the carbonate solution and flushed with 

nitrogen into a counting vial containing absolute methanol and phenethylamine. 

OMMON METHODS for measuring expired C 14C0, involve trapping by passage of the 
expired air through sodium hydroxide solution 
and subsequent reprecipitation as BaCOJ. The 
radioactivity of the preciptated BaC03 can be 
determined either on planchets in a gas-flow 
counter or as suspensions in agents such as thix- 
icin (I), or silica1 (2) in a liquid scintillation 
spectrometer. Preparation of planchets or bus- 
pensions involves precipitation, filtration, drying 
and/or powdering, and weighing a portion of the 
powdered sample, all of which are time-consum- 
ing procedures. 

Dilute sodium 14C-carbonate solution has also 
been suspended in silica (3) and radioactivity 
quantitated in a liquid scintillation spectrometer. 
The latter procedure is limited to a highly radio- 
active carbonate solutions and is inadequate to 
measure low levels of radioactivity in carbonate 
solutions collected from drug metabolism studies. 

Another common method for measuring l4CO% 
involves acidification of the carbonate solution, 
diffusion of the generated 14C02 to an organic 
ainine such as hyamine, primine, ethanolamine, 
ethylene arniiie, and pheiiethylamine, and de- 
termination of radioactivity with a liquid scin- 
tillation spectrometcr (4-8). 

Phenethylamine is reported to be superior to 
other amines because it provides (a)  high capacity 
for absorption of CO, and ( b )  minimal quenching 
(9). Carbon dioxide reacts with phenethylamine 
to form phetiethyl ammonium phenetliylcar- 
bamate and with suficient stoichiometric excess 
(about 3 moles of aniine per mole of COI), the 
reaction is rapid (9). 
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To insure complete absorption of COz by diffu- 
sion following acidification of the carbonate 
solution, a period of 4-24 hr. is required. The 
duration depends on (u) the diffusion apparatus 
and ( b )  the shaking of the reaction flasks (4-8). 
Twenty minutes were reported to be adequate if 
a special diffusion apparatus undcr reduced prcs- 
sure (100 mm. Hg) was used. Carbon dioxide 
was reported to be quantitatively absorbed, but 
no data were presented (9). 

Since all of the above procedures require 
complicated apparatus, extreme care, and much 
time, two simple procedures for preparation of 
homogeneous 14C02 containing samples for liquid 
scintillation counting have been developed. The 
details are described in this paper. The pro- 
cedures require simple apparatus and are prac- 
tical for the routine simultaneous handling of a 
large number of samples. 

EXPERIMENTAL 

Reagents.-All reagents are analytical reagent 
grade. ( a )  Alcohol-aminc solution; n-amyl alcohol 
in freshly distilled phenethylamine 1:l v/v. ( b )  
9 N sulfuric acid. (c )  5.3 N NaOH solulion. ( d )  
Standard P\raH14C0$ solution ( "COZ was bubbled 
into 5.3 N NdOH solution). A series of solutions 
containing NaH"C03 was prepared by diluting the 
NaH'K!O, solution with 5.3 N NaOH solution which 
contained 57" sodium bicarbonate. ( e )  Phosphor 
toluene; 300 mg. [ 1,4-bis-2(5-p~ienyloxazolyl)ben- 
zenc (POPOP)], and 9 Gm. of 2,5-diphenyloxazole 
(PPO) per liter of toluenc. 

Fig. 1.-Appara- 
tus for generation 
and trap for 14C02. 
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TABLE I.-cOhIPARISON OF THE RECOVEKY OF ' " 0 2  B Y  FLUSIIISG Ii'ITH NITROGEN AND BY ABSORPTION 
OF PHENETHYLAMINE 

___ ___ -.___~- 

Procedure A- _-______ NaH'4C03 
Added dpm Expt., In Amine Phase I n  Aqueous PhaseC Y P r u c e d u r e  B- 

Mean f S.U. No. dpm %J c.p.m./0.2 ml. d p m  Y, 
*80gn rt 26 4 100 
*727 f 17 10 

**457 f 10 4 
**349 * 11 4 
Blank 4 31.1 f 0.5 (S.D.) 32.2 f 2.6 (S.U.) 

39 2 
77 2 i l  

39 100 31 38 97 
100 30 78 101 

154 2 157 102 32 166 108 
r- 

308 
6t6 . ~ .  

1232 
2463 
4925 

2 317 103 33 
2 647 105 :i 1 
2 1283 104 33 
2 2597 105 34 
2 5154 105 35 

327 106 
657 107 
1308 106 
2632 107 
5153 105 

9850 2 10444 100 36 10613 108 
l970Ob 2 20598 105 37 

Mean i S.11. 104 f 2 . 2  33.2 =t 2.3 105 Z!Z 3 . 4  

A lOO-pl.* or 50-@l.** aliquot 01 a solution prepared by diluting t h e  stock NaH'ICCh solution with 5.3 N NaOH solution 
Because t h e  inaccuracy of mitt-npipets , the  mean dpm (394 t 48/50 p l . )  obtained from 

An amount of 2.5 ml. of t h e  diluted N a H ' C O ,  
T h e  radioactivity remaining in t h e  aqueous phase is insignificant from identical blanks 

was added directly t o  a counting vial. 
four dcterminations using four different micropipets was used as standard. 
solution (5ee Footnote a) was used. 
(0.2 < P < 0.1). 

'TABLE 11.- 

NaH"CI3i 
Added, l ixpt 

d p m  No. 
238 =t 13a - 
59506 4 
5950 2 
5950 2 
5950 2 
5950 3 

Blank i 

-RECOVERY OF l4COn FROM SODIUM CARBONATE SOLUTION BY PKOCEIIUKE 
~~~~ -~~ ~~ 

Acid Added - Radioactivity Recovel-ed ~~ .-__ 
Eq. to Alcohol-Amino Phase Aqueous Phase 

NaOH, vol., dpm Ail- Phasec vol., Gross c.p.m./ 
ml. yo ml. Mean * S.1). % GI-oss c.p.m. ml. 0.25 ml. 

100 
32.2 + 2.6 (S.D.) 

1 . 5  100 11.5 5 7 7 2 f 3 6 3  97 33 2 . 5  39 
1 . 7  113 11.6 6092 102 32 2 6  38 
1 . 9  125 11.8 60.52 102 31 
2.3  150 12 .2  6044 102 33 
3 .0  200 13.2 6063 Z!Z ti2 102 32 

32.2 i 0.9(S.D.) 

~ . .. _ _  
2.5  34 
2 . 3  34 
2 .1  36 

A 100 #,I. aliquot of a solution prepaxed by diluting the  stock NaH"C0i solutiou with 5 . 3  N NaOH solution was added 
T h e  counting efficient of ''C-toluenein thesample containing 100 @I.  of NaH'4COx solution is 56%. 

T h e  air in tube was flushed with nitrogen 
T h e  counts obtained are not sig- 

directly t o  a counting vial. 

and trapped in a counting via! containing t h e  alcohol-amine and radioactivity determined. 
nificantly different from identica! blanks ( P  < 0.6). 

An amnunt of 2.5 ml. of t h e  diluted NaHlCOa solution (sce Fodno l r  a) was used. 

Procediire ,$.--Exactly 2.5 nil. of the diluted 
NaH'4COn solution is placed in a 43-ml. glass- 
stoppered centrifuge tubc. Ten milliliters of the 
alcohol-amine solution is added to each tube. A 
1.1 equivalent of sulfuric acid, 1.7 ml. of 9 N H2S04, 
is slowly added ilia a buret t o  the centrifuge tube. 
The tube is cooled with ice watcr during the period 
of neutralization. Following neutralization, the 
stoppered i.ubcs are shaken for 10 min. in an Inter- 
national shaker at 280- -300 oscihtions/min., and 
centrifuged a t  1700 r.p.m. for 10 inin. 12 10-nil. 
aliquot of the 'organic laycr, 2 ml. of absolutc mcth- 
anol, and 5' rnl .  of the phosphor toluene solution are 
pipeted int.0 a clean counting vial and counted for 
three 10-1nin. periods in a Nuclear-Chicago series 
720 liquid scintillation spectrometer. Samples are 
counted for three 10-min. periods to providc a 0.95 
couriting error of less than 2%, for gross counts (10). 
Radioactivity in a Riven sarriple is coiisidered sig- 
nificant whcn a value of 6 net c .p .~n.  or greater is 
obtained. The remaining alcohol--amine and aque- 
ous solutions are drawn (with the aid of a propipet) 
into a 5-1iil. graduated pipet. The volurnc of the 
alcohol-ariiine phase is estimated in the pipet after 
the organic and aqueous layers have separated. 

Procedure B.-Exactly 2.5 ml. of the diluted 
iXaH14CCOa solution is placed in a 43-1111. glass-stop- 
pered centrifuge tube. Ten milliliters of absolute 
methanol in phenethylaniine (1 :1 v/v) solution is 
placed in a counting vial. The tube is stoppered 
with a rubber stopper which has previously bccn 
punctured with a KO. 17 gauge needle and con- 
nected with a small Chieftain intravenous plastic 
tubing ( X in.).z The other end of the tubing 
is connected to a 6-in. glass tip:3 in which a 
plug of glass wool is inserted. The tip of t h c  
Dispo-pette is immersed in the methanol-arniric 
solution. 'I'he arrangement of the apparatus is 
shown in Fig-. 1. Two milliliters of 9 N sulfuric acid 
is slowly addcd to  the tube eria a 5-ml. syringe while 
the solution is stirred with a magnetic stirrer. Fol- 
lowing acidification, the gextrated CO? and the air 
in the tube is flushed 10 min. with about 0.5 Ib./sq. 
in. pressure o f  nitrvgeri. The Dispo-pette and 
the magnetic stirririg bar are rinsed with 1 ml. of 
absolute nirthanol each, and .i nil. of the phosphor 
toluene is then added. The mixture is counted 

Chieftain intravenous tubing, American Hospital Supply 

Uispo-pettes, Scientific Products, Evanston, Ill. 
Corp., Evanston, I l l .  
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ereiice to  reacting with the aminc. Preliminary 
studies gave idcntical results whether sulfuric acid 
was added above or below the amine phase. 

The result suggests that  the affinity of sulfate 
ions for sodiuni ions is stronger than both thc affinity 
of sulfate ions for amiiie ions and carbonate ions fur 
sodium ions. 

Thc higher recovery of ' T O z  from knowu samples 
was presumably due to  the inaccuracy of the micro- 
pipet used. The data indicate that  l'LCOz is re- 
covered quantitatively from NaH'C03 solutions by 
both procedures A and B. 

Varying amounts of sulfuric acid (from 113 to 
200% necessary to  neutralize the NaOH solution) 
in studies on the recovery of 14COz from sodium 
hydroxidecarbonate solution give identical results 
(Table 11). The low recovery of 14CO~ while tlie 
acid is just 100% cquivalent (calculated) t o  the 
NaOH solution might have resulted because the 
actual strength of thc acid was not sufficient (tlie 
acid and alkali solutions were not standardized by 
titration). Both the acid and alkali solutions were 
standardized for routine use. As progressively 
greater volumes of acid were used, there occurred an 
increase both in the volume (from 11.5 t o  13.2 ml.) 
and the quenching of the amine-COn phase. 

Thc above procedure was also studied a s  to ( a )  
the possible loss of ' T O 2  to air via diffusion through 
the alcohol-arnine layer using the techniques of 
procedure B ,  and ( b )  the retention of radioactivity 
in the aqueous phase. The data shown in Table I1 
indicate that  there is no I4CO2 loss to air [the air in 
the tube given 31-33 gross c.p.m. which is not 
significantly different from the counts obtained on 
identical blanks (32 gross c.p.m.) ( P  < 0.5)J. The 
radioactivity in the aqueous phase, determined by 
counting an  0.25-rnl. aliquot with 10 ml. of the meth- 
anol-amine, 2 ml. of absolute methanol, and 5 ml. 
of phosphor toluene, is not significantly different 
from the identical blanks (Tables I and IT, 0.2 

Procedure B.-If one prefers t o  avoid shaking, 
centrifuging of the mixture, and transferring of the 
alcohol-arnine-COt to a counting vial iii procedure 
A ,  procedure B is suitable. Varying the flushing 
time from 10 to 30 min. results in identical recovcry 
of added 'TOz (Tablc 111). It is believed that  a 
shorter flushingperiod than 10 min. may be sufficient 
if a smaller flask is used. 

< P < 0.1). 

gooor / 

VOLUME OF N0HC'~0~(rnll 

Fig. 2.--Plot of net c.p.m. aersus volumc of 
standard NaH1!CO3 solution added. Key: 0 ,  
flushing with nitrogen; A, absorption by pheti- 
etliylarriine. 

as described under Procedure A .  The specific 
radioactivity of the standard NaHl4CO3 is deter- 
mined by first mixing a 100-pl. or a 50.~1. aliquot 
of the solution with two milliliters of absolute meth- 
anol, and thcn with 10 rnl. of the alcohol-arnine 
solution, and 5 ml. of the phosphor toluenc. 

All samples are corrected for quenching by  addi- 
tion of 'C to luene  as an internal standard. Paired 
t tests were used to compare values obtained from 
samples and those of identical blanks. 

RESULTS 

The percentage recovery of I4COr from sodium 
hydroxide-carbonate solution by procedure A is 
104 & 2.2 (S.D.) as shown in Table I. h-o sig- 
nificant radioactivity is found in the aqueous layer 
and in the air of the tube (Table 11). A linear 
relationship is found between the mean of the nct 
counts per minute (c.p.m.) obtained and the volume 
of NaHL4C03 solution added to the sample as shown 
in Fig. 2. The counting efficiency of 'T-toluene in 
the samplc containing 10 nil. of the alcohol-amine, 
2 nil. of absolute methanol, and 5 ml. of phosphor 
toluene is approxirriately 6074 of the 14C-toluene in 
phosphor toluene alone. 

The percentage recovcry of 'C02 from sodium 
hydroxide-carbonate solution by procedure B is 
105 =t 3.5 (S.D.) as shown in Table I. A lincar rela- 
tionship is found between the mean of the net 
c.p.rn. obtained and the volumc of NdHL4C03 in the 
sample as illustratcd in Fig. 2. The counting ef- 
ficiency of 'Ctoluene in the sample containing 10 
tnl. of the "trapping" methanol-amine solution, 
2 ml. of absolute methanol, a i d  5 rnl. of phosphor 
toluene is approximately 60% of thc ''CC-toluene in 
phosphor toluene alonc. 

DISCUSSION 

Procedure A,-The theory used in procedure A 
is based on the fact that  dissociation of strong acids 
and stronr: bases is greater than that of weak bases. 
If sulfuric acid is mised with a strong base such as 
sodium hydroxide-carbonate solution and a weak 
base such as phenethylamine, the sulfate ious will 
replace the hydroxide atid carboriatc ions in pref- 

TABLE I I I.-EFFECT OF FLUSIIINC TIME n IIH 
NITROGEN os THE RECOVERY OF " C c O 2  GENERATED 

FROM CARBONATE SOLUTION 
-__ 

NaHIaCOI Flushing Recovei y 
dpm Added hxgt  , Tlple. dpm 

Mean & S D No. mm. M e a n  t S.11. % 
175.1 f 6 . P  3 100 

4378* 4 2 4085 f 115 93 
4358 4 5 3312 f 224 99 
4x78 4 10 4394 f 229 100 
4378 4 20 4522 f 385 103 
4378 3 30 4486 f 56 103 

A 100-pl. aliquot of a solutiun prepared by diluting the 
stock h-aH'TO8 solution with 5.3 X NaOH solution was 
added directly to a counling vial. The counting efficient uf 
"C-toluene iu thc sample cunlainirlg 100 pl. K~H'CCOI sulu- 
tion is 56%. a An amount of 2.5 ml. o f  the diluted NaH'COa 
(see I'ouinuic u) solution was used. 
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(4) Passmann, J .  I)., Radin, N. S., and Cnopei-, J .  A .  I ) . ,  
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SUMMARY 
A n d .  Chem..  28, 484(lYG4). 

'Two procedures have bee11 used ill this labvratory 
for measurernrnt o f  tlic expirecl ~ J C ( L  o f  rats and 
mice, in various drug metabolism studies and have 

( 7 )  Kornblatt. J. A,, Bernath, P., and Katz, J., ibid., 15, 
191 (1964). 

(8) Towne, J. C . ,  Krohn, E. F., and Bradfonbrencr, M., 
Clin. Chim. Acln,  9 566(1964). 

(Y) Woeller. F. h., A d .  Lciqchsm.. 2, 508(1961). 
(1) White, C. G. ,  and Helf, S., N z ~ c l r o ~ z i r s ,  14, ~16(19.56). (10) Jarrett, A. A, ,  "Statistical Methods Used in the 
(2) Ott, I ) .  G., Richmond, C. R.,  Trujillo, '1. T., aud Measurements of Radioactivity," AECU-262, U S A E C  Divi- 

sion of Technical Information, Oak Ridge, Tenn., IY46. 

brcn found to give rapid, consistent results. 
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Some Physicochemical Properties 
of the Montmorillonites 

By KEE-NENG WAI and GILBERT S. BANKER 

Th'e swelling, moisture sorption, particle size, cation-exchange, and drug adsorption 
properties of selected montmorillonites were studied. The swelling of montmoril- 
lonite was found to depend on both adsorptive and osmotic phenomena. The study 
of the sorption of alkaloidal drugs by the clay showed that brucine was sorbed by both 
adsorption and ion-exchange reactions, forming a monomolecular layer on the in- 
terior surface of the clay; methapyrilene and triethylamine were sorbed by an ion- 
exchange reaction; and niacinamide was neither adsorbed nor ion-exchanged. 

IIE IIYDKOUS inagnesium aluminum silicate 
"minerals, montmorillonites, because of their 
unusual properties and widespread occurrence 
have attracted the attention of workers in many 
fields of application. These clays are extremely 
plastic when moist, swell in the presence of water, 
and can be dispersed in water forming thixotropic 
gels. Bentonite U.S.P. is a mineral composed of 
907, montniorillonite ( 1). 

The applicatians of the monttnorilloiiites in the 
pharmaceutical field have been explored ex- 
tensively. bdagnesium aluminum silicate' and 
bentonite, alone or in  combinations with other 
common suspending agents, have been studied €or 
their use as suspending agents (2-5) .  Guth et el. 
prepared diEerent types ol bentonites by sat- 
urating the clay with N a t ,  K+,  Ca", Mg2+, and 
FI +. They used these various cation saturated 
bcntonites 1.0 conduct a series of studies on the 
hiiffcr cai)acity, catiotiic-exchange properties, and 
drug binding anti release properties of bentonite 
(6-10). M,any studies of montmorillonites as 
tablet disintegrants have been made, with the 
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work of Fcinstcin and nartilucci (11) being the 
most recent. 

Although the inontniorillonite class of clay 
minerals is widely used in the field of pharmacy, 
little has been reported in the pharmaceutical 
literature concerning their basic physical and 
chemical properties and the relation between such 
propertics and pharmaceutical applications and 
utility. It was, therefore, the purpose of this 
work t o  conduct a pharmaceutically oriented 
study of thc physicochemical properties of the 
montmorillonites, so that  the various present 
applications and limitations or restrictions of the 
clays might be better understood and future 
applications more accurately determined. 

EXPERIMENTAL 

Tlie tlirec cuninicrcial montrnorillonitcs studied 
in this work were rriagnrsiuin aluminurn silicate, 
niaguesiurri aluininuin silicate F, and WG .2 These 
three types of clay will be rcfrrred to as clay 1, 1 I ,  
and 111, respcctivcly, in the remainder of this paper. 

Magnesium alurninuin silicate has a composition 
of 61.1%) silicone dioxide, 13.77' rnagnesiuni oxide, 
9,37{, aluminum oxide, 2.9"/b sodium oxide, 2.7%, 
calcium oxide, and smaller amounts of titanium, 
ferric, and potassium oxides, 1.8%) carbon dioxide, 
and 72YG water of combination (12). The mois- 
ture content of the material will increase if exposed 
to moist ntmnsphrrcs. 'I'hc various grades of 
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Some Physicochemical Properties 
of the Montmorillonites 

By KEE-NENG WAI and GILBERT S. BANKER 

Th'e swelling, moisture sorption, particle size, cation-exchange, and drug adsorption 
properties of selected montmorillonites were studied. The swelling of montmoril- 
lonite was found to depend on both adsorptive and osmotic phenomena. The study 
of the sorption of alkaloidal drugs by the clay showed that brucine was sorbed by both 
adsorption and ion-exchange reactions, forming a monomolecular layer on the in- 
terior surface of the clay; methapyrilene and triethylamine were sorbed by an ion- 
exchange reaction; and niacinamide was neither adsorbed nor ion-exchanged. 

IIE IIYDKOUS inagnesium aluminum silicate 
"minerals, montmorillonites, because of their 
unusual properties and widespread occurrence 
have attracted the attention of workers in many 
fields of application. These clays are extremely 
plastic when moist, swell in the presence of water, 
and can be dispersed in water forming thixotropic 
gels. Bentonite U.S.P. is a mineral composed of 
907, montniorillonite ( 1). 

The applicatians of the monttnorilloiiites in the 
pharmaceutical field have been explored ex- 
tensively. bdagnesium aluminum silicate' and 
bentonite, alone or in  combinations with other 
common suspending agents, have been studied €or 
their use as suspending agents (2-5) .  Guth et el. 
prepared diEerent types ol bentonites by sat- 
urating the clay with N a t ,  K+,  Ca", Mg2+, and 
FI +. They used these various cation saturated 
bcntonites 1.0 conduct a series of studies on the 
hiiffcr cai)acity, catiotiic-exchange properties, and 
drug binding anti release properties of bentonite 
(6-10). M,any studies of montmorillonites as 
tablet disintegrants have been made, with the 
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work of Fcinstcin and nartilucci (11) being the 
most recent. 

Although the inontniorillonite class of clay 
minerals is widely used in the field of pharmacy, 
little has been reported in the pharmaceutical 
literature concerning their basic physical and 
chemical properties and the relation between such 
propertics and pharmaceutical applications and 
utility. It was, therefore, the purpose of this 
work t o  conduct a pharmaceutically oriented 
study of thc physicochemical properties of the 
montmorillonites, so that  the various present 
applications and limitations or restrictions of the 
clays might be better understood and future 
applications more accurately determined. 

EXPERIMENTAL 

Tlie tlirec cuninicrcial montrnorillonitcs studied 
in this work were rriagnrsiuin aluminurn silicate, 
niaguesiurri aluininuin silicate F, and WG .2 These 
three types of clay will be rcfrrred to as clay 1, 1 I ,  
and 111, respcctivcly, in the remainder of this paper. 

Magnesium alurninuin silicate has a composition 
of 61.1%) silicone dioxide, 13.77' rnagnesiuni oxide, 
9,37{, aluminum oxide, 2.9"/b sodium oxide, 2.7%, 
calcium oxide, and smaller amounts of titanium, 
ferric, and potassium oxides, 1.8%) carbon dioxide, 
and 72YG water of combination (12). The mois- 
ture content of the material will increase if exposed 
to moist ntmnsphrrcs. 'I'hc various grades of 
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magnesium aluminum silicate have the same general 
composition of plain magnesium aluminum silicate, 
but differ primarily in mechanical treatments which 
have been employed to affect color, rehydration 
properties, aggregate particle size, and other gross 
propertics of the various grades. 

Magnesium aluminum silicate WG is a high vis- 
cosity grade of magnesium aluminum silicate in 
finer than W-mesh powder form, which is easier to  
rehydrate than other grades (13). Magnesium 
aluminum silicate F is a microatomized (325 mesh) 
grade (13). 

The magnesium aluminum silicates were selected 
for study from the montmorillonite class, based on 
their high relative purity and light color for clay 
minerals, small lot-to-lot variation, and thc avail- 
ability of grades of clay varying in aggregate par- 
ticle size and other propcrtics. The clays studied 
were all oven dried at 50' for 24 hr. prior to use to  
remove nonbound moisturc which may have been 
sorbed by the materials during storage. The mois- 
turc content of the claysas supplied was bctwccn 6.2 
and 7.57G aiid after drying was 3.4, 2.4, and 4.3% 
for clays I, 11, and 111, respectively. The starch 
contaiued 9.47, moisture before drying and 5.27, 
after. The physicochemical propertics studied in- 
cluded swelling volume, moisture sorption, particle 
size, ion-exchange capacity, and drug binding. 

Particle Size.-Electron microscopy8 was ysed to 
determine the particle-size distribution of the clays. 

Thrcc samples of each of the three grades of clay 
were used for the electron micrographic analysis. 
One picture, a t  a magnification power of 4000X, 
was taken of each sample, and the negative films 
WCTC used t o  prcpare 8 X 10-in. photographs. The 
Martin's diameters (14) of all the particles were 
measured on the enlarged photographs. The cutnu- 
lative pcr cent of the particles was plotted on a 
probability scale against the logarithm of the 
Martin's diameter of the particles. The geometric 
mean diameters and the geometric standard devia- 
tions of the weight distribution were obtained from 
the graphs. 

Swelling Volume.-The swelling of the mont- 
tiiorillonites was studied in media containing sodiuni 
chloride in 0, 0.005, 0.010, 0.025, 0.050, 0.10, 0.25, 
0.50, and 1.00 N concentrations. Clay samples, 
weighing 2.00 Gin. each, were placed in 100-ml. 
amber glass jars. Fifty milliliters of medium was 
added to each jar, and the jars werc capped and 
shaken for 2 hr. on a mechanical shaker. The con- 
tents of each jar were then transferrcd to a 100-ml. 
graduated cylinder, and additional saline medium 
was used to wash the jar and fill the graduated 
cylindcr to volume. After 12 hr. of undisturbed 
hydration iu the cylinders, the volume occupied by 
each hydrated clay gel was measured. This gel 
height volume was called the swelling volume. 
Each swellitig volume was calculated from the aver- 
age of three replicate determinations. For the pur- 
pose of comparison, the swclling of starch U.S.P. in 
each mcdium was also measured. 

Moisture Sorption.-Three cotistant relative 
humidities were obtained by placing saturated solu- 
tions of calcium sulfate, sodium nitrite, and mag- 
nesium chloride, respectively, in 9-in. evaporating 
dishes in separate cliromatographic chambers 
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sealed with glass sheets and stop-cock grcase (15). 
The relative humidities in these chambcrs, meas- 
ured by a Sedex hygr~meter ,~  werc 98,66, and 35%, 
respectively. The temperature in the chambers 
was 26 f 2'. The moisture absorption of the clay 
samples, as commercially supplied and as compressed 
disks, and starch U.S.P. in the form of powdcred 
material was studied. Starch could not be com- 
pressed as a disk. The disks, 0.5 in. in diameter and 
0.5 Gm. in weight, were compressed with a force of 
10,000 lb. (50,000 p.s.i.) for 3 min. with a Carver 
press.6 The moisture content of all samples was 
determined gravimetrically, initially, and after 7, 
14, and 21 days of storage at each condition. The 
thickness and diameter of the disks were measured 
a t  thc same time intervals and disk volumes wcre 
calculated. 

Determination of the Exchangeable Cation of 
Montmorillonite with Radioactive Sodium.-A 
modified, inverse dilution tcchnique was used to 
measure the amounts of exchangeable cation and 
free electrolyte in the clays. The experimental 
procedure was as follows. 

( a )  The 22Na (10 pc. ) ,  in the form of a solution of 
NaCl in hydrochloric acid, was added to enough dis- 
tilled water to make 1 L. 

( b )  The solution was divided into four 250-ml. por- 
tions in volumetric flasks. To these solutions was 
added enough sodium chloride to produce the equiv- 
alent of 0, 30, 60, and 100 mg. of NazO iu 100 1111. 
of solution (plus the 1 pc. of 22Na/100 ml.). 

(c) The samples of the clays, weighing 1 Gm. each, 
were placed in 100-ml. dry-square bottles which had 
previously been soaked in dilute hydrochloric acid 
for 12 hr., washed, and dried. 

( d )  Fifty milliliters of thc radioactive saline solu- 
tions were added to each bottle and the bottles 
capped and sealed with tape.E The bottlcs wcrc 
placed in a mechanical shaker and agitated for 3 hr. 

(e) The clays were separated from the media by 
ultrace~trifugation,~ with a force 100,000 times 
gravity. 

(f) Three samples, each containing 2 ml. of the 
clear medium, were placed iu 4-ml. sample vials. 
The radioactivity of each vial was measured with a 
crystal-well counter.* 

Montmorillonite Reaction with Cationic Drugs.- 
Four cationic drugs were used to study the ion- 
exchange activity of the clays. They were metha- 
pyrilene hydrochloride, brucine sulfate, triethyl- 
amine hydrochloride, and niacinarnide hydrochlo- 
ride. The methapyrilene hydrochloride and brucine 
sulfate were analytical grade chemicals. The tri- 
ethylaminc and niacinamide hydrochlorides were 
prepared from the respective bases by reaction with 
hydrochloric acid followed by purification by rc- 
crystallization from alcohol, acetone, aud ethyl 
acetate. 

The alkaloidal salt was dissolved in alcohol U.S.P. 
The concentration of the alkaloid in the solution 
was adjusted so that the alkaloid in 50 m1. of solu- 

~~~ 

4 Sedex Inc., Bostou, Mass. 
5 Fred S. Carver, Inc., New York, N. Y. 
6 Scotch Tape No. SS, Minnesota Mining & Manufacturing 

7 Beckman Spinco Division, Stanford Industrial Park, Palo 
Co., St. Paul, Minn. 

Alto, Calif. 
6 Packard Instrument Co.. LaCrilnpe. IN. 

3 Philips EM 100, mudified, electron microscope, North 
American Philips Co., Uouiit Vetnou, PI'. Y. 
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a geometric standard deviation of 2.4 to 2.5 in each 
case. This does not reflect a significant difference 
between the discrrte particle size of thc various clay 
materials, although thc aggregate particle size of 
each material as described earlier is quite different. 

The surface area of each clay was also estimated 
using a gravimctric glycerol retention ttiethod (16). 
Based on an average of three rcplicatc detcrmina- 
tions for each clay, which were reproducible within 
i ~ l 0 ~ ~  for clay I and f57, for clays I1 and 111, the 
respectivc surface areas of the clays was 371, 339, 
and 300 M.Z/Grti. This finding indicatcs that clay 
111, with the largest aggregate particle size (50 
mesh), had the smallest available surface, aud that 
microatomization of clay 11 also reduccd its surface 
compared to clay I, according to the sorption proce- 
dure used. 

Swelling Volume.-Figure 1 is a plot of the swell- 
ing volume of the three grades of clays and starch 
against the concentration of sodium chloride in the 
media. The swelling of the clays decreased as the 
concentration of electrolyte increased. This finding 
tended to substantiate the hypothesis of Xorrish 
(17) that the second stage of swelling of a mont- 
morillonite is essentially an osmotic onc, sincc the 
increase in osmotic pressure of the rriediurn caused a 
rapid decrease in the swclling of thc clay. This 
could be a significant property when the clays are 
used as disintegrating agents for tablets arid as sus- 
pending agents. In tablets containing large doses of 
strongly ionized chemicals, the chemicals might 
influence the swelling of the clay which, in turn, 
could decrease the disintegration rate; in suspen- 
sions, the strong electrolytes may affect the gel 
formation of the clays. The swelling of starch did 
not apparently depend on osmotic pressure and was 

i 
0 > 60 I 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
NORMALITY 01' S O D I U M  CHLORIDE IN MEDIA 

Fig. 1 - T t i c T  swrlling volumes of montrriorillonitcs 
arid starch in aqueous media containing various con- 
ccntrations a t  sodium chloride. Key: @, clay 1;  
0 ,  clay 11; c', clay 111; 0, starch. 

tion would he coniplctely removed by 1 to 3 Gm. of 
clay by the ion-exchange reaction The solution 
was divided into ten 50-ml. fractions To these 
fractions were added different quantities of clay 11, 
varying from 1 t o  8 Gm. The clay was removed 
from the solution by centrifugation after it had beeu 
shaken for 3 hr with the solution. Ten milliliters 
of the clear alcoholic fraction was pipeted into an 
alurriiriurti ~c~ighiing pan and evaporated to dryness 
on a hot plat(. at 50". Thc wcight of residue was 
pkJtted against the weight of clays addcd. 

RESULTS 

Particle Size.-'The particle size (geometric mean 
diametcr) of the discrete clay particles of clays I, 11, 
arid I11 was 0.15, 0.11, and 0.12 p ,  respectively, with 

'rAB1.E I -h'IOISTURE S O R P T I O N  O F  THE MOSTMORILLONITES A h l  S l  ARCH I N  AIMOSPHERES OF \ -ARIOUs 
RELATIVE HUMIDITIES 

~ _ _  ._ 
~ 

__ -- - 

Material 

Clay I Wt. 
9 4  

Clay I1 T t .  

Clay 111 6 t .  
'% 

Starch Wt. 
0 7  /o 

Clay I Wt. 
9 4  

Clay I1 T t .  

Clay 111 g t .  

Starch 
'h 
Wt. 
0 7  /o 

Clay I Wt. 

Clay 11 Wt. 

Clay 111 Wt. 

St 31.r.h Wt . 

0' /o 

u' /o 

?G 
m /<I 

Clay I: Wt. 
% 

Clay ];I Ft . 
/0 

/n 
Clay 111 Wt. 

Starclh Wt. 
07 

% 

---Wt., Gm., and Yo Wt. Increase of Samplec after Sto 
Initial 7 Uays 14 Uays 

2.00'7 2.470 2.572 
in0 123. n 128.1 

At 98% Relative Humidity 

2 003 2 492 2 622 
ion 124 4 130 9 

1 972 2 439 2 517 
100 123 7 127 7 

5 704 6 382 6 532 
100 111 9 114 5 

At 66% Relative Humidity 
2.058 2.235 2.240 

100 108.6 108.9 

crag--- 
21 Days 

2.528 
125.9 
2.533 
126.5 
2.451 
124.3 
6 416 
112.5 

2.236 
108.7 

1.970 2 138 2 148 2 139 
100 108 5 109 0 108 G 

2 018 2 182 2 185 2 180 
i o n  108 1 108 4 108 0 

5 548 5 691 5 754 5 702 
ion  in2 ti 103 i 102 8 

2 n:jo 2 090 2 089 2 088 
100 i n 3  o 103 0 102 9 

2 01i 2 081 2 080 2 080 
100 in3  2 103 2 103 2 

2 053 2 118 2 115 2 115 
100 103 2 in3 o 103 0 

5 54; 5 584 5 597 5 546 
100 100 7 100 9 100 0 

At 35% Relative Humidity 

_ _ _ ~ _ _ _  
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TARLE 11 ~ S\\RLLING A N D  MOISTURE SORPTION OF COMPRESSED MONIMORII LONITES IN  ATMOSPHERES OF 
VARIOUS RELATIVE HLnmx IIFS 

~- ~~~ 

~~ 

hlateri.4 Uimension Initial 7 1)ays 14 Uaqs 21 Days 

Clay I Vol , ml 0 2484 0 4092 0 4192 0 3901 
At 98% Relative Humidity 

W t  , Gm 0 5008 0 6278 0 6412 0 6341 
W t  I % 100 125 4 128 0 126 6 

Clay 11 Vol , I d  0 2503 0 3739 0 3829 0 3470 
W t  , Gm 0 4927 0 6319 0 6464 0 6330 
W t  I % 100 128 5 1.31 2 128 6 

Clav TI1 Vol ml 0 2473 0 4029 0 4253 0 33.53 
Wt.; Gin. (1.5157 0.6376 (1.6605 0 .  i i42  
Wt., % 7 no 123.6 128.1 124.9 

Clay I Vol., ml. 
Wt., Gm. 
Wt.,  7% 
Wt.,  Gm. 
Wt., % 
Wt.,  Gm. 
Wt.,  7; 

Clay I1 Vol., nil. 

Clay I11 Vol., ml. 

Clay I Vol., ml. 
Wt., Gm. 
Wt.,  (%# 

Wt..  Gm. 
Clay TI Vol., ml. 

At 66% Relative Humiditv 
0 2460 n 3 o i ~  
0 4964 0 5318 

100 107 1 
0 2490 0 2765 
0 4915 0 5200 

100 105 8 
0 2457 0 2897 
0 5101 0 5374 

100 105 4 
At 35% Relative Humidity 

0 2449 0 2565 
0 4886 0 4980 

100 101 9 
0 2458 0 2600 
0 4907 0 4968 

100 101 2 
0 2473 0 2605 
0 5110 0 5147 

100 100 7 

0 28x5 
0 5318 
107 1 

0 2725 
0 5205 

105 9 
0 2847 
0 5383 

105 5 

0.2575 
0 4979 

101 9 

0 4923 
100 3 

0 2598 
0 5146 

100 7 

o 2505 

0 2907 
0 5310 

107 0 
0 2761 
0 5202 

105 9 
0 2891 
0 5376 

105 4 

0 2578 
0 4976 
101 8 

0 4951 
100 9 

0 2591 
0 5141 

100 6 

n 2518 

TABLE III.--RA~IOACITVITY OF SODIUM CHLORIDE SOLUTIONS AFTER EQUILIBRATION WITH THE S O D I U M  
IONS I N  MONTMORILLONITE 

~. ~. ~~~ ~~~~~ --- A-ayO Equivalent in 100 ml. of Soln.. mg. 

Clay I c.p.m. 13,249 19,289 22,395 24,860 
'72 41.24 60.04 69.71 77.38 

Clay I1 c.p.m. 12,100 . . .  22,206 24,850 
% 37.66 . . .  69.12 77.35 

Clay [I1 c.p.in. 16,839 . . .  24,040 25,898 
P- /(I 52.41 . . .  74.83 80.61 

- 
Material 0 30 60 100 

" Per cent of otiginal activity (32 ,IZf i  r.1i.m.) alter average hackground count (21!3 c.y.m.) was subtracted. 

TABLE IV.-Na20 EQUIVALESTS IN 
MONTIMORII,~.ON~THS 

Frre 
Electrolyte, Exchangeable Electrolyte 

N d J  NarO h-a + 

Equivalent, Equivalent, Equivalent 
Material mg./Gm. mg./Gm. mmole/Gm. 
Clay I 13.08 18.63 0.601 
Clay I1 10.92 18.08 0 .  AX3 
Clay TI1 17.83 16.19 0.523 

not affected by the concentration of sodium chloride 
in the medium. 

Moisture Sorption.-The hygroscopicity of a 
solid matrix has a direct effect on the stability of 
many active pharmaceutical ingredicnts. The 
hygroscopicity of clays may be influenced by their 

chenlicdl composition, the amount and type of 
exchangeable cation prcseiit, the particle size, and 
the surface area of the clay sample. 

The results of the moisture sorption study are 
sunimarized in Tables I arid 11. At the same rela- 
tive humidity condition, all three grades of mont- 
morillonite sorbcd approximately thc same amount 
of moisture, although, physically each clay repre- 
sents a different state of aggregation of the colloidal 
particles-flake, powder, arid fine powder. The 
aggregate condition of the clays did not appear t o  
affect thc moisturc sorption of the clays as supplied 
or as compressed disks. The clays iu original pow- 
der form and the clays which had been compressed 
with a pressure of 50,000 p.s.i. for 3 min. also sorbed 
approximately the same amount of nioisture in a 
period of 7 days or longer. This shows that  mois- 
ture penetrates the compressed clay rather rapidly. 
The montmorillouitcs were found to  sivell (Tablc 11) 
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in a humid attnosphere, with the volume of swelliiig 
:rpproximately #?qua1 to the volume of the water 
absorbed. 

Determination of the Exchangeable Cation of 
Montmorillonits with Radioactive Sodium-Con- 
sicler tlie case of a clay sample suspended in dis- 
tillccl watcr containing a trace of 22NN:tC1. Tlic free 
electrolyte in the clay sample dissolves freely in the 
medium while the cxchdngedblc cations attach to  
the clay particles. The 22Na, being chemically 
identical tNo natural sodium, exchanges indiscrim- 
inately with the exchangeable sodium arid the 
sodium in the medium. At equilibrium the rela- 
tioilship in  13q. 1 would exist. 
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Solving Eqs. 1 and 2.  otic can rstimatc the 
amount of eschangcahle sodium and the amount of 
suluble electrolyte in tlie clays;. 

.l'able TI1 expresses the radioactivity. in terms of 
c.p.m. and percentage of  initial activity, of 2 mi. of 
the sulutioris of radioactive sudiurri chloride wliicli 
had been mixed and ion-exchanged with the clays 
accordirig to  the procedure previously outlined. 

Utilizing tlic data in 'Fable 111, the free elec- 
trolyte arid exchangeable electrolyte contents were 
calculated and are summarized in Table I\'. 

This experiment shows that the sodium in mont- 
morillonite exists as exchangeable cation as well as 
free electrolyte. The presence of free electrolyte in 
the days  may he due to the presence of electrolyte 
in natural water which is used to  wash the clays. 
Comparing the ion-exchange property and the 
swelling volume of the clays, it appears that  the ion- 
exchauge capacity of the clay is not the major factor 
that  influences the swelling of the clay. 

Considering that the cation-exchange capacity of 
clay I1 is 0.583 (Tahlc I V )  and that the surface area 
of the same clay is 339 M.2/Gni., the average dis- 
tance betweep two iouized sites cau be calculated to 
he about 10 A. This is a reasonable estirnation. It 
shows that  the ion-exchange sites are distributed 
throughout the internal surface of the clay, arid the 
cation-exchange activity takes place a t  the interior 
of the clay particles. 

Montmorillonite Reaction with Cationic Drugs.- 
Figures 2 to 5 describe the sorptiou or the four drugs 
by montmorillonite. A t  first tlie drug coricentratiori 
decreased very rapidly with the increased quantity 

radioactivity in soln. a t  
equilibrium 

initial radioactivity 

free Na in clay 
total Na in clay - ~~ 

_______ - 

= frce electrolyte in clay, ?& 
(Eq. 1) 

Consider another sample of clay suspetided in 
saliric solution containing a trace of ZPNaCI and x 
moles of NaCI. The free electrolyte in the clay 
;ample dissolves freely in the medium and mixes 
with the sodium chloride originally in the medium. 
The 22Na exchanges iIidiscrirriimately with the ex- 
changeable sodium and thc sodium in the medium. 
At equilibrium, the relationship in Eq. 2 is obtained. 

free Na 4- moles Na + radioactivity in soln. 
~ - at equilibrium 

total N a  + x moles of x a +  - ~~~~ 

~~ 

iuitial radioactivity 
(Eq.  2)  

c -*- +a 
3 . , .. 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
WT OF CLAY It ADDED, Gm. 

Fig. 2.-Sorptiou of mcthapyrilene by rnontrnoril- 
lonitc. 

1.0 2.0 3.0 4.0 
WT. OF CLAY I I  ADDED, Gm. 

Fig. X.-SorpLion nf bruciiie by montinoI.illonite. 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
WT. OF CLAY It ADDED, Gm. 

Fig. 4.-Snrption of triethylarnine by rnontrnoril- 
lonitc. 

. . L  ~ I > I , ,  

1.0 2.0 3.0 4.0 5.0 6.0 
WT. OF CLAY II ADDED, Grn. 

Fig. Ft.-Sorption o f  niacitiarnidc by montmorillonitc. 
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TABLE V.--ARSORPTION OF ALKALOIDAL DRUGS BY CLAY I1 

Methapyrilene Brucine Triethylamine Niacinamide 
HCI Sulfate HCI HCI 

Initial coucn. of drugs, nig./rnl. 5.89 8 .11  3.90 5.45 
Amt. of drug in 50 rnl. of s o h ,  mcq. 0.989 0.916 1.780 1.718 
Clav required to absorb all drurr in 50 ml. of solii.. 

dm.  - - 
Ion-cxchange capacity of clay, meq./Gm. 
Drug exchanged with cation in clay, rneq. 

1 725 1 225 3 05 
0 683 0 583 0 583 0 583 
1 006 0 714 1 778 . .  

Drug adsorbcd by clay, meq. -0.017 0.201 0.002 

of clay added. Finally, when all drug in the solu- 
tion was removed by the clay, the weight of the 
residue-exchange product from the clay ceased to 
exchange with further addition of the clay. Each 
curve shows two distinct straight Segments. The 
intcrscction a t  which the extensions of these two 
straight portions meet shows the weight of clay re- 
quired to pick up all the drugs from the solution. 

Table 1 7  illustrates the amounts of drug exchanged 
with the cations of the clay and the amount of drug 
adsorbed by the clay. The “initial concentrations 
of the drugs” and the amount of “clay required to 
absorb all of the drug in 50 i d .  of solution” are 
obtained from Figs. 2-5. The “ion-exchange 
capacity of the clays” is obtained from the pre- 
vious experiment. The “drug exchanged with the 
cation of the clay” is calculated by multiplying the 
“ion-exchange capacity” by “the amount of clay 
required to absorb all of thc drug in 50 ml. of solu- 
tion.” 

Table V shows that the clay quantitatively picks 
up methapyrilene and triethylamink by an ion- 
exchange reaction, and brucine partly by ion-cx- 
change and partly by an adsorption reaction. Nia- 
cinamide was ncither adsorbcd by nor exchanged 
with the cations of the clay. 

Brucinc sulfate, being a large molecule, is picked 
up by the clay to an extent of 3574 above the 
cation-exchange capacity of the clay; yet, triethyl- 
amine hydrochloride, being a small molecule, is 
picked up by the clay quantitatively with respcct to 
the ion-exchange capacity of the clay. This is a 
further strong indication that the absorption of tri- 
ethylamine by the clay is not a surface phenanienou 
of the clay. I t  is, instead, ion exchange. 

Niacinamide, being an extremely weak acid, may 
dissolve in the alcohol iri the form of niacinamide 
base, rather than the ionic form of its hydrochloride 
salt. Another possibility may be that the positive 
charge on the riiacinarnide cation may resonate and 
spread throughout the molecule, and weaken the 
charge of the cations, so that they cannot replace the 
original cations on the clay which are strongly 
charged. This may explain why tiiacinamide was 
not bound by the clay. 

DISCUSSION A N D  CONCLUSIONS 

The swelling of montmorillonite depends upon 
two main mechanisms-namely, adsorption and 
osmosis. The swelling by adsorptiou is illustrated 
by thc adsorption of moisture, glycerol. and brucine 

by the clay. The swelling of montmorillonite by 
osmosis can be illustrated by the depression of the 
swelling volume of the clays by electrolytes. 

The data on the measurements of specific surface 
area of the clays are the best p r d  of particle swell- 
ing of clays by adsorption. The glycerol and 
bruciue actually penetrate into the interior of the 
clay particles. The adsorption of glycerol, mois- 
ture, and brucine to the internal surface of the clay 
particles results in swelling of the particles of the 
clay. Since the initial swelling of the clay is 
essentially by adsorption, the disintegrating activity 
of the clay on tablets may be hypothesized as pri- 
marily due to the adsorption swelling rather than 
osmotic swelling of the clay. If this hypothesis is 
true, then, many other clays which are good adsorb- 
ants may also be good disintegrating agents. 

The cation-exchange activity of niontmorillonite 
occurs a t  the internal surface of the clay particles. 
The physical entrapment of the organic molecules 
between the silica-aluminasilica layers may explain 
the strong and partial irreversible binding of organic 
molecules by clays. One can further theorize that 
the entrapment of cationic drugs in the interior of 
the clay particles may be applied to stabilize some 
unstable drugs arid to produce sustained-release 
medications. 
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Modification of Polvethvlene Glvcol Ointment 
J J J 

U.S.P. XVI 
By WITVITA CHANDRANONDNAIWINIT and E. BLANCHE SOMMERS 

The hydrophilic capacity of official polyethylene glycol ointment, modified by the 
addition of 0.5 per cent of dry unneutralized carboxypolymethylene compound, 
was increased 48 per cent. The relative effectiveness of the modified ointment as 
a vehicle for yellow mercuric oxide (1 per cent) and potassium penicillin G (1000 
u./Gm.) using Staphylococcus aureas PS 8 1 as the test organism was determined. 
Antistaphylococcal activity was increased 23.3 and 3 1.3 per cent, respectively. The 
stability of penicillin in the modified and official bases was checked for 2 3  days. 

Antistaphylococcal activity declined to 18.8 and 13.5 per cent, respectively. 

OLYETII YLENE glycol ointment U.S. P. XVI 
possesses such advantages as esthetic ap- 

pearance, washability, incrtness, and the ability 
to  form art emollient base. However, its high 
degree of solubility precludes the addition of 
aqueous solutions much in cxccss of 5% of the 
total formula (1). 

One of the criteria of an ideal ointment basc is 
that  of hydrophilic capacity. According to  
Reeler (2),  various authors have described an 
ideal ointment base as being capablc o f  holding 
at least ,XI% oT water 

Due to the lack of this ability on the part of all 
of the polyethylene glycols, variou4 additires 
have been tried with limitcd degree of success. 
For example, 'the addition of 5% of cetyl alcohol 
to  the anhydrous base containing 47 57, each of 
polyethylene glycol (PEG) 4000' and polyethylene 
glycol 4001 has been recommended (3) This ad- 
dition increased the water absorption ability of 
the base 10% 

Since the official ointment in most respects is 
pharmaceutically and derniatologically ac- 
ceptable except for its lack of water capacity, 
further stiidy was prompted in regard t o  this 
character iqtic. Din crent substances were tried 
in varying concentrations and carboxypoly- 
methylcne compound2 proved to  be the most 
satisfactorv in regard to increasing the hydro- 
philic capacity of official polyethylenc glycol 
ointment 

EXPERIMENTAL 

Addition of Carboxypolymethylene Compound.- 
Polyethylcnc glycol ointment U S P XYI wa5 pre- 
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Accepted for publication August 3. 1966. 
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Academy 01: Pharmaceutical Sciences, Dallas meeting, April 
198U. 

Abstracted in part from a thesis submitted by Winita 
Chandranondnaiwinit to the Graduate Collegr, IJniversity 
of Oklahoma, Norman, in partial fulfillment of Master of 
Scieuce decree retiuirements. 

1 Marketed as Carbowax 4000 by Union Carbide Corp., 
New York. N. Y. 

Marketed as Carbopol 934 by B. F. Goodrich Chemical 
Co., Cleveland. Ohio. 

pared and samples of the official ointment were 
modified by the addition of carboxypolymcthylene 
compound in concentrations of 0.5, 0.75, 1, 2 ,  and 
5%. -4septic techniques were observed and finished 
ointments were stored in closed jars a t  room tem- 
perature. The polymer was added according to 
the lollowing methods. 

Method 1 .-Onc-half grain of unneutralized car- 
boxypolymethylene compound rcduced to a fine 
powder was thoroughly triturated into enough poly- 
cthylerie glycol ointment to  make 100 Gm. This 
process was repeated using 0.75, 1, 2, and 5 Gui. 
of the polymer. 

Carboxypolymetliylene compound owcs much of 
its exceptional ability to thicken, suspend, and 
emulsify to its hydrophilic nature or affinity for 
water (4). I t  was uscd dry and unneutralizcd in 
an effort to increase its water absorption ability 
when present in the ointment base. 

Method 2.-Method 1 was varied by adding the 
respective portions of unneutralized carboxypoly- 
methylene compound to enough liquid polyethylene 
glycol 400 to  make each portion weigh 60 Gm. 
The powder was first levigated with a small amount 
of the liquid glycol and successive portions of thc 
latter were added until thorough incorporation was 
accomplished. Each 60-Gn1. portion of the PEG 
400 containing its respective concentration of the 
polymer was then hcated with 40 Gni. of  PEG 
4000 on a water bath t o  65". The preparation was 
allowed to cool and was stirred until it congealed. 

Method 3.-Carboxypolymethylene compound 
(0.5 Gin.) was neutralized with a solution of sodium 
hydroxide (loyo). In order to avoid the presence 
of water to the greatest possible degree, the dry 
polymer was mixed with 10 ml. of the official oint- 
ment. before it congealed. Onc milliliter of the 
sodium hydroxide solution was added and the mix- 
ture was allowed to stand for 30 min. It became 
very gelatinous, but readily liquefied when placed 
on a &ater bath, and it was then incorporated 
iuto the remaining liquid official ointment to 
make a total of 100 Gm. 

The resulting preparation was darker arid con- 
siderably stiffer than the official ointment. For this 
rcason further modification of the official ointment 
by the addition of increased coucentratiotis of the 
neutralized carboxypolyniethylene compound was 
not attempted. Products of methods 1 and 2 were 
evaluated. The 0.5yi formulation prepared by 
trituration of dry unneutralized carboxypoly- 
nietliylene compound into the official ointment was 
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the latter were submerged in the ointment undcr 
standardized conditions. The clectrical power was 
sluwly increased and the rheostat reading was taken 
at the first perceptible indication of thc ointment’s 
yield to  the blades of the stirrinR device. Repeated 
experitriental de~errninations gave values that 
differed within acceptable limits. 

After the initial hydration, the samples of poly- 
ethylene glycol LJ.S.P. XVI containing an average 
of 19.6% of distilled water regaincd thcir original 
consistency in an average of 5.5 days on standing 
in tightly closed containers a t  room temperature. 
When compared to samples of the modified oint- 
ment containing the Same amount of distillcd water, 
the latter regained their original consistency in an  
average of 1 day. Distilled water was again addcd 

Fir. I.-Comparison of absorption of water by 
PEG ointmrnt U S 1’. (1); PEG ointment U.S.P. 
with 0.5c/;, of dry irnncutralized carboxypr~lyrnethyl- 
cne compound ( 2 )  

selected as the most cosmetic in texturc and ap- 
pearance. 

Hydrophilic Properties.-The official ointment 
arid that modified with 0.5T0 of carboxypoly- 
methylenr cornpound were tested for hydrophilic 
capacity. Distilled water wa5 added dropwise 
with trituration from a calibrated dropper to  sam- 
ples of each ointment until the point of flow was 
reached. Standardized point of flow was attempted 
in each instance by the delivery of a spccificd 
volume of the sample in a specified time from the 
same container. 

After the initial hydration, the ointments thick- 
ened on standing. Whcn this occurrcd, water was 
again added t o  the ointments in the same manner 
until they did not change consistency on standing 
for 30 days. Results of the initial hydration are 
shown in Fig. 1. 

Relative consistency of the ointments was de- 
termined by thc use of a rheostat connected to an 
electrically driven stirring device. The blades of 
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Fig. 2.-Comparison of antistaphylococcal activ- 
ity. Key: l,, PEG ointment U.S.P. with mercuric 
oxide, lyG; lb, PEG dry unneutralized carhosypoly- 
methylene compound ointment with mercuric oxide, 
lC;o; 2,, PEG ointment U.S.P. with potassium pen- 
icillin G ,  1000 u./Gm.; 2 b ,  PEG dry unneutralized 
carboxypolymethylene compound ointment with po- 
tassium pcnicillin G, 1000 u./Gm. 

SUCCESSIVE DAYS OF TESTING OF OINTMENT 

4 8 10 16 23 

Fig. 3.--The rate of decline of potency of ( 1 )  
PEG dry unneutralized carboxypolymethylene com- 
pound ointment with potassiml penicillin G, 1000 
u./Gm.; ( 2 )  PEG ointment U.S.P. with potassium 
penicillin G, 1000 u./Gm. 

to the samples of the official ointment containing 
19.6<z, of distilled water until each reached the point 
of flow. This timc an average of 10.4% water/ 
sample was requircd making a total of 30% of 
distilled water t h a t  was added. Aftcr standing 30 
days, thickening occurred to a very slight degrce. 

Thc samples of the ointment modified by the ad- 
dition of 0.57, of carboxypolymethylene compound, 
that contained an average of 29Yc water when 
initially hydrated to the point of flow, were stored 
in the same manner for 30 days. They thickened 
considerably but did not regain their original 
consistency. 

Using fresh samples of the modified ointment, 
distilled water was added to each sample to the 
point of flow. This was repeated using the same 
samples until, on standing 30 days, these prepara- 
tions did not thicken. A total of 34y0 water was 
required. 

Evaluation as Vehicles for Yellow Mercuric 
Oxide.-The official and the modified ointments 
were tested to determine thcir relative efiectiveness 
as bases for yellow mercuric oxide. One per cent 
of the latter was incorporated into samplcs of each 
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of the ointments by trituratinn until homogeneous 
composition was obtainrd. Aseptic techniques 
were observed. 

A solution of nutrient agar in distilled water 
(2.3'3) was prepared, autoclaved. and cooled to  
45'. Each of 20-nil. samples of this solution was 
inoculated with 0.2 ml. of S .  uurezis PS 81 which had 
previously been incubated for I8 lir. at 37" in an  
aqueous solution of thioglycolbate (17b). The 20-nil. 
samples were then poured iuto strrilc Petri dishes 
and allowed to  harden, after which 0.5 Gin. of the 
official ointment containing yellow mercuric oxide 
(Icj,) was placed in the center of the nutrient agar 
in cach plate. This procedure was repcatrd using 
the modified ointment containing yellow mercuric 
oxide (lt:.<;). 

These preparations were incubated at 37" and 
read aftcr 48, hr. Bacterial inhibition zones were 
mrasured from tlie edge of the ointment t o  the edge 
of the zone of complete inhibition. Controls con- 
sisting of the nutrient agar, the official, and the 
modified ointments were prepared. They showed 
no zones of b3cterial inhibition. Rrsults are shown 
in Fig. 2. 

Evaluation as Vehicles for Potassium Penicillin 
G.-Ointments of potassium penicillin G (1000 
u./Gm.) were prepared using the ofticial and the 
modified bases. The penicillin was incorporated 
into the bases by the same method used in the 
preparation OF the mercuric oxide ointments. 

Effectiveness of the two bases as vehicles for the 
penicillin war; tested by the same method used for 
testing tlie yellow mercuric oxide ointments. Re- 
sults are shown in Fig. 2. 

Stabilit,y Studies. -The stability of potassium 
penicillin G in the oflicial and in the modified 
hases was tested. The ointments, after prepara- 
tion, were immediately stored in tightly closed 
containers a t  room temperature. Using Staphylo- 
coccus PS 81 3.5 the test organism and the previously 
described media and techniques, tlie ointments 
were tested at 1, 4, 8, 10, 16, and 23-day intervals 
for potency ,of their contained penicillin. Results 
are shown in Fig. 3.  
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nf the official ointment and the initial hydration 
(29!2;) of the rnodifird ointment were approxi- 
rnaiely tlic s;tnie. Also, the total hydration of the 
latter wcs 347) .  Tt is probable that  apparent in- 
creased liydration of  the ofticia1 ointment when 
c3rhorypolyrnett~ylerie compound was added was 
predominately duc to  increased rate of hydration 
caused by the polymer. 

Incomplete hydration (8-1074) could account for 
the observation by King and Shefield (6) that "The 
poIyethylene glycol ointments are not cotripletely 
satisfactory cosmetically . . . ." 

Evaluation of Bases for Yellow Mercuric Oxide 
and Potassium Penicillin G.-Polyethylene glycol 
ointment U. S. P. XVI and its modified form contain- 
ing0.5yo carboxypolymcthylene compound were suit- 
able bases for mercuric oxide (1%) and potassium 
penicillin G (1000 u./Gm.). When the anti-infec- 
tive agents were added to the oficial and the 
modified bases arid the finished preparations were 
tested, both produced zones of bacterial inhibition; 
however, the modified hase was superior to thc 
official base. 

Controls of the official ointment and of the 
modiiied ointment containing (l.5%;, cdrboxypoly- 
methylcnc compound did nut demonstrate anti- 
infective activity. The polymer did not possess 
anti-infective activity in this instance, but when it 
was added to  the official ointment containing mer- 
curic oxide or penicillin, the anti-infective activity of 
the ointment was increased. These results sug- 
gest that  increased anti-infective activity that  
occurred when the polymer was present was not 
due to the polymer alone but  t o  dircct relationship 
of the polymer to the anti-infective agent. 

Thus, the superiority in regard to anti-infective 
activity of the modified base when compared to  
the official base could be duc to  the ability of the 
polymer to act  as an  emulsifying agent and in 
this manncr increase the ratio of anti-infective/ 
bacteria exposure. 

Stability of Potassium Penicillin G in the Official 
and Modified Bases.-The PEG'S have useful 
roles as vehiclcs for penicillins (7). However, there 
is difference of opinion concerning the effect of 
these compounds on the penicillins. Sorne investi- 
gators (8, 9) have reported that  the presence of 
these compounds hastens the decomposition of the 
antibiotic, while others (10) have found i t  t o  be 
remarkably stable in PEG bases. In  studying 
this problem, Ferlanto and Clymer (11) found that 
penicillin stability varies with the vehicle and with 
the partinilnr salt used. 

Numerous references are found in the literature 
in regard to  the stability of penicillin in polyethylcne 
glycol bases. However, none of these was con- 
cerned with tlie effect of carboxypolymethylene 
compound when present as a component of the poly- 
ethylene glycol base. I t  was decided to  determine 
that effect. 

According to the data of this investigation, the 
potency of the penicillin in thc official and the 
modified bases when stored at rooni tcmperature 
declined to  18.3 and 13.5yA of their original activity 
at the cnd of 23 days. l'his decline was fairly 
gradual and consistent except for the rapid declinc 
of the penicillin potency of the modified base 
during the first 4 days. On furthcr testing, this 
occurred again and remains unexplained. 

DISCUSSION AND CONCLUSIONS 

Hydrophilic Capacity.-According to this iti- 
vestigation, 1:he initial hydrophilic capacity of thc 
official polyrthylene glycol ointment ( 19.6vo) is 
greater than that  of 8-1070 reported by the litcra- 
ture, and the addition of 0.5:% of carboxypoly- 
lnethyleiie compound increased this capacity to  29%. 

However, a total of 30y0 water was added to  the 
official ointrricnt at successive times before it 
ceased to  thicken when stored 30 days. When 29y0 
water w:ts initially added to  the modified ointment, 
it thickened on standing, but  did not regain the 
original consistcncy on standing for the same period 
of time. The addition of a total 34?;> of water was 
required before the modified base showed no change 
when stored for 30 days. 

The changes that  occurred in the consistency of 
the ointments on standing might be considered as 
thixotrojpic in nature. However, thixotropy is cus- 
tomarily demonstrated by a 2-phase system. Poly- 
ethylene glycol ointment is an  organogel and thus 
exists as a 1-phase system (5). 

It is important t o  note that total hydration (307 , )  
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Investigation of Factors Influencing Release of Solid 
Drug Dispersed in Inert Matrices I1 

Quantitation of Procedures 
By SAURABH J. DESAI*, PARVINDER SINGH, ANTHONY P. SIMONELLI, and 

WILLIAM I. HIGUCHI 

Recently a number of factors governing the rate of release of drug from plastic 
matrices were investigated. This study showed that while the experimental results 
were .ge?erally in agreement with Higuchi’s relationship, they were not always 
quantitative. The present paper describes a refined experimental procedure for 
quantitatively studying the various factors. Matrix porosities are determined in 
two ways so that available and inaccessible pores can be differentiated. Dif is ion 
coefficients are independently determined. The matrix tortuosity can now be 
quantitatively determined independently of the solid drug release rate data. In 
addition to these experimental refinements, the limitations of the theory are reviewed 

and some useful modifications proposed. 

PREVIOUS communication (1) discussed pre- A liminary results on the investigation of the 
factors influencing drug release from solid drugs 
dispersed in inert matrices. An attempt was 
made in that study to compare experimental 
release rate data to the Higuchi relationship ( 2 ) .  
While it was found that qualitative and semiquan- 
titative comparisons between theory and data 
could easily be made, considerable difficulty was 
generally encountered when a quantitative test 
of the theory with data was attempted. 

It was believed that much of the difficulty was 
due to the porosity and the tortuosity of the 
matrix not being independent of the other vari- 
ables and changing from experiment to cxperi- 
ment. For example, these studies (1) showed 
that a small amount of surfactant in the solvent 
phase could markedly increase the release rate 
from the polyethylene plastic matrix. It was 
shown that this was not an increased solubility 

effect, and therefore, must be related to the po- 
rosity or tortuosity factors. 

It has now become apparent that, in order to 
clearly understand the basic mechanisms in- 
volved, a more systematic study must he under- 
taken. Wherever possible, each of the param- 
eters in the theory should be quantitated inde- 
pendently and then incorporated into the theory 
to see whether the equation accurately predicts 
the rate. Then when discrepancies occur, real 
or apparent, physical interpretations that are 
meaningful may be assigned. 

The purpose of this paper is to present details 
of methods, both theoretical and experimental, 
designed for the quantitative physical evaluation 
of the various factors involved in drug release 
from nondisintegrating matrices. It will be 
shown that these techniques should permit the 
unambiguous interpretation of release rate data 
in most instances. 
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taken. Wherever possible, each of the param- 
eters in the theory should be quantitated inde- 
pendently and then incorporated into the theory 
to see whether the equation accurately predicts 
the rate. Then when discrepancies occur, real 
or apparent, physical interpretations that are 
meaningful may be assigned. 

The purpose of this paper is to present details 
of methods, both theoretical and experimental, 
designed for the quantitative physical evaluation 
of the various factors involved in drug release 
from nondisintegrating matrices. It will be 
shown that these techniques should permit the 
unambiguous interpretation of release rate data 
in most instances. 
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where I)’ is the effective (or apparent) diffusion 
coeficient that takes into account both of the 
effects mentioned above. As will be shown later 
D’ may be conveniently determined by a single 
run in a conventional diffusion cell. 

The term in Eq. 3 involving the integral has the 
same physical meaning as the ‘/z EC. terni in Eq. 1. 
It represents, therefore, the solution holdup of solute 
in the leached matrix. This integral term has a 
value between I/s eCs and cCs and may be approxi- 
mately evaluated by methods discussed in the 
Append ix .  

It should be pointed out that Eq. 3, like Eq. 1, 
breaks down when 

tC, 5 2A 

However, i t  should extend the quantitative ap- 
plicability of the theory to much larger C, values 
than Eq. 1. 

The  effect of wlutc binding has not bcen includcd 
in Eq. 1. For the case in which binding to the 
matrix is linear, i .e. ,  constant partition coefficient, 
a modified equation may be derived by the same 
~nathematicd procedure used previously (2) .  One 
has in this case 

where Q is the grams of drug relrased per unit area 
of surface at  time, t ,  D is the diffusion coeficient of 
drug in 1.he release medium, E is the porosity of the 
matrix, C:, is the solubility of drug im the release 
medium, T is, the tortuosity of the matrix, and A 
is the concentration of drug in the tablet expressed 
as Gm./nil. 

Some corn.ments are now appropriate regarding 
Eq. 1. Mos;t of these were pointed out in the 
original work (2). 

The porosity, e ,  refers to the volume fraction 
that is permeated by the solvent and available for 
diffusion in the already leached portion of the 
matrix. Therefore, in general, 

8 = €d + €air $- Euther 

Here t,l := -~ is the contribution to the porosity 

from thc dissolved drug where pd is the drug crystal 
density. The other two terms in Eq. 2 are the con- 
tributions to porosity from released air and from 
the leaching of other soluble additives in the miu- 
ture. A.E. we shall see later, eair available for solvent 
penetration and drug diffusion, is very sensitive to 
the presence of surfactants with certain matrices. 

The tortuosity factor, r ,  corrects for the 
lengtheraed diffusional path caused by the necessary 
lateral excursions. In other words, it  accounts 
for, or corrects for the additional distance a molecule 
must travel due to its circuitous pat11 within the 
tablet. A straight channel will have a tortuosity 
of I ,  whereas a spherical glass bead column will 
have a T value of about 2 to 3. 

I t  will be seen later that in some situations 
extremely large T values (-103 to lo4) are en- 
countcrcd. In  these cases the concept of the av- 
erage porosity and the average tortuosity does not 
adequately describe physically the pathways and 
resistances for diffusion, and a more detailed con- 
sideration of the microscopic matris permeability 
factors becomes desirable. 

As was originally stressed (Z) ,  the model leading 
to Eq. 1 should fail when eCS 7 2.4. To derive 
a general analytical expression which includes the 
large sC, cases appears to be extremely difficult 
because the pseudo steady-state assumption cannot 
be made. It appears safe to state that, as long as 
211 is more than about 3 times greater than eC,, 
the model :should be quantitatively meaningful. 
The authors’ initial quantitative studics of Eq. 1 
will therefore be limited to those cases involvirig 
solutes iof low to moderate solubilities. 

Another limitation of Eq. 1 is that it does not 
explicitly account for the effects of the diffusional 
rriovenient of the solvent or for the possibility 
that the solute diffusion coeficierit may be con- 
centration dependent in the diffusion barrier. 
Both of these factors could become important when 
C, is moderate to large, say 5 0.1 Gni./ml. The 
modified equ:ttion (see Appendix for the derivation) 
takirig these factors into account may be written 

(Eq. 2) 

‘‘I 
I’d 

Q = {F [2A - C, ( E  + K - Ke)] t / ’”  (Bq. 4) 

(drug in matrix phase) 
where K = (drug in solvent) a t  equilibrium. 

Equation 4 assumes equilibrium binding and takcs 
into account the same factors included in Eq. 1. 
The cases for time dependent binding or nonlinear 
binding would be much more difficult to handle 
mathematically. 

I t  can be seen from Eq. 4 that unless the product, 
KC,, is a significant fraction of A ,  the cffcct of 
binding should not be very important. 

EXPERIMENTAL METHODS 
Diffusion Coefficient.-The method used in these 

studies is, in principle, the same as that employed 
by McBain (3). Essentially, it involves measure- 
ment of the solute transfer rate through a sintered 
glass disk from one chamber to another. 

Thc apparatus is shown schematically in Fig. 1. 
I t  consists of a porous siritered glass disk (E) 
mounted between two 150-1111. conical flasks ( C )  
with side arms. One of the flasks is closed with a 
ground glass stopper, and the other with a special 
adapter (B). Stirring of the solution is achieved 
by using magnetic stirring bars (D). The entire 
apparatus is water jacketed (F) to maintain con- 
stant temperature. 

The following procedure was followed. Before 
the beginning of each experiment, the glass disk 
was flushed with water to remove entrapped air. 
This was accomplished by filling one of the flasks 
with water and then applying pressure over it or 
by applying vacuum to the other flask. This step 
was an important one because it was assumed that 
identical conditions were maintained from one 
experiment to another. 

Also, a few minutes before the experiment the 
drug solutions were heated in a flask to boiling and 
then cooled rapidly to within 10” of the temperature 
of thc experinient. This step greatly helped to 
elitnillate the development of gas bubbles in the 
solution chamber during tlie experiment. 
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centrations in flasks I1 and I, respectively, D X C ~  is 
thc diffusion cocficient for KCI, and G~cci is 
the KCl transport rate in the experiment. 

cm.* sec.-l (4) was 
used with 0.10 M KC1 solutions. GKCI was dc- 
terinined by K +  analysis using the Perkin-Elmer 
atomic absorption spectrophotometer model 303. 

For the present apparatus it was found that a t  
30 

A D K V I  value of 2.09 X 

L = 2.45 =t 0.10 cm. 

Thi5 value was also checked with betizoic acid 
solutions and the agreement was satisfactory using 
King's value for thc diffusion coefficient for benxoic 
acid ( 5 ) .  

For thc unknown solutes the diffusion coefficients 
were calculated from the data using the equation 

Fig. 1.-Schematic diagram of apparatus used to 
determine diffusion coeficients. Sintered glass 
disk diameter = 30 mm., thickness = 2.5 mm., and 
pore size = 4.0-5.5 p. (See text for detailed 
description. ) 

2 4 6 8 1 0  
TIME, hr. 

Fig. 2.-Typical diffusion runs with the apparatus. 
Curve A gives data for 6.8% sodium salicylatc solu- 
tion in flask I1 and water in flask I initially. Curve 
B gives data for saturated caffeine solution in flask 
I1 and water in flask I initially. 

A measured amount of water was added to flask I, 
arid simultaneously the drug solution was added 
to flask I1 kccping the levels of the liquids in thc 
two flasks approximately the same. When the 
water addition to flask I was completed, flask I1 
was quickly filled to the top and the adapter (B) 
was placed in position. More solution was added 
through one of the arms (A) keeping the stopcock 
of the other arm open for air displacement. Be- 
cause the last traces of air were difficult to remove, 
the last few milliliters of solution were added by 
mcans of a fine-tipped pipet passcd through the 
horr o f  thc stopcock. Aftcr all of the visible air 
had been removed, tlie stoppers or the adapter were 
closed tightly and the magnetic stirring bars were 
started in both flasks. Samples wcre withdrawn 
at  various tinir intervals for analysis. 

The solution concentration in flask I1 was de- 
termined before and after each experiment. In 
most instaticcs the cliangcs, as expected, were 
negligible during the runs. 

The cell constant, L ,  was dctermined using KCl 
solutions and the following relationship, 

where G,: is the rate of solute transport a d  A C  is the 
concentration difference between the two flasks. 

It must now be pointed out that thc D, value 
obtained by means of experiment and Eq. 5 is the 
appropriate apparent diffusion coefficient to be 
used in either Eqs. 1 or 3 when A C  = C,. This 
identity can easily be seen (Eq. 17a in Appendix)  
by examining thc theory for the diffusion cell 
experiment in the satne way as was done in the 
derivation of Eq. 3. 

The direct use of the experimentally obtainablc 
diffusion coefficient, D,, in the theory for drug 
rclcasc from the matrix convenicntly allows the 
absolute test of Eqs. 1 or 3 when c and 7 values 
arc available from the measurements described 
later. 

In Fig. 2 arc givcn typical diffusion cell expcri- 
mental data for two experiments. If the linear 
portions of the curves are cxtrapolated, i t  can be 
seen that in one curve (B) a positive intcrcept is 
obtained, while in the other curve (A) the intercept 
is negative. The magnitude of the intercept and 
whethcr i t  is positive or negative dcpends upon how 
tlie diffusion experinietit is started. In the calcula- 
tion of D, the intercept is disrcgardcd and only the 
straight line, steady-state portion of the data, is 
used. 

Table I prcsents some 11, values determined by 
this method. 

Solubility Determination.- An amount of drug, 
in excess of its reported solubility was placed in 

Solubility 
Drug 10% Gm./ml. 

Sulfanilamide 1.08 
Caff eiue 2.50 
Potassium acid 

phthalate 11.60 
Sodium 

salicylate 65.00 
Sodium 

salicylate 65.00 

Uifl. Concn. of 
Coeff. Soh. Used 

cm.x/sec. Diff. Coeff. 
106 to Determine 

12.9 l.OS%u 
6.3 2.5070~ 

18.2 I l . 6 0 ~ ~ "  

23.1 65.00%. 

10.0 6.80% 

wliere C, and CI (with C,, = 0) wcrcl thc KCI wu- 0 Saturated solutions. 
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T A B L E  [I.----DATA INVOLVhD I N  T H b  1)hlEKMINA I I O N  OF I'UROSL LY FROM I'HYSICAL hfEASURBhlENTS OF [HE 
TABLET A N D  ITS COMPONENTS 

~ 

~ ~~ ~~ 

TI 
wt. of I I1 111 1v Vol. of 
Tablet, Vol. of Vol. of Vol. of Tahlet Vol. of Air Air + Urug 

Tahlet Compn. Gm. LWug w i p  Plastic z u / p  xr'h 111 - (I  + 11) I + I V  v h 1  
5% Sodium 

10% Sodium 

20yo Sodiu.ln 

20% Potassiumi 
acid phthalate 0.300 0.0:%8 0.2500 0.3810 0 ,0546 0.0914 0.275 

20% Caffeine 0.300 0.042'L 0.2500 0.3351 0.0429 0,0851 0.254 
20% Sulfanil- 

amide 0.300 0.0400 0.2600 0.3280 0.0:380 0.0 i80 0.237 

salicylatc 0.500 0.0159 0.5000 0.5820 0.0661 0.0820 0.113 

salirylate 0.500 0.0318 0.4737 0.5626 0.0570 0.0888 0.158 

salicylat e 0 .  500 0 . O ~ i B i  0.42 10 0.5340 0.0493 0.1130 0.211 

cdcll of scVerd1 1 0 & d .  VOlUlll~triC flasks alld 50 
nil. of solvent was added. The flasks were sliakeu 
in a Burrell wrist action shakcr for 24 hr. and 
immersed in a water bath maintained a t  30". 
These were then filtered with a Millipore filtcring 
unit and the filtrate was analyzed spectrophoto- 
metrically. A rapid filtering process was adopted 
to  prcvent the precipitation of drug from the 
saturated solution during filtration. Solubility of 
the compounds investigated are reported in column 
2 of Table 1. 

Drug-Matrix Partition Tendencies.- Where dis- 
tribution of drug in the matrix was suspected, 
saturated solutions of the drug were shakcn over- 
night with thc matrix material. High slurry deri- 
sitics were gerwrally employed to increase the sen- 
sitivity of this method for estimating K (Eq. 4). 

Porosity.-In order to have a porosity value 
that  could be rcliably uscd in Eqs. 1 or 3, two indc- 
pendent ntcthods were used to  cstimatc this quati- 
tity. The first method involved calculatirig the 
maximum possible contribution to  t by air in the 
tablets. The rtrsulting t value would be the correct 
one to use in Eqs. 1 or 3 only if all of the air spaces 
were permc:sterl by the solvent aud hecaiiie available 
during the drug release process. 

From knowlcdgc of the tablet voluine, the den- 
sities of the drug and matrix material (and other 
additives, if any),  and thc wcight perccntages of 
all thc cotnponents, these calculations were carried 
out. The tablet volumes were computed from 
tablet diruimsions determined with 3 micrometer 
and the densities were determined with the Brck- 
man air cornprcssion pycnomcter. 

Somc typical data for polyetliylcnc tnatris-drug 
tablets are presented iri Tablc 11. T h e  last colunin 
givcs thr porosities calculated by this procedure. 

In  tlic second method for cstimating E t h c  tablcts 
wcrc completely leached of the solutc, arid thc 
empty mafriccs were equilibrated with a dilute 
solution 01' a known concentration. The equilibra- 
tion tirnes depended upon the mntris pcmmc-ahilities, 
but usually 1 to 2 weeks was adcyuate. These 
resaturated matrices were then  exposed to fresh 
solvent after a brief rinse, and the total amount of 
solute released determined from the release time 
data  (Figs. 3 and 4) .  'These steps were carried 
out as tlcsrribcd u ndcr 7 'nrtrr osity. 

Tablc I 1  1 prrsents sonic' of the data with tlic poly- 
etlrylelic p1;Lstic matrix. C<JlUIlillS 1 ;inti 5 of  TaMc 

dU' 
I-, ~ ~ L A >A 

50 100 150 200 250 300 350 
TIME'/', sec. 

Fia. 3.-Solute relwsc data from polycthylcne 
plastic matrices uscd in the calculations of poros- 
ity and tortuosity. Solute release into 0,2(;.im 
hcnzalkoniuiii chloride of sodium salicylatc from 
matrices equilibrated with 5yh sodium salicylatc 
solutions. Curves A,  B, and C correspond to 
disks that originally contained Z(3, 10, and 5(7h solid 
sodium salicylatc. respectively, and which were 
lcached coniplr.tcly in 0.2O'l/u benzalkonium chloride 
solution. 

r- - 7 

0 0 8 1  , 
1 51 

0.4 ,/ I - 
100 200 300 400 500 600 

k , , 

TIME'/?. sec. 

Fig. 4-Release of caffeine into 0.lO'jh dioctyl 
sodium sulfosuccinate ( A O T )  from a polyethylene 
plastic matris which WBS equilibrated with a 
saturated caffeine snlutinn. The tnatris originally 
coiiiained 20',ti, solitl caffcinv which was Ienchctl 
coinpletely iu U . l U < ; i ,  dioctyl sodiiiin sulfosucciuate 
( A O T )  solutioll. 



1.228 J ourncd of Phurrnuceuticul Sciences 

TABLE III.-pOROSITY AND rrORTUOSITY VALUES FOR S O M E  DRUG-POLYETHYLENE SYSTEMS DETERMLNED 
BY RELEASE FROM SoLUTIOX SATURATED MATRIX METHOD 

- ~- 
6 by 

Concn. of Liquid e by 7 from 
Leached Saturated Leaching Physical Liquid 

Tablet Compn. Out, mg. Soh.,  1 0 4  Gm./ml. Method Measurement Leaching 

20% Caffeine in poly- 

20% Sodium salicylate 

10% Sodium salicylate 

5y0 Sodium salicylate 

ethylene 2.21 2.50 0.264 0 ,254 6 .4  

in polyethylene 7.09 j. 12 0.258 0,211 2 . 9  

in polyethylene 4 . 7 5  5.12 0,164 0.158 4 .6  

in polyethylene 3.92 5.12 0.130 0.113 4.8 

111 compare the two methods for determining E. 

The agreement of this instance was vcry satisfactory. 
As will be seen in a later communication, the 

agreement between the two procedures is not always 
so good. In thcsc cases inconiplete displacement of 
air appears to be the cause of the discrepancies. 

It should be pointcd out that  good agreement be- 
tweeu these two methods does not guarantee cor- 
rectness of the c value for the solid leaching process 
because air release may occur but  only slowly during 
the solid release experiment Good agreement bc- 
tween the two mcthods for determininq b does as- 
sure, however, a good reference point for evaluating 
the data by means of Eqs. 1 or 3. 

Tortuosity.-The procedure for the determination 
of the tortuosity, T ,  has been described previously 
(1). It is based upon the use of the following 
equation for the release of solute from one planar 
surface of a so~ution-saturated matrix 

Here Q' is the amount of solute released per cm * 
at t imr,  t ,  e is, as before, the porosity defiued by 
Eq. 2 and determined by the procedures described 
above, D is the diffusion coefficient obtainable by 
the experiment described earlier, and CO is the 
solution ronccntration. 

Equation 6 was deduced for the present situation 
from the general equation for the release from a 
semi-infinite medium (6). Therefore, it would be 
quantitatively applicable for initial rates (= up 
to 30% release) only. 

From the slopes of the initial linear portions of 
the Q' verstis t"? plots, T may be calculated by 
means of Eq. 6 a5 

(Eq. 7) 
4e'Co'D 

7r (s1ope)X 7 = ~~ 

-4 typical plot is presented in Fig. 3 and sonic 
calculated T valucs are given in the last column of 
Tablc 111. 

APPENDIX 

Derivation of Eq. 3.-when steady-state clif- 
fusion takes place from a region of relatively hiqh 
solute concentration toward essentially purr sol- 
vent, the movcment of the solvent must be eoti- 
sidered also in the problem. In the present problem 
when the SCJlUtc is diffusing from X = s t o  X = 0, 

the solvent, which is usually water in the authors' 
d C, studies, will set up  a concentration gradient, - d X  

in the opposite direction and a teiidency for solvent 
diffusion will be established. 

However, the net movcment of the solvent, 
G,,,, must be zero, because a t  X = s the solvent is not 
diffusing into the unleached region at stcady state. 
Consequently, this must result in a bulk solution 
flow in the chantiels of velocity, O, from X = s 
to X = 0 The important consequence of this bulk 
flow is that  the solute transport rate is greater by 

' OC than that given by Fickiau diffusion alone. 

Mathematically we may write 
7 

and 

Here G is the solute transport rate, /I, is the dif- 
fusion coeficient of the solvent, C, and C are, 
respectively, the solvent and the solute concentra- 
tions at X, and the other terms have already been 
defined. 

Let us solve these equations assuming that  both 
D and D, arc concentration dcpcndent. The final 
results would then be more general and applicable 
even when appreciable viscosity changes are en- 
countered or when sigiilicant solute-solute inter- 
actions occur. 

Integrating Eq. l a  from X = 0 to X = s onc 
obtains 

whence, 

where C: arid C; are the solvent concentrations 
at X = 0 and X = J ,  respectively. R is constant 
for a given solvent-solute pair at a given tenipera- 
ture when diffusion takes places from a saturated 
wlutioti into pure solvent-the situation which 
is of most interest. 
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Equation 2u may now be solved after substituting 
Integrating Eq. 2u from X = for zr from Eq. 312. 

0 to X = s whcrc C = 0 and C = Ca, one obtains 

1229 

Sitice the left side of Bq. 4n becomes s, we have 

'The s cancc~ls, and 

For Eq. tin to be true the product Gs must not be a 
function of C. Therefore, 

Gs = K',  a constant 

hrow we may proceed as was done previously 
(2) for the derivation of Eq. 1. The amount of 
solutc release from the matrix per unit area, Q, is 

Q = AS - M (Eq. 7 a )  

where ilil is the amount of drug in the pores from 
-Y = 0 to X = s as solution. M then is given by 

M = , L C d X  (Eq. 8a) 

Siricc from Eq. 3u, d X  is given by 

ED dC 

d.X = + - r _ ~  .j (Eq. 9u) 
7s 

- Cs tDCdC 
Af =: SE r (sG - C)  (Eq. 10a) 

Therefore, 

Iliffcretitialim 01 Eq. l la  with respect to titric givcs 

But  

Kow Eqs 12a :md 1Xa niay be solved by integrating 
from t = 0 to t = t aud from s = 0 tos  = A to give 

(Eq. 1-2~) 

If Eq. 14a is compared to  Eq. 1, we find that  

K' may be associated with the factor - C, of Eq. 1. 

Therefore, an cffcctivc (or an  apparent) diffusion 
coefficient, D', may be dcfined as 

n, 
7 

'Therefore, Eq. 1.2~ becomes 

(Eq. ltia) 

Bccausc Eq. 15u is general, this relation may bc 
used to calculate U' from experirneiital data ob- 
tained with a convcntional diffusion ccll. Thus, 

G,S,.r, 
e, CS 

J)' = ~ (Eq. li'n) 

where G, is thc measured solutc transport rate pcr 
unit arca of the barrier in a diffusion chamber with 
a diffusion barrier of thickness, S,, porosity E ~ ,  

and tortuosity, rc.  
To accurately cleterniine the value of the term 

involving the integral may be difficult unless ac- 
curate D V ~ Y S U S  c data are available. If such data 
are available and if e and r are known, then K 
should first be determined by means of Eq. 612 by a 
numerical integration procedure. Then, again by 
numerical integration, the integral term in Eq. 1Ba 
could bc computed. 

A reasonably accurate estimate of the integral 
term in Eq. 16n could frequently be made by employ- 
ing a constant U value obtained froin a diffusion 
experiment at low concentration. 
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Investigation of Factors Influencing Release of Solid 
Drug Dispersed in Inert Matrices I11 

Quantitative Studies Involving the Polyethylene Plastic Matrix 

By SAURABH J. DESAI*, PARVINDER SINGH, 

ANTHONY P. SIMONELLI, and WILLIAM I. HIGUCHI 
The procedure described in the previous paper has been applied to a number of 
cases. Release of sulfanilamide, caffeine, and potassium acid phthalate from poly- 
ethylene matrix disks into aqueous media were studied. The results show that in 
these cases the absolute tortuosity values are relatively small when all pores are ac- 
cessible to the solvent. This situation is achieved, for example, when there is sur- 
factant in the solution permitting adequate wetting of the channels. A direct cor- 
relation between surfactant activity and the rate of release has been found. Even 
when there was a relatively small amount of inaccessible pores, the tortuosities in 
these cases were found to be considerably greater. The results were obtained when 
surfactant was not incorporated in the release medium. It is proposed that these 

findings are consistent with an “encapsulated” drug particle model. 

PREVIOUS INVESTIGATION (1) showed that the A Higuchi equation can be utilized to describe 
drug release from polyethylene matrices. The 
results of experiments which investigated the 
effects of drug type, concentration of drug in 
tablet, solvent media, etc., indicated that the 
above factors not only altered release rates 
directly as predicted by theory, but also indirectly 
by altering other parameters. Before a quanti- 
tative evaluation of the polyethylene system 
could be made, it was therefore necessary to 
establish experimental procedures to determine 
independently all parameters for the conditions 
of each study. In this way the interdependence 
of all parameters can be eliminated. 

Experimental procedures to determine the 
diffusion coefficient, drug solubility, and matrix 
porosity were reported in a previous communica- 
tion (2). These parameters can then be used in 
the equations which describe the release rates 
from matrices containing solid medicament. and 
from matrices saturated with a solution of drug. 

The release rate of drug imbedded in an in- 
soluble matrix obeys the following equation: 

(Eq. 1) 

~~~ 

Q = + (2’4 - ECf)C8t 

where 
D = difIusiori coefficient of the drug in thc 

E 

r 

perrricating fluid, 
= the porosity of the matrix, 
= tortuosity of the matrix, 

~- 
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A = the total amount of drug present 

C, = the solubility of the drug in the 
matrix per unit volume, 

medium. 

in the 

release 

Q = grams of drug released per unit area of 

If the same matrix is saturated with a solution, 
the release rates wouldobey the following relation- 
ship : 

surface. 

Dt ‘/2 Q = 2 Cue (;) (Eq. 2) 

where Co = concentration of the solution in the 
matrix. The other terms have the same mean- 
ing as in Eq. 1. 

Once the parameters of the matrix have been 
established, one can use Eq. 1 to determine the 
remaining parameter, tortuosity, from release 
data obtained using the matrix containing the 
solid drug. Equation 2 can also be used to 
calculate the tortuosity of the same matrix, but 
the rclcase data obtained from the resaturated 
matrix must be used. If the tortuosities inde- 
pendently calculated by these methods agree well 
with each other, this would provide strong 
evidence that this method of attack can be used 
to quantitatively study the effect of experimental 
conditions on the release rates of drugs from inert 
matrices. Using this approach, this paper re- 
ports the effect of drug concentration, drug 
solubility, and other factors upon the param- 
eters-tortuosity, porosity, and diffusion coef- 
licient. 

EXPERIMENTAL 

Thc releasc rates from polyethylene matrices 
containing solid drug as well as solutions were 
studied using the techniques described previously 
(1) .  The parameters were evaluated as described 
in the subsequent paper (2).  

1230 
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40 

30 
c) 

d 5 20 

10 

T I M E ~ / Z .  sec. 
Fig. 1.-Release of potassium acid phthalate from 

polyethylenc plastic matriccs containing 2004, potas- 
sium acid plithalate iu various media. Key: A, 
O.lO~o ptdysorbate 80 as the release rriediurn; B, 
O.lOyo HTAIl; C, watcr. 

RESlJLTS AND DISCUSSION 

If a given matrix is studied by  both the solid and 
saturated solution mcthods, it must be established 
that  all paraineteirs remain constant during the cx- 
periments. Since the addition of surfactant t o  the 
aqueous solvent :mcdia grcatly incrcascs thc rate 
of drug release froin polyethylene matrices, i t  had 
been postulated that  all of thc maximum possible 
matrix porosity is made available by  the surfactant. 
This was verified by the fact that  thc porosity 
determined by the liquid leaching method (2) was 
equal t o  thc combined porosity of drug and air. 
The latter was cal.culated by the physical measure- 
ment method (2).  This was not true in uonsur- 
factant esperiments. It was, therefore, decided 
to  use surfactant solutions as the release niediuni 
t o  establish the iquantitative applicability of thc 
theory. 

Quantitative Application of Theory-Polyethyl- 
cnc matriccs containing 20% sulfanilamide. caf- 
feine, and potassium acid phthalate were studied. 
Both the solid and liquid leachiiig experiments 
were performed utilizing surfactant solutions. It 
should be pointed out that  the compounds were 
selected on the basis of their suitability for cstablish- 
iug basic pliysicocliemical poiuts rather than their 
therapeutic value; similarly, the surfactants used 
were selected on tlie basis of their surfactatit activity 
aud system compatibility. All surfactant solutiotis 
used werc abovc their critical micelle concentratiou 
to provide maxiinurn surfactatit activity. 

The surfactant sulution uscd in the sulfanilamide 
and caffeinc studies was 0.1% dioctyl sodium sulfo- 
succiriatcl (AOT)  but 0.1% liexadecyl trimethyl- 
anitiioiiium bromide solution (HTAB) was uscd 
with thc potassium acid plithalate studies since 
the latter was not compatible with AOT. 

The solid .rc.lea!ie curves of these systems are 
shown in Figs. 1, 2, arid 3. Solid leaching curvcs 
in water are also included to  show thc magnitude 
of the surfactant cffrct which will be discussed 
later. Liquid Icacliirig curves of the Same niatriccs 
are shown in Figs. 4 and 5. T o  demonstrate the 
applicability of thc solid and liquid leaching c o w  

1 Marketed x: Aeiosol OT by the American Cyaiiainid 
Co.. Wayne, pi. J. 

20 t-- 
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c) - 10 
0 ,-I 
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Y ,/ 
100 200 300 400 500 

 TIME'/^. sec. 
Fig. 2.-Release of caffeine from polycthylene 

matrices containing 207; drug into 0.107, AOT (A) 
and into watcr (B). 

21 50 100 150 200 250 300 

TIM E'/z. sec. 
Fig. :I.-Rclcasr of sulfanilamidc from poly- 

ethylcue plastic matrices into 0.10';; A O T .  Key: 
A, 20yo drug in matrix; B, layo drug; C, 55; drug. 
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 TIME'.^^. sec. 

Fig. 4.-Iielcase data from polycthylcne matrices 
coiitaiuing only solutions uscd in tlic calculation of 
tortuosity. Key : A, tablets originally coritaitied 
20% solid potassium acid plitlialate which was rc- 
leased completely in O . l U ~ ~ ~ ,  HTAB, was thcu cquilib- 
rated with a saturated potassium acid phthalatc 
solution, and then released in 0.10% HTAB; B, same 
as A, except caffeine was used instead of potassium 
acid phthalate and 0.10(% AOT was used instead of 
HTAB. 

cepts, mlculntions of T values using Eqs. 1 and 2, 
respectively, will be shown arid curitpared. 

The following calculations using the data of a 
polyethylene matrix coiitaiuiii~ 20% sulfaiiilatiiidc 
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50 100 150 ZOO 250 300 350 -400 
TIME'/%, sec. 

Fig 5 --Solute release data from polyethylene 
plastic matrices used in the calculations of porosity 
and tortuosity. Key: A, tablets originally con- 
taincd 20y0 sulfanilamide which was released com- 
pletely in O.lOC/;; AOT, was then equilibrated with a 
saturated sulfanilamide solution, and then released 
in 0.10% AOT; B, same as A ,  except tablets contained 
109; drug, C, same as A, except tablets contained 
5% drug. 

in a surfactant mrdium will serve as  an illustrative 
example. 

weight of thc tablet = 0.300 Gm. 

volume of tablet = ar2h = 0.328 1111. 

C, = 1.08 X Gni./ml. 

Co = 0.95 X Gm./ml 

-~ - 0.060 ~~ Gm. = 0.182 Gm./nil. wt. of drug 
vol. of tablet 0.328 ml. fl = 

D = 12.9 X crn.E/sec. 

0.240 volume of plastic = Kg66 = 0.250 i d .  

0.06 volume of drug = __ = 0.040 1.500 

volume of air = 0.328 - 0.290 = 0.038 ml. 

0.038 + 0.04 = 0,237 
0.328 € =  

Q / t 1 / 2  = slope of solid leaching (Fig. 3) = 3.30 X 
10P Gm./sec.l12 

Q / t 1 / 2  = slope of liquid leaching (Fig. 5 )  = 0.303 X 

Solving Eq. 1 for the value of T and substitutiiig 
the values of abovc paramctcrs onc UbtdillS the 
f ollowing 

10-6 Gm./sec.lj2 

(12.9 X lo-') X (0.237) (2 X 0.182 - 0.237 
- _  x 1.08 x 10-2) (1.08 x 10-2) 

(3.30 x 10-5y - 

= 10.7 

and sirnilarly Eq. 2 yields 

- 4 X (0.95 X 10-2))2 X (0.237)2 X 12.9 X 1 0 P  

= 9.1 

Comparison of the above values of T shows cx- 
ccllent agreement and thereby indicates that the 
theory and the parameters employed are valid. 
Similar agreement was obtained with caffeine. A 
similar study with potassium acid phthalatc showed 
a reasonably good agreement ; the relatively higher 
7 value obtained for potassium acid phthalate by 
the solid leaching experiment may be due to the 
poorer wetting properties of HTAB compared to 
AOT. 

Examination of the e due t o  air in Table I shows 
that it does not remain constant, although thc 
same concentration of different drugs is used. 
This may be a reflection of the relative flow propcr- 
tics of the drug and plastic when under compression. 

The above approach was also used to study poly- 
ethylene matrices containing 5 and 10% sulfanil- 
amide. The curves are shown in Figs. 3 and 5, 
and the calculated parameters are listed in Table TI. 

Examination of Table I1 clearly shows that the 
e of the matrix is not a direct function of the drug 
percentage. Although the porosity contribution 
from the drug increases with increasing concentra- 
tion of drug, the porosity contribution from air is 
decreasing. In addition, there seems to be a slight 
increase in T. Again, it should be noted that ex- 
cellent agreement was shown between the tortu- 
ositics calculated from thc solid leaching and solu- 
tion leaching data. 

These results explain why the release rates in an 
earlier study (1) did not follow the predicted rates 
assuming all parameters were constant and confirm 
the hypothesis that the porosity was not propor- 
tional to  A .  

Mechanism of Surfactant Action .-T he surf actant 
seems to be instrumental in making available the 
maximum possible porosity. It was felt, therefore, 
that the effect should be investigatcd further. 
To eliminate the possibility that surfactant may 

~~ _____ 

3 142 X (0.303 X 10-5)2 

These results are summarized in Table I. 

TABLE I .--CALWLATIWN WF Towuwsrru o v  I'WTASSIWM A c m  PHTHALATE, SULFANILAMIDE, 
AND CAFFEINE IN PWLYETHYLENE MATKICES 

- ~- ___ 
D L Due 1050 10s Q 
101 c. V O l .  of to Air CO Solid Liquid 

cm.2 102 Gm. Tablet, 6 Due and A Gm. 102Gm. Leach- Leach- T by 7 by 
Tablet Compn. set.-' ml.-I ml. to Air Dt-ug d - 1  ml.-1 in:: irig hq. 1 Eq. 2 

20% Potas- 
sium acid 
phthalate 18.2 11.60 0.331 0.165 0.276 0.181 9.30 10.2 1.36 18.5 8 .0  

20yo Caffcinc 6 . 3  2.50 0.264 0.128 0.254 0.179 2.50 3 . 8  0.71 8 . 2  6 . 4  
20% Sulfa- 

nilamide 12.9 1.08 0.3% 0.115 0.237 0.182 0.95 3 . 8  0.30 10.7 9 .1  
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A N D  20';.;, SULFANILAMIDE IN POLYETHYLENE 
TABLE II.-r'OROSITY AIiD TORTUOSITY OF 5, 10, 

MATRICES USING SURPACTANT SOLUTION AS 
ITELEASE h fEI ) IUM 

~~~ 
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e Due e Ail T by r by 
Tablet Compn. to Air Plus rJrug Eq. 1 b2q. 2 
aG4 Sulfanil- 

10% Sulfanil 
amidc 0.125 0 154 8 5 0.7 

a h r  u 103 0.162 9 . 6  8 .5  
207<, Sulfanil- 

amide 0 115 0.237 10.7 9 .1  

solubilize some cnmponcnt of the plastic material, 
thc polyethylene powder was shaken in the prescncc 
of excess of surfactatit solution overnight. This 
slurry was then filtered and the polyethylene was 
washed with hot and cold water. Twenty per cent 
potassium acid phthalate tablets wcrc made using 
this washed and then dried polyethylene powder. 
Thc relfase rates in water and surfactant were then 
studied ; results were identical with the unwashed 
plastic indicating that the surfactant does not 
solubilizc any of the plastic component. 

The increase in release rates of drugs from a poly- 
ethylene matrix b'y surfactants seeins to  be a geueral 
effect. I t  has beiin shown that not only is this cffcct 
present with all the compounds studied but also 
that it is independent of the chemical nature of the 
surfactant. This is demonstrated by the ideiitical 
release behavior of 20% potassium acid phthalate 
in polysorbate and HTAB solutions (Fig. 1). 

Thc release rates of 20% sulfanilamide tablets 
were studied in several solution coucentrations of 
AOT. The results obtained are presented in Fig. 6. 
In order to  compare these results with the surfactant 
property of tlicse solutions, plots of both the release 
rate and surface tension oersus the surfactant con- 
centration are shown together in Fig. 7. The data 
reveal an excrtllerit correlation between the release 
rates and the surface tension of the release media. 
It was expected that the release rates would increase 
with increasitig cotieentration of surfactant because 
of increased wetting power of surfactants with in- 
creased concentra.tion in regions below the critical 
micelle concentration (CMC). It is interesting 
that the reported (3) CMC for AOT is 0.08% which 
is near the poirit i n  Fig. 7 where the plateau of the 
relcase rate curve begins. 

If the above-proposed mechanism of surfactaut 
action is true, 1 hen the presence of surfactant 
either within the tablet matrix or in the release 
medium could giivc essentially the same results. 
On the basis of the same principle, a drug with 
inherent surfactatit activity may yield identical 
release rates in thr  presence and in the absence of a 
surfactant in the ireleasc medium. 

Release rates of 20% potassium acid phthalate 
tablets containing 2y0 HTAB were studied in water. 
These results, are plotted in Fig. 8 along with the 
results of 2096 po1:assium acid phthalate determined 
in a solution of 0.1% HTAB. As expected, the 
release rates were about the same. The slightly 
higher release rate observed with the former case 
might be accounted for by small porosity difierences 
due to the incorporation of the surfactant. 

To study the second premise, liexadecylpyridinium 

50 100 150 200 250 300 
 TIME'/^, sec. 

Fig. 6.-The effect of surfactant concentration'of 
the release rate of sulfanilamide from a Dolvethvlcnc , <  _. 
plastic matrix containinq 209; sulfanilaniidc. Key : 
A, 0.10, 0 50, and l.OyG AOT solutions; B, 0.05"6 
AOT; C, O.Olyo AOT. 
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Fig. 7.-Corrclation between the rate of drug rc- 
lcasc from matrix aud the surface activity of the 
release medium. Key: A corresponds to experi- 
mental slope of the Q vs. plots (Fig 6) for clrug 
release from 2OY0 sulfanilamide-polyethylene ma- 
trices a t  different surfactant (AOT) coiicentrations; 
B gives surface tension loweririg as a function of 
the surfactant concentration. 

100 200 300 400 500 600 
 TIME'/^, sec. 

Fig 8.-Comparisou of the effects of a surfactant 
whcn incorporated in the matrix and when added in 
the release medium upon the release rate of potas- 
sium acid phthalate from polycthylenc plastic 
matrices containing 20y0 potassium acid phthalate. 
Key: A, 2Uyo potassium acid phthalate and 2y0 
hexadecyltrimethylammoniurn bromide in the ma- 
trix with water as thc release medium; B, only 20y0 
potassium acid phthalate in the matrix and O.lOyO 
surfactant in the release medium; C, same as B, 
except watcr is the release medium. 
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p a r s  that removal of air is slowly but continuously 
occurriug as indicated by the slight curvature of 
several release rates observed in  ions surf act at it 
solutions. 

Attempts to  apply Eq. 1 to both initial and 
limiting slopes of these curves yielded a very high 
value for the appareut tortuosity. Calculations 
were made assuming the two limiting cases-all air 
removed or no air removed. This seems to indicate 
that the air remaining in the tablets blocks path- 
ways leading to drug particles and in this way 
effectively encapsulates them. 

To further study this effect, the release rates of 
matrices containing 5, 10, and 20% sulfanilamide 
were studied in water. The results are shown in 
Fig. 10. The slopcs in all these cases initially de- 
creased with time and then exhibited a constant 
valuc. It is believed that the initially greater rate 
is due to  the surface drug that is readily accessible 
to  thc solvent. The magnitudes observed arc con- 
sistent with this assumption. 

Using Eq. 1 and applying it to thc constant 
slope portions of these curves, tortuosities were ral- 
culated using the two porosity values. The results 
of these calculations are shown in Table 111. 

The apparent tortuosities calculated in this 
manner are extremely high. These results suggest 
that drug is indeed effectively encapsulated by the 
polyethylene plastic. The increase in the calcu- 
lated T values with decreasing A is consistent with 
this type of model because the more dilute the in- 
ternal (drug) phase the greater the likelihood of 
isolation of a drug particle in a sea of plastic. 
Then, if the wetting of the channels in the plastic 
itself is insufficient, the pcrmeability of the media 
is largely determined bv the low permeability of the 
plastic itself and not by a simple average of the 
void space and the plastic permeabilities. 

It is believed that situations such as these may 
be best defined physically by the use of concepts 
other than the “average porosity” and the “av- 
erage tortuosity” as are implied by Eq. 1. Pre- 
liminary theoretical studies based on the use of 
mixture relationship such as the Clausius-Mosotti 
and the Bruggemari equations (4) have yielded 
effective T values of the order of magnitudes given 
in Table I11 when reasonable assumptions were 
made. A future communication will describc in 
detail comparisons of data with these theories for 
encapsulation. 

SUMMARY 

The interpretation of data based upon the qudn- 
titative determination of the parameters, e, T, and 
D, and their use in Eqs. 1 and 2 was shown to be 
valid for studies in which the porosity was known 
throughout the experiment. The results were ex- 
cellent and showed that these mcthods can be 
quantitatively used to  study the effect of various 
variables on the release rates of drugs from inert 
matrices. 
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 TIME'/^, sec. 

Fig. 9.-Release of hexadecylpyridinium chloride 
from polyethylene plastic tnatrices containing 20% 
hexadecylpyridinium chloride. Key: A, release 
medium contained O.lOO/b hcxadecyltrimethyhm- 
moniuni bromide; B, watcr. 
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Fig. 10.-Release of sulfanilatnide from poly- 
ethylene plastic matrices into water. Key: A, 20o/b 
drug in matrix; B, 10yc drug; C ,  5% drug. 

TABLE III.-TORTUOSITY OF 5 ,  10, AND 20yo SULFA- 
NILAMIDE IN POLYETHYLENE MATRICES USING 

SOLID RELEASE RATES IN WATER 
~~~ 

7 IJsing 7 Using B 
Tablet Cnmpn of Diug and Air of Drug Only 

5yo Sulfanilamide 44, ’700 12,790 
10Cc Sulfanilamide 4,700 I, 700 
ZOTo Sulfanilamidc 1, ,500 740 

chloride was selected as  the drug with inherent 
surfactant properties. Release rates were obtained 
in water and in 0.1% HTAB solution. The results 
are shown in Fig. 9. The release rates in both ex- 
periments were essentially the same as indicated by 
their slopes. The intercept in the data for the 
release in surfactant is probably due to  the better 
initial wetting of the tablet surface when the sur- 
factant was used in the release medium. 

Nonsurfactant Release Rates.-As previously 
noted and illustrated in Figs. 1 and 2, the release 
rates in water are considerably slower than those 
obtained in surfactant solutions. Analysis of 
the parameters and the release rates strongly 
suggest that the wetting of all pores and the release 
of air from them are not achieved in nonsurfactant 
solutions. To further complicate matters, it ap- 
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Investigation of Factors Influencing Release of Solid 
Drug Dispersed in Inert Matrices IV 

Some Studies Involving the Polyvinyl Chloride Matrix 

By SAURABH J. DESAI*, PARVINDER SINGH, 

ANTHONY P. SIMONELLI, and WILLIAM I. HIGUCHI 

The mechanism of drug release from tablets made from mixtures of drug and 
polyvinyl chloride particles was investigated. Experimental data were evaluated 
by me:ans of the Higuchi relationship for the process. The S-shaped nature of the 
amount released germs (time)'/z plots was studied, and it appears that this behavior 
was the result of the relatively slow release of air from the tablets. Matrix tortu- 
osities ranging from about 1.5  to 3.0 were found for these polyvinyl chloride matrices. 

T HAS BEEN previously s11own that polyviny-1 the techniques and the evaluation of parameters 
pe- described previously (1, 2 ) .  All studies were con- 

ducted using water as the release medium unless 

oll :I w/w basis, 

1 cllloride (pl~c) **latrices have 

(1). The drug release from the PVC tablets 
showed S-shaped curves which are contrary to  
t'he predicted linear plots when the amount of 

culiar "ompared to those of l'olyethJ'lene spccificci all percentagcs rcpo,-tcd are 

RESULTS AND DISCUSSION 
release is plotted zwsus the  square root of time. 
I n  addition, the PVC matrices did not show the 
surfactant effect observed with those of poly- 
ethylene. FinallyI the PVC release rates were 
4-6 times faster. These plots are shown in Fig 
1. Sincc this behavior may be representative of 
a general class of matrices, it was felt that  this 
phenomenon shnuld be thoroughly investigated. 

Comparison of PVC and polyethylene powders 
reveals that  the PVC powder has a much higher 
density (about 50%), a larger particle size (50- 
200 mesh as compared to  smaller than 270 mesh), 
and a larger particle size distribution. This 
suggested that  their respective matrices may also 
differ. The PVC powder should produce a more 
compact tablet due to its higher density and 
should be better bonded due to  its wider par- 
ticle-size distribution. Examination of their 
respective matrices shows that, although PVC is 
more compact, i t  exhibits poorer bonding. Poly- 
ethylene produaces a tablet which has a very 
smooth surface, appearing as a fused solid, but  
PVC tablets sccm rather friable and are easily 
rrpowdered by scraping. 

EXPERIMENTAL 

The release rates from PVC matrices containing 
solid drug as  well as solutions were studied using 

The relatively poorer bonding characteristics of 
P\TC may be partly responsible for its behavior. 
In an effort to improve its bonding characteristics, 
the effect of prcssurc was studied. Tablets con- 
taining 10% sodium salicylate wcre made a t  com- 
pressional forces of 2000-lb. increments between 
1000 and 20,000 lb. Thcir rclease rates were in- 
dependent of the compressional forcc. Figure 2 
displays the curve obtained from the composite of 
all data and shows the rangc of random variations 
for each point. These results indicate that PVC 
is elastic throughout this range of compressional 
forces, and, thcrcfore, its porosity should remain 
constant in these tablets. This was confirmed by 
the constancy of thc dimensional measurements of 
all tablets. 

Physical measurements of P\rC tablets not only 
showed thc presence of air, but also that the amount 
was considerably higher than in a similar matrix of 
polyethylene. Thc porosity of a 500-mg. 20% 
sodium salicylate tablet in PVC was 0.37, whereas 
the corresponding tablet made using a polyethylene 
matrix had a porosity of 0.22. The relatively 
large amount of air in the PVC tablet theoretically 
suggested that a large surfactant effect on the re- 
lease ratcs might be observed. However, no such 
effects were found. This lack of surfactant cffect 
implies that the surfactatits used did not increase 
the wetting characteristics of PVC and that the 
removal of air was not facilitated. The discussion 
of this aspect will be deferred to a later portion of 
this paper. 

Thc S-shapcd curvcs cxhibitcd by PVC tablets 
show that the slopes are not constant with time, 
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Fig 1.-Effect of surfactants on sodium salicylate 
release rates. Key: A, 5o/b w/w sodium salicylate 
in PVC matrix using water as solvent; B, 5% w/w 
sodium salicylatc in PVC matrix using O.i!yo w/w 
benzalkoniuin chloride as a solvent; C ,  5co w/w 
sodium salicylate in polyethylene matrix using the 
following solvents: 0,  0.27, berizalkoniurn chloride 
and 8, 0.2% sodium lauryl sulfate; D, 5% w/w 
sodium salicylate in polyethyicne matrix using 
watcr as a solvent. 

Jouvnnl of Plmrmnceulirnl Sciences 

releasc rate of a matrix whose surface was removed 
by scraping would yield a more rapid initial rrlease 
of drug and would display linear behavior. For 
this purpose, matrices containing 10% sodium sali- 
cylate were compressed from the same mixture and 
then treated in the following manner. From one 
.Lablet about 6% w/w was scraped from thr surface 
(surface to  be exposed to the leachiiig action of the 
solvent) so that a uniform Payer was rcrnoved and 
a new surface produced. Another had 12.5% 
w/w removed, and from a third 25% w/w was 
removed. As a control, one tablet utilized its 
original surface. Examination of Fig. 3 reveals 
that the release rates werc not affected by the above 
treat,ment. This indicated that thc physical 
properties of the surface and iuterior layers arc not 
different, and that this is not an important factor 
in the expcrimcnts. 

To further confirm this finding, the cffect of lubri- 

be the partitioning of drug between the PVC and 
the release medium. Theoretical considerations 
havc shown (2)  that thc rcleasc dependence remaius 
linear with respect to the square root of time if 
reversible drug partitioning should occur. If, 
however, thc ratc of partitioning is slow, then the 
linearity may be disturbed and the S-shaped curve 
may result. This possibility was ruled out on the 
basis of liquid leaching expcriments using thc samc 
tablets which showed linear release plots. If par- 
titioning was the causc of thc S-shaped curvc, the 
same result would be expected to occur in both 
solid and liquid kaching experiments. 

This S-shaped curve can be due to  any factor 
which governs thc release rates not remaining 
constant as required, but changing as  a function 
of time. A critical examination of all these factors 
clearly indicated that porosity would most likely 
be a variable. As an example, any swelling of the 
matrix due to the prcsencc of watcr would alter 
the porosity, decreasing it with time. This pos- 
sibility was investigated by accurately measuring 
the dimcnsions of tablcts prior to  and after soaking 
overnight in water. Blank P V C  tablets and PVC 
tablets containing 10% sodium salicylate were used 
for these experiments. No change was noted in 
their dimensions due to  the water exposure, and 
swelling was c l e d y  eliminated as a factor in this 
system. 

Anothcr possibility for porosity variation may be 
due to  a difference in the physical properties of the 
surface and interior portions of the matrix. This 
can be brought about by a differcncc in thc flow 
properties of the matrix components during coin- 
pression. If there is poor flowability, the effec- 
tive pressure is not uniformly distributed throughout 
the matrix. As a result, the surface portion would 
be subjected to  a greater pressure. This would 
produce smaller porosities and larger tortuosities 
a t  the surface and account for initial rates being 
slower. 

If the above is true, i t  would predict that the 

1 -  I 

50 100 150 200 
TIMEl/n, sec. 

Fiq. 2.-Effect of compressional force on release 
of 10% sodium salicylate-PVC tablets in water. 
Range of random spread of the data is iiidicatccl by 
the bars. 

50 100 150 ZOO 250 300 
TIME'/*, sec. 

Fig. 3.-Effect of removal of the tablet surface 
layers on the release rates of 5% sodium salicylate 
tablets in PVC. Key: A, 6% w/w tablet surface 
removed; B, 12.5% w/w tablet surface removed; c, 257, w/w tablet surface removed. 
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cant addition 1.0 the matrix was studied. If the 
flowability of the PVC powder-drug mixture is not 
adrquate, the addition of lubricant would improvc 
flowability und(:r compression arid alter the iriatris 
release profile. Figure 4 shows the release of 10% 
sodium salicylal c matrices containing 3(% talc or 
niagnrsiurn stearate. Cornliarison of tlicsc curves 
with the inc1udcr.d plot of the matrix riot containing 
any lubricant confirm the previous finding of suffi- 
cient flowabi1il:y of the powder mixture under 
pressure. 

I t  was finally reasoned that the initial incomplete 
removal of air from the matrix may be the cause of 
the S-shaped curves. This view was supported by 
the fact that a resaturated matrix yielded a lincar 
plot. Such a matrix would have been exposed 
to  solvent for :i sufficient length of time to allow 
for the coii~~plrtc removal of air. 

I t  is believed that the availability of air channels 
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Fig. 4.--Effect of lubricant on the release of 10'j.L 
:iodium salicylate tablets in I'VC. Key: A, 
10% sodium salicylate; B ,  loc% sodium salicylate + 

talc; C ,  1 0 ~ ~ 1  sodium salicylate $- 3'jh magnesium 
stearate. 
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Fig. B.-Relt.ase of 20% calcium hcnznate ( A ) ,  
sulfanilamide (C) from caffeine (B), and 

PVC matrices into water. 

20 

16 

i 9 12 
0 

- 8  
- 
0 

4 

/ '  
B 

50 100 150 200 250 300 350 
TIME'/?, sec. 

Fig. 6.-Effect of K.>HPO, concentration on re- 
leasgof 10% salicylic k i d  in PVC tablets. 

K2HP04; D,  0.01 A1 K2HP04; E, water. 

Key: 
A, 1.00 M KaHPO4; B, 0.50 M KaHPOd; C. 0 10 M 

to  the solvent depends on the rate of liquid boundary 
movement which should be a function of the drug 
solubility and would be expected to  increase with 
an iucrease in solubility. If the drug is poorly 
soluble, the movement of the liquid bouudary 
may be sufficiently slow to permit the prior removal 
of air. This would provide the linertr plots pre- 
dicted by theory. If the drug is very soluble, on 
the other hand, the drug solution boundary may 
move faster than the process of air removal, pro- 
ducing an increasing porosity with time and causing 
thc observed curvature. 

To test this concept, the release rates of sulfa- 
nilamide, caffeine, and calcium benzoate tablets 
were obtained and the corresponding data are 
shown in Fig. 5. The respective solubilities are 
1.08 X 2.50 X and 3.08 X 1 0 F  Gm./ 
ml., as compared t o  65.0 X 10-2 Gm./ml. for 
sodium salicylate. In agreement with the previous 
discussion, the curves in Fig. 5 show the expected 
correlation between solubility and degree of curva- 
ture. As the solubility increased, nonlinearity 
also increased showing the most marked change 
for sodium salicylate. 

This correlation can be shown in another way. 
The solubility of a drug can be varied by using 
different concentrations of buffer in the release 
medium. In this manncr, the solubility of t h e  
drug can be varied and yet have the identical 
matrix properties operative in all cases. 

The release rate of 10% salicylic acid dispersed 
in PVC was studied in different concentrations of 
KzHP04 solutions. The results are givcn in Fig. 
6, and they show that the release rates increase as  
the concentration of KsHPOa is increased. In the 
presence of KtHP04, salicylic acid in solution is 
convcrtcd to  salicylate ion, the extent of the con- 
version being essentially proportional to the con- 
centration of KIHPOI. Again, as the effective 
solubility incrcases, each plot displays increasing 
curvature in the release patterns. The rates arc 
linear in water arid a t  low KzHPOn concentrations. 

If the rate of air removal is the controlling factor, 
then the complete removal of air by vacuum bcforc 
exposing the matrix to  solvent should produce a 
linear sqwarc root of time dependence. To tcst 
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Fig. i.-Schematic diagram of the apparatus 
used to study relcase rates after vacuum treat- 
ment. 
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Fig. %-Release of 5 ,  10, and 20% sodium sali- 
cylate in PVC tablets into water after vacuum treat- 
ment. Key: A ,  20y0 sodium salicylate; B, lof% 
sodium salicylate; C ,  Sc2 sodium salicylate. 

this, a modified apparatus was made, and its 
schematic diagram is shown in Fig. 7. A tablet in- 
serted in a glass tube as previously described (1) 
was mouuted 011 a 125-ml. conical flask with a side 
arm. Thc flask was jacketed to maintain a con- 
stant temperature. The side arm was fitted with 
a Y-joint. One of thc arms of the joint was con- 
nected to  a vacuum pump and the othcr t o  a flask 
containing a measured amount of water. Vacuum 
was also applied to the top of the glass tube by 
mcans of a T-tube so as to  maintain equal pressure 
on either side of the mounted tablet preventing any 
movement or damage of the tablet. Prior t o  thc 
final application of vacuum, the connecting tube 
and stopcock bore from the water supply to  the 
flask was completely flushed to  remove the entrapped 
air. All connccting joints were sealed with “Apie- 
zou” vacuum sealing material. A McLeod gauge 
was used to  measure thc pressure. A vacuum 
pressure of 0.9 mm. Hg was obtained before the 
water was allowed to  flow into the sample flask. 
Immediately after the addition of water, the mag- 
netic stirrer wdS started. The height of the tube 
containing the tablet had bccn previously adjusted 
to insurc complcte immersion of the tablet in water 
before the vacuum was relcascd. 

J o n  rnn I of Phn rrnn rautirci I Srisnces 

The results of the release of 5 ,  10, and 20yo sodium 
salicylate tablets, obtained by the above vacuum 
procedure, are plotted in Fig. 8. The release rates 
of 20y0 sulfanilamide and 20% calcium benzoate 
tablets under similar conditions are shown in 
Fig. 9. 

.ks predicted, all the rckase rates follow thr  
square root of time dependence, strongly suggesting 
that the S-shaped curve is produced by the proposed 
mcchanism. To further invcstiptc this, liquid 
release rates of Sulfanilamide and calcium benzoate 
kdbletS were carried out using proccdures previously 
described (1 ,  2), and these results are plotted in 
Fig. 10. Thc quantitative evaluation of tortuosity 
by solid and liquid leaching procedures were made, 

24 i P 

50 100 150 200 
TIME1/2. sec. 

Fig. 9.-Release of 207; calcium benzoate (A)  
and 20% sulfanilamide (B) from PVC matrices into 
water, aftcr vacuum treatment. 

1.0 
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50 100 150 200 
TIMEL/z, sec. 

Fig. lO.-Rclcase data from matrices saturated 
with drug solution. Key: A, tablet originally 
contained 2OY0 calcium benzoate, which was com- 
pletely leached (the matrix was equilibrated with 
saturated calcium benzoate solution prior to study- 
iug the liquid rcleasc); B, same as A, except sul- 
fanilamide was used as the drug, and saturated 
sulfanilamide solution was used instead of calcium 
benzoate solution. 
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TABLE ~.---CA.LCULATION OF TnRrvnsr iEs  IK Pnr.yvrsur, C I r m R r D E  MATRICES C ~ N T A I ~ S G  SL~FASILAMIDE 
AND CALCIUM BENZOATE. SOIJII RELEASE STUDIEII IVITH \.ACUUM PROCEDURE 

____ ~__ .  _ ~ ~ _ _ _ _ ~ ~ ~  _ _  ~~ ~ _ _ _ _ ~ _ _ ~ ~  _ _ ~  __ ._~  . ~ ~ _ _ _ _ _  

7 BY By 
D CS Due in  C,, 10sQQ.'fU' 10sQ:tUx Solid Liquid 

106 cm.2 10' C m .  Val. o f  Air ;ind A Gm. l(P Gm. Sulid Liquid Leach- Leach- 
Tablet Cninpn scc -' 1111 ' Tablet ,  ml. Drug ml. 1 d - 1  Leaching Leaching ing ing 

:tmidr 12 .W 1.08 0.4311 0.3YO0.2319 0.80 6.21 9.60 %.ti 1 . 3  

benzoa t 1: 9.20 3 .08  0.4247 0.380 0.2354 3.2% 8 . 5  11.3 3 . 2  2 . 0  

20yo Sulfanil- 

?I,'% Calcium 

~~ 

5% Sodium 
silicylate 13.30 0.4385 0.0161 0.1093 0.286 0.023 0.200 1.79 1.7 

10% Sodium 
salicvlate 17.20 0.4293 0.0323 0.1006 0.309 0.050 0 . 3 7 6  4 . 3 4  1 . 6  

20% Sodium 
salicylatc 23 00 0 4189 0 O64d 0 0908 0 371 0 100 0 64-1 6 55 3 8 

and thc rcsu l ts  arc summarized in Table I. T h e  
~ ( ~ o d  agrwmcnt of the tortuosity valucs obtained 
by the two tnc'thods indicate that the total porosity 
is availablc whcn the vacuum procedure is followed. 

The T values were similarly calculatcd for the 
sodium salicyilate systems. The calculated values 
for 7 ,  however, were physiedlly impossible as they 
were less than unity. Analysis of the situation re- 
vealed that  when the vacuum procedure is used, 
the solid release equation should not be applicable. 
Under thwe conditions, the water is able t o  rapidly 
permeate a.ll available channels. Since the dissolu- 
tion rate of sodium salicylate is very rapid, the 
water which pcnetrated thc matrix i s  rapidly satu- 
rated. If the amount of drug in the matrix, how- 
ever, is not sufficient t o  produce a saturated solu- 
tion, then all of the drug will be rapidly dissolved. 
As a result, a matrix containing no solid drug but 
only its solution will be produced. In  these cases 
the releasc rates should follow the liquid release 
equation rather than that  of the solid release. 

The concentrations of the resultant solutions in 
the 5, 10, :and 20% tablcts were calculated on this 
basis assuming that  all the  volume of each tablet 
initially occupied by air and sodium d i c p l a t e  be- 
came occupied by  a solution containing all of the 
incorporated drug. The concentrations of the 
solutions in the matrix for 5 ,  10, and 20% tablets 
were calculatcd and found to  bc 0.20. 0.37, and 0.64 
Gtn./rnl., respectively. In addition, T values were 
calculated. using the above solution concentrations 
in the liquid leaching cquation and are listed in 
Table IT. These values are in excellent agreement 
with those obtained from the sulfanilamide and 
calcium benzoate studies and provide strong support 
for the concep1.s developed here. 

An interesting observation can be made by com- 
paring the migtiitude of the tortuosity v n l u ~ s  
obtained for tliese different drugs in a PVC matrix 
with those that were obedincd for the same drugs 
tlispersrd iii a polyc'thylene matrix ( 3 ) .  I t  i s  

seen that  the tortuosity valucs obtained for the 
P\'C matrix vary from about 1.5 t o  4, whcreas for 
t h r  polyethylene matrix they vary from about 7 
to  10. I t  has been shown ( 4 )  that  the value of 
T for a system composed of closely packcd spheres 
is generally above 1.5 t o  2.0. 'This indicates that  the 
structurc of a PVC matrix resembles that  of a closely 
pdckcd glass bead bed, and implies that  PVC 
particles are elastic, and, therefore, they are not 
permanently distorted when compressed. The high 
7 values of thc polyethylene matrix, on the other 
hand. indicate that  i ts  particles are plastic and are 
severely distorted wheu compressed. 

APPENDIX 

Thc equations uscd in the explanation of the rate 
process are : 

and 

where 
Q = amount of drug released per unit area of the 

D = diffusion coefficient of the drug in release 

C, = solubility of the drug in the release medium, 
C,, = concentration of the  solution in the matrix, 
e 

T 

tablet surface exposed a t  time, 1, 

medium, 

= porosity of the matrix, 
= tortuosity of thc matrix. 
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Near-Infrared Spectroscopy of Amine Salts 
By JOSEPH E. SINSHEIMER and ANNE M. KEUHNELIAN 

The purpose of this investigation was to study the applicability of near-infrared 
spectroscopy to pharmaceutical analysis. Of particular interest was a model series 
of aliphatic amine hydrochlorides, and as typical pharmaceutical examples, the 
sympathomimetic amine salts were studied. Both solid state and chloroform solu- 
tion spectra weit! obtained and their qualitative and quantitative applica- 

tions were evaluated. 

SPECTRAL characteristics of amines, 
T::iecially aromatic amines, have been well 
established in the near-infrared region ( I ) .  
However, while amine salts have been studied in 
the infrared ( 2 3 ) ,  little has been established 
in the near-infrared region probably because of a 
lack of suitable solvents and sampling tech- 
niques. 

Since the medicinal use of amines, especially as 
their amine salts, is extensive, i t  was felt that an 
investigation into the application of the near- 
infrared for the direct analysis of pharmaceutical 
amine salts would be of interest. This is par- 
ticularly true in the case of aliphatic amine salts 
where the absence of ultraviolet absorption 
makes alternate spectral methods even more 
desirable. Molar absorptivity values in the 
near-infrared region are usually low even com- 
pared to  the infrared region. However, measure- 
ments in the near-infrared can offer the advan- 
tage of the high resolution of the quartz optics 
employed. Use of cells and techniques more 
analogous to  ultraviolet techniques than to  those 
of use in the infrared also may be a potential 
advantage. 

Objectives of the present study were the de- 
velopment of sampling techniques together with 
an investigation of the qualitative aspects, 
sensitivity, and conformity t o  Beer’s law of near- 
infrared measurements of amine salts. 

EXPERIMENTAL 

Instrumental Parameters.-Beckman DK 2A: 
sensitivity, 50; time constant, 0.2; recording s p e ~ d ,  
18 mp/min. ; wavelength expansion, 50 mp/cni. 
Zeiss PMQ I1 with a M4Q TI1 monochromator: 
amplification 5/1/1 and slit widths less than 0.08 
mm. Both instruments were calibrated for wave- 
length accuracy against 1,2,4-trichlorobenzene (5). 

Reagents.-Commercially available amines and 
sympathomimetic amine salts of production grade 
were used without further purification. Except 
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where indicated as being commercially available, 
aiiiine salts were prepared by adding 50 ml. of a 
saturated solution of HC1 in anhydrous ether to  10 
i d .  of amine dissolved in 10 ml. of anhydrous ether. 
The resulting product was filtered, washed with 
three portions of 50 id .  of anhydrous ether, air 
dried, and stored in a desiccator over silica gel. 

The reagent grade chloroform used as a solvent in 
spectrophotoinetric measurements was passed 
through a column of alumina to remove traces of 
water and ethanol. This process was followed by 
noting the absence of the strong ethanol peak a t  
2.90 p. Chloroform treated in this manner was 
stored in a brown bottle for use within 5 days. 

Solid State Spectra.-In general, from 25 to 40 
mg. of atnine sa1t.s taken directly from a desiccator 
were reduced to a powder in an agate mortar and 
pestle as quickly as possible to  avoid the adsorption 
of moisture. The powders were transferred to  a 
KBr die (Limit Corp. KB-01) and a 13-mm. disk 
was formed a t  20,000 Ib. for 5 min. Spectra were 
obtained on a DK-2A spectrophotometcr from 2.80 
to 1.05 p or to as low a wavelength as dispersion 
permitted. A base line was established on the 
lowest absorbance range possible at 2.65 p and with a 
slit width below 0.3 mm. by manual attenuation of 
thc reference shutter. 

Solution and Liquid Spectra.-(a) Absorption 
spectra of from 0.1 to  3% solutions of amine salt in 
chloroform were obtained on a DK-28 spectro- 
photometer from 2.35 to 2.10 p .  Near-infrared 
1-cm. matching pair cells were used with chloroform 
in the reference cell. 

( b )  Absorption spectra for the parent amines 
were obtained from 2.65 to 1.05 p in a 0.25-nim. 
short-path cell against silica as the reference. 

( 6 )  Percentage-transmittance spectra were ob- 
tained from 2.15 to 1.70 p for ly0 chloroform solu- 
tions of amine salts and O.lyo chloroform solution 
of the parent amines. In both series, spectra were 
obtained in 1-em. matching pair near-iufrared 
cells with chloroform in the reference cell. The 
90 to 100% range of the DK-2A instrument was 
used. 

( d )  Quantitative measurements were made with 
the Zciss spectrophotometer on 200 to 500 mg./ 
10-nil. solutions of aniine salts in chloroform. The 
major peaks of the recorded spectra were recon- 
firmed in the 2.33 to 2.10 p range and the absorb- 
ance of these peaks determined. The validity of 
Bcer’s law was examined by determining the absorb- 
ances for 1 in 2, 1 in 5, and 1 in 10 dilutions of these 
initial solutions. Micro quantitative measurements 
were also made in a similar manner but with the 
use of the Zeiss iiiicrocell equipnimt (507425) with 
1-crn. cylindrical MR 5 microcells of 0.2-1n1. volume. 
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TABLE I.-SOLID STATE SPECTRA OF MODEL AMIXE HYDROCHLORIDES 
-~ 

Compd. Absorption Rand?, mp 

Ammonium chloride<L 
Primary aminc salts 

Butylamine 
tert-Butylatnine" 
Cyclohex ylamine 

Ethylaminc" 
lsobutylaminc 

2633, 2342, 2195, 2075, 1950,b 1672, 1503 

2464,b 2426, 2411, 2335, 2307, 2252, 2170, 1719 
2560,b 2514, 2451, 2384, 2339, 2306, 2269, 2223, 2192, 1691 
2738, 2680, 2342, 2618, 2568, 2528, 2493, 2478, 2426, 2377, 2339, 2300, 

2593, 2522, 2387, 2372, 2304, 2256, 2207, 2162, 1675, 1651 
2603, 2556, 2401, 2334, 2307, 2265, 2217. 2170. 1687 

2254, 2200, 1746, 1706 

Tsonronvlarn ine Z M ~ .  2383. 2x48. 2.706. 2263. 2194. 1689 _ _  _ r .  . , . . . ~ ~ ~ ~ ~ ~  ~ 

Methylan! inen*' 
Propvlamme 

, ~- - ,  
2523; 2488, 2333, 2250; 2238; 2134; 1677 
2550, 2496, 2458, 2405, 2329, 2292, 2262, 2138, 1726, 1689 

Secondary araine salts 
Dibutylaminc 
Diethylamine 

2514, 2415, 2399, 2336, 2297, 2272, 2194,b 1759, 1719 
2638, 2603, 2558, 2515, 2462, 2411, 2380, 2353, 2297, 2257, 2197, 1726, 

1681 
Diisobutyl.itiiitie 
Dipropykamine 
Piueridine 2703. 2668. 2646, 2603. 2568. 255G. 2498, 2478. 2435, 2415, 2347, 2SS2,  

2626:-2556, 2508, 2450, 2409, 2312, 2269, 2200,* 1701 
2711, 2596, 2344, 2453, 2422, 2399, 2337, 2304, 2274, 2307,"1741, I699 

2304. 2285. 2266. 2200. 1747. 1721 
Tertiary amine salts 

Tributylaniinc 
Triet hylaniined 

26.53, * 2563, 2513, 2450, 2407, 2252, 2335, 2306, 2294, 2272, 1703 
2663, 2633, 2581, 2474, 2453, 2399, 2346, 2307, 2295, 2260, 1759, 1693, 

1681 
TrimethylitmineC 2492, 2448, 2346, 2257, 2096, 2014, 1804, 1671 

______. ___ 
Solubility too limited to obtain spectra in chloroform in the 2.32 to 1,iO.p regions. 

Spectra influenced by the hygroscopic character 01 lhe salt. 
Partially resolved peak as a shoulder 
There weie nu significant differences on a mnre interlse peak. 

between the hydrochloride and hydrobromide salts. 

REljULTS AND DISCUSSION 

As is true in the infrared, carbon tetrachloride 
:uid carbon disulfide are also generally the most 
useful solvents in the near-infrared. However, 
neither solvent was of value in the present investiga- 
tion either because of the interaction of the parcnt 
amines with these solvents ( 6 ,  7') or because of the 
lack of solubility of aminc salts in the solvents. 

Within their well-recognized limitations (3) solid 
state spectra appeared to be a promising approach 
to the authors' primary objective of the direct meas- 
urement of amine salts. Disks werc prepared in the 
ratio of from 5 to 20 mg. of amine salt to 200 to 400 
mg. of KC1. However, dispersion was great a t  
either th.e high concentration or thick disks required 
for usable absorption. It was noted, however, that 
model amine salts could be pressed directly into 
satisfactory disks without addition of the halide 
salts. The spectra so obtained arc summarized in 
Table I and a set of typical examples are shown in 
Fig. 1. It was also possible to  form transparent 
disks dircctly with somc sympathomirnetic aminc 
salts as :iuniniarized in Table 11. In general, disks 
were iortned under 10 tons force, although a few 
amine salts produced disks a t  even lower forcc. 
However, for the majority of compounds, it  is 
reasotiablr to assume that a 20-ton system with a 
properly designed die for the eKicient application of  
vacuum ( 8 )  .would result in disks with less disper- 
sion. In the present study, dispersion was partly 
compensated by the use of a KBr disk with high 
dispersion or by manual attenuation of the refcr- 
ence shutter. In either case, a slit width no greater 
than 0.3 inin. a t  2.65 p with a sensitivity of 50 was 
used. IJndei- these paramctcrs, there was no dis- 
tortion 'OF a test spectrum of didyniiutii. Disks 
where held in the spectrophotorneter in a pellet 
ltolder similar to the Becknran holder but with a 

I 
I I I I I I  

'550 W*YELENGTII 1mU) 2802 

Fig. l.-Solid state spectra. Key: A ,  butyl- 
atnine hydrochloride; B, dibutylamitie hydro- 
chloride; C, tributylatnirie hydrochloride. 

thrcadcd connection a t  the samplc positioii to pcrniit 
access to variable thickness disks. Thc crystallinc 
form of the amine salt is important for disk forma- 
tion. For example, 2-phenylethylatnirie hydro- 
chloride in the form of platelets could not be com- 
pressed but in a microcrystalline form was com- 
pressible. 

As can be rioted in Fig. 1, the solid state spectra 
revealed a scries of moderately strong absorbance 
peaks in the region froin 2.55 to 2.15 p which hold 
promise for quantitative measurements. Of thc 
solvents and combination of solvents tested showing 
at least partial transparency (1) in the region of 
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TABLE II.--SOLILI STATE SPECTRA OF SYMYATHUMIMKTIC SALTS 
.- - 

Sbsorption Rands, mp 

_ _ _ _ _ _ _ _ ~  
Compd. 

Aliphatic amine salts 
Cyclopentarriirie hydrocliloridei~ 
Isonietheptane rriucate 
Methylhexaneamine hydro- 

'I'uaminohrptanr sulfate 

Tetrahydrozoliric hydrochloride 

chloride' 

lniidazole salt 

Phenylethylaminc salts 
.4mphrtamine sulfate 
Ephedrine sulfate 

Mephenterrniric sulfate 
Metaraminol bitartrate 
Methoxyphcnaminc hydro- 

Phentnetrazine 

Phenylethylamine hydrochloride 
Phcnylpropanolaminc hydro- 

Plietiylpropylmethylamiiie 

chloride 

chloride 

hydrochloride" 

2571,b2473, 2418, 2375, 2336, 2291, 2255, 1749, 1713 
2656, 2526, 2496, 2451, 2394, 2326, 2294, 2267, 2248, 2150, 1716 
2444, 2407,b2380, 2347, 2307, 2136, 1768, 1719, 1696 

2439, 2379,'' 2375, 2345, 2304, 2157, 1766, 1721 

2643, 2600,"2502, 2464, 2427, 2371, 2332, 2312, 2284, 2207, 2179, 
2147, 1683 

2743, 2469, 2349, 2296, 2258, 2160, 1676 
2762,2471, 2439,2371,2342,2286,2242,"22, 2184, 2137,2140, 

2468, 2404, 2355, 2287, 2251, 2160, 1950, 1676 
2651, 2267, 2445, 2296, 2253, 2144, 1663 
2750, 2375,"2474, 2434, 2385, 2338, 2290, 2258, 2162, 1681 

1676 

2696, 2618, 2570, 2548,"2525. 2484, 2458, 2420, 2369, 2354, 2317, 

2736, 2540,b 2473. 2350. 2280,b 2255. 2186, 2162, 1673 
2302, 2259, 2150, 2137, 1G91,b 1676 

2692, 2463, 2382, 2302, 2257, 2197, 1676 

2778, 2618, 2464, 2418, 2375, 2323,h 2286, 22ri6, 2182,h 2162, 
2148,* 1686 

_ _ _ ~ -  
a Solubility was sufficient to obtain spectra in chloroform Irom 2.32 to l . i O  p. In addition to the compounds listed in the 

table, the following synipathomimetic hydrochlorides had sufficient solubility to ohtain spectra in chloroform: diethylpropion, 
methamphetamine, @-phenylpropylamine, and propylhexedrine. I'arlially resolved peak as a shoulder on a mure intense 
peak. 

T A B L E  1 1  I -MOLAR ATlSOKPIIVITIES OF AMINE SALTS 
- 

Cumpd. A",,. (4  
I'ritnary aniine salts 

1-Adamantaimmine HCI 
Isopropylamine HCI 

Secondary amine salts 
Diethylamine HC1 
Phenmetrazinc HC1 
Phenylpropylmethylamine HCI 

2298 nip (2.95);  2223 m p  (1.06) 
2298 mp (2.58); 2258 m p  (2.40);  2183 nip (1.22) 

2298 nip (3.02); 2258 I I I ~  (4.24) 
2283 mp (2.52); 2258 m p  (2.69) 
2298 m p  (2.31); 2258 mp (3.46);  2173 nip (1.32) 

TABLE I v . - s P E C l R A  O F  .!MINE HYDROCHLORIDES AND THEIR I'ARENT ,!!VINES I N  CHLOROFORM FROM 
2.15 to  1.70 p 

~~~ ~ ~- __ ~~ ~- ~ ~~ - 

Conigd. 
Primary 

Butylaniine 
tert-Butykamine* 
Cy clohexylaminc 

I sobutylaniinc 
Isopropylamiiic 

Propylamine 

D i butylam in c 
Diethylamine 
Dipropylamine 
Diisobutylamine 
Diisopropylaminc 

Secondary 

7--- 

1988, 1902, 1878, 1744 2134, 2112, 2018, 1892, 1814,cL 1724 
1895 2136, 2068, 2026, 1888 
2074,IL 1986,'' 1906,'c 1810, 1786, 1750, 2157, 2126, 2102, 202.5, 1892, 1812,'z 

1989,'. 189X, 1759, 1724, 1707 2107, 2019, 1892, 1826,(' 1771, 1721 
1721 17.56, 1728 

1999,'" 1911," 1875, 1810, 1776, 1724 2187, 2110, 2063, 2023, 1885, 1823, 
1767, 1732 

1905, 1884, 179ti, 1713 2114, 2019, 1887, 1812," 172B 

2061, 1897, 1765," 1721 2092, 2021," 1893, 1810.'' 1752. 1725 
205x. 1897. 1Xlrr- 2097. 2019.' 1892. 1820 , ~ - - _  ZOSi 1976, a 1897 2092: 2024: 1892,'1812,a 1753, 1723 
2063, 1897, l81O,lL 1761," 1733," 1716 2092, 1892, 1810," 1771,,l 1740, 1725 
2058, 1969, 1896, 1830, 1793, 1752, 1721 2102, 1892, 1815, 1760, 1717 . .. 

Tcrtiary 
Tributylamine 2062, 1900, 1756." 1748," 1702 18x8, 18I)l),~I 1751,'' 1723 
Triethylaminc 2058, 2028," 1897, 1878, 1832, 1761, I711 2045, 2023, 1887, 1713'" 

. ~~~ - 
a Pal-tially resolved peak as a shoulder- un a niu~e intcnse peak. A saturnted sulntiun of tw-hutylamine hydruchloi-ide i s  

less concentrated than the normal 1% solulions. 
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bands due to aitiine salts. The suspected presence 
of bands in this region based upon protonated nitro- 
gen is supported by the solid state spectra of am- 
monium chloride (Table I). However, overtone 
and combination bands due to CH stretching are 
also exhibited in this region (1) and tend to obscure 
the amine salt bands. 

Just below 2.20 p and extending to 2.12 p,  there 
was observed for every primary amine salt studied, 
a broad band of medium intensity. A band in this 
region does not correspond to a calculated overtone 
for primary amitie salt absorption in the infrarcd 
(2, 3 ) .  However, this band was consistently 
present in primary amine salts and except for the N- 
methylamines and cyclic amines studied was absent 
in the secondary and tertiary amine salts. The 
butylamine salts in Fig. 1 are a typical illustration 
of this differcncc in thc 2.20 to 2.12 p region. 

The primary amine band consistently exhibits a 
shift of from 10 to 50 nip to higher wavelengths when 
a spectrum in chloroform is compared to the corrc- 
sponding spectrum of the solid state. The band a t  
2.25 to 2.27 p is not shifted in this manner while the 
band at 2.32-2.27 p is usually constant but with 
somc compounds exhibits a 15 to 20 mu hypso- 
chromic shift in chloroform. 

To study thc weak bands below 2.12 p, per cent 
transmission spectra of chloroform solutions re- 
corded on the YO to 1000/;, expansion scale of the 
DK 2-9 iristrurnent were found to be the most 
helpful. Chloroform in a 1-cm. cell is transparent 
below 2.32 p with the exception of two brief ranges 
(1.86 to 1.85 u and 1.70 to 1.67 M )  and, thercforc, 
offered a satisfactory mcdium for the comparison of 
ainine salts and their parent amines. Concentra- 
tions were chosen such that the spectral region from 
2.15 to 1.70 p could be expanded full scale on the 
90 to 1 0 0 ~ o  range. For the amine salts, 1% solu- 
tions were satisfactory whilc the parent primary 
amincs were run as 0.05‘% solutions and the remain- 
ing free bases as O.lyo solutions. The results are 
sumiiiarized in Table I V  and typical examples are 
shown in Fig. 2. 

All spectra of both amine salts and their parent 
amines have a band between 1.90 and 1.87 p. This 
band exhibits a bathochromic shift of 3 to 10 mp 
in the salts as compared to their parent atnine and 
is the major similarity between a given amine salt 
and its parent atnine in this region. 

There is no other significant absorption from 2.15 
to 1.70 p for primary atnine salts which is in direct 
contrast to the vcry strong combination band 
noted in the prcscnt investigation and previously 
reported for the free base primary amities (1). The 
absence of bands by this technique in this region 
for primary aminc salts and the prescncc of a band 
a t  2.05 p for both sccondary and tertiary aminc 
salts offer a second method of distinguishing pri- 
mary atnine salts. Again, the 2.05 p band docs not 
correspond to an overtone for reported ( 2 ,  3 )  NH 
stretching bands in the infrarcd. 

.--A-L 
/#<” i,)o #,a. i85“ 

M I E L L N L I I H  ,n>l 

Fig. 2.---Percentage tratistnittancc spectra from 
2.15 to 1.70 p,  A, butylarnirie hydrochloride; 
B, dibutylamine hydrochloride; C, tributylamine 
hydrochloride; D, butylamine; E, dibutylamine; 
F, tributylamine. 

intcwst, clilorrtform was found to be the most useful. 
That. is, the hgdrochloridc salts of amities divorced 
of other polar groups exhibit suflicient solubility 
to permit the quantitativc measurement of thcsc 
salts in the chloroform transparcnt portion (2.32 
to 2.10) of thc rcgion of interest. Indication is 
given in ‘Tables I and I1 of the compounds which 
could be measurcd in this manner. 

Quantitative dilutions of the initial 1 to 3.5% 
chloroform solutions used to obtain these recorded 
spectra indicatcd conformity to Beer’s law. Typical 
compounds were further examined in this regard 
on a Zciss singlc beam instrument and conformity 
to Beer’s law was established. The compounds 
testcd, together with molar absorptivity of major 
peaks in the 2.32 to 2.10 p rcgion, arc listed in 
Table 111. Thus, 1 ?$ concentrations yield absorb- 
ance values in the ordcr of 0.1 to 0.3. The use of 
microcells permits from 0.4 to 0.6 iritnole of corn- 
pound to be measured. For example, 2 mg. of 
adamantanamme hydrochloride can be determined 
in a 1-cm. niimcrocell if total volume of solution is 
limited to the 0.2-ml. volume of thc cell. 

Spectra of solid state amine salts, especially in the 
2.70 to 2.10 y region, are corriples enough and 
sensitivc to stnall changes in structure to be useful 
for the “fingerprint” comparison and identification 
of these compounds. A comparison of tlir spectra 
of closely related compounds such as n-propylatnine 
hydrochloride to that of isopropylamine hydrochlo- 
ride (Table I) illustrates this point. The effective- 
ncss of a comparison of this type is also illustrated 
with the hntylainine salt series in Fig. 1. These 
spectra are a usefiil adjunct to infrared spectra in 
this regard. 

Although tho  2.70 to 2.20 p ri-gion was the most 
complex atid contained the most intensive ab- 
sorbance bands, it wi~s not readily pwsiblc to assign 

SUMMARY 

The spectra of both model atnine hydrochlorides 
and pharmaceutical aniine salts have been observed 
in the near-infrared. Solid state spectra and solu- 
tions of hydroclilorides in chloroforrrl have been 
41owti to be useful sainpling techniques and have 
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applications for qualitative work. Bands in the ( 2 )  Rellamy, L. J., “The Infrared Spectra of Complex 
bfolecules.” John Wiley & Sons, Ine., New York. N. Y., 2.15 to 2.32 p region have been shown to  be useful 

for the quantitative measurement of amine hydro- (3) Icao, C;, N. R.. “Chemical Applirations of Infrared 
chloride salts, Primary anlille salts were dis- Spectroscopy, Academic Press Inc., New York, N. Y., 

tinguished from secondary and tertiary amine salts (4) Thompson, W. E., Warren, K. J., Eisdurfer. I. B., 
andZarembo, J. E.7 J .  pha7’7E. -7Li.x 54, 1819(1966). 

( 5 )  American Society fot- Testing and Materials 1965 
absence of a band at 2.05 p. Rook of ASTM Standards, Part 81, Philadelphia, Pa,; 1965, 

pp. G Y 3 ,  704. 
(6) Van Binet, G.. Nouls, J. C., and Martin, R. H., ?’&a- 

(7) Jones, R. N., and Sandorfy, C., in "Technique of 
(1) Goddu, R. P., in “Advances in Analytical Chemistry Organic Chemistry,” vol. IX, Weissberger, A , ,  Ed.. Inter- 

(8) Stimson, M. M., private communication. 

19.58, p. 2.50. 

1963, pp. 262, 58.5. 

on the basis of tile preserlce of a 2.18 band arid the 

REFERENCES hedvon Lefters, 51, 4609(1Y65). 

and Instrumentation,” vol. I .  Keilley, C. K., ed., Inter- science Publishers, New York, N. Y., 1956, p. 511. 
science Publishers, New York, K. Y., 1960, p. 347. 

Applications of the Montmorillonites 
in Tablet Making 

By KEE-NENG WAI, H. GEORGE DEKAY, and GILBERT S. BANKER 

The montmorillonites were studied for their use as disintegrants, binders, and lubri- 
cants for the manufacture of compressed tablets. It was found that the clays, al- 
though traditionally believed to be inert materials, agglomerated with several macro- 
molecules commonly used as tablet binders. When added dry to prepared granula- 
tions, magnesium aluminum silicate F was an excellent disintegrant which produced 
tablets disintegrating twice as fast as those containing an equal amount of cornstarch. 
Furthermore, the clays contained a lower moisture content and were more compres- 
sible than starch. However, the other grades of montmorillonite studied were 
less effective as disintegrating agents than starch, and wet granulation of the 
clays with the diluents substantially decreased the effectiveness of these materials 

as disintegrants. 

ONIMORILLONITE is the name given to a clay 
mineral lirst found near Montmorillon, 

France. Essentially, it  has the composition 
AI2O3 * 4Si04. H,O. xH20. Many minerals of sim- 
ilar properties, but distinctly different chemical 
compositions, have since been found (1). The 
clay minerals frequently exhibit properties which 
are highly desirable for any products used as 
disintegrants, binders, and fillers, or viscosity 
imparting agents. They have a high swelling 
volume in water, form gels a t  low concentra- 
tions, are chemically inert and stable to a wide 
range of temperatures, and are smooth, white to  
off-white fine powders. This study was under- 
taken to investigate the extent of application and 
limitations of the montmorillonite type of clays 
in tablet making, based on and in view of selected 
physical properties of the clays which were pre- 
viously determined (2). 

Bentonite and magnesiuin aluminum silicate 
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have been studicd by several workers as tablet dis- 
integrating agents. Granberg and Benton (3 )  
reported that bentonite was an effective filler and 
disintegrating agent in thyroid tablets. Gross 
and Becker (4), on the other hand, found that 
neither bentonite nor magnesium aluminum 
silicate, in concentrations up to I T % ,  produced 
any disintegrating effect in tablets. However, 
Firouzabadian and Huyck (5) and Ward and 
Trachtenberg ( 6 ) ,  who conducted coniparative 
studies on the effectiveness of tablet disintegrants, 
found that magnesium aluminum silicates were 
among the best disintegrants studied. Nair and 
Bhatia (7) in another comparative study reported 
that sulfathiazole tablets containing magnesium 
aluminum silicate as the disintegrant appcared 
to have the most rapid distintegration time when 
most of the clay product was added after granula- 
tion and only a small portion before granulation. 
4 suspension of 20yo montmorillonite clay has 
been used as a granulating agent with reported 
disintegration activity (8). 

EXPERIMENTAL AND RESULTS 
The three commercial mont~norillonites studicd in 

re- 
The composition and properties of these 

this work will be referred to  as clay I, I1 ,and 
spcctivcly. 

~ 

MAI keted as Veegum, Veegnm F. and Veegum WG by the 
I < .  T Vanderbilt C u ,  New Yolk, N. Y. 
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have been studicd by several workers as tablet dis- 
integrating agents. Granberg and Benton (3 )  
reported that bentonite was an effective filler and 
disintegrating agent in thyroid tablets. Gross 
and Becker (4), on the other hand, found that 
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silicate, in concentrations up to I T % ,  produced 
any disintegrating effect in tablets. However, 
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studies on the effectiveness of tablet disintegrants, 
found that magnesium aluminum silicates were 
among the best disintegrants studied. Nair and 
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that sulfathiazole tablets containing magnesium 
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to have the most rapid distintegration time when 
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TABLE 1.---.CO.HPATIBILITY OF A 5'); MONTMORII.LC)NI,~E'~ DISPHRSION IVITH EQUAL \TOLUD.IES O F  VARIOUS 
OTHER TABLET ADJUNCTS 

___. ~~ 

pH of Granulating pH of Granulating 
Gi-andating Agent Agent Agent with Clay Appeaiance of Mixture 

Distilled water 5 8 Smooth paste 
Starch paste, 5'% 6 8 Smooth paste 
Starch pastc, 2'% 5 8 Smooth paste 
Dextrose soln., 3094 3 8 .5  Smooth pastc 
Algin,b 1% 7 9 Smooth paste 
Propylerie glycol algiuate,c H.V., l t 2 h  3 7 Smooth paste 
Sodium alginaw, 1 yc, 5 8.5 Smooth paste 

5 7 Smooth paste 
3 7 Slightly agglomerated 

Simple syrup 1J.S.P. 

3 8 Slightly agglomerated 
Acacia, loyo 
Carboxymcthylccllulosc, 2.5% 
Gelatin, 1y6 5 8 Agglomerated 
Methylcellulosi: 4000, 1% 5 8 Agglomerated 
Polj.vinylpjrrrolidorie, 5yu 5 9 Agglomerated and scparatcd 

~~ ~ ~~ - 
a Mafinesium aluminum silicate W Keltuse by Kelco Cu. Marketed as Kelcolrid by Kelco Co., Clalk, 

N. J. 

clays were reported in an earlier paper (2). Thc clays 
were oven dried a t  50' for 24 lir. prior to use to re- 
move nonhound moisture which may have been 
sorbed on storage. 

Compatibility of Montmorillonite with Various 
Tablet Adjuncts.-The montmorillonites are fre- 
quently used in tablet matrices in combination with 
other tablet adjuncts with which the montmoril- 
lonites might be reactive. Such reactivity could 
affect tablet disintegration, drug availability, or 
manufacturing methods. 

Two liters of a 5% dispersion of clay 111 were pre- 
pared in hot water. This preparation was per- 
mitted to  hydrate for 24 hr. and was then divided 
into 100-nil. portions. To each portion, 100 ml. of 
another common or previously reported tablet 
binder was added. The change iu pH and appeiir- 
ance of the mixed binders werc observed and arc 
summarized in Table I. 

In spite of their relative chemical inertness, the 
niontmorillonite clays were incompatible with cer- 
tain common tablet adjuvants. The montmoril- 
loiiites apparently interact with many macromole- 
cules. Thc clays consistently incrcased the pH of 
the combined systems from 2 to 4 units. Hydrogen 
bonding betwccn the clay and the polymcr mole- 
cules and electrical dischxge between two oppositely 
chargcd particlcs (or molecules) may explain the 
agglomeration phenomenon which frequently oc- 
curred bei.ween clay and polymer. 

Disintegrating Action of Unwetted Montmoril- 
1onites.-Sixty-four batches of tablets were pre- 
pared, containing various concentratious of tlic three 
grades of clay, or starch, blended with a granulation 
of calcium sulfate. The relationships betwwn the 
disintegration time and the concrntrations of dis- 
integrants, disintegration time arid grantilc size, 
and between tablet hardness and disintegrant con- 
ccntration werc studicd. The calcium sulfate 
granulation wa.s prepared according to the following 
formula: 

Calcium sulfate.. . . . . . . . . . . . . . . . . . . . . . .  10 Kg. 
Ethylcellulose 47 cps. (5y0 solution in 

ethanol). . 4 I,. 

The calcium sulfate was granulated in a dougli 
mixer3 and then passed through an oscillating ___ 

F. J. Stokw (30.. Philadeljrhia, Pa. 

granulator3 fitted with a No. 12 screen. The 
granulation was air-dricd. Through a series of 
hand sizing and scrcening processes, it was separated 
into granulations of the following s i x  ranges: 

Mesh Size Quantity, Kg. 

16-20 . . . . . . . . . . . . . . . . . .  1 
2&30 . . . . . . . . . . . . . . . . . .  5 
3G40 . . . . . . . . . . . . . . . . . .  1 
40-80 . . . . . . . . . . . . . . . . . .  1 

Ethyl cellulose was used in granulating the cal- 
cium sulfate to produce a granulation which did not 
readily disintegrate in water or simulated gastric 
juice. This granulation formula was used because 
the experitnerit was designed to study the efficiency 
of the clays a.s disintegrants when they were blendcd 
with prepared, insolublc, nondisintegrating granula- 
tions. Using this granulation, 100-Gm. samples of 
material werc prepared by adding 0.5 Gin. of mag- 
nesium stearate and various concentrations (0, 0.5, 
1, 2, 4, 8, 15, or 25%) of a disintegrating agent 
(clays I, 11, 111, and starch) to  the granulation. 
Thesc granulations were compressed into s/ls-in. 
standard cup, 200-nig. tablets with a Colton 120 
single punch rna~hine .~  Tablets of a hardness of 
about 4.5 to 5.5 Kg. were prepared when possiblc. 
Hardncss was measured with a Dillon prototype 
tablet hardness tester5 and is exprcsscd as the aver- 
age of 20 measurements. The average disintegra- 
tiou time of six tablets was determined in gastric 
juice U.S.P. by the official method. The results are 
summarized in Table 11. 

Figure 1 represents the relationship found between 
the disintegration time and tlic concentration of the 
four disintegrating agents. The straight lincs were 
drawn with the assumption that thc relationship 
holds when the conccntration of the disintcgratitig 
agcnt is between 1 and 20%. The figure also illus- 
trates that tablets containing clay I1 disintegrate 
about twice as fast as tablets containing cornstarch 
as a disintegrating agcnt in the same percentage. 
Starch, in turn, is a bettcr disintegrating agent than 
clay I11 or clay 1. The addition of 27u of clay I1 
reduced the disintegration time 01 the tablets to  
below 5 min. The presence of 50;, of clay 11 with 

Arthur Colton Co., Lletroit, blich. 
5 W. C.  Uilluu 8r Co., Van INtiys, Calif. 
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TADLE I~.-THE DISINTEGRATION TIME, HARDNESS, AND WEIGHT OF TABLETS CONTAINING I-ARIOUS 
CONCENTRATIOXS OF DISINTEGRATING AGENTS ( DISISTEGRANTS ADDED DRY TO &SO4 GRANULATION) 

llisintegratinp 
ARCIlt 

Clay I11 

Clay 111 

Clay I11 

Clay 111 

Clay 111 

Clay 111 

Clay I1 

Clay I 

Starch 

-~ ~~ 

Mesh Size o f  
Gianulatioo 

12-16 

1B-20 

20-30 

40-80 

20-30 

20-30 
Replicate 

20-30 

20-30 

__ 
~~ 

Tests 
Disintegration 

time, sec. 
Hardness, Kg. 
Wt.,  Ing. 
Disintegration 

time, sec. 
Hardness, Kg. 
Wt., mg. 
Disintegration 

time, sec. 
Hardness, Kg. 
Wt., mg. 
Disintegration 

time, sec. 
Hardness, Kg. 
Wt., mg. 
L)isintegration 

time, sec. 
Hardness, Kg. 
Wt.,  mg. 
Av.  disintegration 

time, see. 
Disintegration 

time, sec. 
Hardness, Kg. 
Wt. ,  mg. 
Disintegratiorr 

time, sec. 
Hardness, Kg. 
Wt. ,  mg. 
Disintegration 

t imr,  sec. 
Hardness, Kg. 
Wt. ,  rng. 

-~ 
~ -- 

0 
1373 

1 4  
198 

1655 

4 8  
199 

1581 

4 4  
203 

1221 

4 7  
195 

1025 

4 4  
202 

1581 

1581 

4 4  
203 

1581 

1 4  
203 

1819 

4 8  
199 

0 5  
1343 

-17 
198 

1129 

4 2  
197 

1198 

4 3  
205 

1173 

1 9  
196 
947 

4 7  
197 

1218 

1403 

5 1  
201 

1434 

5 1  
200 

1305 

5 2  
200 

1 
1238 

6 1 
200 

108Y 

4 5  
199 

1114 

4 8  
209 
921 

5 1  
199 
81 1 

5 8  
199 

1035 

690 

5 1  
200 

1068 

5 3  
20 1 

1071 

4 5  
197 

658 

5 0 
201 
866 

4 6  
200 
752 

4 8  
208 
758 

5 0  
200 
433 

5 0  
202 
693 

282 

4 8  
200 

1150 

4 6  
203 
485 

4 4  
200 

464 

5 2  
204 
219 

4 2  
205 
303 

4 6  
210 
277 

1 1  
1 YY 
228 

5 2  
205 
298 

75 

4 6  
20 1 
477 

4 9  
20 1 
133 

2 8  
202 

157 

5 1 
200 

74 

a 5  
204 
200 

3 8 
206 
142 

5 5  
199 
62 

5 5  
201 
136 

21 

4 4  
200 
197 

3 5  
197 
57 

1 1  
196 

15 
53 

3 0 
194 
42 

2 7  
210 
49 

4 4  
208 
47 

4 9  
195 
30 

5 5  
200 
44 

10 

4 5  
200 

66 

3 2  
198 
36 

197 

25 
39 

3 6  
205 
34 

2 9  
210 
33 

4 0  
217 
40 

1 9  
199 
27 

5 7  
203 
35 

61 

4 3  
197 
29 

2 0  
200 

12 

196 

1280 

640 

ri 

L i  

320 

2 
z 160 
2 c a 
LI: s 80 
c 
z_ 
'0 

+ 

40 

20 

0.5 1.0 2.0 4.0 8.0 16.0 32.0 
CONCN. OF DISINTEGRATING AGENT, % 

Fig. 1 .~-I)isintegratioti time of CaS04-ethylcellu- 
losc tablets containing clays 1, 11, and 111 and starch 
as disintegrating agents (prepared from 20/30 mesh 
granulations). Key: 0, clay I ;  A, clay 11; 0,  clay 
111; 0, starch. 

the granulation reduced the disintegration time to 
below 1 min. 

When the concentration of starch added dry with 
the lubricant was 8yo or higher (Table I I ) it became 
very difficult t o  produce a tablet with a hardness 
above 5 Kg. Granulations containing more than 
15yo starch in powder form were practically incotn- 
pressible, while fairly hard tablets could be produccd 
with the concentration of clay I1 as high as 25%>. 
Using clay 111, in the coarser three granule sizes 
(Table 11) a degree of tablet hardness appeared to 
be lost at clay concentrations of 8 to 15fx or higher. 

The particlc-size distribution of the clay may be a 
factor which influenccs the disintegration rates of 
the tablets. Clay I1 had the smallest average par- 
ticle size (completely passed a number 200 sieve) of 
the clays studied, and was the best disintegrant; 
clay I had the coarsest particles (average diamctcr 
equal to 373 p by sieve analysis) and was the poorest 
disintegrant among the three clays studied (2). The 
ion-exchange capacity of the clays (0.601! 0.585. and 
0.523 mrnolcs/Gm. for clays I ,  11, and 111, respec- 
tively) and the smelling volume of the days (21.3, 
20.0, and 10.8 ml. in gastric juice) (2) showed no 
apparent rclationship to  the disintegration action of 
the clays. 

The Disintegrating Action of Montmorillonites 
When Incorporated Within the Granulation.-The 
compatibility study (Table I) showed that the clays 
in this study agglomerated with many other corrt- 
tnonly used tablet binders. I t  was hypothesized 
that this agglomeration might intluerice both the 
binding action of the binder and the disintegrating 
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action of the clays. Lactose arid calcium sulfate 
were separatcly used as tablet fillers in this study to 
rcprescnt a soluble and an insoluble tablet matrix. 
The granulation:; were prepared as follows. 

( a )  A 10$;, suspension of clay 1 was prepared and 
was used alone, or was mixed with the other granu- 
latiug agents arid the mixture used to granulate the 
filler. The final granulations contained I(%, clay by 
weiglit. If the mass was not adequately wet after 
adding suacient clay suspension to provide 1% clay 
in the dry granulation, water was used to completc 
tlie massing operatioil. 

( b )  The fillers alone and with 1%, clay added dry 
were granulatecl with the various syrup and gum 
granulating agents. These werc the control samples 
against which tlic other clay-containing (clay added 
as granulating agent) tablcts wcre compared. Each 
of tlw two diluents: with and without the addition of 
I?; clay, was also granulated with water alone. 

Each batch of granulation contained 200 Gin. of 
lactose or 310 Gin. of calcium sulfate. Thc granula- 
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tion masses were passed through a 12-mesh screen 
by hand, dried at room temperature for 48 hr., and 
resized through a 16-mesh screen. Magnesium 
stearate was added as the lubricant (0.5% for the 
calcium sulfate granulatiotis aud 0.257" for the lac- 
tose granulations). The tablets werc compressed to  
a weight of 200 mg. using S/l&. standard concave 
punches. A compression force was used which 
would yield tablets having a hardness of 2 to 3.5 Kg. 
for the calcium sulfate tablets and about 5 to 6 Kg. 
for the lactose tablets. The formula, granule hard- 
ness, disintegration time, hardness, and appearance 
of each batch of tablets werc recorded (Table 111). 
The dried granulations varied in per cent moisture 
content between 0.2 and 1.895; most were between 
0.4 and 1.2%,. 

According to Table I11 the following observatious 
may be made. 

( a )  Whcn thc montmorillonitc clays alone were 
used as tlie granulating agent-binder for calcium 
sulfate, soft granulations were obtained (formulas 

TAHLE 111 -EVALUA l10N OF T H k  h f O N  1 MORILLONII BS AS C;KANUI,A 1 I O N  B I N D E R S  .%LONE AND I N  
COMBINATION WITH DIFFRK~NT GRANULATING AGENTS 

-~ 

Formula 
No. 

1 
2 
3 
4 

6 
3 

- 
;i 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:3 1 
3 2 
33 
31 
35 
3(i 
37 

38 
3 9 

40 

Tablet  
Fillev Rase 
CaSO4 
CaS04 
&SO4 
Ca!jOl 
Ca!j04-Ib 
CaSOc 
Lactosc 
Lactose 
Lactose 
Lactose 
Lactose-I" 
CaSO4 
CaSOd 
CaSOa-I 
Lactose 
Lactose 

ca:;o'I 
CaSOa 
ca:s04-1 
Lactose 
Lactose 
Lacltose-I 
Ca60a 
CaSOl 
CaSOa-I 
1,actusc 
Lactose 
Lac tose-I 
CaSO4 
CaSOa 
ca:;or- I 
1,ac tosc 
Lac tosc 
1,nctosc- I 
CaSOa 
CaSO, 

Lactose 

LdCtoSe-1 

LdC t0Sc 

Lactose-1 

Granulating Material 
Water 
Clay 1" 
Clay 11" 
Clay IIIC 
Water 
Clay I d  
Water 
Clay I 
Clay I1 
Clay I11 
Water 
Clay I and syr." 
Syrup 
Syrup 
Clay I arid syr. 
Syrup 
Syrup 
Starch1 
Clay I and starch 
Starch 
Starch 
Clay I and starch 
Starch 
Xcaciay 
Clay I and acacia 
Acacia 
Acacia 
Clay I aiid acacia 
Acacia 
McCel" 
Clay I aiid ~McCcl 
M e e d  
McCcI 

McCel 
Sodium alginrite' 
Clay 1 and sodiutn 

Kelgin 
Clay I arid sodium 

Sodium alginate 

Clay I i l t l d  McCcl 

alginatc 

alginatv 

Av. Wt. of Hardness 
Hai driess of 
GI anules" 
Soft 
Soft 
Soft 
Soft 
Soft 
Medium 
Medium 
Hard 
Hard 
Hard 
Hard 
Soft 
Medium 
Hard 
Hard 
Hard 
Hard 
Medium 
Mcdium 
Medium 
Hard 
Hard 
Hard 
Medium 
Hard 
Hard 
Hard 
Hard 
Hard 
Hard 
Hard 
Medium 
Hard 
Hard 
Hard 

Soft 

Hard 
Hard 

Hard 

sort 

Tablets, 
mg. 
197 
197 
205 
197 
205 
200 
203 
205 
206 
20.2 
205 
204 
200 
203 
205 
205 
209 
203 
195 
202 
199 
207 
204 
199 
207 
206 
202 
204 
202 
210 
206 
208 
207 
207 
197 
206 
204 

203 
206 

203 

of Tableta. Disinl. 
Kg. Time, ser 

1 . 3  
1.8 
2 . 1  
2 .0  
2.3 
1.1 
6.2 
5 .9  
6 . 3  
6 . 2  
5 . 0 
3 . 5  
3.4 
3.3 
6 .5  
4 . 2  
3 . 7  
2 .4  
2 . 3  
2 .0  
5.0 
5 .4  
5 .8  
3 .1  
3 . 5  
3 . 4  
4 . 8  
4 . 9  
4 . 6  
2 . 1  
2 . 1  
2 .1  
.I . 3  
4.9 
5.2  
1.8 
2 , 3 

5 . 8  
4 . 6  

4.6 

278 
99 
80 
28 
94 

100 
30 

242 
185 
233 
125 

1340 
1100 
710 
664 
215 
211 
63 
51 
68 
40 
80 
97 

178 
140 
203 
53 

145 
119 

3600 
2410 
3800 
257 
67 

131 
119 
115 

103 
125 

134 

Description of 
Tablets 

Slight capping 
Slight capping 
Slight capping 
Slight capping 
Slight capping 
Slight capping 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Slight capping 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Slight capping 
Slight capping 
Slight capping 
Satisfactory 
Satisfactory 

Slight capping 
Slight capping 

Satisfactory 
Satisfactory 

Satisfactory 

SdtiSfdCtOry 

' I  Soft gi-ariulea irrinieiliately powdered o n  handling. Medium xi-anules partially powdered on handling. Hard granules 
Onr  per cent of clay 1 was added dry t o  CaSOl vr lactose before massing. 

IJsed 10% snspension o f  clay I as t h e  only granulating 
Ten  per cent mucilage of acacia. 

o i i i l c i  b e  h a n d 1 4  without appi-eciahlc powder-ing. 

q e u t  without  suppternental watei. 
"Ten per cent m e t ~ n y ~ c e ~ ~ u l o s e  -1000 solution. 

All clay gi-anulating agents we]-e used as 10% w / v  suspensions. 
Simple byiup IJ.S.P. I Ten pei cent starch paste. 

T W U  per cent mucilage rr f  sodium alginate. 
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2-5, Table 111). Capping of these tablets was ob- 
served during manufacture and on handling and 
hard tablets could not be prepared. 

( b )  Simple syrup, starch paste, and acacia were 
excellent granulating agents, producing hard cal- 
cium sulfate granulations. Starch, acacia, or 
methylcellulose, in equal volume combination with 
the clay suspension generally did not affect calcium 
sulfate granule hardness or tablet quality, but the 
combination granulating materials, although in- 
compatible (Table I) ,  did reduce disintegration time. 
Sodium alginate6 reacted with the calcium ions of the 
calcium sulfate and could not be used successfully 
as a binder for this compound. All five tablet 
granulating agents tested appearcd to be suitable for 
granulating lactose. 

( c )  The disintegration times of the tablets pro- 
duced from formulas 1 to 6 in Table I11 shows that 
an addition of 1% of montmorillonitc clays u i a  the 
granulating agent, to  calcium sulfate reduced the 
disintegration time of the calcium sulfate tablets 
from 278 scc. (formula 1) to less than 100 sec. 
(formulas 2-6). 

( d )  The clays in suspension form as a granulating 
agent permitted satisfactory granulations and tab- 
lets to be prcparcd of the soluble lactose formula; 
but so did water (formulas 7-11). One per cent of 
clay, added as granulating agent, greatly increased 
t‘hc disintegration time of the soluble lactose tablets 
(formula 7 versus 8-11). The clay decreased the 
time of disintcgration of the lactose tablets con- 
taining methylcellulose as the binder (formulas 33- 
35). The slowly hydrating methylcellulose ap- 
parently prevents the water from penetrating to the 
core of the soluble tablets (No. 33 and 35). The 
methylcellulose was dehydrated and agglomerated in 
the presence of the clay (No. 34), which resulted in 
more rapid disintegration while not adversely affect- 
ing granule hardness or tablet quality. It is inter- 
csting to note that in the insoluble calcium sulfate 
tablets the combination of methylccllulosc and 
clay, cvcn though incompatible (Table I), also pro- 
duced tablets superior to those obtained when 
methylcellulosc was used singly. 

( e )  It is obvious from Tables I and 111 that thc 
combination of compatible granulating agent plus 
clay suspension as binder (syrup plus clay or starch 
paste plus clay) offcred no apparent advantage. In 
the syrup-clay systems thc combination produced the 
longest disintegration time with both diluents (for- 
mulas 12 and 15), while the clay-starch combination 
tablets (No. 19 and 22) were either not substan- 
tially better or were poorer than tablets prepared 
from starch paste alone. Acacia and methylcellu- 
losc agglomerated with the clay, and the disintegrat- 
ing action of the combination systems were usually 
superior to the gum or polymer alone, while the 
cornbination systems retained adequate bindiug 
properties (formulas 24-29 and 30-35). 

The clays wcrc also studied for their use as tablet 
disintegrating agents when added to thc granulation 
internally with the diluent in concentrations ranging 
from zero to 25Oj,. Four granulating agents 
(20% glucose, 5% acacia, half strength simple 
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syrup, 10% clay I suspension) and water and the four 
disintegrating agents (the three clays plus starch) 
were studied. Three hundred grams of calcium sul- 
fate and disintegrating agent were mixed and mois- 
tened with 80 ml. of one of the selcctcd granulating 
agents, the mass passed through a 20-mesh screen, 
oven dried at 100°F. for 24 hr., sized to 20 mesh, and 
lubricated with lyO magnesium stearate. Tablets 
were compressed to 200 rng. a t  a hardness of from 
3.5 to 5.0 Kg. 

Increasing the nionttnorillonite clay concentrations 
from 1-167, with each graiiulating agent failed to 
produce an equivalent consistent decrease in dis- 
integration times, which varied inconsistently from 
about 10 to 30 min. versus 5 to 12 min. for starch. 
This showed that wetting the clay type disintegrat- 
ing agents during the granulation process reduces 
the activity of the disintegrating agents. Com- 
pared to starch the clays were all relatively poor 
disintegrating agents when wet granulated together 
with the filler. 

The loss of disintegration activity of the mont- 
morillonite clays after wet granulation may be ex- 
plained in two ways. First, the clays and the 
binder may form an adhesive gel on disintegration 
and thus resist falling through the screen of the dis- 
integration tcster. Although the tablets dis- 
integrated, they remained partially suspended inside 
the basket and, according to  U.S.P. specification, 
disintegration was incomplete. Second, certain 
granulating agents may form a film surrounding 
clay particles and reduce the rehydration rate of the 
clay. 

CONCLUSIONS 

Moritniorilloriite suspensions alonc wcre poor 
granulating agents producing inadequate granule 
binding. 

Although montmorillonite clays are relatively inert 
chemically, they interact with many organic macro- 
molecules. This interaction reduces but docs not 
destroy the binding properties of certain tablet 
binders while the interacted systems may produce 
superior tablets with more rapid disintegration than 
either binder alone. 

The clays are not good disintegrating agents when 
they are addcd as a dry powder to the filler and are 
wet granulated. They are good disintegrating agents 
and may be superior to starch when added dry to 
complcted granulations, in which case the disintegra- 
tion time and the concentration of clay added 
demonstrate an inverse second-order relationship. 
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Mathematical Model of Sustained-Release 
Preparations and Its Analysis 

By EKKEHARD KRUGER-THIEMER* and STUART P. ERIKSENt 

A phiarmacokinetic model, involving first-order processes for drug release, ab- 
sorption, and elimination, may be used for the description of the behavior of 
sustained-release preparations consisting of slowly and immediately available frac- 
tions. The shift of the rate-determining step, as the relative rates of absorption 
and release are changed, can be shown both mathematically and by analog computer 
simulation. These theoretical results are used for interpretation of experimental 
data with a new sulfa drug of low solubility, 2-sulfanilamido-5-methyl-pyrimidine, 

compressed tablets of which behave as a sustained-release preparation. 

HE WTDESPREBD use of sustained-release and 
Tdepot pre~mrations in drug therapy has made 
the full understanding of their actions and prop- 
erties of considerable importance. A number of 
publications concerned with the actions, the 
properties, and the importance of such a full 
understanding h a w  appeare.d in the last decade 
[viz., Dost (X), Lazarus and Cooper (3), Levy 
et ul. (+ti), Nelson et al. (7-9), Parrott (lo), 
Robinson and Swintosky (ll), Sjogren and 
Ostholm (12), Wagner et al. (13), Wiegand and 
Taylor (14), and others]. 

The most useful method for the examination of 
the interrelationships between drug preparations 
and the human body has been found to be through 
the use of a mathematical model, first fitting it 
to the actual data, and then examining the 
model found most useful for its functional be- 
havior. :In this way the important implications 
of the model may be discovered and those found 
important checked by further laboratory ex- 
periments. Because of the complexity of +he 
differential equations involved, direct mathe- 
matical study is not always the most useful 
manner of determining the implications of a 
mathematical model for absorption, distribu- 
tion, and excretion, and it has often been found 
more conveni’ent to make use of an electronic 
analog computor [see Fish ( l G ) ,  Pace (17), and 
Garrett el al. (IS)]. 

A recent paper by Taylor and Wiegand (15) 
was concerned with the analog investigation of 
the following model, which has been found to 
describe suitably the behavior of sustained- 
release preparations from which a certain fraction, 
f r ,  of the administered dose becomes available 
____ 
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Fig. l.--Unscaled analog computer program for 
the  system of differential Eqs. for the model used 
and for initial conditions set forth in Eqs. 1, 2, and 3. 

through a first-order process while thc remaining 
fraction, 1 -jr, is available immediately: 

the amount of undissolved drug in the 

the rate constant for  thP dissolution step 
the amount of dissolved drug in the 

gastrointestinal tract 
the rate constant for absorption 
the amount of drug in the body (not 

including that in the gastrointest- 
inal tract and the urine) 

k.1 = the rute constunt fur  eliminutzun (the 
sum of the constants for renal excre- 
tion and metabolism) 

(including metabolized drug)’ 
mCl = mZ + mlm the amount of the eliminated drug 

gastrointestinal tract 
k ,  T‘ 

To 
i’ 
.1 

kol 

This model involves three consecutive, ir- 
reversible first-order processes with the following 
initial conditions in the four compartments : 

mP = Ofr, moo = D(l - fr) ,  mLo = 0, m,? = 0 

(Eqs. 1, 2 ,  3) 

1 In this paper the symbols as proposed by Nelson and 
Kruaer-Thiemer (9) are used as far as possible. The  use of 
amounts, m, rather than concentrations, c,  throuahout this 
paper should not be construed as reflecting an “amount” 
driven kinetic situation, but only as a system simplification 
foi- these theoretical discussions that does not change the 
relative results. 

2249 



Fig. 2 --Family of computer drawn curvcs of rn (blood amount) showing the effect of reqular 
changes in the fraction of thc total dose in sustained form ( . f r )  

The present paper is concerned with a more 
complete re-examination of this model.2 

ADDITIVE BEHAVIOR OF TWO 
COMPONENTS OF SUSTAINED-RELEASE 

PREPARATION 

Changing the sustained-release fraction, f T ,  of 
the administered dose, D ,  from 0 to 1, in a stepwise 
fashion, a family of curvcs of the type shown in 
Fig. 2 is obtained. The most interesting feature of 
this figure is that this family of curves has a point 
of intersection that might be called the common 
point, which lies in the maximum point of the 
lowest curve corresponding to f r  = 1. The re- 
lationships suggested by this figurc may be 5hown 
mathematically also. 

Substituting fr = 0 into Eq. 2 yields the well- 
known equation for a model consisting of two con- 
secutive, irreversible first-order reactions, prescnted 
previously by Widmark and Taridberg (20 ) ,  
Teorell (19), Dost (2), and Taylor (14): 

The substitution of fr = 1 into Eq. 2 results in 
Eq. 5 for the model in which the total drug ad- 
ministered is going slowly into solution via a first- 
order process. 
mi = D . k o i . k ,  X 
( kol - k C l )  e - k d  + ( k e l 3 )  e - knit + ( k ,  - k o I )  e - 

( k ,  - kol) . ( k r  - k e l )  . (km - k, l )  
(Eq. 5) -~ ~ 

The computer curves shown in this work were obtained 
with the more standard analog prohTamming methods 
(using the differential forms) rather than the less accurate 
and more tedious “calciilation” method of Taylor and 
Wiegand ( I ) .  The more standard program used by the 
present authors is shown in Fig. 1 (derived for the Applied 
Dynamics PB-24 cornpnter, Ann Arbor, Mich.). 

Thc cxistcnce of the common point for all curves 
with the same k,, kol, kel may be shown by calculat- 
ing the point(s) of iiiterscction of the two curves 
for f r  = 0 and f? = 1. One equates ml from Eqs. 
4 and 5 so that the following condition results for 
the time value, t,, of the point of intersection: 

k,.(k,x - ke , ) .e -kpt i  + ko1.(kel - k, )  . e-koiti  + 
k,l . ( k ,  - kol )  . e - k e l l i  = 0 (Eq. 6) 

While Eq. 6 cannot be solved explicitly for t , ,  
one can see that i t  contains three solutions for t i ,  
two trivial ones, ti = 0, ti = m , and the intermediate 
solution in which we are interested. From this 
equation the time value, t i ,  of the point of inter- 
section for actual value of the paraincters, k,, ksl 
and k,l ,  may be calculated using the customary 
methods for numerical solution of transcendental 
equations. One obtains the same equation, Eq. I;, 
for the point of intersection of the curve for fT = 0 
(Eq. 4) and any othcr of the curvcs shown (e.g., 
any arbitrary value of f r  bctween 0 and 1). During 
this calculation f v  cancels out, the mathematical 
indication of the independency of the point of inter- 
section on the value of fr; the cntirc family of curves 
intersects at a common point. 

Proof that the common point is situated in the 
rnaxitriurn of the curve for f? = 1 can be verified 
by setting the first derivative of Eq. 5 with respect 
t o  the time cqual to zero. This results in exactly 
the same equation, Eq. 6, as previously obtained, 
indicating t h a t  the time corresponding to this inax- 
irnum, t,,,., and the time of the point of intersection 
of the family of curves, ti, are identical. 

This apparent additivity suggests a rearrangement 
of the equation obtained by Taylor and Wiegand 
(1) (our Eq. 2) into an equation representing the 
slim of Rqs. 4 and 5 and yields Eq. 7:  
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from which Eqs. 4 and 5 may still be obtained by 
sett-ing f ?  = 0 aud 1 alternately. 

Using the symbols F4 and Fs for the right-hand 
sidcs of Eqs. 4 and 5. respectively, the structure of 
Eq. ’7 bccoines apparent 

mi = F4 . (1 - f r )  4- Fr, . f r  (Eq. 8) 

Thus, the amount in thc body, m,, (not including 
that  in gastrointestinal tract and in urine) for any 
time and for any value of fr between 0 and 1 is 
equal to it lintar combination of the drug amounts 
for f ,  = 0 and f r  = 1, the coefficients of which are 
equal to the two fractions ol the dose for instan- 
taneous ( 1  -j7) and sustained (fT) rclease. In terms 
of the experimental conditions this implies that  
both parts of thc dosage form, that  for instaiitaneous 
arid that  for sustained release, behavc independently 
withiu the body, so that the jinal curve of the dvug 
nrno24nt =tithin the body is merely the sum of the two 
ruwes that wnzild result f r o m  separate administration 
o j  the two components of the sustained-release dosuEe 
f o r m  (e.g., thiF, conclusion might be checked experi- 
mentally using a sustained-release preparation onc 
of the two parts of which, either instautaueous or 
sustained release, is radioactivcly labelcd). Thc 
result of this study clearly demonstrates that  the 
functional behavior of the curves described by  
Eqs. 2 or 7 may be examined best by separate ex- 
amination of Eqs. 4 and 5. 

ASYMPTOTICAL SIMILARITY BETWEEN 

AIBSORPTION MODELS 
SLOW SUSTAINED-RELEASE A N D  SLOW 

Figure 3 shows two families of curves in which the 
first (Fig. 3,  A )  corresponds to  the simplified modcl 
for f7, = 0 ,  L e . ,  Eq. 4, using values of kol from 1.0 to 
0.0078 hr.-l, and the second (Fig. 3, B) corresponds 
to  the simplified model for f r  = 1, i.e., Eq. 5,  using 
a constant value of kol = 1.0 hr.-l and varying 
values of k, from infinity to 0.0078 hr.-l. In both 
cases the values of kel have been set equal t o  0.1 
hr.-’. 

The curves with the highest maximum in Fig. 3, A 
and B, are identical, fork, = m means instantaneous 
release, i .e.,  in this case Eq. 5 reduces to Eq. 4 by  
rearrangement of Eq. 5 before the substitution of 
k, = m,  or by use of L’Hospitdl’s rule for indeter- 
minate forms of the type m / a. 

Obviously, the lowest members of the two families 
of curves (Fig. 3), having identical values for kol and 
k,, respcctivcly, are more similar t o  each other than 
the intermediate and the higher ones. These 
curves have suggested an asymptotical similarity of 
these two different models. The mathematical 
demonstration of this similarity may be found by 
substituting very high values of knl (rising to  in- 
finity) into Eq. 5. As Eq. 5 has a synimetrical 
structure with respect t o  kol and k,, thc modc of 
calculation is quite the same as above for k, = m,  

so one finally nhtains Eq. 9 : 

mhicb has obviously t h r  same structure as Eq. 4 .  
The result is not surprising, indicating only the 
shift in the rate-determining step; i t  has already 
been prcdicted (5). The similarity of Eqs. 4 and 
9 is the reason for the asympotic similarity of the 
lower curves in Big. 3,  A and R, because before 
going to  kol = m all the terms in Eq. -5 that  arc 
lacking in Eq. 9 have coefficients of the type 
k,./koI or k,t/kol. The smaller these two ratioq, 
the more similar the curves i n  Fig. 3, B, will be to  
the curves in Fig. 3, A. 

There is no real cquality in Fig. 3 ,  but only a 
similarity between the lower curves. The  two 
before mcntioncd ratios k,/kol or k,i/kol may become 
negligible either by decreasing k ,  and k,, or by in- 
creasing kol. As long as k”, has a finite value, the 
initial slopes for the curves in Fig. 3 ,  B, will bc zero, 
while the curvcs in Fig. 3, .4, have initial slopes 
higher than zero, a fact that  may be verificd by 
differentiation of Eqs. 5 and 4 with respect to the 
time followed by substitution of t = 0. 

Thc diffcrencc in the initial slopes of the lower 
curves in the Fig. 3,  4 and B, are easily visible 
from thesc fully drawn theoretical curves. How- 
ever, it would be nearly impossible t o  recognize 
thcse differences in iuitial slope from actual ex- 
perimental data, considering the L I S U ~  experimental 
errors. 

ESTIMATION OF RATE CONSTANTS OF 

ABSORPTION PREPARATIONS 
SUSTAINED-RELEASE OR SLOW 

Figure 3 shows another feature of practical irn- 
portance. In cases of slow absorption and/or 
slow sustaincd rcleasc a significant absorption may 
last much longer than anticipated so that  the slope 
of the descending part of the concentration curve 
in the blood plasma (after the curve maximum) 
may not reflect the elimination process alone. As 
pointed out recently by Wagner (2L), a graphical 
estimation or calculation of the rate constant for 
elimination, kel, from the apparent slope of the 
descending part of the curve in a sernilogarithrnical 
plot may result in too low a valuc. Sincc the 
customary methods for the calculation of the rate 
constant for absorption [Dost (2), Krugcr-Thiemer 
(22, 2 3 ) ,  h’elson (24), Wagner (25), Schlender and 
Krugcr-Thiemcr ( a 7 ) ] ,  are based on the knowlcdgc 
of the rate constant for elimination, the calculated 
value of koi will be incorrect in such cases, too. 
This difficulty cannot be overcome by the method of 
Dost and Medgyesi (26) or even by methods using 
digital computation (27) unless the error of the 
points of measurement is much lower than usual. 
In such cases it seems to  be necessary to  estimate 
the rate constant for elimination (and the cor- 
responding biological half-life, LBO, = In 2/kel) from 
independent experiments with intravenous ad- 
ministration of the same drug, t o  the Same test 
subject. 

Tables I and I1 and Fig. 4 demonstrate an actual 
example of that  kind. These experiments, the de- 
tails of which will be publishcd clsewhere (28), 
were performed with 8-sulfatiilaniido-5-methyl- 
pyrimidine, n sulfa. drug on the Gerrnari market 
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latter value are much narrowcr than the confidence 
limits of the foregoing values. The same situation 
prevails for the apparent plasma distribution co- 
efficient (apparent relative volume of distribution 
with respect to the plasma concentration). But it is 
unlikely that the rnodc of administration would 
influence the processes of distribution and elini- 
inatiori (metabolism and rcnal excrction) so greatly. 
It seems much more appropriate to assume that the 
apparent biological half-life and the apparent plasma 
distribution coefficient after oral administration 
should have approximately the same values as 
after intravenous administration. Using the as- 
sumption that the diffcrcnccs noted are due to a 
slow absorption or a slow sustained release, a pro- 
visional calculation has been made using the method 
of Dost and Medgyesi (26), in which the value of 
the rate constant for climination after intravenous 
administration, K e I  = 0.0170 hr,-I, has been used 
(therefore, only two points of measurement, re- 
lated by 12 = 2 . tl, are necessary instead of three 
as in the original method). Using thc data from 
t = 4 and 8 hr. of test 1 (Table I) produced a rate 
constant for absorption (or for sustained release) 
of k,, (or k , )  = 0.1775 hr.-I by substitution into 
the equatiou 

Fig. 3.-Families of computer drawn curves of m 
(blood amount) for the model used. Key: A, the sim- 
plified form of Eq. 4, varying ko1; B, the simplified 
form of Eq. 5, varying k,.  

TABLE I.-BLOOD PLASMA CONCENTRATION OF 2- 

OR INTRAVENOUS ADMINISTRATION OF 2000 mg. 
SULFANILAMIDO-5-METHYL-PYRIMIDINE AFTER ORAL 

--Mode of Administration'' (Test)-- 
Time After Intravenous 
Admin. Oralb ( I )  OralC (2) ( 3 )  

1. (hr.) GI' (mg./L.) CI' (mg./L.) GI' (mg./L.) 
1.0 579.8 
1.33 97.9 
2.0 36.1 
4.0 74.5 149.4 473.4 
6 . 0  88.5 144.8 445.0 
8.0 100.0 120.7 412.0 

24 68.4 89.6 245.4 
32 80.1 68.3 153.2 
48 49.9 68.8 s2 . 0 

a Test subject: male, 45 years, 75.0 Kg. ' I  Commercial 
tablets. Freshly precipitated suspension (neutralized 
solution of the sudiurn salt). 

since 1961.3 Table I contains the chemically 
measured [method of Bratton and Marshall (29)] 
drug concentrations in the blood plasma, cl', after 
oral or intravenous administration of 2000 mg. of 
2-sulf anilamido-5-methyl-pyrimidine. 

The data in Table I1 show that the biological 
half-lives after oral administration are significantly 
higher than thc biological half-life after intravenous 
administration. The 95yo confidence limits of the 

a Marketed as Pallidin, by E. Merck AG., Darmstadt, 
Germany. The authors are grateful for the support ol 
these studies by the manufacturer of this drug 

which results from t~ = 2 . tl and Eq. 4 or Eq. 9 
(clQ denotes the plasma concentration value at  the 
time t 2 ) .  The corresponding value of the apparent 
plasma distribution coeHicient, A', is 0.166 ml./ 
Gm., which lies within the confidence limits of the 
corresponding value after intravenous administra- 
tion (Table 11) and supports the assumption underly- 
ing this calculation that Eqs. 4 or 9 may be used 
for the description of this part of the experirncntal 
curve. Using these three parameters one predicts 
29.9 mg./L. as the expected value of 61' at 48 hr. 
after the administration. This value is appreciably 
lower than the measured value of 49.9 mg./L. and 
might be explained by the following calculation. 
Repeating the foregoing calculation with the points 
of measurement at 24 and 48 hr. we get the rate 
constant for absorption, kOl = 0.0437 hr.-I, and 
the apparent plasma distribution coefficient, A' = 
0.149 ml./Gtn., the last of which is again rather close 
to the confidence limits of the corresponding value 
after intravenous administration. The apparent 

Flarma Concenlraloonr of 2-5ulfan~lam~do-5. rnefhyl- pyrim,dln 

Fig. 4.-Sample experiment showing plasma 
concentration/time relationship for 2-sulfanilantido- 
5-methyl-pyrimidine. 
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TABLE II.-APPARENT BIOLOGICAL HALF-LIVES, t f s o w ,  APPARENT PLASMA DISTRIBUTION COEFFICIENTS, 

DATA OF TABLE I 
A', ADSORBE13 FRACTION OF THE DOSE, 61, AND RATE CONSTANT FOR l\BSORPTIOS. k,, CALCULATED FROM 

_____.____~__~~~______ ___ _____ _ _ _ _ _ ~ ~ ~ ~ ~ ~  ~~~ -~ 

Mode of Apparenl Biological Appdt en1 Plasma Distiihut. Ahsoi tted Rate constant for 
Test Admiin. Half-Life, l'snm,, hr. Coeff., A' (ml. ~ G m . )  Fiactkm l)o,e. 81 Ahsorption k", (hr. - - I )  

f 40.8 (20.8-80.2)" 0.910 (0.666-1.213) 0.19 (0.15-(3.25) 0 . : ~ 7  (0.222-0.712) 
2 ClraP 36 .3  (22.3-59.0) 0.691 (0.550-0.868 0.25 (0.21-0.:<1) 3.384 (1.546-7.408) 
3 Intra- 17 .1  (15.7-18.7) 0.174 (0.159-0.189) 1.00" . . .  

veno tis 
~~ ~ 

" Commercial tablet. Figui-es in parentheses are 967, confidence limits (Student 1 test of the avet-age mean logarithmic 
values). This calculation of the data in this table was done using a digital computer program for fitting a curve to Eq. 4 
f to  be published) a t  the Calculation Center, University of Kiel (Lh. B.  Schlender), Germany, with the electronic digital 
computer XI (13lcctrnlogica, Inc., Amsterdam, The Netherlands). Freshly precipitated suspension (neutralized solution ot 
the sodium salt). By definition the entire dose is injected into the body. 

rate constant for absorption (or release) for the 
time interval from 24 to 48 hr. is less than one- 
third of the value for the time interval from 4 to 8 
hr. This relates well to the fact that the usual 
time of passage through the small intestine is ap- 
proximately 8 to 12 hr., and that the ratc of ab- 
sorption in the large intestine is slower than in the 
small intestine [r f . ,  Eriksen et al. (30) arid Diller and 
Bunger (31)l. Therefore, i t  might be necessary 
for a proper liescription of the experimental data to 
use the idea of a variable rate constant for absorp- 
tion (or re1e:ase) changing with time. Pliarmaco- 
kinetic apprciaches of this type have been given by 
Wagner and Nelson (21.32) and Stelmach et al. (33). 
In experiment 1 (Tables I and 11) the rate constant 
for absorption (or release) in the time interval from 
24 to 48 hr. is according to the calculation mcthod 
of Dost and Meclgyesi (26) in the same order of 
magnitudc a s  the rate constant for elimination, 
k,l = 0.0404 hr.-l. From Fig. 3 and the foregoing 
discussion it is clear that this is one of the reasons 
for the apparently low slope of the curves after oral 
administration in Fig. 4, rcsulting in erroneous 
values for thi: biological half-life. The other reason 
is thc higher valuc of the rate constant for absorp- 
tion within the first 8 hr. Both reasons toEether 
allowed thc 'digital computer to  find a curve fitting 
solution according to Eq. 4, as shown in Fig. 4, 
which contains the crroneously high valuc of the 
biological half-life. A more detailed analysis of 
our experiments (Table I )  is not feasible because ol 
the low number of points of measurement. 
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Theoretical Formulation of Sustained-Release 
Dosage Forms 

By J. R. ROBINSON and S. P. ERIKSEN* 

The present investigation deals with the result of a mathematical and an analog 
computor analysis of the kinetic relationships governing the rate of release of (drugs 
from sustained-release dosage forms. Two types of release have been considered, 
those described by zero-order and those that can be described by first-order kinetics. 
In addition, mathematical equations are derived that permit the calculation of doses 
and of release constants that will give a blood concentration versxs time curve most 

closely approximating an “idealized” curve. 

HE XPPKOACII most often used in the kinetic 
Ttreatment of biologic data is that involving 
formulation of a mathematical model, the com- 
parison of this model with in vivo findings, and 
finally the adjustment of the model and its con- 
stants to  accommodate the in niwo results. Once 
a suitable model has been establishcd, the com- 
plete interdependency of the model’s parameters 
can be examined,l subject to the suitability of 
the model chosen. These parameters may be 
divided into two types, those under the control 
of the formulator, i.e., the dosage form, release 
pattern, and rate, etc., and those that arc im- 
posed upon the model by the system studied, 
i .e.,  the absorption, distribution, and excretion 
(ADE) pattern for the drug in thc body. In the 
past, the major emphasis has been placed on the 
ADE parameters with relatively little attention 
being given to the dosage form release rate and 
pattern, not only because these studies are more 
difficult to carry out, but also because initially 
it was of particular concern to study the suit- 
ability of various models as simulations of the 
body’s ADE eapabili ties. It seemed reasonable 
a t  that time to assume that in cases where the 
drug has been administered by injection or orally 
in some readily available form, e .g . ,  drug in solu- 
tion, the effect of the dosage form release pattern 
might safely be neglected ; for nonreadily avail- 
able forms, particularly sustained-release dosage 
forms, this assumption cannot be made as the 
dosage form release pattern and its rate un- 
-~~ 
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1 Testing of the effect o f  various parameters in a uiodel can 
he carried out very effectively on an analox computer. since 
variables can be changed and the effect read out immediately 
with a subjective appi-aid being made eveu if ctrmplcte 
mathematical solutions are unavailable. Utilization of the 
analog computer for this purpose is well documented (l-s), 
therefore, the required computer technology will not he 
stressed hei-e. The cii cuits used in this study are fiivcn in thc 
A p p r i z , l i ~ .  

doubtedly do play major roles in the blood con- 
centration zwsus time curve obtained ; indeed, it 
is the exploitation of this effect that makes sus- 
tained release possible. In addition to the rate 
and pattern of release from the dosage form, 
consideration must also be given to the effect 
of the relativc amounts of the administered initial 
and maintenance dose on the resultant eoncen- 
tratiori in the blood. In the face of the recent 
barrage of studies supporting the suitability of 
the simpler kinetic models as descriptions of ADE 
phenomena, attention should now he paid to 
those aspects of the kinctic path less amenable 
to analysis, the dosage form release pattern and 
administered dose fractions. Indeed, a knowl- 
edge of the effects of these controllable param- 
eters is essential in order to formidate sustained- 
release dosage forms having part.icular blood level 
characteristics. 

Both Wiegand and Taylor (4., 5 )  and Wagner 
(6) have shown that the per cent released z‘ersus 
time data reported in the literature for many 
sustained-release preparations follow apparent 
first-order rate equations. Similarly, others 
(7, 8) have shown that some sustained-release 
preparations release drugs by apparent zero- 
order processes. From an expetimental stand- 
point it would appear that these two mecha- 
nisms might adequately describe the rate of 
release for the majority of existing sustained- 
release dosage forms, and ADE equations involv- 
ing both of  these release patterns have already 
been described ( 5 ,  6, 9). 

In order to obtain a constant blood level for 
some desired period of time from a sustained- 
release dosage form, Nelson (10) has stated that a 
constant (zero-order) rate of re1e:ase from a dos- 
age form is desired and has developed an ap- 
proximate equation for calciilating the amounts 
of sustained and initial drug forms required, 
based upon this assertion. 

Utilizing essentially the same model as that 
of Nelson (10) but assuming first-order release, 
Wicgand and Taylor ( I )  have reported comjmter 
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drawn ciirves showing the effect of altering the 
first-order release constant at a constant rate of 
absorption and elimination. I n  addition, they 
have also shown the effect of variation in the 
elimination ‘constant on the hlt~Jlit1 concentration 
curve at a constant first-order rate of release froin 
the dosage {orm and a constant rate of absorp- 
tion. Computer drawn curves showing the 
effect of thae fraction of the initial a.nd main- 
tenance dose a t  a constant rate of absorption, 
elimination, and first-order rate of release from 
the dosage form excretion h a w  also been de- 
scribed c2) ,  again using the same model. 

In  a recent paper supporting Nelson’s asser- 
tion, Rowland and Beckett (9) havc further 
claimed that first-order release from a dosage 
form cannot give the “idealized” blood concen- 
tration-time curve. 

Unfortunately, experience suggests that  the 
majority of sustained-release formulation tech- 
niques prodiicc formulations that  release drug at 
roughly a first-order rather than zero-order rate. 
In  order to  adequately compare these two avail- 
ability patterns as to  their potcntial to produce 
suitable sustained-action forms, a complete in- 
vestigation of the effects of the various param- 
eters in the models is essential. Part of such a 
study has been done for the first-order release 
case ( t>l ,  but  to the authors’ knowledge a study 
of the effect of design parameters for a formula- 
tion having zero-order release characteristics 
has not been reported. 

For both types of release mentioned above, it 
is desirable to  calculate the total (and ratio of 
initial to  maintenance) dose necessary t o  obtain a 
blood concentration-time curve most closely 
approxintating the “idealized” case. Nelson 
(10) has given a method for calculating the 
maintenance dose of a constant rate of release 
dosage form, based on the biological half-life of 
the drug and the dose required to  give the desired 
blood level, assuming, however, that  the blood 
level begins at the coiicentration desired. The 
assumptions of these equations have been crit- 
icized recently (9), but completely corrected 
equations were not given. For first-order release 
from the dosage form, Wiegand and Taylor (4) 
h a w  presented equations for calculation of the 
total dose remaining in a dosage form in z d r o .  
These equations, while useful, cannot predict 
which combination of rate constant, fraction in 
initial form, and fraction in the maintcnance 
form, will give a particular blood level. 

In order to  calculate the dosages required, 
mcthods must be available to obtain the optimum 
release rate constant. For zero-order release, 
one author (10) feels i t  is the prodiict of the 

elimination constant and the dose required to 
give the desired blood level, while anothcr (9) 
feels it is the product uf the elimination constant 
and the desired blood level itself. For Grst- 
order release, the.re appears to he 110 suikdble 
method available for obtaining thc desired rate of 
release constant, or the fractions of initial arid 
maintenance dose requircd. 

In an effort to summarize the work in this area, 
the present investigation was designed to coin- 
pletely characterize the standard model for 
sustained-release dosage forms. In addition, 
i t  is the authors’ purpose to  report the analog 
computer, and where possible, mathematical 
solutions of the cquations describing absorption, 
distribution, elimination, and availability rela- 
tionships with the over-all goal of devising com- 
pletc equations suitable for calculation of the 
doses and rate constants to  give a desired blood 
level based on the type of release pattern em- 
ployed or available. I t  will be apparent to  the 
pragmatists among the readers that  the ease 
with which a given type of release can be formu- 
lated must always be a consideration and the 
value of considering only those parameters within 
the reach of  the experimenter will he appreciated. 

GENERAL CONSIDERATIORi OF THE 
MODEL 

In this study, the following model [after Teorell 
(ll)] has becn adopted, portions of which have been 
found to adequately describc actual biological proc- 
esses. 

k u  
--U 

n-& G 4  B- (Eq. 1) 
[%., 

where 
D = concentration of drug remaining in the 

G = conccntration of drug a t  the sites of absorp- 

B = concentration of drug in the fluids of dis- 
tribution (for purposes of simplicity referred 
to  as blood concentration), 

U = concentratior~ of drug in the urine or other 
permanent drug sink, 

E = conccntration of drug metabolized, 
k ,  = rate constant for release of drug from the 

dosage form, where the superscript 0 and 1 
indicate the apparent order of release. 
Thc wavy arrow is used with kr  to indicate 
that the  precise form of the release is a 
variable also, 

dosage form, 

tion, 

I k, = ratc constant for absorption, 
k ,  = rate constant for elimination of unrhanged 

k, = rate constant for elimination via all other 

For purposcs of simplicity k, and k, have been 
combined in to  one rate constant Kr/ (where k,t = 

drug, 

routes. 

k p  + ku). 
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Fig. 1.-Comparable blood level versus time curves 
obtained for (a)  an immediately available dose, (b) 
an “idealized” sustained-action formulation, (c) 
zero-order rclease maintenance from, (d) a first- 
order release maintcnance form. 

k,, = 2 0 hrs-’ 

kd=0.173hrs-’ 
Di=0.6gm 

0 2 4 6 - 
Time (hours) 

Fig. 2.-Blood level versus time curves showing 
the effect of variation in the zero-order rrlease con- 
stant (using the ADE constants from Kfference 9). 

In using a model such as this, a problem arises in 
the treatment of the various components pre.sent 
from the standpoint of concentrations arid compart- 
ments. Recent articles (9) have used amounts and 
concentrations interchangeably, but since the driving 
force in kinetic equilibria is concentration, amobnt 
can be used in its place to describe the kinetic rela- 
tionships between compartments only when the 
volumes in each compartment are the Samc or when 
the assumption is made that the whole process takes 
place in the same compartment and volume. Since 
the one compartment-one volunie idea is a useful 
and common, hut tacit assumption, perhaps a brief 
explanation is necessary. The concept is more 
easily understood if the relationship of Eq. 1 is 
viewed as a chemical reaction involving four steps 
and taking place in a single given volume of solution, 
i .e . ,  a beaker. The model then becomes volume 
independent; the concentrations obtained have units 
of moles per unit volume or grams per unit volume; 
amounts and concentrations are interchangeable. 
Since the volume in each compartment of the body is 
different, conversion from concentrations as de- 
scribed by the equations, to amounts in the body 
compartments, then requires a knowledge of the 
relative compartment volumes and assumes complete 
uniformity within each compartment. Such a 

0 2 4 6 
Time (hours) 

3 --Blood lcvel ererm.7 time curves showinc Fig. . 
thc effect of variation in thr initial dose (using ADE 
constants from Hejerence 9).  

change i.i not of concern if fractions of total dose 
only are to be considered. 

In this study the one volume-onc compartment 
idea has been adopted for simplicity and thus the 
results are subjcct to the above assumptions. In 
addition, it is assumed that the equilibria (which 
must exist) for each component lic far to the right, 
so that reverse reactions are negligible, the drug 
is completely absorbed, and that after release it is 
immediately available. 

The concentration of drug at the absorption site 
a t  time zero is the initial dose ( D J  and is cqual to 
the fraction in the initial or in the immediately 
available dose (F,) times the total dose givcn (W), 
i e . ,  drug being in solution or in some rapidly dis- 
solving drug form. The conccntration of drug in the 
dosage form at time zero is the maintenance dose 
(Dm) and is that fraction of dose (Fm) required to 
maintain an optimum and as nearly as possible a con- 
stant concentration in thc blood for a given length 
of time times the total dose given (W) I t  is pro- 
posed that relrase from the maintenance portion of 
the dosage form can be described by either zero- or 
first-order kinetics. 

RESULTS A N D  DISCUSSION 

Figure 1, curve a, illustrates the blood eoncentra- 
tion veYsu.7 time computer curve obtained for an 
immediately available dose using the model (Eq. l),  
based on representative valucs of k,  = 2 0  hr.-I 
and k ,  = 0.2 hr.-l. Curves c and d (Fig. 1) are 
representative blood conccntration curves for main- 
tenance forms releasing drug by zero- and first- 
order kinetics, rrspectively.2 Curve b (Fig. 1) 
illustrates the desired or “ideal” curvc for a sus- 
tained-release dosage form, which iticludcs both 
initial and maintcnance dose The design of a 
suitable sustained-action dosage form thus depends 
on finding thc combination of a and c or a and d that 
produces the curve b, if such a combination exists, 
or as close an approximation as is possible. 

The effect on the blood concentration versus 
time curve due to variation of the rrlcasc rate con- 

2 The computer curves shown i n  this report were obtained 
using an Applied Dynamics AD-24-PB computer, a Moseley 
model 2D-2AM x-y recorder with a type F-1 photo electric 
curve follower, and an Rlertro-Instruments model 101-1518 
x - y  recorder. 
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stant a s  wcll as the effect of varying Ft and F, from a sustained-action dosage form having both an 
are discussed under the appropriate headings for initial and a zero-ordcr maintenance form, From 
zero- and first-order release from the dosage form, the general equations of the model in Eq. 1 one can 
and in addition, the mathematical relationships obtain the relationship : 
necessary tci calculatc both the total dosage and the 
required rate constant such that as close an approx- 
irnation to the  ideal as possible is obtained are dis- 
cussed under their appropriate headings, 

dB/di = k,O - k d ( B d )  

- e-k"L[k,o - k,(LI,)]  (Eq. 6)  
a constant blood level would require that dB/dt = 
0 therefore, 

RELEASE BY ZERO-ORDER KINETICS 
k,U = k d ( B d )  - e - k a t l k P  - ka(D,)] (Eq. 7 )  

General Concepts.-From an immcdiately avail- , 

;tblc dosc, tlle blood concentratioll a t  any time, t ,  is 1f ka is very large, i.e., the absorption phase is not a t  
i t  function of k,,  k , ,  and concentration of drug in the 
gut (Eqs. 1 and 2 ) ,  

lirrliting 

kro = k d ( B d )  (Eq. 5 )  
D,k,  

k d  - k a  
1ir = ~ (e-kai - - k d t )  (Eq, 2) where Bd is the blood level to which the sustaiiied 

action is aimcd. Notc that the assumption made to 
w~lere I & ~  is the concentration Eq. 5 is ill essence that the blood level equals 
:my time, and all other symbols represent quantities Bd at zero = This is Of not the 
previo~ls~y ciefined. ~h~ peak concentration and true situation and while the use of Eq. 5 produces a 
time to at the peak are also fullctions of reasonably flat blood h e 1  curve, it is not the desired 

hcing: higher one even if k ,  is made very large. Variations 
in kT0 indicating this result are shown in Fig. 2 using 
the absorption and excretiou constants of Reference 

(Eq' 3 ,  9. The k,O calculated for a Bd = 0.56 is k,O = 0.096 

drug in the blood at obtaill 

paralIlt:ters, The equation for the peak time (T,) level used in the calculation, but a somewhat 

T , = - -  ka 23  - k,i (log 2) 
To obtain a. cotistaut blood level, one suspects, and 
can show nlathemdticdlly, that a constant rate of 
availability from the dosage form is desired and once 
this desired rate is cstimated ( k T 0 ) ,  the required maiu- 
tenanci: tlow (D,) may he found as the product of 
kro, and the time over which sustained action is dc- 
sired ( h )  , 

Di + D, 

V .  

c 
2 
u -  

D, = k,U X h (Eq. 4) L 24 

E '  
c 

'I'hc desired ratc of availability ( k , " )  cau bc roughly 
estimawd, from the equations for the model, to bc u2- 

-0 

0%. 5) 0 '  
k,' = k d  X Bd 

where Bd i!; the desired blood level. The rational 

differential equation for the blood level obtained 
for this estimate can be shown by coilsidering the 0 2 4 6 

Time (hours) 

Fig. 5.-Blood level veysus time curves showing 
nearly idcdl sustained-action obtained by a dclaycd 
start of the maintenance dose. The blood levels 
that would he obtained for the initial dose (Di) aud 
maintenance dose (D,,,) are also shown. 

- 
0 s 
Z.6- 
3 ~ _ _ _  

kp = 0.096gm/hr 
6 

7. - 

n -  v 

4- .- 
I. 

0 
I 

i -  , k,?:O.O'+gm(hr , 

Time (hours) u.2- 

00 0 

0 2 4 6 

Fig. 4.--.Blood level versus time curves showing +% Dm 
the achievt:rnent of the desired blood level by ad- 
just~nent of the initial dose provided. The blood 
levels that would he obtained for the initial dosc 
required to obtain the desired level when alone 
( Db), when in the presence of the tnaintenance dose Fig. 6.-Blood level ueeysus tirnc curves showiug 
(DO, and those obtained with a maiutenauce (Dm) the effects of various selections of starting time for 
dosc alum are also shown. the tuairiteiiaiice dose. 

i 9 ,  , , 
0 2 4 6 8 

Time (hours) 
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(the actual B d  obtained using thcse values can be 
seen to be about 0.59). 

If the initial dose (Di) is varied whilc a constant 
kra is used, a family of curves such as those in Fig. 3 
are produced. I t  would appear that by a proper 
selection of Di and k,O, a curve corresponding to the 
“idcalized” one should be possible, but it is not. 
The “idealized” curve with a plateau slope equal to 
zcro ovcr the time period required cannot be ob- 
tained with a maintenance dose releasing drug in this 
fashion, although the slope is sufficiently close to 
zero to be considered “ideal.” This can bc sccn in 
Figs. 2 and 3 but can more easily be demonstrated 
by noting that the derivative of the equation de- 
scribing the blood level-time rclationship (Eq. 6) 
has a real solution a t  d B / d l  = 0 (Eq. T), denoting a 
truc maximum value for this equation (it is of course 
different from that of the immediately available 
dose), unless one is able to assume that thc time to 
reach a maximum blood level was zero (and k ,  
= m). 

The initial dose (1)i) of a sustained-release prep- 
aration cannot be assumed to bc identical to that 
immediately available dose needed (Db) to produce a 
peak equal to the desired blood level. Because the 
sustained portioti of the dose also provides some drug 
for absorption over this early interval, too much 
drug becomes available for absorption and conse- 
quently a higher blood level is obtained than is 
desired. A correction on the immediately available 
dosc is needed then such that less drug is initially 
available for absorption. While this does produce 
thc desired blood level, a slightly longer time is 
required to reach the desired blood level; both of 
the above considerations are shown in Fig. 4. Thc 
correction needed should concern the time interval 
from time zero until absorption of the initial dose is 
complete, but as mathematically, absorption is 
never complete, for calculation purposes this may 
be assurncd to correspond to the time to achieve the 
peak height, arid simple subtraction of the quantity 
yielded by the maintenance dose in this interval 
produces a suitable correction. This corrcction is 
equal to k,” X T, where T, is defined in Eq. 3,3 
so that, 

Di = Dh - (k,” X ‘rj8) (Eq. 8) 
This dilliculty rim be overcome more casily by using 
a sustained-release dosage form that bcgins its 
release of the niaintcnancc drug not at time zero, but 
a t  thc point where absorption of the initial dose is 
virtually over. This proposal is shown graphically 
in Fig. 5.  For this type of dosage form, the initial 
dose arid thc timc to rcach thc desired blood levrl 
reniain the same, since the maintenance dose is not 
contributing drug over this time period [note that 
in the previous sample where both started together, 
adjustment of Db to obtain D, resulted in a slight 
delay in reaching the desired blood level (Fig. 4)]. 
If the maintenancc form bcgins release of drug at 
times before or after the peak height time, the curve 
will tend to approach the desired blood level con- 

3 This simple method for making the correction is of course 
only an approximation. The exact calculation would involve 
the solution of the complete equation for the bluud level ob- 
tained fi-om a zero-order sustained-acLion do?iage formulation 
for the inilial dose Ui, at some time after the expected peak. 
As no mnthrmolicolly flat hlood level zIersus time line is ever 
obtained usiug this formulation method, lhe equation is not 
soluble cxplicitly atid the ayproximatiun given becomes the 
must desirable method fur calculation of the correction. 

.~ ~~~ 

J o u r r d  of YJuLrmucruticul Sciences 

Tme (hours) 

Fig. 7.-L)ose relrase curve necessary to produce 
an “idealized” blood level versus time curvc such 
as that shown in Fig. 5 (labeled D, + Dm). 

centration at a rate which is dictated by the release 
constant of the niaiiitenance form a5 shown in Fig. 
6. 

While a delayed start appcars to be a dificult 
complication, sustained-action medication forms ca- 
pable of providing it arc currently available, e.g., 
corcd tablets, in which the core is cornmonly the 
niaintenance dose that does not become available 
until some time after the initial dose has been ab- 
sorbed. While not actually dcsigned with this in 
mind, cored sustained-action tablets of superior 
action may well be assumed to owe their action to 
this type of behavior. 

The general equations for the blood level Irersu 
time relationship in such a case can bc solved to 
yield : 

B t  = K;Ju(t - T )  1- (1Xe-kdcL - 1 
1 

1 kd 

where u(t - T )  is the so-called “unit step” function 
whosc value is 0 for all values of its argument < 
0 and +1 for all others. By making this substitu- 
tion, onc can sec that before t = T ,  Bt  describes 
the expected inmediately available dose curve, while 
after t = T ,  the maintenance dose adds its cffect onto 
whatever is left a t  that time. The value of such a 
dosage form is more apparent from the computer 
curves than from the equation.‘ 

Calculation of the Desired Zero-Order Rate Con- 
stant.-Previous publications ( 10) have dircctcd 
that the rate constant ucccssary for sustained rclcase 
be set equal to kd times the dose required to produce 
Ba. This has been criticized recently (9) and as 
found in this study the criticism is valid. ‘1’11~ cor- 
rect krU is the product of the elimination coiistant 
and the desired blood level (Bd).B The zero-order 
rate constant necessary can be obtained in another 
fashion also, utilizing the method of Stelmncll, 
Robinson, and Eriksen (3),  where using the desired 
blood concentration versus time curve as a computer 

4 In the interests of romplcte precision it must be pointed 
nut that the blnod level curves obtained from this type of 
dnsage iorm ale no1 mathematically straight either as ah- 
sorption of Di is mathematically “eterual.” They repre- 
sent major improvements on Eqs. 7 and 8 and also give com- 
plete mathematical lineatity of Bd ouly when 170 = - ,  as 
discussed latei-. 

(I The use of the dose required to pn-oduce llic desircd blood 
level yields the same result as the bloud level itself only it  the 
one cumpartment-nne volutnc model is used and k. is assumed 
very large. In  this case Bs = W. 
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input voltage, the dos3ge release versus time curve 
required is produced as an output. The slope of the 
dosagc rc:leasc: curve can be seen to equal the zero- 
order rate constant required. This was testcd using 
the plot nf Fig. 5 as an  input, with results shown 
graphically in Fig. 7. 

'The rate constant k," uscd for Fig. 5 liad been set 
equal to 0.096 Gm./hr.; the slope of the line in Fig. 7 
calculated by the computer as being required to  
produce the Mood level curve (labeled DI + D,) 
in Fig. 5 ,  was fouiid to be equal to 0.096 Gm./hr. 

The linearity of the blood concentration-titiit 
curvc with a delayed start  can be shown by changing 
the time vari.able in Eq. 9 to  describe only times 
after the peak time of the immediately available 
portion, so that  

= t - 7  

and 

wlletl ?r = 0, B, = €3 peak = B,! 

under tlicsc cunditions, Eq. 9 becomes, 

1.259 

l'liereforc: 

W = Db - (TI )  X k,") + k," X It (Eq. 11) 

where 

w = total dose, 
I)i = initial dose, 
D, = Iriainteriarice dOSC, 
Do = dose required to  give tlic tlcsirecl blood 

level, when given in an  immediately avail- 
able form, 

T, = peak height time, 
k,O = zero-order rate of release constant, 
h = total desired time for sustained action in 

hours. 

Delayed Start Maintenance Uose.--U'tien thc 
maiiitenancc dose begins release of drug a t  the peak 
height time, the equation for total required dose (W) 
becomes 

W = Di, + k," X ( h  - T,,) (Eq. 12) 

setting tlic first derivative o f  B, with respect to T 

equal to zero produces an  expression for €3, inde- 
pendcrit of time (and thus flat), only if e-  k ( ~ l r  is 
assumed t o  be. zero ( k ,  --f m ) and k ,  >> k,l. Under 
those restrictions, 

and as the left side of Eq. 9h is an  approximation for 
the dcsired blood level which is produced by the 
immediately ,tvailable dose Di (where Dt = Do), 
one again finds, 

k," S B,k,i &Z B,ik,i 0%. 5 )  

Xotc that the blood coticcntration after the peak 
time (Bar) is :I constant aud identical to the peak 
blood level if and only if k ,  = m ,  as one niiglit 
expect. 

Calculation of the Total Dose for Release by Zero- 
Order Kineti,cs.--As pointed out previously ( 10) ii 
dosage form rtleasing drug at a rate equal t o  the rate 
at which druj: is eliminated will give a very nearly 
constant blood level, but diffcrrntiatioii must be 
r n x k  bi>twcen a dosage form releasing dnig from time 
zero arid one releasing drug at thc peak liciglit time, 
in the calculation o f  total dose. 

Release f r o m  Time Zero.-For a maiiitenance form 
releasing drug from time zcro, the following cqua-  
tions hold. 

W = Di + D, 

whrre D, = Db - (T,, X k,").  I n  this equation 
( T P  X k,")  is the coiiccntration of drug coritributed 
by the rnaintenanee form that represents the COT- 

rrctiori on  t h  imitial or iiiiniediatcly :tvailablc dose,  
and 

I ) , ~  = k," X W 

(Eq. 10) 

and 

Da = Db 

D, = k $ ( h  - TI,) 

where the symbols have the same significancc as 
above. 

RELEASE B Y  FIRST-ORDER KINETICS 

General Concepts.---The relationship between the 
initial and rriaiiiteriauce dose of an absorption, distri- 
bution, and cxcrction model with first-order avail- 
ability is shown in Fig 8 for various values of k ,  
(and fractions of dose as maintenaiicc from, F,) 
a t  constant kr' and ka. ,4s expected, k ,  influences the 
curve very little but  primarily before the peak height 
time; the iutersection pnints remaining essentially 
in the same place as F ,  and k, change. The con-  
mon intersection point for various fractions of dose 
has been rccognized and reported previously by 
Kruger-Thieiner and Eriksen (2). Mathematically, 
the intersection point lies at the peak time (T,)  
for the maintenance dose alone, representing a solu- 
tion of the eqwation, 

k,.' ( k d  - ku)e--kr'Til k , , (k ,  - k,')e-kddTa 
+ k,(k,' - kd)C'('''r!' (Eq. 13) 

as has also beeit iiotecl previously (2). 
Figure 9 detiiuustratrs the rffrct o f  altering k r '  

a t  a coilstant kd and k,,; this effect has also been sug- 
gcstcd by previous workers (5). An interesting 
point may be noted in this family of  curves, wlicw 
k ,  is much larger thati k,' and k<i, the intersection 
point is a function only of k,' and k,l. T h c  inter- 
section point occurring at later times for sniallcr 
values o f  kr'.  The same obscrvatiori can be made 
rriathe~riatically by letting k, become enough larger 
than ka and kr' that  its exponential term may be 
disregarded at an early time and then solving Eq.  
13 for the intersectioti point of T,, 

or if k ,  >> k,! and k r ' ,  
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It becomes rapidly apparent with the computer 
that no combination of rate constants and/or doses 
will reducc a flat, constant blood level using a first- 
order availability model. Mathematically, this 
can be shown also by considering the solution for the 
maximum of the equation for the blood level pro- 
duced by the authors’ three-step model with first- 
order availability: 

Journtcl of Pharmuceutical Scieizces 

[after Wiegand and Taylor (5)], and 

Although the actual solution for t at Bt = 0 can only 
be found by successive approximation, this equation 
obviously has three solutions, two trivial ( t  = 0 
and co) and one real; a plot that has a maxiniurri 
cannot be flat. 

A sustained-release product having a satisfactorily 
flat blood level curve using a first-order release 
pattern can be designed, howcvcr, and that design 
depends upon the proper selection of both the dosc 
fraction in each form and the maintenance dosc 
release constant. The closest approach to the “ideal- 
ized” blood level can be found by computcr experi- 
mentation to require a combination of initial and 
maintenance does such that the intersection ( T p ,  
Eqs. 14 and 15) occurs at a time equal to or greater 
than the desired sustained-action interval ( h )  (Fig. 
10). In addition, the further past the desired time 
for sustained release this point lies, the more com- 
binations of Fc and F, are available that will give the 
desired type of blood concentration curve. From 

r . ~ * ~ . ~ . I  0 2 4 
Time (hours) 

Fig. 8.-Blood level aersus time curves showiug 
the same intersection point dcspitc varktion in 
absorption rate constant ( k , )  for several mainte- 
nancc dosc/initial dose ratios. 

ET =Ol> 

-0.05 

2 4  6 8  
Tme (hews) 

Fig. 9.-Blood level versus time curvcs showing 
the change in intersection point for various first- 
order relcase rate constants. 

0 2 4 6 8 
Time (hours) 

Fig. 10.-Blood level versus time curve showing the 
degrcc of sustaincd action obtainable with first- 
order relcasc. The blood levels oerszds time curves 
obtained from the initial (D1) and maintenance 
( DVL) doses are also shown. Key: X, = 3.0 hr.-l; 
kd = O.lOhr.-l; K,‘= O.OGhr.-l. 

the intersection ( T p )  equation (Eq. 14) it is ob- 
served that the smaller the value of kd the larger tha 
value of k,‘ may be and still produce a satisfactory 
dosage form. For cases where kd is large, however, 
the value of k,’ necessary to give an intersection 
point a t  or beyond the desired time can be very 
small, and, thus, the uecessary dose present in the 
maintenance form may become quite high. 

The rather remarkable improvement affordcd in 
the zero-order relcase case, by delaying the start 
of the maintenance dosc, suggcsts its use herc also 
with the results shown in Fig. 11. As in thc zcro- 
order case, the blood level is obtained a t  a ratc dc- 
terrriined by the initial dose, and thc subsequent 
levels by the maintenance dose. Quite oppositc to 
the observation with first-order release started at 
time zero, however, the most “uniform”6 blood 
levels are obtained, when the elimination rate 
( k d )  is high, by making k,’ high, too. The generally 
“sustained” shape of this curve suggcsts that the de- 
layed start principle height be extremely useful 
for sustained release here too, especially for drugs 
with large elimination ( k d )  constants. 

6 4 “uniform” 01- “sustained” b l o d  level in this case I-epre- 
sents a nunhorizontal blood level oscillating about some 
average value. 
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time relationskiip wlieti a delayed start oi  release aiid 
first-order kinetics is uscd is: 

using the s imc “unit step” concept discussed befure 
arid 7 the time of the delayed start. The similarity 
in form to Eqs. 9 and 16 are apparent. 

Calculation of the First-Order Rate of Release 
Constant.---It was stated earlier that the intersection 
points of the blood level curves obtained for immedi- 
ate and sustained-release forms sliould IJC equal to 
or longer than the desired time for sustained release 
( h ) ,  in order t o  achieve the closest approximation to 
the “idealized” blood concentration-time curve when 
:L inaintenance dosage beginning ininiediately is used. 
As this intersection point depends esscntially on k d  
and k r ‘ ,  ( i f  k ,  is  assumed large) atid kd is a parameter 
over which the formulator has no control, k,‘ must be 
altered to mow this intersection point to the desired 
tirne. With k ,  and k d  given, Eq. 14 (or Eq. 15) 
may be used to solve for the rate constant required, 
to make the intersection point equal lo,  or greater 
than, the desired sustained-action time ( h ) .  Al- 
ternativel:y, as has been suggested for zero-order 
release, ca.lcula.tiou of the necessary first-order avail- 
ability constant can be carried out using the desired 
blood level curve and the computer method of 
Stelmach, Kobinson, and Eriksen ( 3 ) .  

When a dela.yed start is used, two approaches t o  
the desired k,‘ are possible; the maintenance dosage 
form can proyide drug in an approximately zero- 
order fashion (but ucluully first order) with an over-all 
rate of k&L, 01- the peak of the blood level produced 
by a maintenance dosc alone map bc positioned a t  a 
point between the initial dose peak and the desired 
sustained-action time. 

I n  the first case, the sustained portion should 
begin releasing at  the T, of the initial portion. The 
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. I . . , , 
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Fig. 11 .-Elnocl level versus time curves showing 
the drgrrr o f  wstnitied action o1,tainrtl by a rlrhyetl 
start o f  :i first-ortlcr rcleasc niaintrn;unce dose. 
Portions o f  the blood level versus time curves ob- 
tained froin the initial (D;) and niainteuarice (D,) 
doses are also shown. 

Fig. 12.-Scalctl analog coiupnter program for tlic 
system shown in Bq. 1, using a zero-ordcr delayed 
start maintenance dose. 

@J 
Di or Db 

Fig. 13.- S c d c d  an:tli~g coin- 
putcr yrogr:im for the system 
sliown in Eq. 1, usitla ii first- 
order immedi~tte start niainte- 
llallce close. 

drug rcleasetl Crolll tlic t l ( ~ ~ t g e  for111 i i i  t 1iourb iiiay IJC 
set equal to the drug lost ovcr tlic saint i n t e n d  
assuming constant blood level, 

D,(l - e-*r!t) = k&dt (Rq. 19) 

and the approximation relating thc release rate arid 
the administered dose,’ 

k,’D, G k d B d  = k,U (Eq. 80)  

results. Using the maxiniuin dose that the patient 
will swallow or that can be acconimodatcd in the 
dosage form, k,‘ can be estimated; for any satis- 
factory degree of sustained action a first-order release 
form will require roughly 1 O X  the dose required for 
a zero-order form. 

I n  the second case, a more rapid release rate  nay 
be used and a later time of oiiset tolerated producing, 
in gencral, a more practical dosage form. Expcri- 
inentation on thc computer suggests that for tlic 
ADE constants nornially found, the poitit wlierv 
999; of the initial dosc has been absorbed is the most 
suitable onset point for the maintenance dose, 

(Eq. 21) 4.6 
k. 

+ = -  

The k,‘ required to obtain a maintenance dose gen- 
erated peak a t  roughly the midpoint between the 

~ 

7 This is the “rate in eqrials rate out” eqnatiori of Nelson 
(10) and again implies k,  = rn and its applicability one can 
also verify by solving the maintenance only portion of Eq. 16 
for B in the case whe*-e k,  and k,  >> kr‘. 
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initial dose blood lcvel peak and the desired sus- 
tained-action time ( k )  niay be estimated solving 
Eqs. 14 or 15 for k,‘ a t  

Journal of Yhormuceuticul Sciences 

is that  calculated from Eq. 16 a t  t = (T,* - 7 )  

and D, = 0. If it is assumed as  before that at thc 
time involved e-‘uTp becomes negligible, both these 
equations can be simplified and D, casily calculated. 
Under these circumstances, 

Calculation of the Total Dose for Release by 
First-Order Kinetics.-The total dose required for 
adequate sustaincd release ( W )  will again bc de- 
scribed by Eq. 10 and may be approximately solved 
for both methods of first-order release. 

Release f ro in  Time Zero.- 

Da = Dh - Dcorreotion (Eq. 22) 

as before, a correction ( Dc:arrr,:tiun) for Do is rcquircd 
which niay be thought of as equal to the amount of 
drug contributed to the blood by the maintenance 
dose, during the phase controlled by the initial dose, 
and which can be estimated using reasoning similar 
to  that used in deriving Eqs. 19 and 20. 

Dr.orveetlon = Dm(k,’Tp) (Eq. 23) 

Thus, Eq. 22 is found to be approximately* 

D; = Dh - D, X k,’ X T, (Eq. 24) 

The maintcnancc dosc required to  keep the blood 
level a t  approximately the desired value can be cal- 
culatcd by equating the desired “ratc in” (kllBd) 
with the actual “rate 

k’,D,ne-krlt = k J 3 d  

‘I‘hc approxinration is sufliciently accuratc for most 
purposes, although the first is better, the time uheri 
the desired blood level is reachcd being used for t .  

The total dosc (W) then is 

k .B W = Dr, - D,,k,’T, + -“+ (Eq. 26) k, 
Delayed Slnrt Maintenance.-Thc immcdiately 

:available dose ( IIi) completely dictates the attained 
blood level as described for the care of release by 
zero-order process; but the maintenance dose rc- 
quiretl for a satisfactorily “uriiforrn” blood level dr- 
pends on the delay time, T, and the placing of the 
maintenance peak. 
h precise delay time value is not critical; it may 

be calculated easily from Eq. 21, and k,’ calculated 
from Eqs. 14 or 15 as mentioned before (to place the 
“maintenance peak” at roughly the midpoint of the 
desired sustained-action time, h, Eq. 21a). 

Thc maintcnancc dose required to produce a sec- 
ondary blood level peak cqual to  the first may be 
calculated as the maintenance dose (alone) required 
to produce a peak sufficient to  increase the blood 
level remaining from the initial dose to  the desired 
value. At the desired time for the secondary ptsak 
Tn*, the residual blood level is 

and thc peak blood levcl from the innintennnce dose 

8 The approximations made here are similar to those made 
for the zero-older case (sce Footnote 3 ) .  The exact solution is 
similarly not possible and experimentation convinces 119 that 
for practical situations, this approximation is suitable. 

Then 

Figure 10 shows thc computer gcncratcd blood level 
produced for the ADE constants used before, calcu- 
lated for such a delayed first-ordcr start. In addi- 
tion, the drug delivered from the dosage form is also 
shown to indicate the separation of starting times. 

SUMMARY A N D  CONCLUSIONS 

The general phenomena involved in thc ADE 
kinetics of many drugs are found to  be dcscribed by 
rather simple “overall” expressions and these phe- 
nomena according to the descriptive equations that 
happen to fit, i.e., absorption is described as  “first 
order,” ctc.; while thcrc is little real doubt that  such 
a naive approach is incorrect, the fact that  such 
simple equations can adequately describe the con- 
ccntrations of biologic interest, should be of real use 
(if not importance) in the formulation of efl’ective 
sustained-action dosages. As discussed in this 
report, however, even these “simple” cquations 
cannot be mathematically solved to  produce explicit 
solutions for thc dosagc fractions and rate con- 
stants required, but instead suitable approxima- 
tions must (and can) bc madc that permit useful 
solutions for the single sustained-release dose case. 
These approximations and the assumptions upon 
which they have been made have not always been 
explicitly described when (and if) thcy have been 
published before and the present authors felt suf- 
ficient benefit would accrue from collecting them 
both in onc place that this has bccn done for thc two 
theoretical cases described before: (a) simultaneous 
start of initial and “zero-order” sustained dosages 
and ( b )  simultaneous start of initial and “first-order” 
sustained dosages. The methods for calculating 
the dosc fractions of both thc initial and thc sus- 
tained portions as well as the rate constant most 
suitable for pi,oducing a sustaincd blood lcvcl arc 
described fully. 

Secondarily, but of interest in order to  complete 
thr  picturc, the effect of delaying the start of the sus- 
tained portion of the dosage form has been shown to 
producc in one case (c)  the best theoretical sustaincd- 
action blood level picture available and in the other 
( d )  a novel and perhaps not unusable blood level 
situation: (c) initial release Iolloived by “zero 
order” sustained dosagc after sornc delay and ( d )  
initial release followed by “first ordcr” sustaincd 
dosage after some delay. 

The aim arid the result of the analysis in this 
report has been to  show the theoretically available 
blood level situations resulting from a single com- 
plete (sustained and in 1) dosage form designed to 
produce the most coustant blood level uver the 
desired sustained-action time and but for the irksome 
(though real) vagaries of the human gastrointestinal 
tract would describe the blood Icvcl-time picturcs 
actually observed. 
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Kinetics of Deterioration of Trimethylene 
Bis-( 4-formylpyridinium Bromide) 

Dioxime in Dilute Aqueous Solutions 
By R. 1. ELLIN, D. E. EASTERDAY, P. ZVIRBLIS, and A. A. KONDRITZEK 

The degradation of trimethylene bis- (4-formylpyridinium bromide) dioxime, 
TMB-4, occurs by two mechanisms. The first i s  a hydrolytic reaction of the acid 
form (of the oxime catalyzed by hydrogen ion, and the second, a dehydration reac- 
tion. The latter may proceed by either of two pathways-a hydroxyl ion catalyzed 
dehydration of the acid form of the oxime, or a spontaneous dehydration of the 
oximade species. Velocity and various thermodynamic constants were determined 
for each of the mechanisms postulated. General equations were derived that relate 

the half-life of TMB-4 solutions to pH and temperature. 

OLLOWING ‘ r m  introduction of pyridinium 
oxime:; for the management of intoxication 

by organophosphorus anticholinesterase com- 
pounds, an active search has taken place for 
more effective compounds. As a result, 1,l’- 
trimethylene ~)is-($-formylpyridinium bromide) 
dioximc, rtrferred to as  TMB-4, was synthesized 
and shown L o  be a potent reactivator of phos- 
phorylated chomlinesterases (1 , 2). Grob has re- 
ported (3 )  that TMB-4 in onc-tenth to one- 
fifteenth the close o f  2-PAM iodide was more 
effective in humans against the weakening of the 
response of a iiiuscle to electrical stimulation of 
its motor i:ierve. A better therapeutic index for 
‘TMU-4 11;~s been demonstrated in laboratory 
minials (4). and the use of a mixture of 2-1’AM 
and TMl3.4 has been reportctl to he superior to 
any single oxinie tested (5). In view of these re- 
Iwrts the establishment of the conditions of 
maximal stability of TMB-4 in aqueous solution 
becomes iniporltant and worthwhile. 

~~ 
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Mechanisms for the degradation of pyridinium 
aldoxinies in aqueous solution have been postu- 
l a t ~ d  in previous reports (6, 7). Recent studics 
by Kosower (8) support the conclusion that the 
rate-limiting step for the degradation of pyridin- 
ium oximes in basic solution is the formation of 
cyanopyridinium ion. The mechanisms postu- 
lated for the breakdown of TMB-4 are presented 
in Scheme I. The reaction of TMB-4 in basic 
solution may be explained by an ElcB unimolec- 
ular elimination mechanism (9) IIydroxyl ion 
attack a t  each methine hydrogen atom results in 
the removal of a proton and the formation of a 
carbanion as the rate-controlling step. Suhe-  
clUcTlL loss of hydroxide ion from the oximino 
nitrogen lead5 to the lormation of a triple bond, 
for Th4B-3 the corresponding dinitrile would bc 
the final product of this process. Hydroxide ion 
attack on the cyano group or addition to the 
pyrldinc ring forms dicarbarnido and dihydroxy 
dipyridinium ions, respectively. The latter, on 
further reaction with hydroxide ion, readiIy lose 
a proton to form the corresponding dipyridone. 
Reaction of TMB-4 with hydrogen ion leads to 
various states of equilibrium involving the split- 
ting out of hydroxylamine and the formation of 
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the dialdehyde Compounds iwlatctl, or identi- 
lictl, or both, from the degradation of TMB-4 
were the picrdtc tlerivatk-e of the corresponding 
dipyridone, hydroxylaminc, and inorganic cya- 
nide 

Tlie pui-110~ of the present investigation was to 
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I+. l.-lTltraviolc.t absorlitioti spectra of  'L'MU-4 
solutions uiidcrgoiiig dvgradatioii. Key: A ,  i t i  
0.1 N pcrcliloric acid, 71'; 13, 0.1 N sodium Iiy- 
droxidc, 71'. 

TABLE I.-~BSERVED RATE CONSTANTS k I N  l i t  

scllclllc I 

detcriniiie the std)ility of TM1%-4 iri  aqucotis 
solution. Kinetic studies of the degradation of 
T M B I  were made at various pI-1 values and 
temperatures in order to obtain equations that  
would permit the prediction of the stability of the 
oximc a t  any pH and temperature. 

EXPERIMENTAL 

'I'hc dcgradatioii of TMB-4 was carried out a t  
fivc different temperatures in buiTer solutions of 
various pH values, as well as in dilute solutions of 
pcrchloric acid and sodium hydroxide. Essentially 
the same buffer systems used previously (7) were 
employed in this study. The pH of each systciri was 
rletrrniined :it the teinprrature a t  which the cx-  
periments were performed. The TMB-4 used ill 

these experiments was recrystallized from ethyl 
alcohol to a melting point of 224-226" dcc. 
(Thomas-Hoover, U.S.P. substances of class I). 

Molar absorptivities of this oximc wcrc found to 
be 4.82 X lo4 a t  345 n i p  in 0.1 Nalkaline and 3.39 X 
lo4 a t  281 mp in 0.1 N acid solutions. Figure 1, B, 
shows that the intensity of the TMB-4 peak a t  
345 mp in basic solutions diminishes with time and 
that simultancously a siuglc peak appears at 259 
m p  and increases in intensity. Figure 1, A, shows 
a similar occurrcncc with TMB-4 in acid solution: 
thc gradual diminution of the peak at 281 mp and 
the corrrslmiding appraraiicc of a prak a t  239 nip. 
A scilution of the breakdown products of TMB-4 
givcs practically nu :tbsorbaiicc a t  345 nip iii alk:tliiics 
solution. Therefore, the residual TMR-4 in the 
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2 . 7 5  

. . .  

. . .  

0 . 1 2  
0 . 1 8  
0 . 1 1  
. . .  
. . .  
. . .  
. . .  
. . .  ... 
. . .  

5.11 x 10-1 
8 . 0 6  X 10-1 
1.14  

. . .  

. . .  



experimental solutions may be determined quanti- 
tatively by nieasuring thc ahsorhance at :145 mp 
in 0.1 N alkaline :solution. 

Buffered solutions wcrc placcd in a thcrmo- 
statically coritrolled bath and were allowed to  
rcach the tcmpcraturc of the bath. h relatively 
sinall volume of :I TMR-4 solution was added to 
obtain a final concentration of 1 rmg./ml. Samples 
of 0.5 nil. werc rctnoved and diluted to  100 nil. with 
0.1 N sodium hydroxide and the concentrations 
of t tic oximc wcrc tlctcrniined spectrop1i~)tr)iiictricnlly 
a t  345 IllkL. 

Q .  

- a  

RESULTS 

Influence of Oxime Concentration.-The rate 
O F  disappearatice of 'I'MH-4 in hoth acid and alka- 
line solutions was found to  be directly proportional 
to the concentratiou of the ouirne, indicating that  
the degradation is of the first order with rcspect 
t o  the concentrrttion of the oxime. 'The calculated 
reaction rate coristarits obtained a t  the varivus 
tcmpcrature:; and hydrogcn-ion concentrations arc 
given in Table I. Typical plots of the results are 
sliown in Figs. 2 and 3. 

Temperature ]Dependency.-The velocity coii- 
slants of the degradation of TMB-4 at 50, 59.7, anti 
i l 0  in pcrchlhic acid solutions ranging from 0.1 to 
1 0 Ar (reaction 1 #:if Scheme I )  were used to calculate 
the respective values Tor the catalytic constant, 
k m  +, at norm.sl hydrogen-ion concentration for each 
of the temperatures uscd. In Fig. 4 the rate coil- 
stants are plotti:d against the reciprocal of the 
absolute temperature. The  straight line rrlation- 
ships obtaintrtl indicate that  the mechanism of the 
hydrolysis rwiction is riot altered by changes in 
temperature. 

The temperature dcpcndcncy of reaction 2 in 
Scheme 1 is graphically illustrated in Fig. 5 and 
irtdicates that  the postulated dehydration mech- 
anis111 is not affected by changes in tenipcraturc. 

Thc effect of pH on the rate of degradation of 
TMB-4 a t  v:rrious temperatures is shown in Fig. 6. 
Between approximately pH 4.5 and 8, the rate is 
lincar with hydroxyl-ion Concentration; above ap- 
proxiniately pH 8, the reaction becomes nonlinear. 
This phenomenon rnxy bc. interpreted as rcprcscnting 

-3 

I I 

2 1 6 B I 0  I? 

1 , m .  I" H o u r ,  

Fig. 3.-Degradation of TMB-4 in 0.1 N sodium 
hydroxidc. Key: 0, 71"; 0, 81'; A, 90". 

:::+ - 

1 

t 

111 x t o 3  

Fig. 4.--Arrhenius plot of hydrogen-ion catalysis of 
decomposition of TMB-4. Kcy: A ,  pH 0.11; 
@, p H  0.42; 0, pH 1.0. 

O t  

Y 

m 

I 

2 . 7 5  2 8 5  2 9 5  
- A  ' 

111 x lo3 

Fir.  3.-Arrhenius nlot of hvtlroxvl-ion catalvsis 
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1 cither spontaneous degradation of the oximate 
species or dehydration of the oxime catalyzcd by 
hydroxyl inn. Hithcr possibility would support t l ~ c  
conclusion that abovc approxiinn tely pH 4.5 the 
mechanism of degradation can be due predom- 

tion that the rate of the water reaction, i . e . ,  k ~ ~ o  
is negligible, and by use of the initial rate constants 
obtained for the reaction in acid solution and the 
rate constants for the reaction in alkaline solution, 
one obtains a general expression for thc obscrvcd 
velocity constant of the degradation of TMB-4 

ratc = ~ H + ( H + )  

0 inately to reaction 2 (Scheme I ) .  On the assump- 
P O T  

71°C 
-1 

1 o o c  
.D - 2  

- 3  (Eqs. 1 and 2). 

or -' t 
P *  

Fig. 6.-The pH profile for the breakdown of 
TMB-4 at 50, 71, and 90". The curves represent 
values calculated from the equation derived from 
cxperimental data. The illustrated circles represent 
experimental values. 

rate = kn+(H+) 

where k ~ +  = catalytic constant for thc hydrogen- 
ion catalysis, ken- = catalytic constant for the hy- 
droxylion catalysis, kox = rate constant for degrada- 
tion of oximate, and K ,  = acid dissociation constant, 

TABLE II.-THERMODYNAMIC CONSTANTS FOR DEGRADATION REACTIOSS AT 25" c. 
~ 

E a  AH* AF* AS* 
Reaction Kcal./mole Kcal./mole Kcal./mole cal./mole deg. A ,  hr.-l 

TMB(H)+ + H30' 14.6 14.0 23.2 -30 8 1 01 x 10'" 
TMB(H)+ + OH- 22 .8  22.2 20.2 6.; 1.70 x 10'8 
TMB(0)-  spontaneous 24.2 23.6 27 3 -12.5 1.13 X 10" 

TABLE ~ ~ ~ . - P R E D I C T E D  STABILITY OF TMB-4 AT 
pH OF MINIMUM DECOMPOSITION 

-~ 

t ,  o c .  p H ~ i n .  ill?, Y'. 
0 6.13 2400 

10 5.90 570 
20 5.69 140 
25 5.60 80 
30 5.49 40 
40 5.31 12 
50 5.13 4 
60 4.96 1.3 
70 4.81 0 . 5  
80 4.67 0 . 2  
90 4.52 0.08 

100 4.39 12 days 

oxirne oximate, calculated from the equation, 
- l o ~ K ,  = 3.41 + 1422/T, which was derived from 
titration with alkali between 25 and 90'. 

If the reaction is determined in solutions wherein 
the hydrogcn ion is the only effective catalyst, 
Eqs. 1 and 2 reduce to rate = k ~ i + ( H + ) ;  a t  rela- 
tively high pH values, Eq. 1 reduces to rate = 
h',koA-/K, and Eq. 2 to rate = Kox.  

The activation energies, E,, were determined from 
the slopes of the Arrhcnius-type plots in Figs. 4 and 
5. The relationship between the rate constant 
arid the equilibrium constant, A K * ,  was uscd to 
determine the free energy of activation, A F * ,  the 
frequency factor, A ,  and the entropy of activation, 
A S * .  The values for the latter two characteristics 
were calculated from Eqs. 3 and 4. 

TABLE 1x7.-PREDICTED STABILITY OF TMB-4 IN AQUEOUS SOLUTIOSS, tm (HALF-LIFE) 
~ ~~ .~ -- - - 

0 c. 3 4 5 PH6 7 8 13 Temp., I 

13 yr. 3 . 3  yr. 
93 yr. 2 .2  yr. 0 . 8  yr. 

10 1.4 yr. 14.4 yr. 140 yr. 560 yr. 
20 0 . 6  yr. 5 .9  yr. 57 yr. 115 yr. 15 yr. 
30 95 days 2 .6  yr. 24 yr. 23 yr. 2 . 7  yr. 146 days 73 days 
40 44 days 1 . 2  yr. 9 . 6  yr. 4.7 yr. 197 days 37 days 19 days 

21 days 212 days 3.7 yr. 1 .0  yr. 44 days 10days 6 days 
2 days 

50 
11 days 106 days 1 .3  yr. 91 days 11 days 3 days 

21 hr. 16 hr. 
60 

5 . 5  days 56 days 170 days 25 days 3 days 
2 . 9  days 29 days 54 days 7 days I 8  hr. 7 hr. 5 hr. 

70 

90 1.7 days 16 days 17.5 days 2 days 7 hr. 2 .6  hr. 2 . 2  hr. 
80 
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dchydration reaction in which the cyanopyridinium 
intermcdinte is formed. The expcrimerital data 
iiidicate that thr dCliy(lration ulay he csplaiiictl 
equally well cit1ic.i- by :i clroxyl-iou catalyzed 
rcactioii of tlic osiinc, rrpr Itcd by k , , ~ r - ,  or by 
Sl)IJlltdllCouS dchydratioii I I ~  tlic osiinate iou. rep- 
resented by k o X .  

A comparison of the tlicriiiotipiiaiiiic constuits 
for the dehydration ryaction of TMB-4 with those 
found for the nionoquaternary pyridinium aldoxime, 
2-PAM (7), may lead to the conclusion that  the 
predominant mechaiiisnis involved differ for thc 
two compounds. In  the dehydration reaction for 
Z-PAM, activation energies assigncd for k o x  and 
koH- are 28 and 17 Kcal., respectively. The 
activation energy for k o x  is dctcrmincd directly 
from the observed reaction rates in 0.1 N alkali; 
w-hereas, that  for k o ~ -  is determined from extrap- 
olated values of observed rates at lower pH. 
The activation energy for thc dehydration reaction 
of TMB-4 is about 24 Kcal. for both k o n -  atid kol. 
The entropy of activation, AS*, for the dchydration 
reaction of %PAM is more positive for ko, than for 
k O H - .  In the case of TMR-4 the opposite is true; 
AS* for  OR- has the more positive value. If it 
is assumed that  tlie least sterically Iiinderecl niech- 
anism would occur morc readily, a base-catalyzed 
mechanism could he assigned to  thc degradation 
of TMB-4 arid a spontaneous dcgrndatioti tiiecli~ 
ariisni t o  %-PAM. 

The  data in this study, with that given in the in- 
vestigation of %-PAM (:), provide a means for 
optimizing conditions Tor loiia-term storage of a 
mixture of thc two compounds in solution. The 
pH-rate profilcs of the two aldoxitrics arc similar but  
nut congruent. TMB-4 is the morc stahlc of the 
two with respect t o  the dehydration reaction ; 
whereas, 2-PAiM is the morc stdbic with respect 
t o  the proton catalyzed hydrolysis mechanism. 
The pH of maximuni stability for thc two com- 
pounds differs by about 1.2 pH units. A pH of 
4.5 to 5.0 would be practical for the prolonged 
Storage of mixtures of the two oxitncs iu solution, 
provided storagc temperatures were below 30". 
A t  temperatures appreciahly higher than 30°, the 
stabilities of both oximes in solution decrease to  
such an extent that  long-term storage becomes 
impractical. If storage temperatures above 30" 
are anticipated, thcn the inixturc should be pack- 
aged as a dry powder; provisions and directions 
for preparing solutions cxternporaneously should 
be supplied. 

alld 

(Eq. 4) 

The calculated values for the thermodynamic 
constants itre listed in Table 11. By substituting 
the appraspriaie constants into Eqs. 1 and 2, thc 
observed react ion rate can be expressed, in terms 
of Iir.-l, R S  either Eqs. 5 or 6. 

k = 1.01 X 1()lOe --14,600/HT 

Agreement of the values calculated by means of 
the equations with those obtained experimentally 
is shown in F.ig. 6,  where tlie lines are calculated 
and the opm circles represent experimental data. 

pH of Minimum Hydrolysis.-The equation for 
the hydrogen-ion concentration at which the rate 
of degradation is tninimal can be derived by dif- 
ferentiating E,qs. 1 and 2 with respect to (H+) 
and equating to  zero, as described previously for 
2-PAM iodide (7). It may be cxprcssed as: 

Calculaied values for p H ~ i ,  at various tern- 
peratures are given in Table I11 arid vary inversely 
with temperature, ranging from 6.13 to  0" to 4.39 
at 100". 

The ove-all reaction ratc of the decomposition 
of TMB-4 can be expressed as the half-life, t l / ~ ,  of 
the reaction; half-lives can be calculated for any 
pH and temperature. Predicted stability data for 
pH from 3 t o  13 and for temperatures from 40 t o  
90' are shown in Table 11;. 

Isolation and Identification of Degradation 
Product.---Three grams of TMB-4 and 300 ml. of 
0.1 N sodlium hydroxide were heated for 24 hr. 
in a water bath at 90". About of the original 
oxime remained when determined by ultraviolet 
analysis. T o  a 25-ml. aliquot, enough picric acid 
solution in ethanol was added to  produce a definite 
turbidity. Tlx mixture was heated for 15 min. on 
a steam bath and then was cooled. The  resulting 
yellow precipitate was collected by filtration, dried, 
and recrystallized from alcohol-water and then from 
water. The product melted a t  234-238". The ele- 
mental analysis for the compound was: C, 43.6<)i1; 
H, 3.1'-%; 0, 37.2y0. The analytical results agree 
with the ca.lcula.ted elemental content of the dipicratc 
of 1,l'-trimcth.ylene bis-(4-pyridotie): C, 43.67%; 
H, 2.9y0; 0, 3'3.27,. 

DISCUSSION 

The decomp'osition of TMB-4 proceeds both by 
a proton catalyzed hydrolysis mechanism atid a 
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Effects of Aging and Surfactant Concentration on the 
Rheology and Droplet Size Distribution 

of a Nonaqueous Emulsion 

By RICHARD D. HAMILL* and ROBERT V. PETERSEN 

Six olive oil-in-glycerin emulsions were prepared wherein ammonia and 2-amino- 
2-methyl- 1,3-propanediol (AMP), in various concentrations, served as saponifying 
agents. Six-tenths, 2, and 6 rng. ammonia/100 ml. and 2, 6, and 20 mg. AMP/100 
ml. were used in making the emulsions. The emulsions were stored at room tempera- 
ture ( 2  5 "), and droplet size, rheology, and emulsion stabiliry studied on days 1 , 2 , 4 , 7 ,  
14, 30, and 60. Droplet size, as measured from photographs taken by phase con- 
rrast photomicrography, were inversely related to amine concentration. Growth 
in droplet size over the period of study was more striking in  AMP emulsions than 
in ammonia emulsions. Rheology studies with the Brookfield LVT viscometer 
revealed the existence of non-Newtonian pseudoviscous flow. The emulsions were 
very stable, as indicated by logarithmic graphs of viscosity and time. It is suggested 

that the data may be extrapolated to predict viscosity over longer time periods. 

HEN AN EMULSION is aged there is usually 
wa distinct growth in droplet size before the 
dispersed phase separates in  bulk (1). This 
growth can be attributed to coalescence between 
neighboring droplets and has been characterized 
as following first-order kinetics (2, 3 ) .  

Some of the factors which have a n  effect on 
droplet size in an emulsion are the method of prcp- 
aration, phase-volume ratio, temperature during 
mixing, viscosity (4-81, and surfactant type and 
concentration (9). Conversely, the effecls that  
droplet size and droplet size distribution have on 
emulsion viscosity have been explored. For 
example, the effects of homodispersity (10-14), 
flocculation (15-21), surfactant properties and 
concentration (22), and phase-volume relative to  
surfactant concentration (23 ,  24) on viscosity in 
oil-water emulsions have been studied and 
rep( r ted.  

Previous reports (25, 26) have described the 
emulsifying effects of several ionic and nonionic 
surfactants on the nonaqueous, binary, im- 
misciblc system, glycerin and olive oil. More 
recently (27) this system was studied with regard 
to  the effect of surfactant concentration on the 
effective size of two anionic amine surfactants 
formed i i z  situ by the combination of either 
ammonia or 2-amino-2-methyl-l,3-propanediol 
(AMP) with the free fa t ty  acids of olive oil. 
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The present study was designed to  learn more 
about the stability of this emulsion system by 
examining thc effccts of aging and amine con- 
centration on both rheology and droplet size 
clistrihu tion. 

EXPERIMENTAL 

Six olive oil- glycerin emulsions wcre prepared 
with varying concentrations of amine. Samples 
1, 2, and 3 containcd 0.6, 2, and 6 mg. of ammonia/ 
100 ml. of emulsion, respectively; whereas sampies 
4, 5, and 6 containcd 2, 6, and 20 mg. of AMP/ 
100 ml. of emulsion, respectively. These coticen- 
trations were chosen because 0.6 ing. of amtnonia/ 
100 ml. and 2 mg. AMP/100 ml. correspond to the 
minimum amine concentrations needed for stable 
emulsifications a t  phase volumes of 0.40 as previ- 
ously reported (27). Concentrations of 6 mg. of 
ammonia/100 ml. and 20 1 1 7 ~ .  AMP/100 ml. rcp- 
resent a tenfold increase above these minima. 
'l'hc two remaining samples contained concentra- 
tions interrnediatc between the minimum concentra- 
tions and the tenfold increase. The olive oil and 
glycerin used in making the emulsions and thc ordcr 
of mixing were the same as those previously de- 
scribed (25-27). All emulsions were made with 
phase volumes of 0.40. Emulsion type was com 
firmed by the phase dilution method. 

The emulsions were stored at room tcmpcraturc 
(25 =k 2') for 2 months. A testing schedule was 
established whercin the six samples were tested 
a t  days 1, 2, 4, 7, 14, 30, and 60. Day 1 cor- 
responds with the day the emulsions were made. 

Photographs were taken by means of phase con- 
trast photomicrography on the days chosen in thc 
testing schedule. A Wild phase contrast micro- 
scope providing 480X magnification and equippcd 
with a Polaroid camera was used. The wavelength 
of the light source was 475 m p .  

A glass microscope slide was prepared by placing 
a drop of emulsion on the slide after which a cover 
glass was gcntly rcstcd on the emulsion. Carc 
was taken not to apply any pressure on the sample 
other than that cxerted by the wcight o f  the ewer 
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glass. Prcssurc on the cover glass could cause 
distortions ‘or force some droplets to coalcscc in the 
eiiiulsioii, tliiis altcriiig tlie clroplet diuii1etc.r rtisiilts. 
T h e  prepared slide was set asidc for 1 lir. This 
time period was required to  allow rnovemcnt in the 
sample virtually to stop so that a clear photomicro- 
graph could be obtaincd. 'lie low intensity of tlie 
light sourcc usccl in this type of microscopy required 
a several-second exposure time. Photographic 
prints were obt.zined using Polaroid P o l q a n  200 
film. Thc photograph taken was immediately 
available for inspection to insure a picturc CJf best 
possiblc clarity. 

Two or three 1-in. squares wcrc arbitrarily selected 
from cach photomicrograph arid the diarnctcrs of 
200 t(J 300 droplets werc classified witliiti these 
areas. The  average droplct diameter (.Dm) was 
calculatcd using Eq. 1 (22). 
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will appear in subsequcnt parts of this paper is 
neccssary to avoid confusion later. Nol1-Ncwton- 
iaii flow call he clnssifietl accordit~g to the I,rcscllce 
or absence of a yield value. A yield valuc represents 
tha t  amount of force necessary before a liquid begins 
to  flow. If a iiiatcrial does not exhibit a yield 
value, it is rcferrcd to  as viscous flow and if i t  does, 
it is called plastic flow (30, 31). This division of 
flow typc is rarely referred to in pharmaceutical 
literature, but it reprcscnts more precisely thc funda- 
mental types of flow with less ambiguity. Accorcl- 
ing to  this definition, a rnatcrial which thins out or 
becorncs less viscous as the ratc of shear is incrcasecl 
is referrcd to as pseudoviscous rathcr than pscudo- 
plastic, a term more coirirnorily cmploycd. Tlrc 
term pseudoplastic is rcserved for that typc of 
flow which beconics less viscous upon an increase 
in shear rate, but in addition, also cxhibits a yield 
value. Dilatant materials, which bcconic more 
viscous upon an increase in shear ratc, must be 
identified further as dilatant-viscous or dilatant- 
plastic. 

RESULTS 
The effects of shear rate and agc on  tlie viscosity 

of the ammonia samples are shown in Tablc I. 
In sample 1 (0.6 nix. aiiirrioriia/100 ml.) the viscosity 
on day 1 a t  0.6 r.p.m. was 3700 cps.; however, as 
thc rate increased to  6 r.p.rn. the viscosity dropped 
to  3630 cps. The influence of shear rate on vis- 
cosity became more marked in sdniplcs 2 (2  ing. 
atntrionia/100 ml.) and 3 (6 mg. ainiiionia/100 ml.). 
Samplc 2 decreased 220 cps. going from 3860 cps. at 
0.6 r.p.ni. to  3640 cps. and 6 r.p.ni. Sample 3 
exhibited a declinc of 530 cps. as the rate was in- 
crcascd over the same interval. Thcrc wcrc indi- 
vidual variations in each samplc over the period of 
study, but no meaningful pattern could be defincd. 

Table I also shows that thixotropy appears to 
h a w  dcvcloped by day 14 in sample 1. Although 
it could not be cleniotistrated on day 3 9 ,  it appeared 
again on days 60 and 120. Samples 2 and 3 did 
not appear to  display thixotropy until day 60, 
but after i t  developed it appcarcd to  remain througli- 
out thc duration of the study. 

The effect of shear rate on viscosity is further 
illustrated in Tablc 11. The decrease in viscosity 
when the shear rate was inercascd from 0.6 to 6 
r.p.m. is listed for each sample according to thc 
day on which i t  was determined. The last column 
rcprcscnts the mean decrease in viscosity lor each 
sample. As shown in the tdbk!, thc mean decrease 
in viscosity of samplc 1 was 210 cps., whereas that 
for samplc 3 was .590 cps. As was expected, thc 
mean decrease in viscosity of sample 2 was inter- 
mcdiatc to these values (340 cps.). Thus, thcrc 
appears to  be an inverse relation bctwccn amine 
concentration and susceptibility of the emulsions 
to  shear rate. 

‘Table 111 shows the effects of shcar ratc and age 
on the viscosities of the AMP emulsions. Pseudo- 
viscous flow was also displayed by these emulsions. 
The influence of shear rate on thc viscosities of 
samples 4, 5,  and 6 (corresponding to 2, 6, and 20 
mg. AMP/100 nil., respectively) is dcmonstrated 
in the same manncr as for samples 1 ,  2, and 3. 
Sample 4 decreased in viscosity 130 cps. (from 3720 
to 3590 cps.) as the shear rate was increased from 
0.6 to C, r.p.m. Thc cffcct of shear rate oil viscosity 

where n is tlie number of droplets with a diameter 
of D. 

The rheology of each emulsion was studicd on thc 
test days -using: a Brookficld LTT viscoineter. 
Day 120 a1c:n was included in the rheology testing 
scliedule. Ihch  sample was pourcd into the test 
container which was then placed into a constant- 
temperature water bath, maintained a t  25 =!= 0.2”, 
and allowed to equilibrate for 45 min. Spindle 
N(1. 2 provided with the Brookfield viscometer 
was cliosen For testing the emulsions becdusc i t  
allowed the widtrst range of scalc readings over a 
large nurnbcr of r.p.m. (shear rate). Dial readings 
(shear stress) at spindle speeds of 0.6, 1.5, 3 ,  and 
6 r.p.m. were rccorded for each sample. A test 
was conducted to determine the presence of thixot- 
ropy by runriirig the viscometer a t  60 r.p.m. for 
10 inin. aftcr having measured speeds from 0.6 
up to 6 r.p.ni. After this period of timc the dial 
readings were again rccordcd, but this time from 6 
down to 0.6 r.p.ni. Iu samples where thixotropy was 
present, the amount of standing time required 
bcforc the “up” readings could be duplicated was 
rioted. 

To utilize cffcctively thc Brookfield viscometer 
on non-A7ewtoni;m materials, various methods of 
calculation havc bccn proposed (28, 29). The 
iiiethod described by Runikis et al. (29) takcs into 
account the entire flow data obtainable with the 
Brookfield instrument. Their “n value” mcthod 
utilizes Eq.  2 which thcy dcrivc and rxpla.in. 

JRR) (n )  (scale reading) 
(r.p,m,) viscosity = - (Eq. 2) 

Siuce KO = 300 when spindle No. 2 is uscd with 
the Brookficld L’iT viscomctcr, Eq. 2 becomes 

300 ( n )  (scale reading) 
viscosity == (r.p.m.) (Eq. 3) 

A logaritliniic plot of r.p.m. uersus scale rcading 
is a convenient triethod of calculating n since the 
reciprocal of the slope of the linc fornied in such a 
plot equals n. 

All viscosity data reported in this study have 
been calculated from Brookfield data using Eq. 3 
nnd recorded in centipoise (cps.). 

A brief defiriitii~~n of sornc rlicolo,qy terms which 
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TABLE I.-EPFECT OF SHEAR RATE AND AGE ON THE VISCOSITY OF AMMONIA" EMULSIONS 
- 

~ 

Shear 
Itate 

(Spiudlc 
Speed, 

Sample i .p .m.)  

0.6 

1 1 . 5  

3 

A 

0.6 

2 1 . 5  

3 

6 

0 . 6  

3 1 . 5  

3 

6 

_____ 
Ijay 1 Day 2 

3700 4070 

3680 3920 

3670 3860 

3630 3820 

3860 4150 

3750 3850 

3660 3750 

3640 3660 

4250 4320 

3940 4000 

3810 3860 

3720 3750 

- 

L)ay 4 

4060 

3920 

3880 

3840 

4270 

4060 

3990 

3920 

4530 

4200 

4020 

3920 

--Viscosity, 
Uay 7 

4000 

3910 

3840 

3810 

4250 

4040 

3980 

3920 

4470 

4160 

4020 

3910 

cps 'I-- 
L>ay I4 
4000 
3560 
3850 

3780 
3400 
3730 
3430 

4060 

3860 

3760 

3710 

4320 

3990 

3830 

3780 

3T50 

__ 

~ 

Day :xi 

3060 

3810 
3790 
3760 
3730 
3720 
3690 

4010 

3770 

3710 

3650 

4320 

3960 

3810 

3700 

-~ 

__ 

~ 

Day 60 
3950 

3810 
3270 
3770 
3200 
3i40 
3230 

4010 

3770 
3710 
3700 

3650 
3690 
4230 
4020 
3880 
3650 
3670 
3460 
3530 

3320 
~ .- 

~ 

~ 

__ 

~ 

~ 

__ 

33!i0 

l)dy 120 
4090 
3790 
4030 
3850 
3930 
3800 
3890 
3790 
4010 
3620 
3830 
3440 
3i90 
3360 
3720 
3300 
4470 
4340 
4190 
4000 
4020 
3840 
3930 

~- 

~ 

__ 

-~ 

__ 

- 

__ 

~ 

~ 

3730 

a Samples 1, 2, and 3 contain 0.6, 2, and 6 mg./100 ml., respectively. * Viscosity measured with the Brookfield viscometer 
The ripper figure 

The lower figure rep- 
is  reproducihleto 4z 1%. 
represents the 
resents the "down" viscosity determined when the spindle speed was decreased from 6 to 0.6 r.p.m. 

Thixotropy is represented by two figures for the same day and spindle speed. 
up" viscosity determined when the spindle speed was increased from 0.6 to 6 r.p.m. 

TABLE II.--VISCOSITY DECREASE I S  !iMMOSIAa EMULSIOKS KESULTINC PROM SHEAR R A ~ E  INCKEASE FROM 
0.6 TO 6 r.p.m. 

__ -- - _- Day Examined- - hlean 
Sample 1 2 4 7 14 30 60 120 Decrease 

1 70 250 240 190 270 240 210 200 210 
2 220 490 3 50 330 350 360 360 290 340 
3 530 570 610 560 600 620 700 540 690 

a Samples I. 2, and 3 contain 0.6, 2,  and 6 rng./100 ml., respectively. 

was not as apparent in samples 4 and 5 as it was 
in samples 1 and 2; however, sample 6 showed a 
marked effect when compared with sample 4. 
Over the same shear rate interval sample 6 de- 
creased 470 cps. The effect of shear rate on vis- 
cosity also varied with age. Thcse variations did 
not follow a meaningful pattern, however. 

Thixotropy appcdrcd on day 14 in all AMP 
emulsions atid continued through day 120 in sample 
4 but could not be demonstrated in sample 5 on 
day 30 nor in sample 6 on day 120. In each case 
where thixotropy was present, the emulsion showed 
complete structural recovery within 2 hr. after the 
test. 

Table IV, constructed like Table 11, illustrates 
the net effect of viscosity decrease with shear ratc 
for each AMP sample according to age. Sample 4 
showed a mean decrease of 240 cps. There was no 

change in the mean viscosity decrease between 
samples 4 and 5 Sample 6 does show greater 
mean decrease in viscosity than shown for samplcs 
4 and 5 These data are consistent with those of 
the ammonia emulsions 

The effect of age 011 the droplet size in each 
cmulsion studied is shown in Table V. The figures 
listed show the droplet size as per ccnt within a 
size class on the day examined for each sample 
studied, Upon inspection of the data for sample 1 
it  is easily seen that the per cent of droplets less 
than 0 5 p decreased from 2 5 on day 1 to 0.6 on 
day 60, whereas the per cent of droplets 1.0 p in- 
creased from 94.3 on day 1 to 96.0 on day 60. 
There was no significant change in the per cent of 
droplets with a diameter of 2.0 p. Sample 2 shows 
the same pattern but to a lesser extent. Since the 
magnification in the photomicrographs was 480 X , 
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TABLE III.-EPFBcT OF SHEAR RATE AND i"GE ON THE \'ISCOSITY OF AMP" EMULSIONS 
~ 

~~ ~~~ ~ 

S h eai- 
Kate 

!Spindle 
Speed, 

Sample i-.p.m.) 

0 . 6  

1 . 5  

4 3 

1 5  

5 3 

(i 

0 6 

6 1 . 5  

3 

6 

- Viscosity, c ~ s . ~  
Day 1 Day 2 Day 4 Day 7 Day 14 . 

3720 

3630 

3600 

3590 

3730 

3690 

3620 

3590 

4070 

3830 

3670 

3600 

3720 

3670 

3620 

3600 

3500 

3390 

3380 

3340 

3720 

3610 

3630 

3520 

4140 

4010 

3960 

3900 

3920 

3780 

3700 

3660 

4340 

4080 

3970 

3890 

4090 

4010 

3960 

3910 

3870 

3780 

3710 

3690 

4290 

4060 

3940 

3890 

4000" 

3910 
3780 
3840 
3690 
3780 
3650 
3830 
3520 
3650 
3330 
3.510 
3270 
3410 
3250 
4390 
4160 
4040 
3870 
3920 
3750 
3830 

3820 
~ 

~ 

~ 

~ 

~ 

~ 

- 

~ 

3-0 

Day 30 
4140 
3960 
4030 
3730 
3950 
3610 
3900 
,3680 

__ 

__ 

~ 

3640 

3490 

3440 

3410 

4390 
4310 
4080 
4020 
3980 
3900 
3880 
3820 

~ 

~ 

-~ 

~ 

Day 60 
4110 
3950 
3930 
3750 
3890 
3680 
3820 

3770 
3140 
3590 
3060 
3550 
2980 
3510 
%60 
4260 
3960 
3980 
3760 
3890 
3630 
3K30 
3.580 

- 

~ 

~ 

36% 
~ 

~ 

~ 

__ 

-. 

~ 

~ 

Day 120 
3980 
3840 
3710 
3620 

3.510 

3470 

3920 

3760 
3720 
3700 
3680 
3670 
3640 

4390 

4040 

3950 

3880 

-~ 

- 

~ 

- 

~ 

_ _ ~  
Samples 4 15 and 6 contain 2 6 and 2 0  mg./100 ml. respectively. Viscosity measured with the Brookfield viscometer 

The upper figure 
The lower figure rep- 

is reproducibl; tu & 1%. 
1-epresents the "tip" viscosity determined when the spindle speed was increased from 0.6 to 6 r.p.m. 
resents the "down" viscosity determined when the spindle speed was decreased from 6 to 0.6 r.p.m. 

ThixAttropy is repi-esented b; two figures for the same day and spindle speed. 

TABLE IV.--I!ISCOSITY DECREASE IN A4MPa EMULSIOSS RESULTING FROM SHEAR RATE INCREASE FROM 
0.6 TO 6 r.p.m. 

_ _ ~  
~~~~ -- ~ ~~~~ ~~ Day Examined-- - Mean 

Sample 1 2 4 7 14 30 GO 120 Decrease 

4 130 120 240 180 220 240 290 510 240 
5 140 160 260 180 420 230 260 250 240 
6 470 200 450 400 560 510 430 510 440 

~~ 

Samples 4, 5 and 6 contain 2 ,  A, and 20 m g  1100 ml., respectively. 

I mm. w w  equivalent to 1.92 p ,  The droplets in  
sample 3 were so small (in the range of 0.25 mm.) 
that they were inipossible to measure; consequcntly, 
droplet siizc could not be obtained. I t  can be 
stated, however, that the droplets in this sample 
were less than 0.5 p. 

The enmlsion having the lowest concentration 
of AMP is sample 4. As aging occurs, clroplet size 
distribution appcars as a decrease in per cent of 
droplets in smaller sizes and as an increase of larger 
sizes. The droplet size range narrows in sample 5; 
in sample 6 tlhe droplet size became so small (as 
it did in sample 3) that a count could not be made. 
Thc droplet. size range in sample 6 fell entirely 
below 0.5 p. 

Thc mean clroplet size is reported in Table VI 
for each sample on the clay i t  was determincd. 
This tahlc shows that evrn though a significant 

rise in droplet sizc with age cannot be demonstrated, 
the increase in mean droplet size with increased 
amine concentration is readily apparent. 

DISCUSSION 
It has been said that, with very few exceptions, 

all emulsion systems display some type of non- 
Newtonian flow charactcristics especially when the 
phase volume exceeds 0.4 to 0.5 (23). The emul- 
sions examined in this study proved no exception 
to this statement. A pronounced pseudoviscous 
type flow with the appearance of thixotropy was 
seen during the study. Thixotropy has been at- 
tributed to  the formation of extended flocculated 
networks capable of giving the emulsion necessary 
structural properties before thixotropy can be seeti 
(15, 16). Since flocculation is an importarit factor 
(15--21), its effects are seen to some extent in  most, 
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to an increased total interfacial area. Both a 
decreased n1ea.n droplet size and an increased liomo- 
dispersity was seexi in tlie atniiiotiia emulsions ancl 
also iii the* AMl’ einulsioiis. Tlic cfrwt o f  this (.in 
viscosity has been explained on the basis o f  a more 
uniform droplet size offering mnre resistance to  
flow, thus incrcasing viscosity ( l o ) ,  and by ail in- 
creased interaction among droplets duc to an  
increased interfacial area (12) with the efTect being 
more pronounced when droplet dispersity becomcs 
more uniform (13, 14) .  

Lcvius and Drummond (32) found that  droplet 
size frequency analysis yielded more complete ancl 
reliable information about the internal state of the 
emulsion than was obtained from mean droplet 
size data only. This is in agreement with tlie results 
presented in Tables V and VI. The mcan droplet 
size of each samplc listed in Table VI gives the itn- 
prcssion that little growth occurs between days 1 and 
60. Table V reveals that  droplet growth did con- 
tinue through the entire period of study. 

emulsions. Thus, it was not unexpected to see 
thixotropy displayed in aH of the emulsions used 
in this study. 

The i t icreas~~l  irifluriice o f  shear ratc on viscosity 
as the rate was incrcased, as shown in both the 
ammonia and AMP emulsions, can undoubtedly 
also be esplaincd on the basis of increased inter- 
action bctween drtrplets or  between thc droplcts 
and the dispersion medium. 

Thc over-all increase in viscosity as the concen- 
tration of amine was increased agrees with previously 
cited work by Sherman (22). He concluded that  
the emulsifier can influcnce emulsion viscosity in 
several w-ays depending on its solubility in the tw-o 
liquid phases, its chemical composition, the con- 
centration used, and the physical properties of the 
film adsorbed around the droplets. The latter 
property has been studied on rionaqueous systems 
and will be described in a separate publication. 

The effects of droplet size are also important 
here. A decreased mean droplet size corresponds 

TABLE V.-EFFECT OF AGE ON DROPLET SIZED 
_ _ _ ~ _ _ ~ ~ ~  

Diam.. 
Sample 1, 0 .  A nix. 

NII3/100 Iill. 
<0.5 

1 .0 
2 . 0 

Sample 2, 2 mg. 
NHn/lOO ml. 

a . 5  
1.0 

NH3/100 1~11. 
Sample 3, 6 mg. 

a . 5  
Sample 4, 3 mx. 

AMP/100 mi. 
1 . 0  

3 . 0  
4.0 

Samplc 5, 6 mix. 
AMI’/100 ml. 
<0.5 

1 . 0  
2 . 0  

2 . 0  

Saniplc 6, 20 mg. 
AMI’/100 nil. 
<o . 5  

1 

2 . 5  
!44 . :I 
3 . 2 

95.5 
4 . 5  

100.0 

45.1 
52.1 
2 . 8  
. . .  

42.6 
57.4 
. . .  

100.0 

2 4 

2.6 4 . 3  
04.4 92 6 

3 . 0 3.1 

95 .5  95.5 
4 . 5  4 .6  

100.0 m . 0  

40.4 34.5 
54.9 69 .3  
4 . 3  5 . 7  
0 . 4  0 .5  

41.6 34.7 
58.4 64.9 
. . I  0.4  

100.0 100.0 

I)ay Examined 
7 14 

3 . 5  3.2 
92.8 93 . 0 
4 .2  2.9 

94.3 94.3 
5.7 5.7 

31.5 32.2 
60.1 60.2 
8 .4  7.4  
. . .  0.4 

31.6 Z7.6 
67.0 ( 1 . 9  

1.0 0 . 5  

100.0 1oo.n 

- -~ 
30 

0 8 
96.9 
8 . 3  

94.3 
5.7 

1oo.n 

30.2 
61 .s 
8 . 1  
... 

21.5 
77.9 
0.5 

100. n 

~- 
fin 

0.6 
nci. 0 
3 . 4  

94.4 
5 . 6 

100. n 

34.0 
57.3 
8 . 7  

. . .  

22.3 
77.3 
0.4 

100.0 

13istribution is 1-epresented as  per cents of total droplets measured in each size class. 

TABLE VI  -EFFECT O F  CONCENTRATION ON MEAN DROPLET SIZBa 
_ _  ~ ~ 

7 -~ ~ _ _ _ _ _  7 n a y  Examined 
Sampleb 1 2 4 7 14 30 60 

1 2 04 2 04 2.04 2 05 2 04 2 05 2 05 
2 0 80 0 80 0.81 0 84 0 84 0 84 0 %  
3 1,esc. than 0 5 
4 3.36 3.53 3.65 3 74 3.73 3.74 3.73 
5 1.61 1.62 1.70 1.77 1.77 I.X0 1.79 
6 Lcss than 0 5 

‘*Nmnhers represent droplet diameters ciilculated in microns tising Eq. I .  ”Samples 1, 2, and 3 contain 0.6. 2, anrl fi mx. 
NHx/lO0 id., rrspcctivrly. Saniplrs 4, 5 ,  and 6 contain 2 .  6, anrl 20 mp. AMI’ / lOO ml.. respectively. 
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N O .  I NO 1 

I D  I 0  100 I 0 0  
DAY E X A M I N E D  D A Y  E X A M I N E D  

Vig. l.--The effects of age oil the viscosities of Fig. 2.- -’The effects of  agc on the viscosities of 
xmnionia errmlsions (logarithtnie scale). Samples AMP emulsions (logarithmic scale). Samples 4, 5 ,  
1. 2, and 3 represent arnnionia coiiccntrations of aud 6 represent AMP concentrations of 2, 6, and 20 
0.0, 2, and G .mg./100 ml., respectivcly. mg./100 nil., respectivcly. 

The fact that satnplcs 2 and 5 both showed a 
smallcr mean droplet size and droplet distribution 
t h m  Wd.S seen with samples 1 arid 4, respectivcly, 
infers a grcitcr degree of stahility between the 
cmulsiuns a i  the amine concentration was iii- 
creased. Evon though a droplet sizc could not be 
ealculatctl in. either sample 3 or 6, the fact that 
both samples had sizes completely below 0.5 f i  
can have sigii ificant implications as to their stability. 

Scverd published reports have shown the i n -  
1)11rtaiicc and uscfulncss of time plots 0 1 1  :L log- 

( 3 3 3 8 )  it1 stability studies on dis- 
persed systems. These studies demonstrated that 
linear relations existed when the logarithm of some 
propcrty to  be followed in the system was graphed 
with the logarithm of time. For example, Wood 
and Catacalos (36) applied this concept to studies 
on viscosity and concluded that changes in vis- 
cosity especled to occur after 1 year can be pre- 
dicted from data 011 otily 100 days. 

In order t o  perform a similar evaluation of the 
data obtaincd in this study, logarithm timc plots of 
viscosity and age for the various ammonia emulsions 
and A4NIP cmulsions were preparcd and are rep- 
I-eseuted in Figs. 1 and 2 ,  respectivcly. Figure I 
shows a fairly lincar relation for each sample. 
Sample 3 takes a slight rise betwccn day 60 and d a y  
120. Howe>er, this increase, if eoutinued, would 
not rrsult i n  an appreciable rise after 1 year. 
Figure i! also shows fairly good linearity. Therc- 
fore, no appreciable viscosity change should be 
seen alter 1 year. 

SUMMARY 

Six olive oil-in-glycerin emulsions wcre prepared 
wherein ammonia and 2-amino-2-mcthyl-l,3-pro- 
panediol ( A M P ) ,  in various concentrations, served 
as snpoiiifying agents. Six-tenths. 2 ,  and 6 mg. 
:rmn~otiia/lOO i d .  ai id  2, A. and 20 in):, 4MP/100 
ml. were used in rnnking thc emulsions. The 
emulsions wcre stored at room temperature ( 2 5 ” )  
arid drolplet size, rheology, and emulsion stability 
studied (on d:-lys 1, 2 ,  4, 7, 14, 30, and 60. Day 1 

correspondcd to tlic day tlie cuiulsioris wcrc prc- 
pared. 

Droplet size, as measured from photographs taken 
by phase contrast photoriiirrograpliy, was in- 
versely related to  aniine concentration. This work 
also demonstrated that a droplet size frequency 
analysis was much morc meaningful to a stability 
study than was incan droplet size data alone. 

Rheology was studied on thc respective test  
(lays with a Brookfield LVT viscometcr. Viscosity 
wits calculatcd froin Brookfield data using lllc 
“n value” iiietliotl describcd by 12unikis and co- 
workers. These studies revcaled tlie existence of  
non-Newtonian pseudoviscous flow with occasional 
thixotropy. 

Logarithmic graphs of viscosity and time illustrate 
stability in the errmlsion systems. These graphs 
also suggest that no significant changes in viscosity 
would be expected over longer time periods. 
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Effect of Surfactant Concentration on the Interfacial 
Viscosity of a Nonaqueous System 

By RICHARD D. HAMILL* and ROBERT V. PETERSEN 

The interfacial viscosities of the glycerin-olive oil interface after either ammonia or 
2-amino-2-methyl-1,3-propanediol (AMP) had been added were studied by means 
of a viscous traction interfacial viscometer. The m i n e  concentrations used were 
0.6, 2, and 6 m The 
results indicate ttat more rigid films were produced at the interface as amine con- 
centrations were increased. The original viscosities and the increased viscosities 
resulting from increased amine concentrations were as would be predicted from 
fatty acid films. However, viscosities were not so high as thought to be necessary 

for stability against coalescence in emulsions. 

ammonia/100 ml., and 2,  6, and 20 mg. AMP/100 ml. 

REVIOUS STUDIES from this laboratory have 
demonstrated that nonaqueous einulsions of 

glycerin and olive oil can be prepared by means 
of anionic, cationic, or nonionic sui-factants (I, 
2). I t  has further beer1 pointed out that a high 
degree of emulsion stability can be achieved with 
extremely low concentrations of saponifying 
amines such as ammonia or 2-amino-2-methyl- 
1,3-propanediol (,4MP). Indeed, concentrations 
barely sufficient to produce monomolecular films 
of the amine soap a t  the interface produced 
stable emulsions (3). 

The effect on emulsion stability of a rigid inter- 
facial film as a mechanical barrier to coalescence 
has been studied by several investigators. In 
1941, King (5) proposed that the strength and 
compactness of the interracial film in an emulsion 
were the most iniportant factors favoring 
stability. A ycar earlier, Schulinan and Cock- 
bain (G, 7) implied the necessity of high inter- 
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facial viscosity for eniulsion stability by stating 
several conditions essential for optimum stability 
including the need for a “condensed” interfacial 
Glm. Becher (8) has also suggested that the 
formation of a rigid interfacial film is a mechanism 
in stabilizing emulsions. Sumner (10) supports 
this concept by suggesting that the mechanical 
strength of the film of emulsifying agcnt around 
the droplets is important. Blakey and Lawrence 
(1 1) found a partial correlation between eniulsion 
stability and surfacc viscosity at the solution-air 
surface. More recently, the mechanical re- 
sistance of the film and emulsion stability have 
been related (la, 13). 

Because of the remarkable stabilizing effect of 
ammonia and AMP and because it has been re- 
peatedly suggested that a relation exists betw-een 
emulsion stability and the interfacial viscosity 
and mechanical strength of the film in oil-water 
systems (4-13), i t  seemed important to study the 
interfacial viscosities of the glycerin-olive oil sys- 
ten1 containing varying concentrations of aniiric to 
determine if a similar relation exists which could 
help to explain the unusual stability of emulsions 
of these components. 
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Effect of Surfactant Concentration on the Interfacial 
Viscosity of a Nonaqueous System 

By RICHARD D. HAMILL* and ROBERT V. PETERSEN 

The interfacial viscosities of the glycerin-olive oil interface after either ammonia or 
2-amino-2-methyl-1,3-propanediol (AMP) had been added were studied by means 
of a viscous traction interfacial viscometer. The m i n e  concentrations used were 
0.6, 2, and 6 m The 
results indicate ttat more rigid films were produced at the interface as amine con- 
centrations were increased. The original viscosities and the increased viscosities 
resulting from increased amine concentrations were as would be predicted from 
fatty acid films. However, viscosities were not so high as thought to be necessary 

for stability against coalescence in emulsions. 

ammonia/100 ml., and 2,  6, and 20 mg. AMP/100 ml. 

REVIOUS STUDIES from this laboratory have 
demonstrated that nonaqueous einulsions of 

glycerin and olive oil can be prepared by means 
of anionic, cationic, or nonionic sui-factants (I, 
2). I t  has further beer1 pointed out that a high 
degree of emulsion stability can be achieved with 
extremely low concentrations of saponifying 
amines such as ammonia or 2-amino-2-methyl- 
1,3-propanediol (,4MP). Indeed, concentrations 
barely sufficient to produce monomolecular films 
of the amine soap a t  the interface produced 
stable emulsions (3). 

The effect on emulsion stability of a rigid inter- 
facial film as a mechanical barrier to coalescence 
has been studied by several investigators. In 
1941, King (5) proposed that the strength and 
compactness of the interracial film in an emulsion 
were the most iniportant factors favoring 
stability. A ycar earlier, Schulinan and Cock- 
bain (G, 7) implied the necessity of high inter- 
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facial viscosity for eniulsion stability by stating 
several conditions essential for optimum stability 
including the need for a “condensed” interfacial 
Glm. Becher (8) has also suggested that the 
formation of a rigid interfacial film is a mechanism 
in stabilizing emulsions. Sumner (10) supports 
this concept by suggesting that the mechanical 
strength of the film of emulsifying agcnt around 
the droplets is important. Blakey and Lawrence 
(1 1) found a partial correlation between eniulsion 
stability and surfacc viscosity at the solution-air 
surface. More recently, the mechanical re- 
sistance of the film and emulsion stability have 
been related (la, 13). 

Because of the remarkable stabilizing effect of 
ammonia and AMP and because it has been re- 
peatedly suggested that a relation exists betw-een 
emulsion stability and the interfacial viscosity 
and mechanical strength of the film in oil-water 
systems (4-13), i t  seemed important to study the 
interfacial viscosities of the glycerin-olive oil sys- 
ten1 containing varying concentrations of aniiric to 
determine if a similar relation exists which could 
help to explain the unusual stability of emulsions 
of these components. 
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The term interfacial viscosity, as used through- 
out this study, is defined as thc shear viscosity of a 
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between two liquids. The term surface viscosity, 
on the other hand, is the shear viscosity of a mono- 
layer spread or adsorbed a t  the surface of a liquid 
(14). Both interfacial and surface viscosities have 
the ditnensiotis MT-', instcad of ML-IT-' as for 
bulk viscosity (where M ,  L ,  and T represent mass, 
iti Gm., distance, in cm., and time, in see., respec- 
tively), and a:rc measured in units of Gm. see.-' 
called "su:rIace poise" (s.p.). 

Interfacial viscosity was measured by means 
of the insl.rum:nt shown in Fig. 1. Except for the 
diameter of tlie wire (0.078 em. instead of 0.084 
cm.) used to form the concentric rings and the 
driving mcchaiiism (Bodine speed reduction motor 
and appropriate pulley arrangement j, this instru- 
ment was constructed according to the specifica- 
tions of the itiodified viscous traction interiacial 
viscometeir of Davies and Mayers (15). The 
specifications of the instrument will be mentioned 
briefly. 7 3 e  two concentric stainless steel wire 
rings were held in place by the larger support rods 
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diameter modified the calibration curve used by 
Davies and Mayers when applied t o  this instrument, 
three experiments werc performed. First, the two 
interfaces (benzene/water and ethyl acetate/water) 
utilized by the original investigators when cali- 
brating their instrument a t  the oil-water interface 
were formed and duplicate results were obtained. 
Second, Davies and Mayers reported interfacial 
viscosities of monolayers adsorbed from 4 X 10-3 kl 
sodium lauryl sulfate solutions a t  thc benzene- - 
water interface as 1.5 X s.p. a t  20' and as 
1 X lO-'s.p. a t  22'. The viscometer constructed 
for this study gave an interfacial viscosity of 1.2 X 
1W4 s.p. a t  81'. Third, Davies (4) reported the 
surface viscosity of steariceacid on 0.01 N HCl as 
6.25 X s.p. a t  20.1 A.*. A similar film was 
used to verify this value with the present instru- 
ment. A benzene solution of stearic acid was ap- 
plied to the surface of 0.01 NHCl using a micrometer 
syringe. Surface area calculations were corrected 
for the small area occupied by the wire rings. A 
surface viscosity of 6.5 X s.p. was obtained 
when measuring this film. These data suggest 
that the results obtained with this instrument are 
remarkably similar to those obtained by Davies 
and Mayers and that their calibration curve can 
be used within the range of duplicate results. 

Six solutions of amine in glycerin were prepared 
to correspond with the concentrations of ammonia 
(0.6, 2, arid ti m g . / l U U  ml.) and 2-amino-2-methyl- 
1,3-propanediol (AMP) (2, 6, and 20 tng./100 iiil.) 
used in emulsions studied and reportcd in a sep- 
arate publication ( 16). These concentrations were 
bascd on the total amount of olive oil and gycerin 
contained in tlie dish. The ratio of glycerin to 
olive oil was 60:40 analogous to a phase volume of 
0.40 used in the olive oil-in-glycerin emulsions 
previously studied (16). 

The mean time of 1 rev. a t  the clean glycerin- 
olive oil interface was determined. Following this, 
mean revolution times were measured a t  the glyc- 
eriri-olive oil interface after varying amounts of 
ammonia or AMP had been added. All deter- 
minations were made at 20". 

Each interface was mcasured within a few min- 
utes after it was fornied and at intervals over the 
next 2 hr. Several revolutions were timed and 
averaged to obtain the mean time of 1 rcv. The 
mean time of the clean glycerin-olive oil interface 
was Subtracted from the meau time of each sample 
to dctrrmiiie the amount of retardation. The 
calibration curve (Fig. 2) was then uscd to obtain 
the interfacial viscosity in s.p. 

RESULTS 

'l'able I lists the results of the interfacial vis- 
cosity studies a t  the glycerin-olivc oil interface. 

When the interface was clean (no aminc added) 
the frleaii time of 1 rcv. was 171 ser., corresponding 
to no retardation and therefore, no interfacial 
viscosity. Upon tlie addition of 0.6 mg. ammonia/ 
100 ml. to the glycerin phase, the mean time of 1 
rev. at the interface Was 185 see. representing a 
14-see. retardation. This was equivalent to an 
interfacial viscosity of 1.2 X s.p. The mean 
revolution time rose to 204 sec. with the addition 
of 2 mg. arnnionia/100 ml. to the glycerin phase. 
This represented a retardation of 33 sec. and a 

Fig. 1.-In- 
tcrfacial viscom- 
eter. 

attached to i..he upper plastic platform. Three 
wires of the same diameter as used for the rings 
were soldered to each ring and made to lie in the 
planc of the rings for a short distance (about 1.5 
cnl.) before they were bent upward and soldered 
to the support rods. The diameters of thc outer and 
inner rings wcre 12.5 arid 11.6 cm., respectively. 
A Pyrcx dish, 18.5 em. in diameter and 4 cm. high, 
was centered 011 t h e  turiitablc and held the liquids 
which formed the iuterface to be studied. The 
turutablc rotated a t  1 rev. in 38 see. The wire 
ritigs werc he:ld stationary by both the support 
rods and the upper platform, but the platfortii could 
bc adjusted, thereby raising and lowering the rings 
to the desired position. 

The methods employed in the t m :  or thc iristru- 
rncmt were also patterned after those dcscribed by 
Davies and Mayers (15). The results obtained are 
dependent upon the amount of retardation of the 
film flowing in the canal when the interface is cleat1 
and when am additive is present. To measure re- 
tardation, talc particles were placed at  the interface 
a r i d  the time for 1 rev. was measured. The ritigs 
wcre raised slip;htly above the interface producing a 
tnciniscus, which acted as a trough to insure that 
the talc particks rcmairied in the canal. 

In order to determine if the difference in wire 
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and interfacial viscosities have been developed 
(4, 1.5, 17-22). However, the niodified “flow 
through a canal” method of Davies and Mayers 
was selected for this study because of several iti- 
hcrcnt advantagrs. Ewws and Sack (21) have 
discussed the validity of the “flow through a 
canal” technique with solublc layers. They pointed 
out that where surface pressure is applied to soluble 
layers, part of thc adsorbcd film merely dissolvcs 
in  the interior of the liquid instead of passing 
through the canal. The “viscous traction” mod- 
ification of Davies (4) and Ilavies arid Mayers 
( 15) overcomes this disadvantage by allowing the 
liquid substrate to  cause the film to move. Another 
advantage in the use of this modification is that the 
width of the canal can be varied arid made as 
narrow as required to  increase the sensitivity when 
working with monolayers of very low viscosity. 
Joly (14) states that this method is considered best 
for measuring films of low Newtonian viscosity. 
The  existence of both A-ewtonian viscosity and 
viscosity of a low magtiitiide (10-4 s.p.) can easily 
bc established for thc glycerin-olive oil system. 
The very presence of olive oil with its free fatty acid 
content makes i t  rcasonablc to  hypothesizc that 
the surfactant found a t  the interface is a fatty acid 
type. Furthermore, Joly (23) states that  prac- 
tically all trionolayers of fatty acids and triglycerides 
are Newtonian and are of a low order of magnitude. 

The disadvantage in the use of this instrument 
involves the niathetnatical interpretation of the 
hydrodynamics of the process. Since this is cx- 
trerriely complicated, Davies and Mayers cali- 
brated their instruments using films of known siir- 
face viscosities. ilfter calibrating the instrument 
a t  the air-water surface, they applicd it to  the oil- 
water interface. In the first instancc, a benzene 
water interface was measured and flow in the canal 
was found to take only 10 sec. longer than a t  thc 
clean air-water surkace. When ethyl acetate was 
used in place of benzene, 1 rev. took only 5 sec. 
longer. Because of this approximate equality, they 
concluded that the viscous drag, which the rotating 
oil exerts on the talc in the canal, balances thc extra 
drag on the interface by the stationary canal walls 
oia the adjacent oil. Therefore, the same calibra- 
tinn curve which was determined a t  the air-water 
surfacc was used at the oil-water interface. Davics 

in-1, 

Fig. 2.-Cali- 
bration curve 
for the inter- 
facial viscom- 
cter. [After 
Davies and 
Mayers 115).] 

viscosity of 2.2 X lo-’ s.11. A 52-see. retardation 
time was shown wlieti 6 nig. ainnionia/100 nil. 
was added to glycerin. l’liis corresponded to a 
mean revolution time of 223 sec. arid an interfacial 
viscosity of 3.4 X 1 0 P  s.p. 

Upon the addition of 2, 6, and 20 tng. AMP/100 
inl. to  the glycerin phase, mean revolution timcs 
of 206, 217, and 225 sec., respectively, were ob- 
tained; these represent retardation times of 35, 
46, and 54 SCC., and interfacial viscosities of 2.3 X 
lo-”, 3.0 X and 3.6 X respectively. 

A l l  interfaces formed with either ammonia or 
AMP in the glycerin phase showcd constant mean 
revolution times witliin 30 triiti. 

DISCIJSSION 

Tliis study was undertaken to measure the effects 
of various coticeritrations of arrimotiia or .4MP 
upon the interfacial viscosities of the glycerin- 
olive oil interbace. 

The existence of surface viscosity was first ob- 
served by Plateau in 1869 (14). Plateau observed 
that a fluid surface exhibited resistance to  de- 
formation or flow from the diffcrcnce in damping 
rates of a compass needle oscillating on the surface 
and in thc interior of a liquid. Since that time 
several methods for the measurement of surfacc 

‘I‘ABLK 1. ~ 1S.I.EKlrACIAL L‘ISCUSlTY OF GLYCERIN-OLIVE OIL INTERFACE A h T E R  TIIE .%UDI1.ION OF EITIIER 
~ ~ M M O N I A  OR AMP 

- ~ 

-~ 
.~~ .. . .. ~ _ _ ~ ~  

Mean ‘Timc or Ititei iacial Viscosity, 
Additivc l I-ev., sec. KetardaLiou. SCC. x lo-“S.u. 

No adtiitive 

0 . 6  111g. rU’H3/1UO 1111. 

2 trig. NH3/100 ttll. 

6 mg. NH,/100 ml. 

2 mg. AMP/100 ml. 

6 mg. AMP/100 ml. 

20 mg. AMP/100 ml 

171 
(170-175)“ 

185 
(1 82-1 8‘7) 

204 

223 
(203-206) 

(221-223) 
206 

(202-209) 
217 

(215-219) 
225 

(223-229) 

0 

14 

33 

52 

35 

46 

54 

0 

1 . 2  

2 . 2  

3 .4  

2.3 

3 . 0  

3 . 6  

. _ _ _ _ _ _ _ ~  ~ 

Numbers in par-entheses indicate the range of observed revolution times from which mean time was calculated. 
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and Ma ycrs claim that their instruinciit caii bc 
used to study interfacial viscosities from to 
1 0 - I  s.p. The only portion of the curve utilized 
in this study was bctwccn and lO- ‘3  s.p., which 
was essriitially within the range whcrc duplicate 
results were obtaincd with known films. 

The re:;ult:s obtained demonstrate that  there is a 
measurable increase in viscosity when the conccn- 
tration of  aminoiiia is raised from 0.6 rrig,/100 nil. 

/ lo0 ml. At 0.6 mg./100 ml. the intcr- 
:osiiiy was 1.2 X s.p. This increased 

to  2.2 X: lO-~’s.p. a t  2 mg./100 ml. and rose again 
a t  6 mg./100 ml. to 3.4 X 

The addition of AMP to the glycerin phase showed 
a similar increase in interfacial viscosity. At 2 
mg./100 ml.:, the interfacial viscosity was 2.3 X 
1 0 P  s.p. The interfacial viscosity rose to 3.0 X 
1OF a t  6 mg./100 ml. and to  3.6 X 1 0 P  s.p. a t  
20 mg./:LOO nil. 

Davies an(d Ridedl (24) state that  monolayers 
o f  fatty acid esters which give “gaseous” films of 
grrat areas are characterized by Newtonian flow 
arid low viscosities (10P to 1 W 4  s.P.). Mono- 
layers of hig’her fatty acid esters and of oleic acid 
also show Newtonian flow and viscosities of this 
order, but show an increase in viscosity as the con- 
centration is increased and the available surface 
area decreased produciiig a inore “condensed” film. 

Davies (251) reports that  an interfacial viscosity 
of a t  least. s.p. seems to  be required if the inter- 
facial film is not to allow coalescence during the close 
approach of two droplets. The results of this 
study indicate that a niore rigid film is produced 
a t  the interfi-lce as the amime concentration is in- 
creased. Thr results also indicate that the orders 
of magnifudc: of the viscosities and their increases 
over the coiicentrations studied were similar to  
viscositics prcdictablc from New-tonian fatty acid 
films, but. that  they were not so large as Davies 
suggcsts is necded for coalescence inhibition. 

The k.riowl!c.dge that a more viscous interfacial 
film is present in the glycerin-olive oil system is not 
meaningful in itself, but when correlated with 
published work on the stability of glycerin--olivc 
oil emulsions ( lci), a significant relation can be 
hypothesized. When either ammonia or AMP 
was employed in the emulsion system, stability as 
seen by droplet size distribution data, increased as 
the added artline was increased. This study then 
has demonstrated that stability can be achieved 
i t i  these emulsions with interfacial viscosities which 
arc ori the order of 100 times lower t1ii.m that con- 
sidered I iccessary. 

s.p. 

SUMMARY 

oils tt-actioit interfacial viscoiiictcr, put-  
terned after the oiic described by navies atid 
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Maycrs, was used L o  measure iiitc.rfaci:~l 
the  glycerin-olive oil interface after either amnoilia 
or 2-aniino-%-mctliyl-l,~-propaiiediol (AMP) had 
been added. The concentrations of amine employed 
corresponded with those used in a11 olive oil-in 
glycerin emulsion stability study. 

The results indicate that a niorc rigid film was  
produced a t  tlie interface as the amine concentration 
was incrcascd. The interfacial viscosity increased 
from 1.2 X lop1 s.p. a t  0.6 mg. ammonia/100 ml. 
to 3.4 X s.p. a t  6 mg./100 ml. ‘I’he interfacial 
viscosity of tlie AMP film increased similarly. At 
2 mg. .4MP/100 ml., the interfacial viscosity was 
2.3 X s.p. This rose to  3.6 X s.p. a t  
20 mg./lOO ml. 

1 he viscosities mcasured and the increases 
seen are as would be predicted from known fatty 
acid filnis. However, the viscosities were on the 
order of 100 times smaller than that tliouglit 
ncccssarp for stability agaimst coalesccncc in 
emulsions. 

r .  
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Determination of 7-Bromo-1,3-dihydro-5-( 2-pyridy1)- 
2H-1,4-benzodiazepin-2-one (Ro 5-3350) in Blood 

by Gas-Liquid Chromatography 
By J. ARTHUR F. DE SILVA and J. KAPLAN 

A method for the determination of Ro 5-335 0 [7-bromo-l,3-dihydro-5-(2-pyridyl)- 
2H-1,4-benzodiazepin-2-one] in whole blood of humans is described involving 
selective extraction into ether, acid hydrolysis, and analysis by gas-liquid chroma- 
tography. The method has good sensitivity (0.07 to 0.10 mcg./ml., blood), is 
specific for Ro 5-33 50 after it is hydrolyzed to 2-amino-5-bromo-benzoylpyridine, 
and has an acceptable recovery of the order of 61.0 f 3.0 per cent. The method 
has been successfully applied to the determination of Ro 5-3350 in samples obtained 

from a blood level fall-off study. 

0 5-3360 [ 'i-BROMO- 1,3-DIHYDRO-5- (2-PYRI- 

nYL)-aII-l,l-BENZODIAzEPIN-2-0NE] (1)  iS a 
new psychotherapeutic drug of the I ,4-henzodia- 
zepine class of compounds ( 2 , 3 ) .  It is undergoing 
clinical evaluation as a psychotropic drug in the 
control of ambiilatory schizophrenics 

The compound is chemically related t o  chlor- 
diazepoxide' and diazepam. Ro 5-3350 under- 
goes strong acid hydrolysis to  an aromatic pri- 
mary ainine which can be measured by  a Bratton- 
Marshall procedure as is chlordiazepoxide (4) 
(Scheme I). 

Studies of Schwartz and Baukeina (5) with 
'Clabeled Ro 5-3350 (labeled in the benzo- 

diazepine ring at 'C=O, Scheme I) conducted 

in dogs revealed that the maximum concentra- 
tion of the compound in blood after a 3.5-mg./ 
Kg. oral dose totaling 36 mg. was 0.90 mcg./ml. 
4 hr. after administration of the drug. This 
indicated the need for an assay capable of detec- 
tion in the submicrogram range and suggested 
the use of gas-liquid chromatography (GLC). 

Preliminary work showed tha t  intact Ro 5-3350 
could not be determined by  GLC because of 
thermal decomposition a t  the high flash tempera- 
tures required for volatilization. However, 
strong acid hydrolysis of the compound to  2- 
amino - 5 - broino - benzoylpyridine (ABBP), 
Scheme I, reaction 3, gave a good response to 
electron-capture detection when chromato- 
graphed on a 2-ft. column of 2% Carbowax 
"OM-TPA (6). The method finally adopted 

/ 

~~ 

Received January l Y ,  1966, from the Department of 
Clinical Pharmacology, Hoffmann-La Ruche. Inc.. Nutley, 
h'. J. 

Accepted for publication June 15, 1966. 
The authors thank Dr. B. A. Koechlin and Dr. M. A. 

Schwartz, Department of Clinical Pharmacology, Hoffmann- 
I.aRoche, Inc., for their interest and assistance in this 
study, and D r .  W. B. Abrams and Dr. E. N. Whitman, 
Hollmann-LaRoche, Inc., for conducting the clinical studies 
using the facilities of the Newark Beth Israel Hospital, 
Newark, N .  J .  

1 Marketed as Librium by Hoffmann-LaRoche, Inc., Nulley, 
N. J. 

2 Marketed as Valium by Hi>ffmann-l,alioche, Inc., Nutley, 
h'. J. 

utilized the electron-capture detector response to  
ABBP for the determination of the parent coin- 
pound, Ro 5-3350 in blood or plasma was ex- 
tracted at pH 9.U into diethyl ether and then 
re-extracted from ether into 6 Ar HzS04. The Ro 
5-3350 in this acid medium was hydrolyzed t o  
2-ainino-5-bromo-benzoyl~~yridine (ABRP) and 
glycine, after which the acid phase was neu- 
tralized, and the ARRP was extracted into diethyl 
ether. The residue after the cvaporation of ether 
was taken up in a known volume of n-hexane, an 
aliquot of which was analyzed by  GLC. The 
area of the ABBP peak was used to  determine the 
concentration of Ro 5-3350 in the sample. 

EXPERIMENTAL 
Operational Parameters.-Instrumeut: Jarrell- 

Ash chromatograph, Universal model 28-700 with a 
100 mc. titaniuni tritide electron-capture detector 
(No. 28-750). Column: a 2-ft. column of 27, 
Carbowaw SOM-TPA on silanized Gas Chrom P 
100-120 mesh contained in stainless steel 1/4-in. 
tubing. Carrier gas: nitrogen passed through a 
molecular sieve before entering the column and 
adjustcd to  a flow rate of 250-300 ml./min. Column 
head pressure: 2 5 2 7  psig on  a second stage of gas 
rcgulator. Conditions of column head pressure 
and flow rate may be varied so as to  obtain a re- 
tention time for ABBP bctwecn 6 and 7 min. 
for effective separation from adjacent peaks. 
Temperature of oven: 220 f 2" (isothermal). 
Temperature of injection port: 250 f 2'. Tem- 
perature of detector: 210 f 2". Amplifier range: 
1.0 X lop9 amp. full-scale dcflcction. Optimum 
detector voltage for ABBP: 20-30 v. d.c. Output 
on recorder: 1 .O mv. (Brown-Honeywcll.) Chart 
speed: 1.26 cm./min. = 30 in./hr. Time constant: 
1 sec. Minimum dctcctablc amount of A R B P  = 

5.0 X Gm. (5.0 ng.). Ketentioti time (RL) 
ol ABBP = 6-7 rnin. 

Preparation of Column Substrate.--l"ie iucrt 
support Gas Chrom P 700/120 mesh (Applied 
SCieiiCe Labs, State college, pa.) was silanized, 
aud coated with Carhowaw 20M-TPA ( Wilkens 
Instrument and Research, Inc.) t o  give a 2% 
loading on a weight-weight basis (7).  

Packing and Conditioning the Chromatographic 
Column.-A 2-ft. piece of stainless steel tubing was 
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Clieiiiical Keactioiis u1 
Ctilordiazepoxide, Diaze- 
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I , /N--Cf 

(& 

2 It2 I,,, 0 ,  100.C 

6 N  HZ5O4 
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/ C I  -. 
C Y C L I Z A T I O N  
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0 
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packed with the. prepared substrate arid ctrnditioned Shake well arid check pH, buffer it up to pH 9.Y 
for 24-48 hr. a t  240’ (7). A properly conditioned if necessary with thc r’;azCOa solution. This solu- 
and sensitized column had a useful life-span of tion is 1 M with respect to H3BO3-Na2CO3-KCI, 
about 6 months of continuous use. T h e  solution should be stored at  about 35-37’ to 

prevent crystallization of the salts out of the 
solution. Determination of Standard Curve of ABBP 

2-Amino--Ei-br~~mo-berizoylpyridi~~~ synthesized by niethyl Ethey.-Analytical reagent grade ether 
Fryer et al. (1) of >98% Purity was dissolved in (absolute) containing not more than 0.0005Y, 
hexane to yield a stock standard solution of 1 residue after evaporation arid peroxide content not 
tng./ml. From this solution suitable dilutions more than 0.00005% (Mallinckrodt) must be used 
were made with n-hesane to yield final standard from a freshly opened can om the day of use or up to 3 
solutions csoveririg the range of 5 ng./lO pl. to 30 days after opening. 

iinal solutions were injected and from their avcraar iLne (=isher) not ( 1 , 0 0 0 3 ~ ~  
peak areas a standard curve of peak area (cm.z) 

Into a 40-ml. glass-stoppered centrifuge tube, zwsus nanograms of ABBP was drawn as shown in 

2 rnl .  ( J f  triple-distilled H20, a i d  5 nil. of pH 9.0 for each d i ~ y  01‘ analysis because column perforn- 

1 M ttorate buffer, and in ix  well by tapping. : i i m  and detector respoiisc t u  A U U  I’ c l ia i ige~ with 

Add 15 nil. of ether, seal stoppcr with triple- t iinc. 

I’roced ure distilled water, atid shake on a reciprocating shaker 

11g./10 P I .  Three l0-d. aliquots Of each of the n-ffexane,-Reagent grade “sp~trar~alyzed” hex- 

residue after evaporation must be used, 

ITig. A4 be dcterrnined :Ldd 1 1111, of of blood containing Ro 5-33.?,), 

Reagents;. ~-11]] ,-c.aKcllth tilust I,(. ,,f j-eagej,t 
for lo Inin. Ce’ltrifuge (refrigerated cen- 

layers and transfer ether phase into another 40-ml. were made up in triple-distilled water. 6 N IIzSOa 
in triple-distillcd water. 6 N NaOH in triple- 
distilled water. Re-extract the blood with another 10 ml. of 

1 ~f H J ~ o , - ~ ~ ~ ~ c o : ~ - ~ - c ~  ~ ~ f f ~ ~ . - - ~ ) i ~ ~ ~ ~ l ~ ~  62.8 

tube‘ 

ether and combine the ether extracts. 
C r n .  oI boric n d  (H.rBO,<) arid 74.6 Gin. of KCI/L. Add 5 nil. of t i  N H2SOI to the combined ether 
of triple-distilled water. Dissolve 106.0 Gin. extract, shake for 10 inin., and centrifuge for 5 min. 
Ka7COs/L. of triple-distilled water. To 630 ml. to  effect a quantitative separation of the ether and 
d the boric acid-KCI solution add 370 ml. of the Remove the ether layer by aspiratioii 
Na2CO3 solution to make a liter of buffer solution. 

acid phases. 
with a capillary pipet. 
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niatographed arid tlie ABBP peak is identified by 
its retention time. 

The area of this peak is determined and the 
nanogram amount of ABBP present is obtained 
from a standard curve. The nanogram amount 
of Ro 5-3350/ml. of blood or plasma is drterminctl 
from the total nanograms of ABBP X 1.142 [cori- 
version factor, based on the molecular weights of 
Ro 5-3350 (316.16) and ABBP (276.9), respec- 
tively]. The amount of compound present in the 
samples should be corrected for the per cent re- 
covery of internal standards run concurrently. 

10 20 30 
CONCN. ng. OF R O  5-4598 ABBP STD. 

Fig. l.--I,itic.ar response of ABB 1' standards oii 
a 2-ft. eolutnu of Zci0 Carbowax 20M-TI'A ou 
silanized Gas Chroni P. 

Extract the acid phase once by shaking with 10 
ml. of rther for 10 min., followed by a second rx- 
traction with 10 ml. of ether for 5 inin. After each 
extraction centrifuge for 5 min. to separate thc 
phases and remove the respective ether layers by 
aspiration with a capillary pipet. 

Place the tube containing the ether-waslietl 
IizSOa extract (uristoppcred) iu a Iiot water batli 
(80-900) for 10 min. to drive off all the rcmainiug 
ether. Then stopper the tube (seal with triple- 
distilled water) and place it in a boiling water bath 
for 2.5 hr. to hydrolyze the Ro 5-3350 to ABBP. 

After hydrolysis, cool the sample in ice, and add 
1 drop of bromthyrnol blue indicator (O.lyo in 
50% alcohol). Neutralize the cooled H2S04 extract 
in ice with 6 N NaOH to a blue color. 

Add 10 ml. of ether to  the neutralized samplc, 
seal the stopper with triple-distilled water, and 
shake for 10 min. on a reciprocating shaker. Ccn- 
trifuge for 5 min. to separate the phases and transfer 
the ether layer into a 15-ml. glass-stoppered conical 
centrifuge tube, and evaporate the ether down to a 
volume of about 1 nil. 

Re-extract thc sample with another 10 nil. of 
cther and combine the ether extracts in the 15-ml. 
centrifuge tube. 

Centrifuge the combined ether extracts for 5 
min. and carefully rcmove any aqucwus layer present 
using a hypodermic syringe fitted with a cannula 
(BD-20, 15 cm. in length). 

Evaporate the combined ether extracts to dryness 
in a hot water bath and dry the residue in a vacuum 
dcsiccator for 30 min. Thc samples must not be 
maintained under vacuum for more than 1 hr. or 
loss of ABBP is incurred. 

Dissolve the residue in 100 pl. of n-hesaiir and 
~iisiire uniform distribution and solution of the 
material by tapping the tube for 60 sec. 

A suitable-sized aliquot, 1-10 pl.,  of the firial 100 
p l .  of n-hexane extract of the sample residue is chro- 

RESULTS AND DISCUSSION 

Preparation of the Sample for GLC.--'Two 
problems were encountered in this phasc of the 
study. The first one was to effect a quantitative 
extraction of Ro 5-3350 from blood and back into 
6: N H2SO4, the second was the complete hydrolysis 
to RRBP and the extraction of this compound into 
ether. Because of the basic nature of the com- 
pound it was found that Ro 5-3350 was quantita- 
tivcly extracted (97-99y0) into dietliyl ether froiti 
blood buPlered to pH 9.0 and back into 2 LV HC1 
as determined by its U.V. absorbance values in 2 N 
HCI, A ;> = 0.057/mcg. The recovery from blood 
into ether was also deterniined to be 98-99% of 
added Ro 5-3350 using 14C-labeled material de- 
termined by radioisotope scintillometry (Tablc I). 
When the ether phase was extracted with 6 A7 
H2S04, all the radioactivity (dpm) was quantita- 
tively removed into the acid. 

The next step, conversion of Ro 5-3350 to ABBI' 
by acid hydrolysis in 6 N HeSOr and the cxtraetioii 
o f  ABBI' iuto cther W a s  studied, aiid was tokJWet i  
by thin-layer chromatography (TLC) oil Silica 

T A H I - E  ~.-RRCOVEKY OF ' 'C-R~ 5-3350 i \ I ) l )EI )  '10 
1 ml. OF BLOOD 

Determined by 
Radioisotope Scintillornetry 

Activity Activity 
Concn., Added, Recovered, Recovery, 

mcg. dpm dpm 70 
50 18,200 1 8 , O q X  99 .1  

18,307 100.6 
18,371 101.0 

100 36.000 36,204 100.5 
35,211 97.8 
34,2 18 95.1 
35,679 99.1 
Ovcr-all av. 99 .0  =t 2 , l  

TABLE 11.-RECOVERY O F  KO 3-3850 A F ~ E R  
HYDROLYSIS TO ABBP IN 6 N HeS04 

~ 

~ ~ _ _ ~ ~  
Determined by Gas 

Liquid chromatography 
K o  5 8350 Total Ro 5-33GOn o/b 
Added, ng. Recovered, ng. Hydrolysis 

300 224 75.0 
226 75.0 

500 391 78.0 
389 77.0 
393 79.0 
407 8". 0 
365 73 . 0 
407 82.0  

Over-all av. 77.6 f 3 . 3  

Total ng. ABBP X 1.142 = Ro 5-3350 equivalent. 
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Gcl G (Stahl) with a fluorescent indicator in two 
solvent s:y:jtems: n-heptanc-chloroform-ethanol 
(10: 10: I )  :tiid i n  ethyl acetate. I3y running sep- 
aratc. stanclartts of Ro 5-3:3,50 and .1I3UI' alongside 
the hydrolysatr extract arid by viewiri,q the de- 
veloped plate under shortwave U.V. light, tlic 
position of each cornpound was ~n:~rle visiblc so 
tha.t the scgrneiits of Silica Gel G containing them 
icould be sicraped off the plate and either counted 
'by radioisotope scintillometry or aualyzed by 
1GL.C. Using Clabeled Ro 5-3350 extracted 
from blood iiitcs ether and back in 6 N HzSO?, arid 
rilso added dircctly to 6 N H,SO, and hydrolyzcd 
ifor 2.5 hr. a t  1 0 O o ,  no significant radioactivity was 
,measurable in the Ko 5-3350 area on TLC. This 
-indicated that the compound was quantitatively 
converted. The area 011 the TLC plate having the 
same Iif as the ABBP standard showed an intense 
:yellow band which was scraped of€, extracted into 
tether, and analyzed by GLC. This compound had 
-the same retention time as the ABBP standards 
:and was qua.nti:rcd from a standard curve of ABBP. 

Studies 1x11 the kinetics of the hydrolysis of Ro 
53350 to ABHF' showed that 6 N H2S04 produccd 
-the more reproducible and optirrial yield of the 
,compound when compared with 6 A' HCI. The 
:average recovery of Ro 5-3350 after hydrolysis for 
'2.5 hr. a t  100' ((boiling water bath) was determined 
by GLC and w8.s round to be of the order of 7770 =t 
,3%) of init?a.lly added compound (Table 11). This 
yield could not be irnproved, and it is suspected 
that a loss of ABBP under the hydrolysis conditions 
to p-bromo~aniline and nicotinic acids (Scheme I, re- 
action 3 )  occurs with the resultant loss in yields of 
.ABBP. The c(xiversion of Ro 5-3350 to ABBP is 
(qnantitativc: as thcrc was no measurablc amount of 
residual R o  5--:3350-14C left after hydrolysis, as 
determined by TLC and radioisotopc scintillom- 
etry. The amount of ABBP recovered after 
hydrolysis was determined by GLC. The possible 
interfercncc of p-bromoaniliiie with the GLC dc- 
.termination of ABBP was investigated. The con-  
pound does nol. intcrfcrc with the quantization of  
.ABBP. The use of 6 N H2SO4 over 6 N HCI also 
gave cleaner chromatograms for control blood after 
:I 2.5-hr. hydrolysis (Fig. 2 ,  curve A ) .  

lluring the investigation of suitable clean-up 
inrethods for th? purpose of eliminating interfering 
peaks, it  was found that centrifuging a t  each 
extraction gave' clean separation o f  ether and 
:iqueous phases resulting in a niininial contamination 
o f  the ether extracts with water-soluble materid. 
'Washing the €I~S04 with ether, centrifuging the final 
cthcr cxtract, and careful removal of any droplets of 
water and alkali carried over in the transfer opera- 
tion very effectively cleaned up the extract and 
gave a very clean chromatogram in the area of the 
.4BBP peak. 

Parameters for Gas Chromatography 
Thc development of GLC parameters for the dc- 

termination of ABBP involved the investigation of 
several phases of which Carbowax 20M (CSW 20M) 
itiicl ethylene glycol adipate (EGA) proved to be 
t.he most satisfactory. Using 2-ft. columns of 2% 
CBW 20M or 276 EGA on silanized Gas Chrom I' 
lOO/120 inesh, the riiininiurn detectable arriounts 
of ABBP were in the order of  50 to 100 ng. by 
elcctron capture. This lcvrl was not scnsitivr 

128 I 

enough sirice the blood levels from the dog cxpcri- 
ments ( 5 )  indicated the need for an assay in the 
10-20 ng. order of  sensitivity for ABBP. 

'Thc coitipouiid AH14t '  has a n  aroni:itic anline 
group atid the gyridyl-N moiety. hotti o f  which arc 
clectrophilic groups, and thus would tcnd to 
reduce thc electroiic~ativity of the Br and carboiiyl 
groups. This would tcnd to reducc tlic response 
of ABBP to electron-capture detection (ECD) 
by GLC. The formation of a derivative (8) which 
would reduce or climinatc such effects was at- 
tempted (Scheme I, reaction 4)  but was unsuccessful 
in the submicrogram range. A few grams of thc 
" fluorenone" derivative was synthesized (9)  for 
use as an analytical standard. I t  showed cxcellent 
response to ECD with a minimum detectable range 
of 5-10 ng. 

The use of lightly loaded columns of 2-ft. 0.20- 
0.25", Carbowax 20M on micro glass beads lO(b-120 
mesh gave better results on GLC and enabled the 
determination of 10-20 ng. of ABBP as minimum 
detectable amounts. The major disadvantage 
with this prcparation was a marked tailing of thc 
ABBP peak and short column life of 4-6 weeks 
after which thc cntirc column had to be discardcd. 
Finally the use of 2%, Carbowax "OM-TPA as the 

C 

B 

A -  It- Rt = 6.75 mins. d 

r 

Fig 2.-Chrom&gram of control blood (A) and 
control blood containing 400 ng. ( H )  and 500 ng. 
(C) of  added Ko 5.3350 rccovcrcd as the A n R P  
compound (10/100 P I . ) .  
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TABLE 111-RECOVERY OF Ro 5-3350 ADDED TO 
1 ml OF BLOOD DETERMINED BY GLC 

R~ 5 3350 
_ _  ~ _ _ _ ~ _ _ _ _ _  

~~~~~~~ 

rotni R~ 5 AJSO" 

200 116 58 0 
116 58 0 

300 183 61 0 
185 62 0 
159 59 5 
174 58 0 
20 1 67 0 
199 66 0 

400 249 62 0 
219 55 0 
242 57 0 

300 307 61 0 

Added, ng Recovered, ng Yo Recovered 

299 
297 
313 

60.0 
59 .0  
63 .0  

290 58.0 
295 59 .0  
301 60 .0  

(' Total ng. ABBP X 1.142 = Ro 5-3350 equivalent. 

liquid phase gave the best results, with well-rcsolved 
symmetrical peaks, and a minimum detectable 
litnit of 5-10 ng. of ABBP. I t  is believed that the 
terminal TPA moiety of this polyester phase in- 
activates adsorbent sites still remaining exposed 
after silanizing and produces a very thin uniform 
coating which enhances resolution and sensitivity 
by minimizing losscs on the column due to adsorp- 
tion. 

Gas Liquid Chromatography of Sample Extracts.- 
The response of the electron capture detector to  
ABBP standards of concentrations ranging from 
10.G30.0 ng. was found to be linear when chro- 
matographed on a properly conditioned column of 
2% Carbowax 2OM-TPA, as is demonstrated by 
the standard curve (Fig. 1). Using a constant- 
injection volumc of 10 pl. it was possible to repro- 
duce repeated injections of the same standard 
within very close limits. Since the response of the 
detector changes with time possibly due to contami- 
nation of the foil with a resultant change in standing 
current, it  was necessary to plot a standard curve 
for each day of use. A properly conditioned and 
sensitized column has an average useful life span 
of about 6 months of continuous use, after which it 
begins to show signs of deterioration. When the 
peak response of the column to any given ABBP 
standard has dropped by 10% or more of its previ- 
ously determined peak value it is advisable to 
discharge the column and repack it with fresh 
substrate and repeat the conditioning operation. 

Recovery Experiments 
The over-all recovery of known amounts of 

Ro 5-3350 added to blood and taken through the 
entire proccdure was determined by gas chronia- 
tography as the ABBP compound, Fig. 2, curves 
B and C. The average over-all recovery of 200-500 
ng. of Ro 5-3350 added to 1 ml. of blood was in 
the order of 6170 f 3.0y0 (Table 111). This rep- 
resents the product of a 9R99yo recovery of Ro 
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5-3350 from blood into 6 N H2S04, and an average 
hydrolysis and recovery of the compound as ABBP 
c ) f  75')& This rcprcscnts a thc.orctica1 ovvr-all 
recovery of 75-7Byo, but in actuality only a 61yLl 
recovery is obtained. Thc discrepancy of 15% 
recovery has not been satisfactorily accounted for 
as yet. However, the practical recovery obtained 
is very reproducible. The minimum detectable 
amount of -4BBP is 5-10 ng./lO MI., and the sensi- 
tivity limit of the method is of thc order of 0.05-0.10 
mcg./ml. of blood or plasma. Blood specimens from 
a patient who had rcccived a single 15-mg. oral 
dose of the compound were pooled and extractcd 
into ether using 1 M p H  9.0 buffer. The extract was 
analyzed by thin-layer chromatography (TLC) in 
two solvent systems: ethyl acetate-NH,OH- 
(95 : 3, v/v) and chlorofortn-heptaneethanol (10 : 
10:5, v/v) and showed the presence of Ro 5-3350 
which yielded ABBP on strong acid hydrolysis and 
GLC analysis. This demonstrates the specificity of 
the extraction procedure and GLC assay for Ro 
5-3350 (Fig. 3 ) .  

Application of the GLC Method to  
Biological Samples 

Blood Level Fall-Off Curves of Ro 5-3350 Follow- 
ing the Administration of a Single 15-mg. Oral 
Dose in Man.-Three patients w r c  each given a 

R t  = 6.75 mins. - 

Fig. 3.-Chromatogram of blood extracts from a 
patient (E.M.) prior to medication, control blood 
(A), and 4 hr. after a single 15-mg. oral dose of 
Ro 5-3350; B, recovered as the ABBP compound 
(10/100 pl.). 
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single orst1 l!j-mg. dose of Ko 5-3350 and specimens 
of whole blood collected prior to medicatin11 (con- 
trol), atid thereafter at suitable intervals of time 
covering a period of 72 hr. ( 3  days) from which 
blood INevel fall-off curves could be constructed 
(Fig. 4). In two out of three patients blood level 
maxima were obtained 1 hr. after dosage of 0.27 
(Q. P.) :and 0.36 mcg./ml. (L.R.) after which a pro- 
gressive decline with time was seen with half-lives 
of 18 hir. and 19 hr., respectively. One paticnt 
(E.M.), :jllowed a level of 0.21 mcg./ml. at 1 hr. 
which rose t o  0.37 mcg./ml. at 4 hr. ,  which declined 
to 0.23 mcg.,/ml. at 8 hr., rose to 0.36 mcg./ml. at 
12 hr., after which a very gradual declirie was 
seen with a half-life of about 64 hr. This erratic 
behavior may be due to  a metabolic factor inherent 
in this patient. 

Blood :Level Fall-Off of Ro 5-3350 in the Dog.- 
Thc blomod Iwel fall-off pattern of KO 5-3350 was 
determinrd in a dog given a single oral dosc of 3..5 
rng./Kg. totaling 36 mg. of KO 5-3350-'4C. Speci- 
mens of whole blood were taken prior to medica- 
tion and thereafter at 1, 2, 4, 7, 12, and  24 hr. aftcr 
medication (5) arid analyzed for intact Ro 5-3350 
by ( a )  liquid scintillation counting aiid ( b )  GLC. 
'The fall.-off curves are shown in Fig. 5 and dem- 
onstrate 1.he close reproducibility of the two methods. 
A blood level maximum of 1.11 mcg./ml. (GLC) and 
0.90 mcg./ml. (scintillorrietry) was obtained 4 hr. 
after dosage, which declined with a half-life of 6 hr. 
(GLC) a.nd 7 hr. (scintillometry), indicating an 
average half-life of about 6.5 hr.  in blood. 

24 

Fig. 4. - Blood 
lcvcl fall-off curvcs 
in three humans 
following- the ad- 
ministration of a 
single 15-1ng. oral 
dose of Ro 5-3350. 

Fig. 5. - Blood 
level fall-off curve 
in a dog given a 
sitigle oral dose (3.5 
tng./K;g.) 36 trig. of 
Ro 5-3350-IT de- 
termined by liquid 
scintillation count- 
ing and by GLC. 

SUMMARY 
The GLC method for the determination of Ro 

5-3350 in blood was developed arid involves the 
selective cxtraction of the compound from blood 
with pII 9.0 1 M boratrNa2CO3-E;C1 buffer using 
ether as the solvent, followed by extraction of the 
cther with 6 N II?S04. The compound was h y  
drolyzed in 6 N HnSOc for 2.5 hr. a t  100' (boiling 
water bath) to convert i t  into 2-amino-5-brorno- 
benzoylpyridine (ABBP) which was quantized by 
GLC. 

The average over-all recovery of 200 to  500 ng. 
of KO 5-3350 added per milliliter of blood was in 
the order of 61 =k 3.0%. The minimal detectable 
amount of ABBP by electron capture was 5-10 ng. 

The method was applied to the determination of 
blood levels in a dog and in Inan following single 
oral doscs of Ro 5-3350. 
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Changes in Ergoline Alkaloids in Seeds During 
Ontogeny of Ipomoea violuced 

By K. GENEST 

Ipornoea uiolacea L. (Conuolualaceae) (heavenly blue) plants were grown under green- 
house conditions. Seed samples were taken following the tenth day of fertilization 
until maturity was reached. Their content of total alkaloids, lysergic acid amide, 
isolysergic acid amide, and clavine alkaloids was determined. The alkaloid values 
were highest (about 0.1 per cent of dry seed) during the early stages of seed develop- 
ment. Chanoclavine was the most abundant alkaloid in the immature seed. With 
increasing maturity the lysergic acid amide/chanoclavine ratio increased. Ex- 
perimental findings are discussed to illustrate biogenetic interrelationships between 

ergoline alkaloids in 1. uiolacea in  the light of earlier studies on ergot alkaloids. 

HE FORMATION o f  alkaloids during various 
Tstages of plant growth has been investigated 
in several species of medicinal importance, 
notably in Snlannceae (1, 2). Our interest in the 
ontogeny of alkaloids in  seeds of Ipomoea aiolacea 
stems from earlier work which dealt with the 
examination of various commercial samples of 
morning glory seeds for alkaloids, the toxicity of 
crude seed extracts, and the composition of the 
lipid fraction of these seeds (Mi). The active 
principles of I .  violaLen can he classified as ergoline 
derivatives, most of which occur also in ergot. 
Extensive biogenctic work elucidated the origin 
of the ergoline ring in ergot alkaloids (7, 8). Bio- 
genetic interrelationships between these alkaloids 
have also been investigated (c&ll). Groger 
et al. (12) reported on the biogenesis of ergoline 
derivatives in I .  rubro-caersdea Hook, which is 
considered to be synonymous with I .  violacea, 
and found that  in young excised plants L-trypto- 
phan and mevalonic acid can be considered pre- 
cursors of the ergolines, a pathway proposed 
earlier for the biogenesis of ergot alkaloids. 
Taber and Hcacock (13) reported that  in the 
seeds of Rizlen corymbosn, another species of the 
Convoluulnceae, ergolinc alkaloids are concen- 
trated in the embryo. The  alkaloids were also 
found in  vegetative tissues of maturc plants of 
R. corymbosa (14) and I .  eliolacea (13) but  in lower 
concentrations than in the seeds. The  morphol- 
ogy of the seed development of I .  rubrn-caeuulea 
and I .  violacea has been described (16, 17), b u t  no 
chemical studies during ontogeny can he found 
in the literature. Investigation of the seeds is of 
importance because frequently their misuse, 
stimulated by accounts of the alleged psychoto- 
mimetic action of the  active principles, has been 
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reported (18-20). A recent study by Tsbell and 
Gorodetzky (21) with former morphine addicts 
indicates that  the ergolines in I .  oiolacen have 
predominantly sedative properties. It is the 
purpose of this paper to  rcport on changes of the 
alkaloid content in the seeds of I .  oioliicerc which 
occur during ontogeny of the plant. 

EXPERIMENTAL 

Procedure.--Plants employed in this study were 
grown under greenhouse conditions. Seeds from 
a cornmcrcial source of I .  uioluceu L. (heavcnly 
blue) were germinated in culture flats (March 10, 
1965). After 10 days the plants were trarisplanted 
into clay pots containing sandy loam and then fed 
with 20-20-20 fertilizer at regular intervals. Threc 
plants ( A ,  B ,  andtC) were selected for this study. 
Seed collections were made for each plant sep- 
arately. Greenhouse temperatures werc as follows: 
sunny days, 70" F.; cloudy days, 66' F.; nights, 
60" P. No artificial light was cmployed. The 
first flowers appeared on June 10, 1965. From 
then on pollination was carried out daily by hand 
during the time of maximal opening of the corolla 
(10 a.m. to 12 p.m., depending on daylight con- 
ditions). The pollinated flowers were marked. 
Plants yicldcd from 1 to  22 flowers daily. Collection 
of fruit capsules was begun 10 days after fertiliza- 
tion and continued at 10-day intcrvals for 57-62 
days when maturity was reached. Sccds were 
frced from locules of the fruiting body, and placed 
in a deep freeze refrigerator (-25') under nitrogen 
within 1 hr. after collection. One to  seven days 
after harvesting, the seeds were frcczc-dried to 
constant weight and stored under iiitmgen at 
-25" until used for analysis. There were 36 to  
305 seeds per plant harvested at each stage of 
collection. 

Alkaloid Analysis.--The dry seeds were groutid 
in a Wiley laboratory mill to pass a 0.037-in. screen 
and defatted with petroleurn ether (b.p. 3&60"). 
Analyses for total alkaloids, lysergic acid atnidc 
(LAA),  isolysergic acid amide (isoLAh), and 
clavines, and examinations of alkaloidal pattenis 
obtained by thin-layer chromatography (TLC) were 
carricd out by methods described previously (3, 6). 
Samples (0.25-1 Gm.) of dried sccds were analyzed 
in duplicate lor total alkaloids. Values for LAA, 
isnTA.4, and clavincs wcre obtained by avcrnqing 

1284 



results from tlensitonietric scannings of 2-4 thin- 0 

layer plates per samplc, each containing nine ,,, 
spots of ~ r s t  1ii:itcrinl. TIX systeuis used were: 9 9 sytem 1 (alumina G and CHCla-EtOH, 96:4), 2 
system 2 (Silica Gel G and acetone-piperidine, 9: 1) 2 o 10- 
for densitometric method; system 3 (Silica Gel G 
and acetone--ethylpiperidine, 9: 1); system 4 2 
(alumina G and acetone-ethylpiperidine, 9: 1); 
system 5 (Silica Gel G and acetone-ethyl acetate- 
dimctliylfor~na.mide, 5: 5: 1). 

' o.05- 
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RESULTS 

Flower and Seed Production. Thc pattern of 
flower anti sced production was vcry sitiiiiar in all 
three pl:int\ U'hilc the first flowers appeared 
clurinq tlic 1 3  t i  wcck aftcsr sowing, the first peak 
of flowrr production was rrachcd within 3 weeks 
after flowering had begun. At that stage approxi- 
mately 100 flowers per plant were procluced each 
week. Until the cnd of July when flower production 
had subsided the plants had produced 284, 278, and 
291 flowers, respcctivcly. During this period they 

samples derived from flowers fertilized From June 6 

6 to July 3 1  are referred to as first crop. After the 
first a second, smaller, flowering peak dcvcloped. 
Sccd samples (derived from flowcrs fertilized from 
August 11 t.o Steptembcr 23  are referred to  as second fi 4 

crop. Since the second crop was only 12.5% of a 

the first, the niature secds in this group only were 
collected. Fresh and dry weights of the maturing $ 
seeds are plotted in Fig. 1. The fresh weight in- ?: 
creased rapidly after fertilization, reached a platcau ; 
after 20 days, and fell rapidly during the latter 
stage of maturity, while the dry substance rose 
gradually iintil the 50th day after fertilization, 

% 

I 1 ,  1 
I0 20 30 40 50 MATURE 

DAYS AFTER FERTILIZATION 

L- 

Fig. 1.--Fresh and dry weight of averagc seed of 
I. uiolaceci L. (heavenly blue) during increaqing 
maturity. Av,erage from threc plants. Key: 0 ,  
frcsh weight, mg.; 0, dry weight, mg. 

5 -  

- 

3 -  

1 I I I I I 1 

1: 1 

I I I I I I I I 
10 20 30 40 50 MATURE MATURE 

1ST CROP ZNDCROP 

DAYS AFTER FERTIL IZATION 

Fig. 2.-Total crgolinr nlkaltritls as per cent of 
dry sceds during incrrasitig iiiaturity. rlveragc 
value from threc plants a n d  standard clrviation are 
iudicated schcmatically. 

reached the alkaloid content in the dry sccd sub- 
stance dccrcascd slowly. If calculated on a per 
seed basis (Pig. 3),  the total ergoline alkaloids 
incrcascd rapidly from the 10- to tlic 40-day samples 
and then dropped slowly again as maturity in- 
creased. Values for the second crop were always 
higher than those for the first crop. 

Individual Alkaloids.-Results of the tlctcr- 
initiation of LAA, clavines, and isoL.4 A in seeds 
collcctcd during increasing maturity arc givrn in 
Table I arid Fig. 4. 

As shown in Table I all three alkaloidal com- 
ponents wcrc prcscnt from thc first sampling date 
until maturity of the seed was reached. Their 
relative composition, howcver, changed. In thc 
early stages after fertilization the clavines were 
most abundant. Bctwccn the 20th and 30th day 
after fertilization LAA became the predominarit 
coustituent which it rcmaincd until full sced ma- 
turity was reached. The steady decrease of clavirie 
alkaloids after the 20-day sampling can been seen 
in Fig. 4. LAA reached its rnaxirriurii concentra- 
tion a t  ahnut tlic 40th day :tftcr fcrtiliz:ition, and 
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TABLE I.-LYSERGIC ACID AMIDE, CI.AVINE ALKALOIDS, AND ISOLYSERGIC ACID AMIDE (mg.) PER 100 DRY 
SEEDS O F  THREE Pl.ANTS O F  I. ZJkJhcen L. (IIEAVENLY BLUE) 

~ 

~ ~ ~. 
~ 

~~~ ~- _ _ _  
I . p,;lni . _ ~  , 

Compd. A B C ’  

10 I A A  0 . 2 3  0 .  ‘“3 0.24 
Clavines 0.36 0.37 0.31 
isoLAA 0.08 0.10 0.09 

20 LAA 0.86 1.13 1.19 
Clavinrs 1.23 1.17 1.28 
isoLA.4 0.31 0.47 0.55 

30 LAA 1.77 1.52 2.31 
Clavines 1.01 1.43 1.51 
isoLAA 0.47 0.88 ( I .  86 

4) LAA 2.25 2.15 2.66 
Clavincs 0 .93 1.21 1.07 
isoLAA 0.72 1.03 o r  87 

.50 LAA 1.72 2.09 2.08 
Clavines 0.87 0.96 0.67 
isoLAA 0.43 0.63 0.53 

Mature 1st LAA 1.86 2.08 I .44 
crop Clavines 0.85 0.81 0.57 

isoLA A 0.41 0.43 0.57 
Maturc 2nd LAA 3.22 3.42 2.31 

crop Clavines 1.11 1.00 1.16 
isoLAA 0.50 0.57 0.65 

O ’ O T  

0 021 

0 
I its concentration decreased in the later stages of 

maturity. The change in concentration of isoLAA 
was similar to that of LAA during increasing ma- 
turity but on a lower lcvel. IsoLAA was always 
the smallest component of the three groups in- 
vestigated. It too reached its maximum concen- I 

I 
/ tration about halfway through maturity. Ergo- 

metrine included in the values for clavines, was 
also present during all stages of seed development. 
In some cases it was measured separately from the 
clavine alkaloids. Thus, in secd samples of plant 
C obtained 30 days after fertilization and in the 
mature seed of plant B ,  33.0 and 39.476, respec- 
tively, of the clavine fraction consisted of ergo- 
metrine. For plant A a complete set of ergo- 
metrine analyses was carried out. Comparison o f  
results shown in Table I1 with those recorded in 
Fig. 2 demonstrates that the decrease of the per- 
ceritage of ergometrine it1 the dry seeds was ac- 
companied by a decrease of  total alkaloids during 
seed development. On a per secd basis the ergo- 
metrine content is rather constant following the 
20th day of fcrtilization. The ergometrine COII- 

centration in the clavine fraction is. however. 

I 
x-x 

/ 

\/ 
y’\o 

o/o 

x\*/’ 

\ 
A - -* 

I I I 
10 20 30 40 5 ‘0 &RE higher in the more mature samples as compared to 

the samples closer to the fertilization stage. I S 1  CROP ZNDCROP 

OAYS A F T E R  F E R T I L I Z A T I O N  The increase in alkaloids in the second crop 
Fig. 4.-Contcnt of lysergic acid amide (LAB), samples is due to higher values in all three alkaloidal 

clavines and isnlysergic acid amide (isoLAA%) in groups as can be seen in Table I and Fig. 4. 
maturing seeds expressed in per cent alkaloid in dry Qualitative TLC Patterns.-More information on 
seeds. Averagcs from three plants are plottrd. the clavine alkaloids, which in the densitometric 
Key: 0, L A A ;  X, clavines; A, isoLAA. method were estimated as one group, could be 

TABLE II.-ERGOMETRINE CONTENT I N  SEEDS OF PLANT A DURIXC INCREASING MATURITY 
__  ~~ 

~ ~~ 

- -~ 

Age of Seeds, Days 10 2 0  30 40 50 Mature 
Ergometrine in dry seeds, 7); 0.0108 0.0132 0.0107 0.0078 0.0064 0.0061 
Ergometrine in 100 dry seeds, 

ing. 0.06 0.29 0.36 0.31 0.28 0.27 
Ergometrine in clavine frac- 

tion, yo 17.4 23.8 35.7 33 .0  32.2 32.0 
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obtained by chromatography in othcr TLC systrms. 
Chroma.tography of the extracts of seeds in various 
st:i:c.s of iiiaturily intlicatctl that t l iv  clianjics ob- 
scrvcd ;in the clavine group vvcre mainly due to  a 
decrease of the chandavinr cnntrnt (Fig. 5 )  with 
increasing sced age. 'l'his was also observed in 
systems 1 arid 4 .  The sum of lysergol, clynioclaviiic, 
and pennicl:tvine, which compounds were present 
i n  trace arnciunts only, was lower than the content 
of ergometrine in all stages of seed development. 
J>ysergic a.ciid methyl carbinolamide, if present, 
would also IK included with thc clavinc group in 
the TLC system used for densitometry. R,  values 
obtained in jive systems for this carbinol are shown 
in Table 111. The carbinol can be separated from 
the other Icnown alkaloidal constituents of 1. 
violacea using: systems 3 or 5 after rechromatography 
to separate ii. completely from pennichvine. As in- 
'dicated in Fig. 5, no appreciable amounts of the 
carbinol could be detected at any stage of seed 
maturity In addition to the known ergoline 
alkaloids, at least three spots were observed having 
higher R, values than any other alkaloid (Rf 
system 5: 0.63, 0.75, 0.79). All these spots showed 
blue fluorescence under U.V. light and the charac- 
teristic blue color given by ergot alkaloids following 
treatment with di~nethylaminobenzaldehyde. Al- 
though none 'of them were identical with agroclavine, 
there were very faint spots in the agroclaviiie area 
whcn using systems 1, 3,  4, or 5 for the analysis of 
some seed extracts. In the area where penniclavine 
is expected, only weak greyish-bluish spots de- 
veloped 30 rriin. after spraying. 
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DISCUSSION 

Many invtstigations have been carried nut nu thc 
bingenesis of ergoline alkaloids in parasitic and 
saprophytic (cultures of various ergots or strains of 
Claviceps. Thc origin of the ergoline nucleus has 
been attributed to L-tryptophan and mevalonic acid. 
Several possible biogcnctic interrelationships have 
been discussed. While A4be (22) suggested that all 
ergot al:kaloimcls derivc from a common prccursor, 
a hypothetical lysergic acid aldehyde, which then 
would be oxidized to lysergic acid or reduced to 
elymocla.vine, agroclavine, and chauoclavine, 
Iiochel~~ieyer postulated (23, 24) that penniclavine 
and chanoclavine were possible precursors. The 
partial pathway, agroclavine - clynioclavine + 

penniclavine, was rstablished by Agurell and Kam- 
stad (10) in tracer exprrimeiits with an ergot strain 
isolated from I'enwis~tzum typltoideimL. This nb- 
servation eliniinated the possibility nf clavinr fortiia- 
tion ziu reduction. According to  Voigt (11) chano- 
clavine plays a key role in the development of 
biogenetic alkaloidal pattcrns as shown by experi- 
ments with rye ergot in various stages of matura- 
tion. Further contributions to the biogenetic in- 
terrelationships between various clavine alkaloids 
were made by Abou-Chaar et al. ( 2 5 ) ,  Baxter et al. 
(26-28), and .Igurell and Ramstad (29). The con- 
version of clavine alkaloids into lysergic acid 
alkaloids was proven in cxpcrimtnts with parasitic 
and saprophytic cultures of Claviceps (30, 31). The 
various findings in this field could partially be ex- 
plained by thc use of different nutrients for sapro- 
phytic cultui-es of fungi (32 ) ,  but differences in 
strains producing different alkaloidal patterns have 

A B  C D E F G  H I  J K L  M N O  P 

Fig. 6.-Thimlayer chromatogram of ergoline 
alkaloids and seed extracts of I .  ndnlacea in system 5. 
Key: A,  LAA4 + 
isoLAA; B. lyscrgol; C, elymoclavine; D, penni- 
clavine; I?, agroclavine; F, ergornetrine; G ,  
chanoclavine; H ,  lysergic acid rnethylcarbinolamidc 
(with some impurities of ergometrine and LAA). 
Seed extracts: I, 10; J ,  20; K, 20 ( 3 X  conceii- 
tration); L, 30; M, 40; and N, 50 days after fertili- 
zation; 0, mature seeds (1st crop); P, mature 
seeds (2nd crop). 

thc spots from left to right are: 

TABLE III.-Kf VALUES OF LYSERGIC ACID METIIYL 
CARBINOLAMIDE IN FIVE ' rLc SYSTEMS 

-~ ~ 

System 1 7 3 4 5 
Rjvalue 0 30 0 36 0 55 0 23 0.38 

t o  be considered. The occurrence of alkaloids in 
varying concentrations during different stages of 
seed development in I .  vidacea could also be due to  
transformations of alkaloids into one another. 
Problems on possible transformation paths are 
complicated because all alkaloids occur simultane- 
ously in all phases of seed development, and little 
information has yet been gained on the movemcnt 
of the alkaloids in the plant. -4lthough only limited 
conclusions in relation to  the biogenesis of ergoline 
alkaloids are possible from our experimental data, 
findings in the much more thoroughly investigated 
field of ergot alkaloids could have some bearing on 
the elucidation of a biogenetic pathway for lysergic 
acid derivatives in I .  violacea. The relatively high 
concentration of alkaloids and their pattern during 
the early stages of seed development could indicate 
that preforrried alkaloids are predoniiriaritly dc- 
posited in the seeds, and that the seed is not ncccs- 
sarily the original site of alkaloid synthcsis. Grager 
et d .  (12) reported in tracer experiments that while 
L-tryptophan and nievalonic acid were incorporated 
into excised I .  rubva-caerulen plants to form ergoline 
alkaloids, their specific rate of incorporation into 
alkaloids isolated from seeds was much smaller than 
that into alkaloids isolated from stems. Also radio- 
active elymoclavine could be converted into penni- 
clavine by detached sterns of the same plant (33). 
Comprehensive tracer studies proving to what 
degree, if a t  all, seeds in I. oiolacea can synthesizc 
ergoline alkaloids remain to be carried out and are 
not only important for finding the site of alkaloid 
synthesis but also for the elucidation of biogenetic 
interrelationships between alkaloids in this plant. 
Indications that chanoclavine may be the pre- 
cursor of LAA and its epimer are seen in our results 
on individual alkaloids (Figs. 4 and 5). Ergo- 



1288 

0 U : o  :o 4b 20 M A R E  Mi”,, 
I S 1  CROP 2ND CROP 

DAYS AFTER F E R T I L I Z A T I O N  

Fig. R.-Ratio o f  lyscrgir acid amidr/cloviiie 
;rlk:iloids tluriiig iiicreasiiig maturity o f  sveds. 

metrine, on the other hand, seems to appear pref- 
erably in thc middle and later period of sccd develop- 
ment. The  chdnge of the LAA/clavine ratio 
(Fig. ti) would indicate a transformation of rlavinrs 
(chanoclaviirie) into L 4 A  during the course of in- 
creasing seed maturity. Thus ,  a biogeiietic pathway 
for crgvline alkaloids in I. ziolaceu analogous to that 
of the ergot alkaloids may be postulated: cliano- 
clavinc -f (agroclavine) -+ (elymoclavine) -.) 

(penniclavinc) -* LAA; isoLi\A --L ergometrine -f 
(lysergic acid methyl carbinolamide). The alka- 
loids shown in parentheses were found in the seeds 
in traces only or, in some case’s, not even detected. 
They could, possibly, occur in greater abundance 
a t  the original site of alkaloid synthesis in the plant. 
The presence of mere trace amounts of lysergic 
acid mcthyl carbinolamide, which (alkaloid) was 
reported as one of the major components in I .  
rubro - caerzilea (15) could indicate a genetic 
difference between this plant and I .  violacea even 
though both plants are considered to be synonymous 
botanically. This interpretation, however, has to 
be used with caution since blank experiments with 

Jotirncil of Pl~ir~rnnc~irfirnl S c i e i i r u  

small amounts of carbinol showed that, under our 
experimental conditions, some of the applied car- 
bind is being dccorrrposcd. 
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Drag Standards- 

Qualitative and Quantitative Tests for 
Nalidixic Acid 

By EDWARD F. SALIM* and IRWIN S. SHUPET 
Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication 
in the Journal of Pharmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for confidence in the quality of new drug products generally, and of those covered 
by the monographs particularly, Such monographs will appear on  drugs represent- 
ing new chemical entities for which suitable identity tests and assay procedures are 
not available in the published literature. The purity and assay limits reported for 
the drugs and their dosage forms are based on  observations made on samples repre- 
sentative of commercial production and are considered to be reasonable within 

expected analytical and manufacturing variation. 

, 
CHzCHz 

Physical FLroperties.-ATalidixic x i t l  (JCCUIS as a 
white to dig]-itly yr~llow crystalline, odorless pc)cvder, 
n1.p. 226-231", U.S.P. class Ja. It is practically iu- 
soluble in water, slightly soluble in alcohol, soluble 
in chloroform, and very slightly soluble in ether. 
I t  is soluble in solutions of fixed alkali hydroxides 
a n d  carbonates. 

Identity I'ests.-A 1 in 200,000 solution of 
rialidisic acid in 0.1 N sndium hydroxide exhibits 
ultraviolet absorbance maxima at  about 33% and 2.58 
rnp [absorptivity ( a )  nhout 1111 and minima a t  about 
276 and 236 nip. The spectrum is shown in Fig. 1. 

The infrared spectrum of a 0.5y0 dispcrsion of 
nxlidixic acid in potassium bratnidc, in a disk of 
ubout 0.82 mni. thickness, is showu in Fig. 2. 

Purity Tesl:s.-Dry about 1 Gin. of udidixic acid, 
xcuratclly weighcd, a t  105" for 2 lir.: it loscs uot 
ttiore them 0.5% of its wcight. 

Char about 1 Gin. of iialidisic acid, accurately 
weighed, cool the residuc, add 1 ml. of sulfuric acid, 
hcat cau tiou:;ly until evolutiou of sulfur trioxidc 
ceases, ignite, cool, and weigh: the residue does not 
exceed 0.2c;',. Ketain the rcsiduc for the heavy 
metals test. 

Dissolvc thc sulfated ash obtained from 1 Gm. of 
nalidixic acid in a small volume of hot nitric acid 

Received May 11, 1966, from the * Drug Standards Labo- 
ratory, AMI~RICAN PHAKXACEUTICAL ASSUCIATION FOUNDA- 

I I I ~ N .  Uiasliingtoti. D.C. '2OO:li. 
Accepte<l [or ~piiblicaliini July 26,  1 C I W .  
i- WinthLrop Laboratories. New Ymk,  N. U. Wititl it-op 1,ab 

oi-atories hascoaperated by furnishing samples and data to aid 
i l l  the development and preparation of this monograph. 

The DI-tig Standai-dn Lahoratory gratefully acknowledxes 
the assistance or Miss Hannah Klein. 

and evaporatc to dryness on a steam bath. Uis- 
solve the residue in 2 nil. of diluted acetic acid, dilutc 
to 25 ml. with water, and determine the heavy 
mrtals content of this solution by the U.S.P. hcavy 
metals test, method I: thc heavy metals limit for 
nalidixic acid is 20 p.p.m. 

Determine the nitrogen content of nalidixic acid 
by the U.S.P. nitrogen determination, mcthod 11: 
not less than 11.77% and not more than 12.3'7'/:, 
of nitrogen (N)  is fouud. 

Assay.-TransIer about 250 mg. of nalidixic acid, 
accurately weighed, to  a 125-inl. conical Bask, atid 
dissolve in 30 ml. of ditrietliylfor~i~an~idc which has 
been previously neutralized to thyniolplithalein T.S. 
Titrate with 0.1 N lithium methoxidc, using :t niag 
netic stirrer and taking precautions against the 
absorption of atmospheric carbon dioxide. Each 
milliliter of 0.1 N lithium methoxide is equivalent 
to 23.22 mg. of C12HlzN203. The amount of nali- 
dixic acid found is not lcss than 98'% and not more 
than 102% of the weight of the sample taken. 

DOSAGE FORMS OF NALIDIXIC ACID 

Nalidixic Acid Tablets 
Identity Tests.-The ultraviolct absorption spcc- 

trum of t h e  s:rinple solution obtained iii  tlir Assuy 
cxhibits maxima ant1 minima a t  tlic sainc Wave- 
lengths as that of thc Standard Pre~arul ion .  

Transfer n sample of finely powdered tablets, 
equivalent to about 100 mg. of nalidixic acid to a 
glass-stoppered conical flask. Add 50 nil. of chloro- 
form and shake for 15 rnin. Filter through paper 
and evaporate the chloroform solution on a steam 
bath to  dryness. Dry the residue a t  10.5" to con- 
stant wcight: the resulting residue of nalidixic 
acid melts between 225' and 231'. 

Assay.-Standard Pueparation.-Dissolve about 
100 mg. of nalidixic acid, accurately weighed, in 
200.0 ml. of chloroform. Transfer 2.0 nil. of this 
solution to a 200-id. volumetric flask, dilute to vol- 
ume with chloroform, and mix. 

Procedure. -Wcigh and finely powder riot less 
than 20 rialidixic acid tablets. Trausfcr an ac- 
curatcly weighed portion of the powder, equivalent 
to ahout 100 tng. of nalidixic acid, to a 125-1111. 
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J , , , , , , , , , , , , , , u  
Fig. 1 .-Ultraviolet absorption spectrum of 

iialidixic acid in 0.1 N sodium hydroxidc ( 5  mcg./ 
ml.) ; Beckman model DK-2.4 spectrophotometrr. 

210 1.0 z.0 300 a30  360 
WAVELENGTH IMILLIMICRONSI 

separator containing 10 ml. of water. Completely 
extract the iialidixic acid with four 25-nil. portions 
of chloroform, filtering each portion into a 200-ml. 
volumetric flask, dilute to volume with chloroform, 
and mix. Pipet 2 ml. of this solution into a second 
200-ml. volumetric flask, dilute to volume with 
chloroform, arid mix. Concomitantly determine the 
absorbancc of this solution and that of the Standard 
Preparation in 1-cm. cells a t  the wavelength of max- 
imum absorbance a t  about 258 m p  with a suitable 
spectrophotometer, using chloroform as the blank. 
Calculate the quantity, in mg., of C I ~ H I ~ N J Z O ~  in the 
portion of tablets taken by the formula 20 C (A , /&)  
in which C is the exact concentration, in nicg./ml., 
of rialidixic acid in the Standard Preparation, A, 
is thc absorbance of the solution from the tablets, 
and A ,  is the absorbance of the solution from the tab- 
lets, andAg is the absorbance of the Standard Pvepa- 
ration. The amount of nalidixic acid found is not less 
than 93% and mot more than 10ic,7i, of the labeled 
amount. 

DISCUSSION 

U.S.1'. i i i id  N.1'. terminology lor solubility, melt- 
ing range, reagents, ctc., has been used wherever 
feasible. 

Nalidixic acid, synthesized by Lesher and Gruett 
( l ) ,  is a systemic antibacterial agent which is highly 
effective against many Gram-negative bacteria and 
some Gram-positive organisms. It is particularly 
useful in genitourinary tract infections and can be 
used in other infections in which the causative agent 
is susceptible to the drug. 

Quantitative Methods.-The nonaqueous titra- 
tion of nalidixic acid with lithium methoxide usirix 
thymolphthaleiri T.S. gave an average value of 
100.7 =t O.l~, .*  The titration can be conducted 

1 Marketed as NegGram by Winthrop Laboratories, Xew 

2 Maximiim deviation from the mean value. 
York, N. Y .  

Fig. 2.-Infrarecl spectrum of iialidixic acid in 
potassium bromide disk (0.5$',) ; Perkin-Elmer 
model 21 spectrophotometer, sodium chloride 
prism. 

Fig. 3.-Ultraviolet absorption spectrum of  i d i -  
dixic acid in chloroform (5 mcg./d.); Beckniari 
model DK-ZA spectrophotometer. 

using 0.1 N sodium mcthoxidc with comparable 
results and thymol blue T.S. can be conveniently 
substituted as the visual indicator for either titrant. 

The spectrophotometric assay for rialidixic acid 
tablets was designed to isolate the active ingredient 
prior to ultraviolet measurement. The extracted 
nalidixic acid is conveniently determined in chloro- 
form solution a t  the absorbance maximum at either 
258 or 332 nip. The ultraviolet absorption spectrum 
of the Standard Preparation is shown in Fig. 3. 
Spectrophotometric analysis of commercial tablets 
gave an average value of 98.5 0.570* of the labeled 
amount. 

An altcrnativc method of analysis for the tablet 
formulations has been demonstrated by nonaqueous 
titration subsequent to chloroform extraction and 
evaporation to dryness. The residue representing 
about 250 mg. of nalidixic acid is dissolved in 30 1x11. 
of dimethylformamide, previously neutralized to 
thymolphthalein T.S., and titratecl with 0.1 N litli- 
iurn methoxide in the manner notcd for bulk nalidixic 
acid. An average recovery of 99.0 Z!C 0.170'u" was 
obtained for the tablets by this procedure. 
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Technical Articles- 

Powder Flow Studies I1 

Effect of Glidants on Flow Rate and Angle of Repose 

13y CrERALD GOLD, RONALD N. DUVALL, BLAZE T. PALERMO, and 
JAMES G. SLATER 

Glidants have often been selected by subjective or indirect methods such as measure- 
ment of the angle of repose. As a result, several materials have been empirically 
classified as glidants. The recording powder flowometer described in Part I of this 
series was utilized to evaluate various glidants. A comparison was made between 
the results obtained with this instrument and those by measurement of the angle of 
repose. The commonly used glidants, fumed silicon dioxide, magnesium stearate, 
starch, and talc were studied in combination with selected materials. Many of the 
more widely used glidants actually decreased the flow rate. Glidants which lowered 
the angle of repose did not necessarily increase the flow rate and marked changes in 
flow rate were not always detectable by angle of repose measurement. In addition, a 
comparison of the angle of repose and the flow rate of various commonly used raw 
materials indicated that the angle of repose was not a reliable method for evaluating 

the flow of these materials. 

IIE FLOW properties of Iwwdcrs vary con- 
Tsidcrably from those of formulations which 
flow freely and continuously through a small 
orifice to  those which are evident of noncontinu- 
ous flow under any circumstance. Poorly flow- 
ing powders or granulatiors present niany diffi- 
culties in the pharmaceutical industry, especially 
in compressed tablet manufacturing. and con- 
siderable effort, therefore, has been directed 
toward ov'ercoming flow problems. The most 
commonly used technique involves the addition 
of materials known as glidants in an attempt to  
improve thc flow characteristics of the formula- 
tion. Selection of the glidant and the concentra- 
tion thereof is often empirical since there is no 
generally accepted method for evaluating the 
eflectiveness. As a result, glidant usage is often 
ascertained on a trial and error basis via subjec- 
tive informatic'n. 

( h e  of the more objective methods, probably 
tlic most widely used, involves the nieasurcmcri t 

r i l  t.hc angle of repose. The powdered or granular 
inaterial is allowed to  fall freely through an orifice 
onto a flat surface to  form a conical pile of the 
tlcposited material. The angle between the sur- 
lace of the cone and the horizontal plane is known 
as the angle of repose. This numerical value is 
~ ~~ 
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reip-oducible provided the conditions remain 
constant. Train ( I ) ,  in a critical examination 
of four methods of determining the angle of re- 
pose with glass balls, lead shot, and silver sand, 
concluded that the type of method influenced 
thc rcsults, bu t  that most methods of mcasure- 
ment would provide suitable data  for comparison 
between samples during routine quality control 
tests. He did not mention relationship to  flow. 
Although i t  is not clear to  what physical property 
the angle of repose corresponds, i t  has often been 
assumed (2- 4) that  i t  relates to  the flow properties 
of the material. A high angle reputedly indicates 
a poorly flowing material, while conversely a low 
angle indicates good flow. The inagnitude of 
this angle is dcpendcnt on the conditions of 
measurement and the numerous methods by 
which this angle has been measured have added 
to  the codusion. l'ilpel (4), in summarizing the 
work of others, indicated that the value or the 
angle or repose depends not only on the way in 
which the cone is produced, bu t  also on the nature 
of the powder, its preparation, particle size, and 
particle size distribution. In a n  attempt to 
study the problem of granulation flow in tahleting 
as i t  is related to  interparticle friction, Nelson 
(5) measured the angle of repose of a sulfathiazole 
granulation as a function of average particle 
size, the presence of lubricants, and admixed 
fines, but carefully avoided direct correlation 
with flow properties. Craik applied the sup- 
posed relation of flow to the angle of repose in a n  
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investigation of the Huw properties of atarch 
powders under laboratory conditions (2) and 01 
three very different powders under huinid condi- 
tions (3). 

Timed delivery through an orifice is also ol 
value in appraising the flow of materials. A stop 
watch is usually used to either time a certain 
weight of powder flowing through the orifice or 
to close the orifice after a given time so that the 
powder flowing through in that time period can 
be weighed. With this method, Hammerness 
and Thompson (6) showed that the addition of 
fincs increased the rate of flow to an optimum 
level, after which the rate began to decrease 
The addition of lubricant beyond 2% did not 
substantially improve the flow rate. Gunsel and 
Lachman (7) comparatively evaluated tablet 
formulations by the timed delivery technique and 
used the angle of repose measurement to substan- 
tiate similarities in flow rates. However, their 
data show nearly identical flow rates for two 
formulations having differences in angles of re- 
pose and a marked difference in flow rate for two 
materials having identical angles. Munzel (8) ,  
using a modified Emix powder dispenser and 
weighing the amount ol material discharged in 
10 sec. by manually opening and closing the flap, 

Joiirrcid of Phurrniiceutical ~ c i e i i c e s  

studied the influence of glidants on the flow 
properties of granules. He apparently was the 
first to employ the term “glidant” to designate 
agents which added in small amounts improve 
flow characteristics of granulations. Flow reg- 
ulators and solid flow conditioners are two other 
terms used synonymously with flow glidants. 
The report of Munzel is the source of the Rem- 
ington (9) differentiation of lubricants into three 
groups based on their ability to carry out rc- 
spective functions: glidants, antiadhesives, or 
antisticking agents and lubricants. 

Kecently, Augsburger and Shangraw (10) ratcd 
some silica-type glidants in two microcrystalline 
cellulose systems based on tablet weight variation 
data. However, this method is t.edious, time 
consuming, and not practical a t  the preliminary 
product development stage. 

In the previous report from this laboratory 
(ll), a recording powder flowometer was de- 
scribed and represented a new approach to the 
study of powder flow. The authors believe that 
this technique more closely simulated and re- 
corded flow as i t  occurs in a tableting operation. 
,;ilthough the angle of repose is controversial 
in the area of flow measurement, it  has been 
widely used, and one objective of this study 
was to investigate the relationship between this 
angle and the flow rate with the recording powder 
flowometer. Numerous materials were evaluatrtl 
in an effort to ascertain correlation, if any, be- 
tween the two techniques. A second aspect of 
this work was to  study the effect of materials 
generally known as glidants when added to 
selected powdered, crystalline, and granulated 
materials. The glidants used were fumed silicon 

TABLE ~.---I’AKTICLE SIZE ANALYSIS U F  ASPIRIN, 
CALCIUM SULFATE, AND SPKAY-DRIED LACTOSE 

. -~ 

Screen 20 40 60 80 120 200 Pan 
Material on Screen, % 

Aspirin crystals 1 31 38 17 7 5 1 
CaS0.j. 2H20 

granules 5 4 9 1 6  9 G 8 7 
S. D. lactose 0 0 0 3 16 43 38 

TABLS II.-EFFECT OF MAGNESIUM STEARATE, FUMED SILICON DIOXIDE, CORNSTARCH, AND T A L C  OK THE 
FLOW l<ATE AND ANGLE OF REPOSE OF &,PIRIN CRYSTALS, CALCIUM SULFATE GRANULES, A S D  SPKAl‘-I)RIEn 

LACTOSE 
~~~~ - ~ ~ ~ ~~- 

~~~~ ~ 

~~ ---ASA ~ ~ ~ ~ t ~ l ~ - ~ - .  ,~~ c ~ s ~ J ~ G ; ~ ~ ~ & ~  I- -sJj. i,YctoF-Y-- ‘x, Glidatit Flow Katc Repose Angle Pluw Kate Repose Angle Flow Rate Repusc h lg le  
Co11trul 0 11.17 40.35 8.42 11.63 8.16 33. ox 
Mg stcaralv 0.25 12.62 36.77 8.73 41.30 8.49 32, 62 

0 . 5 11.44 39.60 8.67 41 .80 7.03 33.35 
33.90 1 . 0 11.48 40.73 9.14 41.40 7.21 

5 .0  8.14 40.92 7.27 42.72 3 . 0 8  40.53 
Fumrd SOz 0 . 1  11.47 40.45 9.61 42.10 8.21 33.97 

0.25 12.08 30.17 9.27 42.32 7.63 32.42 
1 . 0  11.68 39.52 6.90 42.63 7.28 31.72 
5 . 0  5.71 40.58 3.84 43.03 1.34 35.73 

Cornstarch 0.25 12.88 38.18 8.84 41.80 7.27 34.03 
1 . 0  12.10 37.85 8.29 42.52 6.63 33.28 
5 . 0  10.59 38.18 6.96 42.32 4.90 33.90 

Talc 
10 0 8 93 39 33 4 83 43 16 4 11 38 62 
0 25 10 24 41 12 8 26 42 02 5 ’7s 33 77 
1 0  10 61 41 32 7 62 42 63 5 04 34 68 
3 0  9 78 42 42 7 06 42 42 3 44 36 43 
5 0  8 69 42 22 7 75 42 83 R 76 37 08 
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dioxide, tiiagnesium stcarate. cc irnstarcli, and 
talc. Varying concentrations of these were 
evaluated 101 their effects on the angle of repose 
and flow rat? of aspirin crystals, calcium sulfate 
granules, antl spraydried lactose. The nu- 
merous comparisons obtained from this study 
should lirlp to clarify the status of angle of 
rcpose measurement as a measure of flowability 
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Angle of Repose 

EXPERIMENTAL 

Materials.---'l'he spray-dricd lactose, crystalline 
aspirin, magnesium stearate, talc, fumcd silicon 

ri "i 
5 4  

'I 

u 3  
2 

30 31 32-33 34 35 36 37 38 39 40 
ANGLE OF REPOSE 

r= 42 43 44 

Fig. 1.--Kelationsliip of anglc of repose t o  flow 
rntc for systems containing talc. Key:  A, aspirin; 
B, calcium sulfate granules; C, S.D. lactose. Talc 
concentratioiis: 0, 0'2;; X,  O.%'pi; A, 1.0%; 0, 
5.Oo/b. 

Angle of Repose 

Fiq 2 ~ Kcl.rtiouship of nnqlr  of rcpose to  Ilnw rate 
for syqtcrns containing magnesium stcarate Key. 
A, aspirin, B, calcium su lh t e  granules, C, S D 
lactosc h9agitcsiuiii stearate concentrations. 0, 
O i c ,  x,o 25%,, a, 1 oyo, 0,5.0%. 

Fig. 3.-Kclationship of angle of rcposc to flow 
rate for systems contairiing fumed silicon dioxidc. 
Key: A, aspirin; B, calcium sulfate grariules; C, 
S.D. lactose. Fumed silicon dioxide coriccntratioris: 
a, 0%; 0, 0.1Yi8; X,  0.25'h; A, 1.0%; 0, 5.0yL8. 

15 
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. 1 1  z 10 
5 9  
p a  a 
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30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 
Angle of Repose 

Fig. 4.-Relationsliip of angle of repose to llocv 
rate for systems containiiig. starch. Key: 11, as- 
iiiriii: B. calcium sulfate rrraiiules: C.  S.U. lactose. 

dioxide,' arid curlistarch were eitlici- U.S.1'. or 
pharmaceutical grade materials. Tlie calcium sul- 
fate granulation was prcparcd by  adding 5% gelatin 
solution t o  calcium sulfate diliydrate in a Blakeslce 
kitchen mixer and wet sizing through a No. 6 screen 
on an oscillating gratiul:ilor. I t  was tlricd for 8 hr. 
at 140" F., a i d  tlir dried grmulrs  wvrr sized with a11 

i)scill:rting p;r:uiulator uiiil :L K ( I .  I ( i  wwcn. M ~ s l i  
analyscs of the aspirin, spray-dried lactose, antl cal- 
cium sulfate granulation used in tlic glidant studies 
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are shown in ‘Iable I. Thc cornstarch was dried at  
140’ F. for 24 hr., and all glidants were passed 
through a KO. 40 hand screen prior to using. Glid- 
ants were used at  cnnccntration levels as indicated in 
Table 11. 

The materials used for the flow rate and angle of 
reposc correlation study are listed in Table 111 and 
characterized according to the U.S.P. powder fine- 
ness classification for chemicals following particle 
size analysis. 

Particle Size Analysis.-Particle size was deter- 
mined with a Ro-Tap testing sieve shaker, using 
U.  S. standard sieves in series 20,40, 60, 80, 120, and 
200 mesh sizes. A 100-Gm. sample was tested in 
the shakcr for 5 min. 

Flow Rate Determinations.-Flow rates, ex- 
pressed in Grn./sec., were determined with the 
florvometer on 500-Gm. samples and with a conical 
stainless steel hopper measuring 20 em. top diameter 
by 30 cm. in length and 10 nim. orifice diameter. 
Each value represents the average of nine mcasure- 
ments. To minimize variations in ambient condi- 
tions, three measurcments mere made on 3 different 
days. The average standard deviation was 0.47 

Angle of Repose Measurements.-Repose angles 
were mcasured by the fixed funnel and free standing 
cone procedure described by Train (1). The fixed 
height of the funnel orifice was 2.54 ciii., and the 
orifice diameter was 5.0 mm. The reported repose 
angles represent the averagp of five determinations. 
I n  no case was the standard deviation greater than 
0.8lo,  which compares favorably with the average 
standard deviation of 0.74” reported by Fonner 

Gm. /sec. 

et al. (12). 
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by rubbing the material between the thumb and 
fingers. It is evident that a glidant which is effec- 
tive with a given material may prove otherwise when 
used with a different material. The flowometer 
appears to be a convenient tool to determine the 
best glidant for specific material more objectively. 
This techniquc also appears to be valuable to ascer- 
tain the optimum concentration of a particular 
glidant. In those instances where the glidant in- 
creased the flow rate, the lower concentration was 
usually more effective. Two exceptions were mag- 
nesium stearate with calcium sulfate granules and 
silicon dioxide with aspirin crystals. The indis- 
criminate usc of glidants should be avoided since 
beyond their optimu~n concentration they usually 
cause a marked decrease in flow rate. 

In evaluating the effect of glidants by angle of 
repose measurement, an increase in magnitude of the 
angle should be associated wi th  a decrease in flow 
rate and conversely, a decrease in the angle should 
result in an increased flow rate. This relationship 
seems to exist within the three talc-containing sys- 
tems which were studied, as illustrated in Fig. 1 .  
Howcvcr, the angles of repose for both the calcium 
sulfate and aspirin series with talc were much higher 
than those for the S.D. lactose-talc series, yet the 
former two series had much faster flow rates. 
Figure 2 illustrates the relationship in the three 
systems containing magnesium stearate. The angle 
of reposc did correlate generally with flow rate within 
these systems, although again no correlation be- 
tween thc three series was evident, and a marked 
drop in flow rate for aspirin-magnesium stearate 
was accompanied only by a negligible change in 
angle of repose. Figures 3 and 4, illustrating the 
three systems with silicon dioxide and cornstarch, 
respectively, indicate inany exceptions to the angle 
of repose-flow rate theory. In many instances a 
decrease in the angle of repose was not associated 
with an increased flow rate, and marked changes in 

RESIJLTS AND DISCUSSION 

’l‘lie effects of varying concentrations of glidants 
on the flow rate and angle of repose of aspirin crys- 
tals, calcium sulfate granules, and spray-dricd 
(S.D.) lactosc are shown in Table 11. The concen- 
trations of specific glidants included those recom- 
mended or generally used. Since S.D. lactose had 
the slowest flow rate, it might be assumed to re- 
spond more favorably to the addition of a glidant. 
Howrvrr, with the exception of the lowest levels of 
magnesium stcarate and fumed silicon dioxide, the 
flow rate was decreased substantially. Munzel (8) 
reported that the flow rate of sodium chloride was 
reduced by the addition of glidants, and attributcd 
this to the fact that sodium chloride itself is an 
excellent glidant and that its flow properties were 
impaired by poorer glidants. This does not apply 
to S.U. lactose and suggests that othcr factors arc 
involved. Thc S.D. lactose had a particle size 
distribution (Tahk I) much finer than the other 
two sample rrrzterials, a factor which may influence 
the effectiveness of glidants. Magnrsium stearatc 
and fumed silicon dioxide a t  their usual concentra- 
tion range5 did iiicre:isc the flow rate o f  both calciuni 
5ulf:ite grniiulcs a i i t l  :~spit-in crystals. Cornstarch, 
a t  low levels, increnscd t l i t ,  flow rate of 111 
material\ but tlrcrrascd t lw flow rate at coricrntra- 
tions norn::illy rtnploycd. Talc appears to be a 
poor g1id:~iit for tliese sample niatcrinls since it 
dccrcased tht flow rate a t  all concentration levels. 
’l’lie talc used in this study was dcsignatcd as having 
“goucl slip,” a dcsignatioii detcrruincd subjcctivcly 

TABLE 111.-ANGLE OF KEPOSE AND FLOW RATE FOR 
SELECTED RAw MATERIALS 

- -  ~ 

Angle of 
Repose, H o w  Rate, 

Material Classificationa Dearee Gm./sec. 
Acetaminophen Coarse 37:OO 11.20 
Ascorbic acid Coarse 41.92 11.26 
Aspirin crystals Coarse 40.35 11.17 
Aspirin crystals Moderately 43.35 7.78 

coarse 
Aspirin granula- Coarse :39.00 10.79 

tion 
Aspirin ( loc% Very coarse 40.73 11.20 

starch j 
Calcium sulfatr, Coarse 41 63 8.4% 

dihyd. 
Lhxtrose, anhyd. Coarse 34.62 18.90 
S.11. lactose Fine 33.08 8.16 
Marinitol Very coarse 41 , 0 2  8 . 1 0  
Sodium ascor- Moderately 41.92 9.91 

Sorbitol Fine 37.48 7.09 
Sugar Fine 38.53 14.24 
Tartaric: acid Coarse 89.33 l t i .84 
Thiatnine tiiono- Modcrately 38. 18 13.72 

bate coarse 

nitrate coarse 

I,. U.S.P.  XVII classiticalioi~ of yowdris  by lincncsh. 
.~ 
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TABLE IV.----COKRELATION COEFFICIHKT ASU PER 
CEXT DE,PEPIDENCE SHOWING RELATIONSHIP 

BETWEEN ANGLE OF REPOSE AND FLOW RATE 
. .-______ 

Coefficient 
Correlation, yo 

r Dependence 
Glidants with aspirin -0.49 24.68 
Glidatits with calcium sulfatc - 0.74 .FA. 43 
Glidants with S.D. lactose -0 .62 38.27 
Selected raw materials -0 .32 10.33 

~ . ~ ~ ~ ~ _ _ _ _ _ _ _  . _ _ _ _ _ ~ ~ ~  
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the c&ium sulfate and S.1). lactose systems arc 
significant or high enough to assume some correla- 
tion between the two variables. However, the per 
cent dependence of these two systems are not 
sufficient to have high or rcliable correlation. 
Correlation between the selected raw materials was 
poor. This is illustrated in Fig. 5. The differencc 
in regression lines is indicative of the weak relatiori- 
ship between angle of repose and flow rate ( I  = 

-0.32). Although still not high, correlation was 
better within a given system. The over-all low 
correlation coefficients and corresponding per ccnl 
dependence values indicate that the angle of repose 
is not a reliable method to evaluate flow of materials. ?,IT- 

18 --__ 

+t 

Fig. 5.-Kclationship ol angle ol reptee to flow 
r,ttc for selected raw matcrials. Key: X,, regres- 
sion linc of the angle of reposc on flow rate, Y, re- 
gression line of the. flow ratc on the anglc of repose. 

thc ilow rate wcrc not detectable by changes in the 
angle of repose. 

Measurcment $of thc angle of repose ol a powder 
has been reported to yield information on flowability 
in comparison to  that of other powders (2- 4j. 
Since this current work concerning the addition of 
various glidants to the three systems had cast con- 
silderable doubt 1311 this relationship, the flow ratc 
and angle of repose of 15 selected raw- materials were 
tli.tcrtnined. ’I’hc results arc shown in Table 111. 
’ h e  tnatcrials represetit wide ranges in angles of 
repose and flow rates. The coefficicnt of correla- 
tion (13) has been used to statistically measure thc 
cxtcnt ol thy linear relationship hetw-een angle of 
repose and flow rate. A correlation coefficient close 
to 0 indicate:; a weak or nonexistent relationship, 
whereas a vulue close to + 1 or - 1 indicat 
relationship between the two variables. The per 
cent dependence ij 14), a measure of the percentage of 
ttie variatioii in flow rate related to variation in the 
angle of repose, has also been calculated. Thrse 
sta.tistics were used to evaluate the atiglc o f  rcposc- 
flow rate rehtionship for the aspirin, calcium sul 
fate, and S.D. lactose glidant series. Results arc 
given in ‘I’ablc 1V. Coefficients of currelativu for 

SUMMARY 

1. Thc vffects of varying concenlratioris of tlic 
glidants, magnesium stearate. fumed silicon dioxide, 
cornstarch, and talc, on the flow rate of aspiriti 
crystals, calciuni sulfate granules, and S.1). lactose 
have been investigated with a recording powder 
flowometer. The angle of repose nieasureirient was 
also used in a further attempt to evaluate flow and 
to investigate the relationship between this angle 
and flow rate. 

2. The flowometer appears to be a valuablc 
instrumcnt to select the best glidant for a given 
material or granulation and to determiue the opti- 
mum concentration of a particular glidant in a 
given system. 

3. Magnesium stcarate, fumed silicon dioxide, 
and cornstarch iii lorn concentrations increased the 
flow ratcs of aspirin and calcium sulfate. However, 
effectiveness of the glidants with S.D. lactose was 
negligible. Talc appears to bc a poor glidant for 
thcse materials since it decreased the flow rate a t  all 
concentration levels. 

Optimum concentrations of glidants wcrc l(+i, 
or lower. Excess of glidants should be avoided since 
beyond their optimum concentration they usually 
caused a marked decrease in flow rate. 

Statistical tests were used to determine the 
relationship between angle of repose and flow rate. 
1,ow correlation was obtained within a specific sys- 
tem, whereas no correlation was found for selected 
raw materials. Consequently, angle of repose 
rneasurement does not appear to be a reliable method 
to evaluate flow of materials. 

4. 

5. 
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Evaluation of Automatic Potentiometric Titrator 
in Nonaqueous Titrations 

By THOMAS MEDWICK and ELY KIRSCHNER 

A procedure is reported for the evaluation of the behavior of an automatic record- 
ing titrator in  nonaqueous titrations and is applied to an instrument composed of 
commercially available units. First, the behavior of the purely instrumental fea- 
tures was determined and the experimental errors were compared with calculated 
maximum anticipated relative values. The instrument's function in this case was 
within expectation. Then, the response of the titrator was evaluated from titration 
curve properties of two compounds in acetic acid and two other compounds in iso- 
propanol. The following maximum relative errors, with instrumental errors dis- 
counted, were observed: range, 1 . 5  per cent; end point potential, 4.4 per cent; 
analytical results, 1.0 per cent; slope of the rapidly rising portion, 11.4 per cent. 
On the basis of satisfactory instrumental response and reasonable titration curve 
errors, the relatively inexpensive unit used here is found reliable for general lab- 
oratory use. The procedure described is recommended for use in evaluating any 

automatic potentiometric recorder. 

rrRIhiETRIc analysis in various nonaqueous 
Tniedia enjoys success and acceptance. The 
biannual reviews of the literature pertaining to 
this work attest to  this fact (1). Inspection of 
the official compendia (2, 3) indicates that  this 
type of determination is useful in pharmaceutical 
analysis. If potentiometric end point detection 
is required, the use of a dependable auto- 
matic recording titrator permits convenient 
and rapid analyses. It is possible to  build a 
titrator from published schematics, but  this 
involves expense and considerable labor. Several 
varieties of commercial automatic recording 
titrators are available or, if cost is a consideration, 
commercial components may be simply as- 
scmbled. If not already available in the labora- 
tory, the required components are a potentio- 
metric recorder, a suitable automatic buret, and 
a pII meter. No matter which of these instru- 
ments is chosen, proper evaluation of the auto- 
matic recording titrator setup should be carried 
out to determine performance under the specific 
conditions to  be imposed during use. 

This paper reports on a detailed evaluation pro- 
cedure which examines titrimetric performance 
in nonaqueous media where high solution re- 
sistance inaltes potential nieasurements difficult ; 
the titrimetric behavior of two compounds in 
glacial acetic acid solvent and two other coin- 
pounds in isopropanol is studied. Since titra- 
lion behavior yields useful acid-base information 
as well as purely analytical data, various features 
of the resultant curves are measured. In addi- 
tion, the known determinate errors inherent in the 
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various measurements are estimated in an 
attempt to evaluate the ability of the described 
instrumentation to  present data  reproducibly. 
The automatic recording potentiornetric titrator 
uscd is composed of commercially available com- 
ponents. Wilson and Munk (4) have written 
about a similar titrator bu t  did not carry out an 
evaluation of its performancc. 

EXPERIMENTAL 

Chemicals and Soh~tions.--All CheIIiicals not 
otherwise described were reagent grade. 1,2,3- 
Triphenylguanidine (Eastman yellow label) was 
recrystallized from 95YG aqueous ethanol, m p .  
145147O uncorrected. nz-Nitrobenzhydrazide 
(Eastman white label) was recrystallized from 
water, m.p. 152-155" uncorrected. 

Berizoic acid, primary standard (J. T.  Baker) 
99.99(;l, assay. p-Hydroxybcnzoic acid (Eastman 
white label). Hexadecyltriti~ethylammot~iuin bro- 
mide (Eastman blur label). Acctous pcrchloric 
acid, about 0.1 N, was prepared according to 
Fritz (5). 

Hexadecyltrimethylarnmonium hydroxide, about 
0.1 M ,  was prepared according to the method 
described by Cundiff and Markunas (6) with the 
exception that isopropanol was the only organic 
solvent used. 

Apparatus.-Sargent model SR recorder, 125 inv. 
full scale, equipped with a 5.0-lllv. nrrijie p l u ~ ,  
a 1 in./min. chart drive motor, and wired with a 
switching arrangement such that it rnay be turned 
on synchrotiously with the constant rate buret. 

Leeds and Sorthrup pH itidicator, model 7401, 
equipped with a 10 or 20-olini precision resistor 
(fO.05%)). 

Sargent model C constant-rate buret, delivering 
10 ml., equipped with a Teflon stopcock and a 
Teflon sleeve-covered ground-glass connection, 
and connected to a 2-L. titrant reservoir via ball 
socket joints and glass tubing. 

Magnetic stirrer, used with Tcfloii-coated mag- 
netic stirring bars. 

Titration vessel, Tor titrations requiring protcc- 
tion from tlic atniosplicrc, coiisisling of a i x d a x  7 
cm. in height, 7.1 cin. in diamictcr, with a fciiiale 
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71/15 grountl xlajs joint, arid a cover with a m:tle 
71/15 joint, and with four openings to admit the 
rel’ereiicc electrode, the indicating rlectrodr, the 
burct tip, and a ilitrogcii gas tube. 

For titrations in both acetic acid and isopropanol 
solvents, a Beckman glass elcctrode (40498) was 
used as the indicating electrode. The reference 
electrode used for acetic acid was a Beckrnan im- 
verted sleeve calomel electrode (43462), the satu- 
t-atetl aqueous KC‘I solutiori being replaced by 0.1 ?M 
acetous LiCI; for isopropaiiol, tlie same type of 
caloniel electrode was  employed but with 0.1 M 
hexadecyltrinietli~lammotiiu1l7 bromide in isopro- 
pmol replacirig the saturated aqueous KCI. 

Procedure.--A samplc of tlie cornpouncl to be 
titratcd, listed in ‘Table I, column 1, was accurately 
weighcd (colnrnn 2) and dissolved in 50 ml. of 
tlrct proper solvenl (colurnn 3). When acetic acid 
solvelit was i m d ,  LL 400-nil. beakcr W L S  used as t l ~ c  
lit ration vessc.l. However, whcn isopropanol was 
tu be the solvent, the titration vessel was tlie cell 
previously described which provided for the usc o f  
nitrogen as an inert atmosphere. After the proper 
electrodes were immersed and the stirrer turned on, 
the solution was autoniatically titrated with the 
specified t i t r m t  (column 4) until the total volume 
of about 10 ml. w:ts delivered by the buret. 

’The following electrical grounding arrangement 
w;ts iisrd. ‘I‘hc negative input terminal of tlie re- 
corder was grounded to its chassis aiid was also 
connectcd to the “ground” terminal of the pH 
meter. The “ground” terminal of the pH meter, 
the automatic constant-rate buret chassis, and tlie 
magnetic stirrer ,chassis were all connected to a 
common water pipe ground. S o  titration solution 
ground was u;jd .  

IVleasurement of Titration Curve Parameter.- 
The recorded titration curves are plots of milli- 
voltage (ordinate) as a function of t i trant volume 
(ablscissa). Fcir e:xh titration curve, the following 
me.zsurements as shown in Fig. 1 were made usirig 
a metric ruler: the length of chart representing 
the complete titration, distance X ;  the voltage 
represented by a centimeter of abscissa distance in 
terms of the voltage equivalent t o  distance 1’ 
divided by distance Y; the range, in millivolts, or 
distance AB; tlie potential at the end point, point 
C ;  the slope of the rapidly rising linear portion 
or the tangent of angle -4DE; the end poiiit accord- 
ing to the method described by Blaedel and hlcloclic 
(i), In  addition, dcterminate errors involved in 
the measurement of  graphical features and found 
in the instrulnen tal specific;ttions wcre trcated 
according to  the umal concepts of error propagation 
18). 
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strumcntnl oper:ttion and t)ehnvior, ontl second, 
discuss the entire iristrunietit, including, of  course, 
the titration cell portion. 

Instrumental Operation and Behavior.---’l‘lic 
components of this titrator were chosen with the 
aim of achieving flexibility. The  recorder is one 
with a large chart ( 2 5  cm.), variable ranges, and 
variable chart speeds. However, any good po- 
teritionietric recorder may he adapted. Similarly, 
any good pH nieter, with a recorder output, may 
be used. The pH meter chosen presented such ad- 
vantages as stability, ease of variation of the output 
signal via precision resistors (9),  and adjustability 
of the “zero” rnillivolts position. This latter ad- 
vantage is extremely important when titrations are 
to  be carried out usirig various solvents and dif- 
ferent strength acidic and basic samples. The last 
and only component which need be ohtainetl 
specifically for this titrator is the automatic colt- 
stant-rate buret. The one used here was cliosctl 
since i t  could he cleancd easily and was adaptable 
to an all glass t i trant delivery system. 

A factor which is extremely important in obtaining 
instrumental stahility, particularly in the titrations 
involving solvents of low dielectric constant, e.g., 
acetic acid, is that  of electrical grounding. If 
groundiiig is not proper then any extrarieous signals 
will be superimposed OII the desired rcsponsc re- 
sulting in unsatisfactory, erratic titration curves. 

Since the magnitude of a potentiornetric “break” 
is a furiction of tlie acid or base strength of the corn- 
pound being titrated, certain compounds will give 
rise to a smaller potentiornetric break than others. 
In order to make the recorded titration curves as 
large as possible arid thereby take advantage of the 
large recorder chart, the sensitivity of the instru- 
ment was varied. In all instances, thc rccorder 
range was kept at 5.0 mv. and the pH meter op- 
erated in the 0-1400 mv. range. However, the pH 
meter output was varied by usirig cliffereut output 
resistors (9). Table 11, column 2, is a listing of the 
resistors used in each case while coltinitis 3 and 4 
show the anticipated effect of the resistor on the 
recorder rcsponsc aiid instrument sensitivity. I t  
is seen that  in the study of nz-tiitrobenzhydrazide, a 
relatively wcak base, the highest instrument sen- 
sitivity was used. ‘I‘lie sciisitivity was not ill- 
creased whcn p-hydroxybenzoic acid was titrated, 
in spite of the weakly acidic phenol which is present, 
in order to  titrate both acidic groups withiu the po- 
tential range represcntcd by a single width d re- 
corder chart. 

It was desirable to  test the reliability of the in- 
strumental performance for every titration. The 
chart abscissa, in terms of ceiitimcters of chart 
travelled for a complete titration, is an index of 
how wcll the automatic buret motor, the rccorder 
chart drive motor, and the synchrorious switch op- 
erate. The abscissa mean values and their standard 
deviation, listed i n  Table 11, column 7, show a 
maximum relative standard deviation of about 
0.2%. The determinate portion of this uncertainty 
may be ascribcd to  two sources. The first source, 
the instrumental error, arises from the automatic 
constant rate buret motor whose specifications list 
an  accuracy of O.lyo in delivering the total volume 
(10). The recorder chart motor is not expected 
to  contribute to the determinate error since it is 
activated niu a synchroiious switch and shuts off 

RESULTS AND DISCUSSION 

A4 n automatic rrcording titrator setup niny be 
conveniently divided into two parts: ( a )  the in- 
strumental portion composed of the automatic 
hurset, the pFL meter, and the potentiornetric re- 
corder; and (0) the titration ccll portion containing 
the sample solution together with the elcctrodes. 
If the instrumcntal portion is found to be functioning 
correctly arid rep roducibly, then it can properly 
receivt. and represent the signal being produced 
by the titration cell portion. On this basis, the 
two sc,ctinns cvhic’1 follow deal first with thc iti- 
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automatically whrn the complete titrant volume 
is delivered (11). The second source of error steins 
from the chart measurements using a metric rulcr. 
Distance tneasure~nents made with it metric ruicr 
are no more accuratc than about 0.02 cm. which in 
a distance of about 26 cm. represents 0.1% relative 
uncertainty. Thus, from these two sources, 0.2% 
total relative determinate uncertainty are calcu- 
lated. This is in good agreement with the 0.2% 
observed uncertainty. 

A second criterion for instrumental performance 
is the reproducibility of the ordinatc, in terms of 
mv./cm. of chart. This axis is influenced by the 
reliability of the meter needle (sincc points on the 
chart are marked to indicate a particular voltage 
reading) as well as the ability of the recorder to 
reproduce the same reading. The uncertainty of 
the entire metcr scale reading is given as 10 mv. and 
the visual reading error is f 2  mv. (12). Thus, in 
the situation where the entire scale is equivalent 
to 700 mv., a maximum error of f 1 2  mv. in 700 mv. 
or 1.77, relative uncertainty could be recognized. 
The recorder is accurate to  0.257, (13) which is 
added to  the meter relative uncertainty to yield 
a total of 1.95%. Finally, the metric ruler un- 
certainty of 0.02 cm. in a distance of approxi- 
mately 25 cm. would introduce a variation of about 
0.1%. Since the ordinatc is expressed as a quotient, 
the anticipated relative deterniinate error is calcu- 
lated to be about 1.85%. The values presented in 
Table 11, column 6, are seen to have a maxiruuiii 
relative standard deviation of about 17;. This is 
within the calculated maximum anticipated de- 
terminate uncertainty. It should also be mentioned 
that the values in column 6 are all in agreement 
within experimental error with the anticipated 
values for the instrument sensitivity noted in 
column 4. 

Titration Behavior.-In this section the ability of 
the entire system to sense, transmit, and repro- 
ducibly record the course of a titration in two 
nonaqueous media is treated. The determinate 
errors attributable to  instrumental and measure- 
ment factors are estimated. No determinate 
error is assigned to the titration cell function. The 
four characteristics of the titration curves are 
listed in Table I ,  columns 6-9. Some variation in 
the concentration dependent mrasurements should 
be expected since the sample weights (column 2) 
are not exactly constant. Since the dilution durina 
titration is the same for each case, no corrections 
are carried out. 

The range values listed in Table I, column 6, 
are reproducible with a maximum relative standard 
deviation of 37,. This value is calculated from the 
curve by multiplying a distance (absolute uncer- 
tainty 0.02 cm.) by the proper instrument seusitivity 
value, Tablc 11, column 6. For a sniall distance, 
e.g., 5 cm., a relative measurement error of 0.4y0 
may be added to  a maximum sensitivity error of 
1.1 yo to yield a total determinate relative error of 
l.5yo. When the individual values presented in  
Table I, column 6, are examined, it is noted that. 
three of the values are within the maximum an- 
ticipated error limits, whereas one of the remaining 
two is 0.3yo and the second is 1.50/; higher than the 
calculated limit. It should be noted that in the 
last-named case the sample size varies about 1.6%. 
This variation would be mpertcd to have an cffect 
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values, the titrator reproduces the end point po- 
tential with a maximum uncertainty of 4.4u/, when 
the measuremcnt and instrumcntal crrors have been 
discoun ted. 

Anotlicr iiitlicntioii ( J f  1Iic alilily uf this system 
to rrproducc results i5 tlic a idyt ical  tlata wliicli arc 
prcsriitcd in 'Tablc I ,  coluniu $i. I t  is noted that 
both titrants havc been staiitlardizctl to values 
precise to about 0.3yo, 'l'liis is withiu expectations 
for a volumetric method. The recoveries as listed 
in column 9 of the other two coinpouuds have a 
maximum standard deviation of 1.0%. This dcni- 
onstrates that  the instrument is able to yield an- 
alytical data and 1.0% maximum uncertainty. 

l'he last critcrion chosen to evaluate the be- 
havior of the system is tlie slope of the rapidly 
rising portion of the curve. This property is also 
known as the sharpness index (1.5). The values 
prcsentcd in Table I, column 8, wcrc obtained by 
measuring the tangent of angle ADE, Fig. 1. The 
calculations arc carried out according to  the follow- 
ins equation: 

x-- ~ kII X r I I -  --d 
M L  

Fig. 1.---Titration curve features. Key: X, 
milliliters, Y, millivolts; AB, rangr; C, rnd point 
potential; tangrnt of ADE, slopc 

on the range values. Howevcr, on thc basis of the 
observed results, the titrator is able to reproduce 
the range value with a maximum anticipated uii- 

certainty of 1.5% when the measurement and in- 
stiumental errors have been discounted. 

The calculation of the value for the end point 
potential is carried out by measuring a linear dis- 
tance, multiplying this distance by the rccorder 
sensitivity, and adding the product to a reference 
potential 011 t h e  chart. The maximum anticipated 
determinate error is about the same as that  calcu- 
lated for the range values, uiz., 1.57;. Howevcr, the 
use of a reference potential on the chart introduces 
an  absolute uncertainty of 2 mv. in values based 
on this potential. In  order t o  account for this 
factor, 2 mv. have been subtracted from each stnmd- 
ard dcviation (S) value reported in Table I, column 
7, before the relative standard deviation is calcu- 
lated. Of t.hc 5 values reported in Table I, column 
7, those for acetic acid solution are most reliable 
since the hydrogen-ion concentration and pre- 
sumably the electrochemical potential at the end 
point when bascs are titrated in acetic acid has been 
found to be independent of concentration (14). 
The values fo'r 1.2,3-triphenylguanidine and m- 
nitrobenzhydrazide in acetic acid solution indicate 
that  these potentials are reproducible within ex- 
pected limits. The relative errors of the values 
drterminecl in iisopropanol solution are higher than 
thc calculated limit. On the basis of the observed 

The estimate of the relative errors transmitted to  
the final slope valuc was found to  be a maximum 
of 3,69& in the case of benzoic acid. The observed 
relative standard deviations are larger than the 
estimated relative errors. On the basis of these 
data,  the slope is reproduced with a maximum un- 
certainty of 11.496 (15.0-3.6) when the measurement 
and instrumental errors have been discounted. 

The value of 11.49; which has been calculated 
to  be the maximum uncertaiiity of the slope may be 
composed of unknown dctcrminatc as wcll as random 
errors. Blaedel and Meloche (16) discuss end 
point errors and particularly the random error 
involved in sclectitig the inflection point. These 
authors makc the following statements: "In 
locating the inflection point, the standard error 
appears t o  be about lo?; of the volume interval 
covered by the straight-line portion of the cxpcri- 
mental titration curve. This figure of 10% is a 
rough estimate based n u  experiencc, and has no 
theoretical basis." The "vulutne interval covered 
by tlie straight-linc portion" mentioned corresponds 
to the line DE of Fig. 1. Since DE is used in the 
slope calculation, its random error will be propa- 
gated according to  usual concepts which dictate 
that  the squares of the rclativc standard deviations 

Recorder Response, Instrument 
Output. Full Scale Sensitivity 

ohms "25 cm ), C'alyd , T r i n l r ,  Instrument Senpitivity. 
Coni ld .  *0,0.5'$ mv. mv. /cm.  ti0 Ilxptl , mv.. cm. Chart  Travel,  cm. 

1 ,Z,,?-Tripht:nyl- 10  ;no 28.0 5 2 i . 8 ,  S o  = 0 3 2,;. 21). sl = (1.04 

m- Nitrobcnz- 20 350 1 4 . 0  4 13.95, S = 0.07 26.18, s = 0 05 

Benzoic acid 10 700 28.0 3 27.9,  s = 0.1  zi. 26, s = 0 .  OB 

guanidine 11.1':i,)" ( 0 .  15';; j" 

[0 .5<j ; , )  (0.lV;h) hydrazide 

10.4';i.j (0.23%;) 
p- Hydroxy benzoic 10 700 28.0 1 27.8.  s = 0 . 2  2~ 30, s = 0.00 

acid (0.77,L) ( -1  
I' In each instance. S indirates the standnrd deviation l'lir fiaiirrs in thr ~i:irenlhrses are relative stanrlarrl deviation.. 
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of the elements in a quotient are summed and the 
square root is estracted to yield the relative stand- 
ard deviation of the quotient (8). When this is 
done with tlir 10fxl uncertainty iriciitioned previ- 
ously, a relative random error of at least 10% is 
expected in the result. On this basis, only 1.47i 
of the original 1 1.4y0 remains unexplained. This 
percentage may very well be random error in AE 
for which no estimate is available. 

During the rapidly rising portion of the curve, 
the sensing and recording of potcntials is most 
difficult since the potential is changing very rapidly. 
Factors such as speed of recorder responsc, eficicncy 
of stirring, and rate of titramt addition are all in- 
volved in this measurement. It is possible to  
obtain an electronic setup whereby the rate of ti- 
trant addition is slowed as a function of the rate of 
change of potential. This may improve the re- 
producibility of the slope. However, this fccdback 
mochanisrn suhstnntially increascs the cost of the 
instrument. Cointnercial titmtors offer this ad- 
vant a.geou s feature . 

SUMMAKY 

1 .  A procedure for evaluating titration behavior 
of an autoniatic potentiometric titrator is reported. 

2. The procedure consists of an instrument 
evaluation followed by an examination of titration 
curve properties. The range, end point potential, 
analytical results, and the slope of the rapidly rising 
portion of each curve arc determined. 

The maximum anticipated relative errors are 
cnlcu1atc.d and cotnpnrcd with exprriincntnl rcsults 

3 .  

.Jovr?ml .f Phormnctwficnl Sciences 

ohtnined from a relatively inexpensive titra tor 
composed of commercially available units. 

4.  On the basis of sa.tisfactory instrurnental 
rcspotisc atid of reasonable. titration curve errors, 
the titrator used here is found to be reliable for 
general laboratory use. 
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Notes 

Isolation of Aurantiacin from HydneZlzlm cderdeum 

By M. L. MONTFORT*, V. E. TYLER, JR., and L. R. BRADY 

Two procedures were employed for the isolation of aurantiacin from an ether extract 
of the basidiomycete Hydnellum caeruleurn. Identification of the compound was 
based on its melting point, spectral properties (infrared, visible, and ultraviolet), 

and alkaline degradation to atromentin and benroic acid. 

o i . v P o R I c  ACID (2,5-dihydroxy-3,B-diphenyl-l,4- P hcnzoqninone) was shown by Burton and Cain 
to be the constituent responsible for the antitumor 
propertics of the lichen Sticta orypzaea Ach. (3. 
coroiztrtu MGII. Arg.) (1). Subsequently, the anti- 
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tumor activity of some related synthetic diaryldi- 
hydroxyquinones (2, 3 )  has been recorded. Re- 
cently, atromentin [S,5-dihydro?cy-Y,R-bis(4’-hy- 
droxpphenyl)-l,4-benzoquinone] was iden tificd as 
the anticoagulant principle in Hydnellum diabolns 
Banker (4, 5). Thus, compounds of this type have 
therapeutic potential, and their occurrence in nature 
has niedicinal interest, 

N o  diplienylhenzoquinone compound is knowii to 
occur in spermatophytes, but aurantiacin (atromen- 
tin-2,5-dibcnzoatc) ( R ) ,  leuconiclone (3’-hydroxy- 
atromentin) (7), muscartifin [2,.5-di(%‘-carboxy- 
phcnyl) - 3 - hydroxy - 6 - (4‘ - carhoxy - l,3 - hutn- 
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dienyl)-l,l-hetizoqriinonr] ( 8 ) ,  theleplioric acid 12, 
3,8,9 - tctrahyilr(ixybenzobis( 1,2 - 0, 4, 5- b ' )  - benzo- 
furan-fi,l~-quiiione] (9-14), aiid polyporic acid 
(15-~21),  iii addition to atroiiiciitii~ ( 4 ,  22, 2$), I i a \ c ,  
1)et-n isola(.t.tl I r m  certain hasitlioinycctt~s bclun~irig 
to  the gcncra il~nanitrr, Cantharellus, Hydnellum, 
Hvdnum, Lophuuia, Pa.rillus. Polypovu.~, and Thele- 
phova. Tlic Hydnuceae appear to  be a particularly 
rich source of the diphcnylbenzoquinone compounds 
with Hjldnelliun, Hydnuni, and Lophayin species 
yielding atromentin, aurantiacin, polyporic acid, 
arid thcleghori~c acid. Hydnellum caeruleunz (Pers.) 
Karst. is kno-wn to lack anticoagulant properties 
(51, but  the species has never been investigatcd 
chemically. Whcn a quantity of this species became 
available, it. was considered desirable t o  examine the 
furigus for iliph~~nylbeiizoquino~ie constituents. 

EXPEKIMENTAL AND RESULTS 

Material and Extraction Procedure.--Carpo- 
phores of H ,  c12erzileum were collected, cleaned, arid 
dried in a forwd-air drying oven at 48" for a mini- 
mum of 72 hr .  Ninety-three grains of a 40-1ilesh 
powder of the whole mushroom was extracted ex- 
haustively with successive portions of petroleum 
ether, dicthyl ether, chloroform, and %C;, ethanol in 
a Soxhlet apparatus. An orange-red crystalline pre- 
cipitate (6.33 Gm.)  separated fmm the ethcr solution 
during extraction and was removed by filtration prior 
to  evaporation of the solvent. Gripenberg (6) had 
isolatcd auranf iacin from a similar precipitate ob- 
tained upori ether extraction of Hydnellzm aurantia- 
cum (Fr . )  Karst. (IIydnum aurantiacunz Batsch); 
conseqiie~itly, this precipita.te was selected as the 
first fraction to be examined. 

Chromatographic Evaluation of the Crude Pre- 
Cipitate.-Chroiriatography was potentially the 
most convenient way t o  obtain a prcliminary eval- 
uation of the various extracts, bu t  no chromato- 
graphic procedures have been reported for the sep- 
aration of ~Sipl-icttiylbe~izoquiiione compounds. Thus, 
a solution of the  precipitate from the  ether extract 
was examined using a variety of adsorbcuts and 
solvent sysl.emj t o  determine if i t  could be resolved 
readily. Maxirnuni resolution of thc components 
in thc crude precipitate was obtained on a layer of 
Silica Gel G with a benzene-ethyl acetate--glacial ac- 
etic acid (75:24.: 1) solvent system. A mixture of 20 
Grn. of Silica (Gel G and 40 nil. of distilled water 
was shaken for 1 min. and spread on 20 X 20 cm. 
glass platcs in a uniform 250-r layer. 'The plates 
were allowed t o  stand for 10 min., heated at 1 0 5  
110O for 30 miti., and cooled. Thc  crude matcrial 
was appliccl to  the chroiiiatograiiis, and they were 
formcd ascenclingly using the solvent mixture. 
Sorrie rnattrial remained at the point of origin; 
the other components separatc into five chroma- 
tographic zones, two of which developed latent 
colors upon standing at room temperature for 24-48 
hr, The  actual migration of thc zones on thc chro- 
IndtogrdphiC layers was observed to  vary slightly 
with thc  quantity of material spotted arid with 
different batches of cliromatographic plates. How- 
ever, the relative position of the zones was always 
the samc, and rcprcscntative R f  values are as follows: 
0.33, yellow-orange; 0.24, latent lavender-brown; 
0.1 7, yellowbrowrt; 0.13, latent gray; 0.10, slate 
gray. 'Tlic cthcr filtrate which remained after separa- 
titrn of thc prccipitute exhibited the same qualitative 

1301 

composition upon chromatography. Exaniinatinn 
of available dip1ieiiylbeiizoquinonc.s revealed tha t  
atromentin and polyporic acid remained a t  the point 
of orixiii nn(lcr thvsc c l ~ r o ~ ~ ~ : i t ~ ~ g ~ ~ ~ ~ l ~ i c  conditions, 
w1icrc:ts 2.,~-diphetiyl~l,4-betizoquiIlomc had an Rf 
value of 0.63. 

Isolation of the Major Component of the  Crude 
Precipitate.-Gripcnbcrg (t i)  utilized a column of 
acid-washed alumina in his isolation of aurantiacin, 
bu t  the  results obtained wit!i thiii-layer chro- 
matography xnd with preliminary colurnris sug- 
gested tliat the  use of silica. gel permitted more 
effective separation of tile componerits of B. 
cner?lleuni. h mixturc o f  silica gel ( 100-200 incsh) and 
flux calcined diatomaceous silica' (75: 1 j was sus- 
pended in benzene and transferred to  a n  18-mni. 
diameter extrusion-type chromatographic column to  
give a 30.5-cm. column of adsorbent. A sample o f  
the crude precipitate (1.3 Gm.) was dissolvctl in n 
minimum vtilunie of tlir~xarie and adsorbeti on a sm:t11 
quantity of the silica gel-flux calcined dia- 
tornaceous silica' mixture. The  dioxanc was 
evaporated at 50", and the aclsorbecl material 
was added to  the top  of thc chromatographic 
column. 'l'lit. colunin was washed successively 
with approximatcly 2000 ml. of benzene-ethyl 
acetate (9:1), 1850 nil. of benzene-ethyl a 
( l : l ) ,  150 nil. of ethyl acetate, xiid 400 nil. of 
ethyl acetateglacial  acetic acid (20: I). The eluate 
was collected in approximately 50-nil. fractions, arid 
25-50-pI. portions of each fraction wcrc cxamincd 
using the tliiti-layer chromatographic procedure. 
Thc  first 200 ml. of eluate contained no pignicntcd 
compounds, and the next 900 nil .  wcre chromato- 
graphically homogeneous (Rf 0.33). Thin-layer 
chromatography revealed tha t  the compound with 
Rf 0.33 was the  major component of the  crude 
precipitate; it was detected in a11 subsequent frac- 
tions of the eluate. The eluates containing only thc 
one compouiid ( K f  0.33) were combined, the  solvent 
was evaporated in a stream of air at room tcm- 
perature, and the residne was recrystallized 3 times 
from dioxanc. The  solvent of crystallization was 
removed by heating in a drying pistol over plios- 
phorus pentoxide a t  146" in z'acuo for 120 hr. 

Isolation of the orange-red crystalline material 
using the column chromatographic procedurc was 
tedious and relatively inefficient. Consequently, 
an alternate procedure which cmploycd selcctivtb 
solubilizatiom of the accompanying impurities was 
developed. A bairiple ol the crude precipitate (2.5 
Grn.) was stirred with successive 50-ml. portious of 
methanol, arid the supermatant solutions were ex- 
amined using thin-layer chromatography. After 
washing the crude precipitate with 5 portions of 
methanol, thc remaining residue was chrorna- 

material was recrystallized from dioxane and dried, 
i t  was indistinguishable from the  crystalline sub- 
stance obtained by column chromatography. 

Preliminary Identification of the Isolated Ma- 
terial-Qualitative rlemental analysis following 
sodium fusion revealed the absence of nitrogen, 
sulfur, and halogens in the  molecule. The infrared 
spectrum of the  compound in a potassium bromide 
pellet using a Beckrrian infrared spectrophotonieter, 
model IK6:1, strongly suggested the presence o f  :in 

tographically h~Inoge I l e~~ lS  (RJ 0.33). WheIl this 

1 Marketed as IIvHo Super Cel by the Johns hlanvillr Corp. 
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Fig. 1.-Infrared spectrum of isolated aurantiacin. 
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= 4.55) and 385 m p  (log E = 3.66) reportrd for 
atromcntin (25). 

DISCL‘SSIOS AND CONCLUSIONS 

Extraclioii and fractionation proccdurcs wcrc 
utilized to invcstixatc the occurrelice of clipheiiyl- 
berizoquinoiie compou~ids ill carpopliorcs of 11. 
caerulunz. Ail orange-red crystallirie couipound was 
isolated from a precipitate that separated from the 
ether extract. The melting point and spcctral 
properties (infrared, visible, and ultraviolet) of the 
isolated compound correspondcd to those of auran- 
tiacin. This identification was confirmed by alka- 
line degradation of the material to atromentin and 
benzoic acid. 

The isolation of aurantiacin from H. cueruleurn 
marks the second reported occurrence of this com- 
pound in nature and the first since its original isola- 
tion from H .  aurantiacunt (6). Thc gcnus Hyd-  
nellum is a reasonably well-defined tason which is 
characterized by a tough fibrous or leathcry contcxt 
(26). Major morphologic criteria for the separation 
of species within the genus are the presence or 
absencc of clamp connections in the hyphac of the 
pileal trarna and the presence or absence of iucrust- 
ing granules in the tramal hyphae. H .  aurantiacuin 
has incrusting granules and no clamp connections; 
H. caeruleum, the antipode, has clamp connections 
and no granules. Thus, morphologic considerations 
suggcst that the two species are not as closely related 
as could be predicted on the basis of aurantiacin 
accumulation. However, therc is no available cvi- 
dence which permits the assignment of a greater or 
less phylogenetic significance to chemotaxonomic 
indicators than to morphologic relationships. 
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ester carbonyl group (1748 cm.-l) and a quinone 
carbonyl function (1665 cm.-I). The balance of the 
infrarcd spectrum (Fig. 1) was consistent with that 
anticipated for a substituted diphenylbenzoquinone 
compound (24), and the micro m.p., K., of 28.5295”, 
agreed with the melting point reported for auran- 
tiacin (6). 

Visible and ultraviolet absorption spectra are 
useful in distinguishing snme diphenylbenzoquinones 
( 2 5 ) .  Such spectra were obtained by dissolving 
2.0 mg. of the recrystallized compound in 10 ml. of 
dioxane, diluting the solution Bs-fnld, and recording 
the absorption with a Beckman spectrophotometer, 
model DB. The absorption maxima obtained a t  
240 mp (log E = 4.71) and 405 mp (log = 3.94) 
were in agreement with the values 240 m p  (log c 

= 4.63) and 405 m p  (log E = 3.82) reported for 
auran tiacin . 

Degradation of the Isolated Material.-Pre- 
liminary data suggested that the isolated material 
was aurantiacin, a compound which can he decom- 
posed to  atromentin and benzoic acid (6).  A small 
sample of the crystals (100 mg.) was dissolved in 
50 ml. of 2 N sodium hydroxide solution. The 
alkaline solution was acidified with cnncentratcd 
hydrochloric acid and partitioned with three suc- 
cessive 50-ml. portions of ether. The ether solution 
was extracted with three 50-ml. portions of saturated 
sodium bicarbonate solution. Acidification of the 
bicarbonate solution gave a brown precipitate 
which was separated by filtration and washed with 
benzene. Thc mother liquor from the filtration was 
cxtracted with ether, the ether was removed by 
evaporation, and the residue was washed with ben- 
zene. The corresponding henzene-soluble and 
insoluble portions of the precipitate and residue 
were combined. 

The benzene solution was evaporatcd to dryncss, 
and the residue was sublimed under reduced pres- 
sure. Micro m.p., K., of the sublimate was 120- 
121’. An admixture with authentic benzvic acid 
showed no depression in metting point. 

The benzene-insoluble material was recrystal- 
lized from methanol and dried in uucuo over phos- 
phornspentoxide a t  146’ for 120 hr. I t  dccomposcd 
without melting a t  about 303-305’. A dioxnue 
solution of the material (1 mg. dissolved in 10 ml., 
then diluted 25-fold) had absorption maxima a t  
268 m p  (log = 4.51) and 384 m p  (log E = 3.73); 
these results agreed with the values 268 Inp (log E 



Effect of Antitumor Antibiotics and Antimetabolites on Rat 
Diaphragm Carbohydrate Metabolism 

By LEON L. GERSHBEIN 

Rat hemidiaphragms have been incubated with antiturnor antibiotics and anti- 
mietabolites in a phosphate-saline medium containing 120 mg. per cent glucose 
and the changes in  oxygen uptake, hexose utilization, and glycogen turnover ascer- 
tained. Aminopterin (0.40 mg.), triethylenemelamine (0.40 mg.), and 2-n- 
h1eptyl-4-hydroxyquinoline-N-oxide (50 mcg.) caused a decrease in  glycogen con- 
tent; the latter two as well as chlorambucil and 8-azaguanine, both screened down 
to 10 mcg., depressed glucose utilization. Of the antibiotics, glycogenolysis oc- 
curred in the presence of tubercidin (0.50 mg.), antimycin D (0.75 mg.), streptoni- 
grin (50 mcg.), and antimycin A (0.25 mg., suspension). Muscle glucose uptake 
was depressed in the presence of more physiologically significant levels of puro- 
mycin, tubercidin, streptonigrin, duazomycins A and B, and actinogan and with 
antimycin A (0.2 5 mg.); tylosin was effective in this regard at 1.00 mg. Diaphragm 
Qz was depressed by 2-n-heptyl-4-hydroxyquinoline-N-oxide (50 mcg.), S-azaade- 
nine (0.25 mg.), and 0.50 mg. each of streptonigrin, E73 base, glutinosin, psico- 

furanine, and actinogan and was elevated by porfiromycin (0.50 mg.). 

N RE:C!ENT studies by this laboratory, the effect I of a. variety of antibiotics was ascertained on the 
isolated rat diaphragm (1). Of these, albamycin 
decreased both glucose uptake and glycogen content 
a t  concentrations to 30 mcg. and at cven lower levels, 
hexose utilization was depressed, as was also the 
case with chloramphenicol and kanamyein. In thr 
present investigation, these criteria were applied to 
antitumor antimetabolites and antibiotirs. The 
agents, tylossin and caprcomycin, were also included 
as well as a cytotoxic sterol, kethoxal-bis(thiosemi- 
carbazotie), and 2-n-heptyl-4-hydroxyquiiioline-N- 
oxide. The last compound is a streptotnycin an- 
tagonist, in hibiting NADH and succiiiatc oxidation 
by mitochondria ( 2 4 ) .  

EXPERIMENTAL 

Antittirric~r antibiotics were generously supplied 
by scvcral companies, the sources and code designa- 
tions of which appear in Table 1. The antirnetab- 
olites of high purity originated from comnicrcial 
sources.1 The  agcnts were dissolved in 0.85yo 
saline and for acids and water-insoluble aza-deriva- 
tives, solution was first effected with aqueous NaOH 
and then further diluted to the desired concentra- 
tion with saline; all mixtures were prepared fresh 
prior to use. For the incubation of the hemidia- 
phragrris, the medium of Stadie and Zapp (11) was 
used double strength (final concentration: 0.04 

Received May 19, 1966, from the Biochemical Research 
Lahoratnries, Northwest Institute for Medical Research, 
Chirns-o Ill. 

AccGp'ted for puhlication July 27, 1966. 
1 Thio-tepa. triethylenemelamine (trademat-k, T E M ) ,  

aminopterin, ;and methotrexate were obtained from Lederle 
Lahoratoriea; the antiviral and antitumor agent, kethoxal- 
bisithiosemicarbdzonej [ ( 5 ) ;  derivative of 8-ethoxy-cr-keto- 
butraldehydel , the cytotoxic sterol, y-lactone of 16-p- 
hydroxy-51,t l-dioxopre~na-4,17(2~)~dien-2l-nic acid (6j from 
the Upjohn C o . ;  cyclophosphamide (trademark, Cytoxan) 
from Mead Johnson 1-ahoratnries; capreomycin disulfate 
(7.50 mcg./mg. solids) and tylosin from Eli Lilly Kr Co.; 
chlorambucil (trademark, Leukeranj from Burl-oughs Well- 
come & Co. : 2-n~heptyl~4-hydroxyquinoline-iV-oxide. 8- 
azaadenine, and 8-azaguanine in addition to the antibiotic, 
untimycin A, l'rom Sigma Chemical Co.; 5-fluorouracil from 
Koche Lahor.atories and 6-mercaptopurine, 6-azathymine 
6-azauracil, 7-azatryptophan, cyclnserine (n-4-amino-3-id 
xazolidonej, thr antitumor agent and methionine antagonist, 
cyclvleucine fl~-aminncyclopentanecarboxylic acid; (7-9) 1 ; 
and a competitive antagonist of leucine utilization in some 
bacteria, 4-a:aleucine hydrochloride [2-amino~3~dimethyla- 
minoprop:%nolc acid . 2HCl; (10)) from Nutritional Bio- 
chemicals Corp. The latter was also the source nf the  anti- 
biotics, puromyein hydrochloride, carainophilin, and mito- 
mycin C. 

Na2HP04, 0.005 M MgC12.5HS0, and 0.08 !M 
hTaCl, pH 6.8-7.0; the glucose level was 120 rng. 

The removal of hemidiaphragms from male Holtz- 
man rats weighing 135-165 Gin., starved for 24 hr., 
and their processing as wcll as the incubation and 
analytical procedures were identical with those 
described in previous reports (12-14). By the 
mcthod of paired hemidiaphragms, one tissue was 
incubated with 1 mi. double strength medium + 1 
ml. salinc-drug solution, and the other hetriidia- 
phragni, with 1 nil. medium + 1.0 ml. salinc (con- 
trol); the requisite flasks without muscle were also 
employed in each run. Incubation was carried out 
under oxygen in a Warburg apparatus a t  37' for 
1 hr., after which time the rinsed hemidiaphragms 
were hydrolyzcd with 30%, KOH and analyzed for 
glycogen (15-17); glucose in the incubation fluids 
was determined following dilution and deproteiniza- 
tion (18, 19). 

5%). 

RESULTS AND DISCUSSION 

Average differences in Qor, glucose uptake, and 
glycogen content for hemidiaphragms incubated 
with antimetabolites arid antibiotics together with 
the standard errors and the Fisher t values in the 
comparisons appear in Table I. Since no expcri- 
~nental design was followed, a statistical method was 
applied-to-the bulk data; differences in excess of  I? 
=k 2.5 tZ, K being the average ran,q:e, were discarded 
(20). As small to slight amounts of glutinosin (0.50 
nig.), porfirorriycin (0.50 mg.), streptimidone (0.50 
nig.), and actinouiycin D (0.75 rng.) arid even larger 
portions of chlorambucil (0.50 mg,),  tubercidin. 
antimycin A, and 3-n-heptyl-4-hydroxyquinolinr- 
LV-oxide (0.050 mg. ) rcniairied undissolved, fine sus- 
pensions were used in each instance. 

The mean differences wcrc not statistically sig- 
nificant for thc following, the values in parentheses 
denoting the highest levels (mg.) screened: metho- 
trexate (0.40), thio-tepa (0.40), 6-mcrcaptopurine 
(0.26), cyclophosphamide (0.40), 5-lluorouracit 
(1.00), 8-azaxanthine (0.25), 6-azathymine (0.25), 
6-azauracil (0.25), kzatryptophan (0.050), 4- 
azaleucine.2HCI (1.00), cycloleucine (2.00), carzino- 
philin (40Ou.), cycloserine (1 .OO), miton~ycinc (0.10), 
kethoxal~bis(t1iiosemicarbazone) (0.50), the cytotoxic 
steroid (0.050), capreornyciti rlisiilfate (1 .On), actino- 

130? 
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T!ie mtituiiior glycoproteiii, actiiiogati ( 9 3 ) ,  
markedly depressed glucose utilization by rat dia- 
phragm even at a level of 0.50 mcg. and with 0.50 
mg., the Qon difference was decreased at  the 5:4 
level of probability but the diminutioii in glycogen 
content w-as just short of statistical significance. 
The liiidings were somewhat similar with niithra- 
niycin arid duazomycins A and B, each screened 
doivii to levels of 10, 10, and 50 mcg., respectively. 
However, 510: and glycogeri content diflerences were 
riot affected a t  the highest dosage of cach (0.50 nig.). 
It would be of iriterest to compare the effect of ac- 
tinogan with peptinogan, a polypeptide fraction 
obtaiiied from this antibiotic a i d  uhieh also pos- 
sesses antitumor action (24), an experiment not 
included in this series. 

bolin sulfate (0.50, Parke Davis), strcptitnidone (0.5U, 
Parke Davis), 6-diazo-5-oxo-1.-1iorlcuciiie (0.50, 
Parke Davis), azaserine (1.00, Parke Davis), pacto- 
mycin (0.511, Upjohn), streptovitacin A (0.50, Up- 
john), decoyinine (0.50, Upjohn), cyclohcximidc 
(0.50, IJpjchi) ,  actiuotuyciri Pz (0.050, Pfizer), roseo- 
lic acid (0.50, Pfizer), and nctropsin sulfatc (0.50, 
Pfizer). 

Of t.he tumor antirnetabolites, decreases in glyco- 
gen contcn t occurrcd only with aminopterin (0.40 
mg.), 1:riet hylenemelarnine (0.40 mg.), and evcn 
more pronounced, with 2-n-Iiepty1~4-hydroh-yquin- 
oline-Noxitle (0.050 mg.). The last two agents 
also caused dcprcssions in glucose uptake as was 
also noted with chlorambucil 10.010 and 0.10 mg. j 
and 8-azaguanine screened down to levels of 10 
rncg. ; the streptomycin antagonist also markedly 
depressed 'oxygen uptake. In  this regard, similar 
runs conducted with 8-azauanthine, 8-azaadeninc, 
and 6-azauracil, cach at  0.25 mg., showed them to 
be essetitially without effect, except for a minor 
decrease in Qo2 with 8-azaadcnine. At this dosage, 
7-azatryptciphan, an agent which can be incorpo- 
rated into jprotein (21, 22). lowered glucose utiliza- 
tion, an cffcct which did not extend to 0.050rng. 

With the antibiotics, puromycin (0.020 and 0.25 
nig.) and tubercidin 10.050 and 0.50 mg.), represent. 
irig the riucleoside types, diminished glucose uptake 
and at  the higher lcvel of tubercidin (7-deaza-adeno. 
sine), the glycogen couterit underwent a definite 
decrease. In fact, of the aiitibiotics, a fall in glyco- 
gen content, in addition to tubercidin, was noted 
with the high dosage of actinomycin D (0.75 mg.), 
streptonigri.n 10.050 arid 0.50 ing. ; almost borderline 
significance with 0.10 mg.), and antimyciii A (0.25 
mg. suspension). Glucose utilization was decreased 
in the presence of the last agent and streptonigrin a t  
0.50 mg., a level which also inhibited diaphragm res- 
piration. I:t is of interest that the glutarimides, 
cyclohcaimiide, streptovitaciri A,  and the related 
I373 base mere without cffcct cscept that  the de- 
crease in  Qo2 was significant on y with E73 (0.50 
mg., p < 0.05). Respiration was also depressed 
with glutinosin (0.50 rng.) and psicofuranine (0.50 
mg.) but was clcvatcd at the 2";;, level of probability 
with porfiromyciri (0.50 mg.). Tylosiri proved a 
depressant of glucose uptake solely a t  the higher 
dosage (1.00 mg.). 
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Attempts at Induced Agranulocytosis in Rats T-Jsing Dipyrone 
By N. M. FERGUSON and ARTHUR F. NOVAK* 

Dipyrone administered orally to rats at the rate of 50 and 100 mg. per day over a 
period of 8 weeks did not produce any abnormalities in the blood picture. In  
addition no visible differences could be observed in the rats receiving the drug 

No sensitivity to the drug was observed. over those of the control group. 

GRANULOCYTOSIS is a disease characterized by a A iiiarkecl change in tlie blood picture, par- 
ticularly that of a rcduction in the polynuclear 
leukocyte count. A4 great many substances have 
been suspected of causing agranulocytosis (1). 
Included in this list are industrial solvents, e.g., 
benzene, toluene, naphtha, paints and paint re- 
movers, and heavy metals such as gold and lead and 
their salts. By far the greater number, however, 
consist of drugs. This list includes practically all 
of the different classes of drugs such as anti-infec- 
tivcs, sedatives, tranquilizers, cardiotonics, and 
analgesics. Since some analgesic drugs are used in 
largc quantities for fever as well as for pain, the total 
number of doses prescribed annually is very great. 
As a result of the widespread use of these drugs even 
a very low incidence of agranulocytosis appears to 
be alarming (1). 

Attempts a t  controlling the distribution ol these 
drugs have resulted in their being limited to prr- 
scription usc only. Since most of them arc very 
effective in relieving pain and some in reducing fever, 
they often constitute thc only means of producing 
these desired therapeutic effects. 

One of thc most cffective analgesic drugs which is 
equally effective in reducing fever is dipyrone, a 
derivative of antipyrinc. This substance has been 
suspccted of being a causative agent in agranulo- 
cytosis (1). 'rliis tabulation indicates that prior 
to June 1963, eight cases of agranulocytosis were 
reported to the panel aud aii additional nine cases 
were cited in the literature where dipyrorie was the 
only drug givcn in the &month pcriod prior to the on- 
set of the disease. Six other cases, four from direct 
reports and two from the literature, occurred in 
which dipyrone was given in conjuriction with other 
drugs which are believed not to br associated with 
agranulocytosis. During the same period other 
cases were brought to light where dipyronc was 
given along with additional medication which in 
turn is not known to be innocent or in many cases 
is actually known to precipitate agranulocytosis. 
From July 1963 to July 1964, only two cascs arc 
reported where thc only drug given during the prc- 
violis 6-month period prior to thc onset of thc dis- 
ease was dipyroiic, whereas, four cases have bren 
recorded during the same period where other drugs 
not known to be innocent of this reaction arid four 
cases where drugs known to be toxic were adminis- 
tered, During thesc same periods, however, many 
other drug substances havc been reported as being 
responsible for or associated with agraniilocytosis 
and many of these in much higher incidence than 
dipyrone (1).  
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TABLE  EXPERIMENTAL CONDITIONS 
~~ ~ ~ . _ ~ _ _ _ _ _ _ ~ . ~  ~ _ _ _  

Group 
No. nr-ug Received Daily Dose, ml. Days 
1 None 0 30 
2 Dipyrone" 0 .5  (50 mg. 30 

3 Dipyrone 1.0 (100 mg. 30 
dip yrone ) 

dipyrone) 
-- ~ _ _ _ _ _ _ _  ~ 

a The authors thank Savage Laboratories, lnc., Huuston, 
'Vex., for supplying dipyroiie as Pyialgin Liquid used in this 
siudy. 

Many attempts have been made to learn the exact 
mechanism of drug induced agranulocytosis. Kracke 
(2)  found that clinical agranulocytosis could be pro- 
duced in rabbits by subcutaneous injections of ben- 
zene. Lu et d. (3) reported that there was no re- 
duction of blood cell count and hypoplasia of bone 
marrow was not observcd in rabbits receiving daily 
administration of aminopyriiie for 4 to 6 weeks even 
in tlie presence of a sensitizing agciit such as bu- 
sulfan. 

In view of the fact that dipyrone is prescribed 
widely fur the relief of fever and pain and has been 
associated with the reportcd incidence of agranulo- 
cytosis, it  was felt that further studies should be 
conducted with this substance. The present study, 
the first in a scries, concerns attempts to induce 
agranulocytosis in rats with dipyrone. 

EXPERIMENTAL 

A series ol 120 white rats, approximately 6 wccks 
old, having an average weight of 250-Gm., arid 
equally divided as to sex, were selected for these 
experiments. The experimental design was planned 
so that the results could bc analyzed statistically il 
this was necessary to interpret the results. 

All of the rats were maintained since birth, and 
during the course of the entire experiment on Purina 
rat chow, which is a highly standardized coni- 
mcrcial feed, fulfilliiig all of the nutritional require- 
merits of rats for normal growth. Feed and water 
wcre available to the animals continuously. 

The cxperiments were performed in an air- 
conditioned laboratory maintained a t  72-74" V. 
Feed was added as required by replacing the used 
feed containers with clean fillcd containers of feed. 
Clcan water was replaced daily. Rccords ol feed 
consumption and body weight were kept for each 
an inial. 

At the outset of this investigation, the rats were 
separated into three groups of 20 males and 20 
females cach. Table I lists the experimental con- 
ditions. 

Group 1 servc~l as tlie control, while groups 2 
~~ 

1 Marketed a.; Myleran by Uurruugha Wellconie 8z Co.. 
Scarsdale, N. 1'. 
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' ~ A E L E  lI.--- AVERAGE RED BLOW CELL COUNTS x 10F/IIiIil.3 FOR RATS ~ w E I V I N G  D A I L Y  O R A L  DOSES 

OF DIPYRONE FOR 8 WEEKS 
-~ _ 

~~ 

,- Weeks 
Initial 2 4 6 8 

Control Male 7.92 8.35 8.14 9 .  27a 9.16" 
Female 7.67 7.94 7.79 8.  7Ba 8.93" 

Dipyrone daily, Male 8.10 7.88 8.54 8. 61a 7.91O 
50 mg. Female 8.59 8.03 7.95 8.52" 8.47n 

Dipyrone daily, Male 7.83 6.98 7.51 7.90" 8.28" 
100 mg. Femalc 8 .45  8 .40  8.52 8.93" 8.76O 

_______~ 
Statistically similar at the 1Y0 significance level both within thc groups and alsu when compared to the change from initial 

nveragrs. 

TABLE III.-!IVERAGE W H I T E  C E L L  C O U N T S / m l l l . 3  O F  BLOOD FOR RATS RECEIVING DAILY O R A L  DOSES 
OF DIPYRONE FOR 8 WEEKS 

. ~ 

~~~ 

Weeks ~~ 

Initial 2 4 6 8 
Clmtrol Male 11,700 10,800 11,200 12,500 11,650 

Female 12,150 11,900 12,150 11,800 11,700 
Dipyrone daily, Male 12,000 12,100 11,350 10,700 9,950" 

60 mg. Female 11 ,850 12,000 10,900 10,600 10,200 
Dipyrone daily, Male 11,400 10,600 9,850 9,800 9,550" 

100 mg. Female 11,250 10,800 10, ow 9,750 9,400" 

a Statistically ,different at the 1% significance level when compared to the change from the initial averages. 
- ~ ~ 

TABLE ---DIFFERENTIAL BLOOD COUNTS x 103/111111.3 RECEIVISG O R A L  DOSES O F  DIPYRONE FOK 
8 WEEKS 

Neutr-ophils Lymophocytes Eosinophils Monocytes Rasophils Reticulocytes 
Kornial range 1.0-4.9 6.0-17.0 0.0-0.7 0.0-0.65 0.0-0.2 0.6-4.9 

Male 1.2-3.2 8.0-12.2 0.2-0.4 0.2-0.6 0.0-0.2 0.7-3.8 
Control 

Fcmale 1.5-3.1 7.4-12.5 0.2-0.5 0.2-0.4 0.0-0.2 0.9-4.5 

Male 1.3--2.7 7.6-13.1 I). 1-0.4 0.2-0.6 0.0-0.1 0.9-4.w 
Female 1.2-3.0 8.2-14.8 0.2-0.3 0.2--0.6 0.1-0.2 0.9-3.9" 

Male 1.2-2.3 7.7-12. (i 0.2-0.5 0.2-0.5 0.1-0.2 0.&-4.2(' 
Female 1.1-2.6 7.1-13.9 0.2-0.2 0.3-0.6 0.0-0.2 0.7-4.1' 

' I  Statistically similar at  the 1% significance level when compal-ed to the change from initial averages. 

Dipyrone daily, 
50 mg. 

Dipyrone daily, 
100 mg. 

. .- - 

and 3 were administered daily doses of dipyrone 
according 'to the quantitics listcd in thc above 
tablc. 

Blood count!; werc made initially, and after every 
2 weeks during the coursc of thc cxpcriment. Body 
wcights were I-ecordcd aiid visual observations were 
made on each rat. None of the  rats died during thi. 
course of t.he e.<perirnent. 

PROCEDURES 
Administratilm of Dipyrone.-The drug was ad- 

ministered orally tach morning by employing a 
1-ml. graduated pipet, and allowing the animal to  
drink the fluid as i t  was relcascd slowly from tlie 
tip. N(J problems were cticoutitered with this 
tecliniquc. 

Blood Counts.-Since the tsil is free from local 
circulatory change, i t  was used as the site of punc- 
turc. The taiI was cleaiied with etliaiiol aiid dried, 
and the tip of the tail was cut off with sterilc 
surgical scissori. hftcr t h c  first few drops of blood 
wcre wiped away, the subsequent drops were ob- 

tained for red cell count, white cell count, and a 
blood smear for a differential count. Standard 
metliods were employcd for the counts. 

RESULTS 

All of the results obtained are presented in 
'Tables 11-IV. The total number of red and wliite 
blood cells are the average values. The individual 
variations in the population within thc groups 
werc too insignificant to have any biological impor- 
tance. 

DISCUSSION 

The statistical trcatment of the data was by thc 
method of :irialyses of variance hy the F test method. 
The variance of tlic average values o f  rats with 
dipyroiie fro111 an iiiitial period to a period of 8 
weeks was compared to that of initial averagrs 
of controls for tlie same period. Table IT shows t h e  
range of results for 20 rats in each series. I t  is to be 
noted that the highest and lowest values are within 
the normal ranges for rach type of blood cell countc-d. 
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The weights and feed intake were the sairie for the  
control group as well as for the groups receiving the 
drug. No visual differences could be observed in 
the rats receiving the drug over those in the control 
group. Furthermore, the rats showed no sensi- 
tivity to the drug. 

Four rats out  of each series ( L e . ,  two males and 
two females) werc checked a t  the  end of 8 weeks 
and no ahnormalitics were found with respect t o  
blood glucose, cholesterol, phospholipids, and urea 
nitrogen suggesting that  no chcmical rhanges re- 
sulted from the use of the drug. 

SUMMARY AND CONCLUSIONS 

In carefully controlled studies carried out over a 
period of 8 weeks, involving 120 rats, no statistically 
significant changes occurred in the blood picture 
with respcct to red cell, white cell, and differential 

Juiiviial of Phuvmciceu~ioil Scier~ces 

counts when varying amounts of dipyrone were 
administered orally. 

No visual diffrrences could be observed in the rats 
receiving the drug over those in the control group. 

No rats died as the result of taking the drug. 
No abnormalities were found with respect to blood 

glucose, cholesterol, phospholipids, and urea nitro- 
gen on examining animals from each group sug- 
gesting that  no chemical changes resulted from the 
use of the drtig. 

In this study using massive doses of dipyrone no 
indications of agraiiulocytosis were produced. 
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Phytochemical Investigation of Abies concolor 
By AYHAN ULUBELEN*, MARY E. CALDWELL, and JACK K. COLE 

Extracts of the bark of Abies concolor have shown antitumor activity against the adeno- 
carcinoma of the duodenum test system of the Cancer Chemotherapy National Ser- 
vice Center. The 
isolation of the active fractions has been reported utilizing solvent extraction, column, 

One of the active materials appears to be a complex tannin. 

paper, and thin-layer chromatography. 

N A ROUTINE screen of Arizona and Mexico plants I for antitumor activity, it was found that  extracts 
of the bark of Abies concolor (Gordon and Glcndin- 
ning) Hoopcs were shown to have activity aga.inst 
the adenocarcinoma 01 the duodenum (7D1) test 
system of the Cancer Chemotherapy National Ser- 
vice Center, Bethesda, Md. The plant, also known 
as white fir, is a soft-wooded, resinous evergreen 
monoecious trec, 100--200 ft. tail, 3-6 ft. in trunk 
cliatnetei-. It  is distributed from Wyoming west to 
Oregon and south into Raja California, Arizona, 
New Mexico, and Sonora, at elevations of 3000- 
1u,ooo it. 

Thc collection used in this study was obtained 
from upper Sabino Creek, 8000 f t .  elevation, Santa- 
Catalina Mouiitains, Pirna County, Ariz.1 

EXPERIMENTAL 

Preliminary Extraction.-The bark (3.5 Q.) of 
2 4 .  concolor was extracted with chloroform-ethatiol 
(1 : 1) in a Lloyd extractor for 2 days. Aftcr cvapo- 
ration, this crude extract was submitted to the ade- 

~~ 
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TABLE I.--ln Vioo TUMOR INHIBITION 
~ ~ 

Dose, mg./Kg. ‘70 T/Ca 
n-Hcxanc cxtract 175 82 

200 32 
Brown powder 100 26 

200 11 

The ciileria lor activity i i  detined as being a T/C 
(lest/control) value of less than 12 in a satisfactory dose 
iesponse tcst ( I ) .  

nr)c;ti-eiiionia of the duodenuiri test systcnt (71) 1). 
The crude material showed a decrease in tumor size 
of approximately 86 and 84(;4 at a dose of 400 and 
200 mg./Kg., respectively (Table I). 

One kilogram of the crudc material was c?&-xtccf 
with 2000 ml. of n-hexanc in a Soxhlet for 72 lir. 
1 he grecn n-hexanct extract upon evaporation yielticd 
200 Gin. of guniniy inaterial. A brown powdcr \vas 
obtained in the Soxhlet. Both of the materials 
wcrc active against the test system. 

,. 

n-Hexane Extraction 
Twenty-live grams of the green material obtained 

from thc n-hexane cxtraction WAS extracted with 
10 X 100 ml. nf petroleum ether (36-60”). The 
petroleum ether was evaporated to dryness in a Rinco 
evaporator under reduced prcssurr. A light green 
rcsidue ( 10 Gin. j was ofitaincd. 

Part A.-Five grams of tliis residue was cliro- 
rnatographed on a neutral alumina column (30  X 
3 a n . )  (Fisher certified reagent catalog No. A-950 
13rocktnan, activity I, 80-200 inesh). The colurnn 
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The weights and feed intake were the sairie for the  
control group as well as for the groups receiving the 
drug. No visual differences could be observed in 
the rats receiving the drug over those in the control 
group. Furthermore, the rats showed no sensi- 
tivity to the drug. 

Four rats out  of each series ( L e . ,  two males and 
two females) werc checked a t  the  end of 8 weeks 
and no ahnormalitics were found with respect t o  
blood glucose, cholesterol, phospholipids, and urea 
nitrogen suggesting that  no chcmical rhanges re- 
sulted from the use of the drug. 

SUMMARY AND CONCLUSIONS 

In carefully controlled studies carried out over a 
period of 8 weeks, involving 120 rats, no statistically 
significant changes occurred in the blood picture 
with respcct to red cell, white cell, and differential 
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counts when varying amounts of dipyrone were 
administered orally. 

No visual diffrrences could be observed in the rats 
receiving the drug over those in the control group. 

No rats died as the result of taking the drug. 
No abnormalities were found with respect to blood 

glucose, cholesterol, phospholipids, and urea nitro- 
gen on examining animals from each group sug- 
gesting that  no chemical changes resulted from the 
use of the drtig. 

In this study using massive doses of dipyrone no 
indications of agraiiulocytosis were produced. 

REFERENCES 
(1)  “Tabulation of Reports Compiled b y  the Panel on 

Hematology of the Registry on Adversc Reactions,” Council 
of Drugs, American Medical Association, April-May, 1965. 

(2) Kracke, R .  R . ,  J .  Clin. Pafhol . ,  2, 1 I(1932). 
( 3 )  Lu, F. C., hlaunell, W. A,,  Allmark, M. G., Yon, H.. 

and Capello, P., Con. Scvviccs M e d .  J . ,  1956, 513. 

Phytochemical Investigation of Abies concolor 
By AYHAN ULUBELEN*, MARY E. CALDWELL, and JACK K. COLE 

Extracts of the bark of Abies concolor have shown antitumor activity against the adeno- 
carcinoma of the duodenum test system of the Cancer Chemotherapy National Ser- 
vice Center. The 
isolation of the active fractions has been reported utilizing solvent extraction, column, 

One of the active materials appears to be a complex tannin. 

paper, and thin-layer chromatography. 

N A ROUTINE screen of Arizona and Mexico plants I for antitumor activity, it was found that  extracts 
of the bark of Abies concolor (Gordon and Glcndin- 
ning) Hoopcs were shown to have activity aga.inst 
the adenocarcinoma 01 the duodenum (7D1) test 
system of the Cancer Chemotherapy National Ser- 
vice Center, Bethesda, Md. The plant, also known 
as white fir, is a soft-wooded, resinous evergreen 
monoecious trec, 100--200 ft. tail, 3-6 ft. in trunk 
cliatnetei-. It  is distributed from Wyoming west to 
Oregon and south into Raja California, Arizona, 
New Mexico, and Sonora, at elevations of 3000- 
1u,ooo it. 

Thc collection used in this study was obtained 
from upper Sabino Creek, 8000 f t .  elevation, Santa- 
Catalina Mouiitains, Pirna County, Ariz.1 

EXPERIMENTAL 

Preliminary Extraction.-The bark (3.5 Q.) of 
2 4 .  concolor was extracted with chloroform-ethatiol 
(1 : 1) in a Lloyd extractor for 2 days. Aftcr cvapo- 
ration, this crude extract was submitted to the ade- 

~~ 
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(lest/control) value of less than 12 in a satisfactory dose 
iesponse tcst ( I ) .  

nr)c;ti-eiiionia of the duodenuiri test systcnt (71) 1). 
The crude material showed a decrease in tumor size 
of approximately 86 and 84(;4 at a dose of 400 and 
200 mg./Kg., respectively (Table I). 

One kilogram of the crudc material was c?&-xtccf 
with 2000 ml. of n-hexanc in a Soxhlet for 72 lir. 
1 he grecn n-hexanct extract upon evaporation yielticd 
200 Gin. of guniniy inaterial. A brown powdcr \vas 
obtained in the Soxhlet. Both of the materials 
wcrc active against the test system. 

,. 

n-Hexane Extraction 
Twenty-live grams of the green material obtained 

from thc n-hexane cxtraction WAS extracted with 
10 X 100 ml. nf petroleum ether (36-60”). The 
petroleum ether was evaporated to dryness in a Rinco 
evaporator under reduced prcssurr. A light green 
rcsidue ( 10 Gin. j was ofitaincd. 

Part A.-Five grams of tliis residue was cliro- 
rnatographed on a neutral alumina column (30  X 
3 a n . )  (Fisher certified reagent catalog No. A-950 
13rocktnan, activity I, 80-200 inesh). The colurnn 
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WLLS succcssively washed with the followiiig solveuts 
until extinction: ( a )  benzene, ( b )  chloroform, 
(c)  ether. 

( a )  Thc benzene fraction was evaporated to a 
small volume A white substancc was scparatcd 
(45 mg.) This substance was purified by prepara- 
tive thin-layrr chromatography using 20 x 20 
cm. plales covered with a slurry of Silica Gel 
G (35  Gm. in 50 nil. of water), and activated in an 
oven at 110' for about 2 hr. Benzene-petroleum 
ether ( 3 : 7 )  was used as the developing solvent. 
Thc compourtd obtained from the plates was crys- 
tallized from ethanol and had a melting point of 
82-83". 'The I.K. curve showed that it was a sim- 
ple long chain ketone. The semicarbazone deriva- 
tivc was oily. The oxime was prepared. It had a 
melting point of 59". Thc compound was identified 
as paltnitcru by coniparing the melting point of the 
compounds and oximc derivative (2) and I.K. 
curves. The remaining part of the benzene fraction 
was evaporated to dryness. An oily compound 
(2.0378 Gin.) was obtained. Preparative thin- 
layer Chromatography indicated a series of materials. 
'I'hese appear to be small molecular weight terpenes. 
Since a thorough work has been performed by Carl- 
berg ( 3 ) ,  andl since this part had no activity, no 
further work has been done. 

(6) The chloroform fraction was evaporatcd to 
dryness arid yielded 2.2 Gm. of material. Again by 
means of th:. preparative thin-layer chromatog- 
raphy, using chloroform-petroleum ether (7: 3 )  
as the dcvcloping solvent, two main spots and a 
series of ininor conipounds were obtained. Since 
the two main compounds were close to each other, 
they were extracted from the plates with chloroform 
and rechromatographed with petroleum ether-ether 
( 1: 1) as the developing solvent. A better separa- 
tion was achicved. Tlic yields of the compouiids 
were 330 ing. for compound I with an RJ value 0.5, 
and 700 nig. of  conipound I1 with an Rf value of 
0.7. Compound I was recrystallized from methanol 
arid had ii melting point of 136-137". The I.K. 
spectropliotornetry and mixed melting points in- 
dicated that the compound was ?-mcnthandiol- 
( l ,4) .  Compnund I1 was recrystallized from ace- 
tone and had a melting point of 70-71". The 1.R. 
spcctropliotornetry and mixed nieltiiig points in- 
dicated the compound to be docosotiol-1. 

(c) Thc cther fraction, when evaporated, yielded 
0.5318 GIII. of material. Preparative thin-layer chro- 
matography with chloroforrri-ether (99 : 1) as devel- 
oping solvent showed four spots (RJ valucs wcre 0.2, 
0.27, 0.5, 0.95). The yields were 54.2 mg., 66.8 mg., 
53.4 rng., m d  203.8 mg., respectively. The first spot 
had a melting point of 88-89". 'l%c I.R. curve 
has bands at 3509, 2941, 2874, 1718, 1626, 1595, 
1508, 1464, 1422, 1266, 11.56, 1022, 97.5, 845, 808, 
and 720 ciii.--l. The U.T.:. curve has a iiiaxiniuni 
a t  321, 243, arid a Ininirnurn at  263 nip. The other 
three compounds were simple ketones and alcohols. 
No further investigation of the above materials was 
carried on since they were inactive. 

Part B.-Tlie reriiaiuing material after thr 
prtroleuni extraction (13 Gin.) was tlilutcd to 10 
times its weight with 50';;, aqueous potassiunn hy-  
droxide (4). The mixture was I v f t  t r )  cool ant1 3 
times thc volume of ethanol mas added. Tlic iriix- 
ture W:LS then rcfuxed under riitt-ogert :rtrnosphcre 
fvr 3 Iir. At 3U-niin. intervals a sinall ainount o f  
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tlic mixture was subjected to  thin-laycr chro- 
matography using petrolcum ether--ether-acetic acid 
(70:3(J:2) solvent system. This was done in order 
to see if the hydrolysis was completed. After the 
3-hr. rcfluxing period the volunie was increased 3 
times with water. The solution was extracted with 
ether (10 X 100 id.), the ether was washcd with 
water, and dried over anhydrous sodium sulfate. 
The yield of the nonsaponifiable portion was 9 Gm. 
One grain of this material was applied to a prepara- 
tive thin layer of silica gel, and chloroformn-benzcnc- 
ether (6:2:3) was used as the developing solvent 
system. Thrcc spots were obtained with Rl values 
of 0.97, 0.6, and 0.4. The material a t  0.97 R l  
was oily and in minimal concentration. The middle 
spot yielded 395 mg., which was recrystallized from 
alcohol and then from acetone. It had a melting 
point of 76-77". Comparison of the I.R. curves 
and mixed melting points showed that it was 
lignoceryl alcohol. 'The third compound (117.6 
mg.) was recrystallized from alcohol. It had a 
melting point of 138-139'. The I.R. curve cotu- 
parison and mixed melting point showcd that i t  
was 8-sitostcrol. 

After the extraction of the nonsaponifiable part 
with ether, the aqueous solution was acidificd and ex- 
tracted with ethcr (10 X 100 nil.). Upon evapora- 
tion 6.5 Gm. of brown material was obtaincd. A 
portion of this material (2.5 Gm.) was separated 
using preparative thin layers with petroleum ethcr- 
ether-acetic acid (90: 10: 1) as the developing sps- 
tern. Four fractions were obtained. Rfvalucswerc 
0 ,  0.01, 0.04, :tiid 0.2, and the amounts 550 Ing., 1.200 
Gtn., 200 IIIK., and 280 mg., respectively. All of 
thesc fractions were subjected to further separation 
using reverse phase paper and thin-layer chromatog- 
raphy. Papcrs were covered with 7 and 12y0 of 
paraffin in berizeric and the developing solvent was 
85';;, aqueous methanol. Fraction 4 gave a yellow 
spot oii a blue background when sprayed with bromo- 
phenol blue. Methyl derivatives were prepared and 
only onc spot was obtaincd in the case ol fraction 4 
when sprayed with Sudan IV solution (5). A di- 
methyl polysiloxane,2 57" in ether, was used to im- 
pregnate the silica gel plates for the reverse phase 
tliinlaycr chroniatography. Acetic acid-formic acid- 
water (40:40:20) was used as the mobile phase. 
Again fraction 4 revealed one single spot. This frac- 
tion (280 mg.) was recrystallized from alcohol, It 
had a melting point of 79-80'. The I.R. curve com- 
parison and the mixcd melting points revealed that 
i t  was lignoceric acid. The compounds thus far 
isolated from the n-hexane extracts do nut exhibit 
antitumor activity in the 7Dl test system. 

Alcohol Soluble Part 
The tilatcrial rernainirig after thc n-liexauc cx- 

traction was :in amorphous red-brown powder which 
charrcd above 250'. Elementary analysis showed 
16.9l2, inorganic residue and the absence of nitrogcn, 
sulfur, and halogens. Magnesium and hydrochloric 
acid ( A ) ,  fcrric chloride (6), gelatin test (7), and Wil- 
son's boric acid test (8) suggested that this material 
was a riiisturc o f  complex tannin and flavonoid 
siibstances. Attempts to purify this crude material 
were uiatlc using the Iollowiilg chromatographic 
substratcs: silica gel, alriniinurn oxide [neutral), 
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TABLE II.-RI VALUES OF DELPHINIDIN AND CYANIDIN IN DIFFERENT SOLVENT SYSTEMS 
- - ~~~ _ _ _ _ - _ _ _ ~ -  

~ ~~ 

----Known----- 
NU. Solvent System Cyanidin Uelphiniditi -Unknown-----. 

1 H2O-HCI-Acetic acid ( 10 : 3 : 30) 0.52 0.31 0.52 0.30 
2 n-Butanol-acetic acid-H20 0.91 ... 0.93 . . .  
3 Formic acid (88’??,’,)-3 N HC1 0.23 0.12 0.23 0.12 

(4:1:5) (upper phase) 
. 

(1 : l )  

phase) 
4 n-Butanol-2 N HCl (1 : 1) (upper 0.62 . . .  0.62 . . .  

magnesium trisilicate, and polycaprolactam pulver 
“S”.3 

The first three columns adsorbed the material. 
When polycaprolactam pulver “S” is mixed with 
the same amount of diatomaceous earth4 and packed 
into a 35 X 3 cm. column, a ycllow substance was 
obtained from ethanol elutions. This was a flav- 
onoid substance. Column chromatography with 
polycaprolactani powder utilizing preparative thin- 
lager chromatography yielded the same material, but 
no antitumor activity was deirionstrated by this 
material. Solvent purification was then employed. 
Fifty grams of the crude material was dissolved in 
alcohol and upon the addition of water a precipitate 
appeared (6.5 Gm.).  This precipitate was washed 
with ether. One gram of a yellow flavonoid sub- 
stance was obtained. The U.V. spectrum of the 
flavonoid showed maxima a t  285 and 206 nip and a 
minimum a t  260 mp. The ether and watcr-in- 
soluble portion was active against adenocarcinoma of 
the duodenum test system (7D1), 11% T/C a t  
200 mg./Kg., 2694 T/C a t  100-mg. doses. This 
part gave long streaking blue spots when applied 
on papcr with solvent systems such as (a)  
n-butanol-acetic acid-water (4: 1: 5), ( b )  50% acetic 
acid, and ( c )  2YG acetic acid and when sprayed with 
ferric-ferricyanide, a long pink spot with p-toluene 
sulfonic acid, two violet-pink spots with vanillin- 
HCI, and no sugar spots with aniline phthalate. 
The I.R. curve revealed a large hydroxyl band a t  
3400, and phenyl group a t  1595,1505, and 855 cm.-’. 
The U.V. spectra showed adsorption maxima a t  280 
a n d  206 mp and a ininimum a t  260 mp. This com- 
pound, when boiled with hydrochloric acid, caused 
the solution to turn a light pink color and had only 
2.5YG inorganic material. The compound %vds w-ater 
and ethcr insoluble, nonhydrolyzable, and the clas- 
sification tests indicated the presence of a phlo- 
baphenc. Further purification was accoinplished 
by dissolving the material in alcohol arid precipita- 
tion by the addition of ether. Column chro- 
matographic separation or hydrolysis with HCI re- 
sulted in a loss of activity. The water-soluble por- 
tion was extracted with isoarriyl alcohol. A slightly 
brown-red solution was obtained. This also gave 
streaking spots with thc same solvent systems that 
were used oil the phlobaphenes, aiid the same results 
were obtained whcn spraycd with thc reagents :LS 
indicated above. This coinpound had less activity, 
49S;l T/C at  a dost. of 100 r r i ~ . / h I ~ .  Ko residue was 
obtained upon burninn. The I . K .  rurve was very 

a Marketed a5 Pel-Ion l’owder by Parbaerke Hoeschst AG, 

4 Mal-keted as Celite ,545 by Johns Manvillc Intatiational 

~~ 

Bobingern. Germany. 

Cul-p., Kew Yurk, N .  Y. 

similar to that of the phlobaphene. The U.V. 
curve gave maxima at 281 and 206 mp and a mini- 
mum a t  260 m p .  Being water soluble and ether 
insoluble, the differential classification reactions in- 
dicated above showed that this was a complcx 
tannin. In the three compounds separated the 
U.V. curve did not show any shift when 1.2 ml. of a 
1% AICh in alcohol solution was added, which shows 
the absence of 3-hydroxy flavones or flavonones with 
o-hydroxy carbonyl groups. When the alcoholic 
solution was made 0.006 N alkaline with ROH, 
thc flavouoid spectra had a bathochromic shift of 
20 mp, phlobaphenes 22 mp, and the complex tannin 
14 mp. The maximum 280-283 nip indicated a flavan 
nucleus, and this is corroborated by the absence 
of a shift in the spectra with AlCla and a definite 
shift in the spectra of the alkaline solution. 

Boiling the complex tannin with hydrochloric acid 
for approximately 2 hr. changed the color to a bright 
red. Paper chromatography of this hydrolyzed coni- 
pound using several solvent systems indicated 
the prcsence of cyanidin and delphinidin (Table 

After hydrolysis, thc compound did not yield any 
sugar spots on paper. Drastic hydrolysis of antho- 
cyanidins isolated using the same method as rc- 
ported previously (9) yielded protocatechuic acid, 
phloroglucinol, and gallic acid. 

11). 

SUMMARY 

A.  concolor has been investigated to determine the 
chemical agents responsible for its activity against 
adenocarcinoma of the duodenum. A complex 
tannin and phlobaphene fractions appear to be the 
active compounds in the plant. In addition to the 
above, palmiton, p-mcnthandiol-( 1,4), docosonol-1 , 
lignoceryl alcohol, 6-sitosterol, and lignoceric acid 
werc separated and identified by using column and 
paper chromatographic techniques. 
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Evaluation of Oral Dilution as a First Aid Measure in Poisoning 
By METTA LOU HENDERSON, ALBERT L. PICCHIONI, and LINCOLN CHIN 

Dilution with large volumes of water is a widely recommended first aid measure for 
the treatment of poisoning from ingested chemical agents. In view of the lack of 
experimental work to support its clinical application and of possible adverse effects 
that may attend its use, further investigation was undertaken to determine the influ- 
ence of oral dilution on  blood levels of sodium pentobarbital, quinine hydrochlo- 
ride, and aspirin. The results indicate that oral dilution with large volumes of 
water increases the rate and degree of gastrointestinal absorption of pentobarbital 
and quinine, although it has no significant effect o n  the absorption of aspirin. In 
view of the possibility of enhanced gastrointestinal absorption of certain chemicals 
causedl by oral dilution, it is suggested that this procedure not be employed as a first 

aid treatment for ingested systemic poisons. 

ILUTION with large volumes of water or other D fluids is a widely recoinmerided first aid meas- 
ure for the trea.tment of poisoning from ingested 
chemical agents 11-4). This procedure is based on 
the belicf that dilution will slow absnrptinn of a 
chemical from the gastrointestinal tract by increas- 
ing thc amount of fluid that must be absorbed for a 
given amount of poison (4). However, no experi- 
mental evidcnce has been presented to support this 
view. Indeed, a study by Ferguson (-5) showed that 
oral median lethal doses (LDbos) of a number of drugs 
in rats vary iuversely with the volume of water in 
which a drug is administered. In contrast to the 
above view, the obscrvations of Ferguson would 
seem to imply that dilution of an ingested chemical 
may enhance rather than rctard its absxption from 
tlhe gastrointestinal tract. 

In view of the lack of experimental work to justify 
tltie use of oral dilution in poisoning, and of the 
possiblc adverse effects that rnay attend its use, 
further investigation of this recommended procedure 
seems warranted. 

The present investigation was designed to de- 
termine the influence of oral dilution with water on 
blood levels of certain chemicals, sincc the blood 
concentration of a chemical compound is related to 
its rate of absorption from thc gastrointestinal tract. 
Sodium pcntobarbital, quinine hydrochloride, and 
aspirin were selected as representative chemical 
compounds for i his project. Barbiturates, in gcn- 
wtal, are absorbed from the stomach (6, 7) and small 
intestine (6-9). Quitiine is predominantly ab- 
sorbed from the small intestine (10, 11). Aspirin 
is. considered to be readily absorbed from both the 
stomach ;md small intestine (7, 12, 13). T h r  rc- 
sults ohtainril constitute the basis of this report. 

EXPEKIMENTAL 

Fcrnalc Sprague-Dawley rats weighing 170-295 
Gni. were fastcd for 24 hr. and dividcd into control 
and test groups of fivc to ninc animals. Tlicy wcre 
allowed frcc access to water except during the last 
hour prior to testing. All drugs were given by oral 
intubation i r i  a volume of 2 ml./Rg.; 1 min. later 
the control animals were administered a small vol- 
unie of water ( 1  ml./Kg.) by gav:rgc and the test 
animals were adiniriistered a large volume of water 
(20 ml./Kg.). At each time period after drug treat- 
___ 
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ment, as indicated below, a control group and a test 
group of animals were anesthetized with ether and 
blond samples collected from thc abdominal aorta 
for analyses. l'hc difference in the concentrations 
of each drug in the blood of test 2nd control aniinals 
at each time period was statistically compared by 
means of Student's t test (14). 

Pentobarbita1.-Control and test animals were 
administered sodium pentobarbital,' 2$5 mg./Kg., 
calculated as the base. Blood samples were 
collected 10, 20, 40, 80, 160, and 320 min. after 
drug treatment and extracted and analyzed for 
pentobarbital by the method of Goldbaum (15) 
as modified in this laboratory (16). 

Quinine.-Control and test animals were ad- 
ministered quininc hydrochloride, 100 mg./Kg., 
cakulated as the base. Plasma samples wcre 
collected 15, 60, and 120 min. after drug treatment 
and extracted and analyzed for quinine by the 
fluorimetric procedure described by Brodie and 
Udcnfriend ( li); measurements of fluorescence 
were madc with an Aminco-Bowman spectrophoto- 
fluorometer. 

Aspirin-Control and test animals were ad- 
ministered aspirin, 200 mg./Kg., as an aqueous 
suspension.* Plasma samples were collected 5, 15, 
and 60 min. after drug treatment and analyzed 
for salicylatc by thc method of Trinder (19). At  
the &inin. timc period, the plasma samples were 
iiicubatcd in a water bath a t  37" for 2 hr. to ensure 
that all of the aspirin was hydrolyzed to salicylic 
acid (2O) .3  

RESULTS 

Pentobarbital.-'The results of the pentobarbital 
study are presentcd in Fig. 1. Ten minutes after 
the administration of pcntobarhital the blood 
concentration of the drug in test animals was 33% 
higher thau in coutrol animals, but the diffcrrnce is 
not statistically significant ( p  > 0.05). -.At the 20- 
and 40-min. time periods, thc pentobarbital levels 
of test animals wcre 90 and 7X%> grcatcr than tliosc 
of corresponding control animals, rcspcctively. 
These elevated blood levels of pentobarbital are 
significantly higher than the control levels ( p  < 
0.01). By the 80-, l ( X - ,  and 320-niin. time periods 

' Sodium pentobaibital mas supplied through the courtesy 
of Abbott Laboratories, Chicago, Ill. 

he aspirin was triturated in a mortar and sifted through 
u 100 mesh sieve in  ordei- to  p1-ovide a niore unifuriu suspen- 
sion and i n  1-educe vat-iahility in absorption (18). 

3 P~-elimiiial-y studies in this laboratory demonstrated 
that aspirin was completely hydrolyzed to salicylic acid in 
plasma collected I6 and 60 min. after drug treatment, 
hence, plasma was not incnhated at these two time yciiods. 

~~ 
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ably has only a slight influence on the absorption 
ratc of pcntobarbital. The large volume of water 
administered to the test rats would decrease the 
concentration of pentobarbital in the gastrointes- 
tinal tract and tend to reduce the rate of absorption. 
However, oral dilution causes a marked increase in 
surfacc area over which absorption may take place; 
this factor undoubtedly exerts a more significant 
effect on gastrointestinal absorption of pentobarbital 
than does the factor of concentratiou of the drug in 
the digestive system. 

Quinine is poorly absorbed from the stomach 
(7, lo), but i t  is readily absorbed from the small 
intestine (10, 11). Hence, hastening the passage 
of the drug from the stomach into the intestine by 
oral dilution would tend to  allow iutestinal absorp- 
tion to  start sooner in the test animals than in the 
control animals. However, the higher plasma qui- 
nine levels in the test animals are most likely due 
to  the increase in surface area for absorption in the 
intestine. 

rZspirin is readily absorbed from thc stomach arid 
small intestine (7, 12, 13). Martin (12) states that 
gastrointestinal absorption is very rapid and com- 
plete. In the present study, since the plasrna salicyl- 
ate concentration of the test rats is no higher than 
that of the control rats, it  could be postulated that 
aspiriu is absorbed so rapidly and completely that 
oral dilution has no signscant effect on gastroiu- 
testinal absorption of this drug. 

Dreisbach (4), who has recommended oral dilution 
as a first aid treatment in poisoning, warns that the 
volume of fluid given should not exceed the capacity 
of the stomach, otherwise the noxious material may 
be forced into the intestine and absorption would be 
increased. However, due to the increased surface 
area for absorption in the stomach following oral 
dilution, absorption is likely to be enhanced even in 
the absence of gastric emptying. 

Although the present investigation involves orily 
three chemical agents, it  appears logical to conclude 
that oral dilution would generally be ineffective in 
retarding the gastrointestinal absorption of ingcstcd 
chemicals. The act of dilution with water cannot 
occur without a concomitant increase in volume and 
a consequent increase in surfacc area from which 
absorption of a chemical can take place. In view 
of thc possibility that oral dilution may enhance 
gastrointestinal absorption of chemicals, it is sug- 
gested that this procedure not bc employed as a 
first aid treatment for ingestecl systemic poisons. 

5 -  

0 -  

the blood pentobarbital coticentratiotis of the test 
animals were similar to those of the correspoudiug 
control animals ( p  > 0.05). 

Quinine.-The results of the quininc study are 
presented in Fig. 2. At the 15-, 60-, arid 120-min. 
timc periods the plasma coucentrations of quinine 
in the test animals were 138, 72, and 62.5y0 higher 
than those of the corresponding control animals. 
These values are statistically significant ( p  < 0.05). 

Aspirin-The results of the aspirin study are 
presented in Fig. 3. The plasma levels of aspirin 
in test animals did not differ significantly from those 
of the corresponding control animals during the 
5, 15-, and 60-min. time periods ( p  > 0.05). 

DISCUSSION 

The rcsults of the present study indicate that oral 
dilution with large volumes of w-atcr increases the 
rate and dcgrcc of gastrointestinal absxption of 
pentobarbital and quinine, although it has no slg- 
nificant effect on the absorption of aspiriu 

Some factors which influence the absorption of 
drugs from the gastrointestinal tract include: ( a )  
degree of ionization of the drug, (6) lipoid solubility 
of the rioriioriized form of the drug, (c) gastric empty- 
ing timc, ( d )  conccntration of the drug in the diges- 
tive system. ( e )  solubility of the drug in the diges- 
tive systcm and ( f )  size of the area over which the 
drug is spread (6-10, 21-24) Oral dilution with a 
large volume of water would affect factors (c) ,  

Since barbiturates are absorbed from the intestine 
(6-9) as well as from the stomach (6,  7) by uon- 
ionized diffusion (8), gastric emptying time prob- 

( d ) ,  and ( f )  

1, 

2 1  

2 0  

z 8 5  

I 0  

.<YE ,M,"",E* 

Fig 1 -The cffcct of oral dilution on blood pento- 
barbital concentration. Bracketed lines rcprescnt 
95%, confidence limits Key control, 1 nil. 
wdtcr/Kg: test, 20 1x11. water/KK. 

Fig 2 -'rhe cf- 
fcct of oral dilutiou 
oil plasma qui- 
nine concentration 
Bracketed lines 
represent 95% coil- 
fidence limits 
Key: control, 1 
nil watrr/l(g , 
test, 20 m1. water/ 
Kg 

,o\ B C O N T R O L  

=TEST 

5 15 

I T  

60 

Fig. 3.-Thc el- 
lcct of oral dilution 
on plasrna aspi- 
rin concentration. 
Bracketed lines 
represent 95[% con- 
fidence limits. 
Key: control, 1 
ml. water/Kg.; 
test, 20 nil. w:ttrr/ 
Kg. 
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Quantitative Determination by Thin-Layer Chromatography of 
An hydrotetracyclines in Degraded Tetracycline Tablets 
By D. L. SIMMONS, H. S. L. WOO, C. M. KOORENGEVEL, and P. SEERS 

A two-dlimensional thin-layer chromatography (TLC) procedure on  microcrystalline 
cellulose is presented for the quantitative determination of anhydrotetracycline and 
epianhydrotetracycline in degraded tetracycline tablets. Initial development is 
performed with 0.1 M EDTA-0.1 per cent ammonium chloride solution to separate 
the anhydrotetracyclines (R,  0.34-0.38) from the tetracycline (Rf  0.72) and 
methanol-soluble excipients. Anhydrotetracycline ( R ,  1 .0) and epianhydrotetra- 
cycline ( R ,  0 .52 )  are then resolved by developing the chromatogram with chloro- 
form which has been saturated with the same EDTA-ammonium chloride solution. 
A complete assay for these anhydro compounds can be performed in less than 2 hr. 

OOR RESOLUTION and/or excessive development P time has characterized previous chromato- 
graphic attcmpts to  separate tctracyclinc (TC) and 
its nia jor degradation products, anhydrotetracycline 
(ATC) antl 4-.cpia.nhydrotetracycline (EATC). The 
latter was recently incriminated in the reversible 
renal dysfunction (Fanconi-type syndrorne) caused 
by the ingestion o’f degraded TC products (1-7). 

Iri a qualitative exatnination of TC arid its an- 
hydro derivatives by radial Chromatography, using 
water-saturated hutanol on silica gcl, Rustici and 
Ferappi (8) obtained the following similar K, values 
afkr  2 hr. of development: TC (0.36), ATC (0.50), 
arid EATC (0.40). When Kelly and Buyske (9) 
c-mployed paper which had been impregnated with 
0.1 121 EDTA solution and the solvent system R-  

hutanol-atnrnoniuin hydroxide-water (4: 1: 5), they 
obtained the following 16 hr. R, values: TC (0.39), 
A‘l‘C (0.62), and EEATC (0.40). In a recent paper 
( 10) the authors reported the quantitative analysis 
o f  ATC from TC test mixtures by T I 2  on tnicro- 
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crystalline cellulose. This method required only 20 
min. development with O.lyo ammonium chloride 
solution to give Rf values of 0 38 and 0.73 for the 
ATC and TC, respcctivcly. Subsequent experi- 
ments revealed that mixtures of EATC, =1TC, and 
TC are partially resolved by the same chrornato- 
graphic system, but ovcrlapping of the ATC ( 0  38) 
and EATC (0.34) occurred. In order to completely 
resolve the two anhydro-compounds, two-dimen- 
sional chroniatography was attempted. The find- 
ings of Kelly (11) that ATC and EATC can be sep- 
arated by partition chromatography employing 
buffered 0.1 144 EDTA solution (pH 7 8) as stationary 
phase and buffer saturated chloroform as moving 
phase, prompted the authors to utilize theqe findings 
in their search fur a suitable second solvent system. 
By developing the chromatogram with 0.1 M EDTA 
(disodiurn sa l t ) -O, l~o  ammonium chloride solution 
(pH 4.5), followed by chloroform which had been 
saturated with the same EDTA-arnrnoniurn chloride 
solution, complete resolution of the ATC (1.0) 
and EA’K (0.52) occurred. On altering the 
pH of the aqueous phase between 3 5 and 8.0, Rf 
values for ATC ( 1  0) and T C  (0.17) were observed 
to remain constant in the sccnnd development; 
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Quantitative Determination by Thin-Layer Chromatography of 
An hydrotetracyclines in Degraded Tetracycline Tablets 
By D. L. SIMMONS, H. S. L. WOO, C. M. KOORENGEVEL, and P. SEERS 

A two-dlimensional thin-layer chromatography (TLC) procedure on  microcrystalline 
cellulose is presented for the quantitative determination of anhydrotetracycline and 
epianhydrotetracycline in degraded tetracycline tablets. Initial development is 
performed with 0.1 M EDTA-0.1 per cent ammonium chloride solution to separate 
the anhydrotetracyclines (R,  0.34-0.38) from the tetracycline (Rf  0.72) and 
methanol-soluble excipients. Anhydrotetracycline ( R ,  1 .0) and epianhydrotetra- 
cycline ( R ,  0 .52 )  are then resolved by developing the chromatogram with chloro- 
form which has been saturated with the same EDTA-ammonium chloride solution. 
A complete assay for these anhydro compounds can be performed in less than 2 hr. 

OOR RESOLUTION and/or excessive development P time has characterized previous chromato- 
graphic attcmpts to  separate tctracyclinc (TC) and 
its nia jor degradation products, anhydrotetracycline 
(ATC) antl 4-.cpia.nhydrotetracycline (EATC). The 
latter was recently incriminated in the reversible 
renal dysfunction (Fanconi-type syndrorne) caused 
by the ingestion o’f degraded TC products (1-7). 

Iri a qualitative exatnination of TC arid its an- 
hydro derivatives by radial Chromatography, using 
water-saturated hutanol on silica gcl, Rustici and 
Ferappi (8) obtained the following similar K, values 
afkr  2 hr. of development: TC (0.36), ATC (0.50), 
arid EATC (0.40). When Kelly and Buyske (9) 
c-mployed paper which had been impregnated with 
0.1 121 EDTA solution and the solvent system R-  

hutanol-atnrnoniuin hydroxide-water (4: 1: 5), they 
obtained the following 16 hr. R, values: TC (0.39), 
A‘l‘C (0.62), and EEATC (0.40). In a recent paper 
( 10) the authors reported the quantitative analysis 
o f  ATC from TC test mixtures by T I 2  on tnicro- 
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crystalline cellulose. This method required only 20 
min. development with O.lyo ammonium chloride 
solution to give Rf values of 0 38 and 0.73 for the 
ATC and TC, respcctivcly. Subsequent experi- 
ments revealed that mixtures of EATC, =1TC, and 
TC are partially resolved by the same chrornato- 
graphic system, but ovcrlapping of the ATC ( 0  38) 
and EATC (0.34) occurred. In order to completely 
resolve the two anhydro-compounds, two-dimen- 
sional chroniatography was attempted. The find- 
ings of Kelly (11) that ATC and EATC can be sep- 
arated by partition chromatography employing 
buffered 0.1 144 EDTA solution (pH 7 8) as stationary 
phase and buffer saturated chloroform as moving 
phase, prompted the authors to utilize theqe findings 
in their search fur a suitable second solvent system. 
By developing the chromatogram with 0.1 M EDTA 
(disodiurn sa l t ) -O, l~o  ammonium chloride solution 
(pH 4.5), followed by chloroform which had been 
saturated with the same EDTA-arnrnoniurn chloride 
solution, complete resolution of the ATC (1.0) 
and EA’K (0.52) occurred. On altering the 
pH of the aqueous phase between 3 5 and 8.0, Rf 
values for ATC ( 1  0) and T C  (0.17) were observed 
to remain constant in the sccnnd development; 
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TABLE I.-ANALYSIS~ OF TETRACYCLINE TABLET TEST MIXTURES -~ -- 
Dilutions 

Re- Re- Load, Extracts, 
7- ATC, mg./Tahlet-- -- EATC, mg./Tablet Spot 01 TLC 

Added Found covery, 70 Added Pound covery, Yo In1 . ml. 
0 1.08 i 0.06 0 0.28 =t 0.02 0.2 5 
0 . 5  1.54 41 0.11 97.4 0 . 5  0.76 3~ 0.13 97.4 0 . 2  5 
1 .0  1.99 + 0.16 99.0 1 . 0  1.35 + 0.08 105.5 0 . 1  5 
5 .0  6.09 i- 0.10 100.2 5.0 5.16 f 0.12 97.8 0.1 10 

10.0 10.95 + 0.08 98.8 10.0 10.32 =k 0 24 100.4 0.05 10 

a & = standard deviation. The average of five determinations. The blank value for  EATC (0.23 tng.) was obtained 
from the difference between total anhydro content and ATC only. 

on thc other hand, thc Rf value for EATC varied 
brtween 0.60 and 0.30. In contrast to Kelly's 
procedure (11) the results demonstrate that prc- 
cise pH requirements are not necessary for the sys- 
tem to be operative. Such a large difference be- 
tween the K, values for ATC aiid EATC led to their 
easy isolation and determination. 

EXPERIMENTAL 

Preparation of Anhydrotetracycline Hydrochlo- 
ride.-A modified procedure of McCormick et al. 
( 12) was used. Tetracycline hydrochloride was 
heated in methanol-concentrated hydrochloric acid 
(1:4) on a steam bath for 30 min. The solution 
was cooled aiid diluted with ice water; thc resulting 
precipitate was collected by filtration. Purifica- 
tion was achieved by dissolving the precipitate in 
hot methanol-concentrated hydrochloric acid (30 : l),  
trcating the solution with charcoal, and filtering i t  
through Celite. Crystallization occurred when the 
filtrate was cooled, and a sniall amount of concen- 
trated hydrochloric acid was added. By repeating 
this procedure 6 times, a product was obtained with 

the melting point and ultraviolet abmrptinn spec- 
trum (0.1 N sodium hydroxide solution) of pure 
anhydrotetracycline hydrochloride. 

Preparation of Epianhydrotetracyclinne Hydro- 
chloride.-By employing the atntnoniuin salt of 
epi-tetracycline (12) in the foregoing procedure 
instead of tetracycline, a pure sample of epian- 
hydrotetracyclinc hydrochloridc was prcparcd. 

Preparation of Standards.-Standard solutions 
(2 mg./ml.) of ATC and EATC in methanol were 
prepared and aliquots ( 5 ,  10, . . . 25 pl.) were re- 
niovecl and diluted to volume with methanol in 10- 
inl. volumetric flasks. Dilution absorbances were 
determined a t  438 rnp on a Beckrnan DU spectro- 
photomcter. The results are illustrated in  Figs. 1 
and 2. 

ldentical aliquots of the two foregoing standard 
solutions were stlbjected to  the two-dimensional 
chromatographic procedures described below for 
T C  tablet test mixtures. The methanolic TLC 
cxtracts were diluted to volume with 10 ml. of 
methanol and dilution absorbances were dcter- 
mined spectropliotometrically a t  428 nip. Standard 
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TABLE I1 N A L Y S I S ~  OH DEGRADED TETRACYCLISE 
r \  1 ABLETS 

~~~~ ~ ~- 

spt 
Loacl, 

S'LInple );<,I., 1111. R T C ,  nlg./'rablel l3ATc,  IlIg.r'lablc1 

il 0.02 16.23 2~ 0.48 15.28 & O . f %  
B 0.0.4 8.10 + 0.29 5.89 3~ 0.3'7 

-~ 
& standard deviation. The average of five determina- 

tions. 

curves, comparing dilutions after TLC with direct 
dilutions, are illustrated for ATC and EATC in 
Figs. 1 and 2, respectively. 

Procedure:--TL' Tablet Test Mixtzires.-TC tab- 
lets' each containing 250 mg. of tetracycline hy- 
drochloride were crushed by mortar and pestle. 
The resulting powder was deliberately contaminated 
with known quantities of ATC and EATC. Pom- 
der equivalent t o  one tablet was transferred to  a 
3-ml. sintered-glass funnel and vacuum extracted 
with approxitnately 20 ml. of hot methanol. The 
extract volumes were adjusted to  26 ml. in volumetric 
flasks and appropriate aliquots spotted for two- 
dimensional chromatography (13) on microcrystal- 
linc ccllulose plates ( 10). The chrornatograms were 
developed for 20 min. in a chamber containing 0.1 
ilf EDT,9-0.1:!; ainrnoninm chloride solution 
(pH 4.5). Ilkvelopment was followed by drying 
the plates under ambient conditions for 25 min. 
The plates were then placed for two-dimensional 
chromatography in a second chamber which con- 
tained chlori>forni saturated with the EDTA4-- 
ammonium chloridc solution as used previously. 
Development for 20 min. was then pcrrnitted. RJ 
values of 1.0 and 0.60 were obtained for ATC and 
EATC, respectively. After removing and thor- 
oughly drying the plates, the visible spots were 
scraped into 3-1111. sintered-glass funnels and vacuum 
extracted with hot methanol. Care was taken to 
ensure that complete drying of the microcrystalline 
cellulose occurred prior to estraction with methanul. 
When thc adsorbent was too wct. EDTA was found 
to he ex1 ractcd and caused characteristic illcreases 
(iI.008) in ahmrbance a t  428 mp, l'hcsc results 
were confirmcd by dclibcrate addition of EDTA 
solutiori t,> test samples. A drying period of not 
less than 5 min. under a gentle stream of air2 proved 
to bc satisfactory. 

____. 
1 Marketed as Trtrosol Tablets by Frank W. Hni-ncr Ltd., 

2 Oster "airjet" hair dryer, John Ostei- Manufacturing Co., 
LIontreal, Quebec. Canada (July 19F5). 

Milwaukee, Wi- 

A s  previously described hy the authors ( lo) ,  
quantitative isolation and determination of an- 
liydrotetracyclinc from inicrocrystalline cellulose 
is only possible in tlic 10-40 mcg./spot range. T o  
kcc.p within this raiige wlicii wurkinx with sa tnplcs 
containinfi utiktiowu quatititics of anhydro- c o w  
pounds, the authors uscd the separation of the initial 
platc load as an inclicntion of  the quantities involved 
in the analysis. Suitable absorbance rcadings for 
ATC arid EATC solutions were obtained by diluting 
the extracts of the plate scrapings with appropriate 
quantities of methanol. The spot load volumes and 
TLC extract dilutions which were used expcri- 
mentally are indicated in Table I for casy reference. 

Degraded Tetracycline Tablets.-Having es- 
tablished the validity of the foregoing procedures 
in the analysis of T C  samples to  which anhydro- 
tetracyclines had been added, the authors applied 
the procedure to  the analysis of degraded T C  tab- 
lets. Sample A had been subjected to  a 6-week 
thermal dcgradation study at 70" (14) followed by 
a storage period of 4 years a t  room temperature 
in screw-cap vials. Sample B had been stored 
in plug-cap glass vials, under tropical conditions 
for 4 years. Thc results are given in Table 11. 

DISCUSSION 

A simple, rapid, and quantitative analysis for 
ATC and EATC has been performed by two- 
dimensional TLC on microcrystallinc ccllulosc. 
The procedure is not affected by tablet excipients, 
and permits easy separation and quantitativc rc- 
covery of minute (0.5 mg.) quantities of the harmful 
impurity, EATC. The rnethod can he adopted for 
routine control quantitative or qualitative analysis 
of T C  raw materials and solid dosage forms. 
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New Synthesis of Thiphenamil Hydrochloride 

By A. GARNETT RICHARDSON 

A new synthesis of thiphenamil hydrochloride, 2-  (diethy1aminoethyl)diphenylthio- 
acetate hydrochloride, a direct-acting smooth muscle antispasmodic with no appreci- 
able anticholinergic or muscarinic activity, is described. The synthesis is carried 
out under mild conditions and is much simpler than any other known method of 

preparing this drug. 

IIIPHENAMIL HYDROCHLORIDE [Z-( diethylaniino- T ethy1)diphenylthioacetatc hydrochloridc] was 
prepared in  two steps from diphenylacetyl chloride 
by rracting tlic 1attc.r with ethylene sulfide, followed 
by treatment of the resulting 2-(chloroethy1)di- 
phcnylthioacetate with diethylamine. Ethylene 
sulfide is not commercially available, but it can be 
prcparcd easily from ethylene carbonate and 
potassium thiocyaiiate by the method of Searles and 
Lutz (1). Ethylene sulfide polymerizes readily, so 
it is advisnblc t o  prepare it immediately before use. 

EXPERIMENTAL 

2- (Ch1oroethyl)diphenylthioacetate.-A solution 
of 231 Gm. [ 1 mole) of diphenylacetyl chloride in 
225 nil. of benzene was mixed with 63 Gin. (1.05 
moles) of cthylenc sulfidc in a suitable vessel fitted 
with an air-tight closure. The air above the surface 
of the liquid was swept out with nitrogen, the vesscl 
scaled, and the mixture allowed t o  stand a t  room 
temperature for 7 days. At the etid of this 
period thc liquid was filtcrcd with dccolorizing car- 
bon and the solvent evaporated from the filtratc 
under reduced pressure bclow 40". The yield of 
white, crystalline product was 270 Gm. (93%) melt- 
ing a t  45"-47'. 2-( Chloroethy1)diphenylthioacetate 
was originally prepared by this author (2) from 
potassium diphenylthioacetate and ethylene chloro- 
bromidc. 
2-(DiethylaminoethyI)diphenylthioacetate Hy- 

drochloride.-The 2-(ch1oroethyl)dighenylthioace- 
tate from the preceding reaction was dissolved in 
146 Gm. (2  moles) of diethylamine, and the mix- 
ture was allowed to stand iti a sealed vessel at room 
temperature for 7 days. At thc end of this period 
the unreacted diethylamine was removed by evapora- 
~- 
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tion under reduced pressure below 30". Thc 
residual material was stirred with GOO Gni. of crnckcd 
ice and water in which 30 Cm. of  sodium carbonate 
had been dissolved. T h r  basic ester prccipitatcd as 
a white, waxy solid. This was collected on a fi1tc.r 
and washed thoroughly with cold water. The purc. 
basic ester melts a t  35", but in this casc the product 
was not purified. 

The crude material was suspciided iii approxi- 
mately twice its volume of water containing thr  
calculated quantity of hydrogen chloride (77 nil. of 
hydrochloric acid, sp. gr. 1.19 iii 600 ml. of watcr for 
0.93 mole). When all of the bast: had dissolved the 
pH of the solution was adjusted to  3.0 with addi- 
tional hydrochloric acid, or with sodium hydroxide. 
Five grams of decolorizing carbon was added and tlte 
mixture filtered with suction at 60'. The product 
crystallized as the monohydrate when the filtratc 
Tvas slowly cooled. The cooling was carried ahriost 
to the freezing point and the crystals collected on a 
filter. The anhydrous salt was obtained by placing 
the monohydrate in a hot-air drier a t  60" arid raising 
the temperature a t  the rate of 5'/hr. to 10.5". Thr 
yield of fine, white powder wits 244 Gm. (72%) 
Iiieltiiig a t  127"-129". 

DISCUSSION 

This synthesis of thiphenamil hydrochloride pre- 
cludes the use of high reaction temperatures and to  
a great extent the use of flammable solvents as 
well. These are advantages in a manufacturinx 
process. In addition, this procedure offers a COII- 

siderable saving in labor and materials coniparcd to 
other known methods for the preparation or this 
compound. 
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Effect of Chronic Nortriptyline Pretreatment on the Acute 
Toxicity of Various Medicinal Agents in Rats 

By D. B. MEYERS, D. 0. KANYUCK, and R. C. ANDERSON 

A method using rats that can be of value in  predicting the effects of chronic treatment 
with psychotherapeutics on  the acute toxicity of other medicinal agents is described. 
Results obtained by this method showed that noruiptyline, like amitriptyline, en- 
hanced the toxicity of most cerebral depressants in an additive manner. Both of the 
antidepressive compounds were shown to markedly potentiate the toxicity of 
physostigmine and to a lesser degree pilocarpine. Ephedrine toxicity was signifi- 
cantlly antagonized by thymoleptic pretreatment. The test failed to verify reports 
that the tricyclic antidepressives dangerously potentiate the toxicity of alcohol or 
nionoamine oxidase inhibitors. Results indicated that a variety of medicinal agents 
can he used in  the nortriptyline treated patient without any problem of significant 

drug interaction. 

TMEROIJS hut soinrtimes contradictory reports N',' of clinical problenis resultiug from the ititer- 
action of antidepressive agents with various other 
drugs have appeared in recent months. The po- 
tentiation of toxicity of thymoleptics by ethyl 
alcohol has beeti reported by some workers but not 
confirmed by others (1, 2). Various articles have 
cited the hazards of concurrent use of the tricyclic 
antidcprcssives and monoamine oxidase inhibitors 
while others have minimized the danger and cited 
evidence of the value of such combinations 13-8). 
More isolated cases in which a thymoleptic agent 
has heen suspected of potentiating the toxicity of 
barbiturates, chlordinzepoaide, amphetamine, digi- 
toxiti, tneperidine, or isopropylartcrcnol have been 
reportrd. 

In view of ithe controversial nature of many of 
these obscrvatmns this study was designed to eval- 
uate the effect of chronic pretreatment of rats with 
nortriptylirie H C1 upon the acute toxicity of a variety 
of medicinal agents. I t  was felt that information 
gained from a systematic animal study might be 
of value in predicting the safety or hazards of ad- 
ministering other drugs to patients receiving thymo- 
leptic treatment. 

Lcthality- rather than more subtle pharmacological 
effects was chnsen as the criterion for measuring 
interaction as i t  clearly predicts thc actual hazard 
of drug therapy. It also provided a well-defined end 
point free of operator bias. 

EXPERIMENTAL 

Materials.-The rats used in this study wcrr 
Harlan strain males weighing about 250 Gm. 
Animals of this size were 100-120 days of age and 
were considered sexually mature. 

The nortriptyline HCI and amitriptyline HCI 
used to prctrcat the rats were medicinal grade com- 
pounds obtained from the manufacturers. Both 
wrre incorporated as the dry powdrr into the stand- 
:in1 rat dirt by means of a Hobart mixer. 

All of the xieuro-pliarrnacologic agents used to 
challenge the pretreated rats were standard mc- 
dicinal preparaLtions. Most of them were soluble 
enough so that they could be injected intraperi- 
tonenlly in aqutLous solutions of suitable concetitra- 
tion. Acetylsalicylic acid, meprobamate, and iso- 
carboxazid were givcn by the same routc suspended 
in a 3Tj acacia -vehicle. 
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Method.--Rats were tlivitletl into groups so 
that one group received a staiitlartl control dict 
and a second group the same diet containing 0.04'j;, 
nortriptyline HCI. For comparison purposes a 
third group was placed on a diet containiris 0.04?o 
amitriptylipe HCl. The 0.04Yh drug concentra- 
tion was great enough to produce overt signs of 
thymoleptic activity without undue debilitation of 
the animals. The rats were caged separately with 
food and watcr available ad Zzhitum. After remain- 
ing on their respective diets for 11-15 days, five 
animals from each group were used for each inter- 
action test. The compounds used to challenge thc 
thynioleptic pretreated animal for a test of interac- 
tion includcd a variety of neuro~pliarniacological 
agents with established clinical uses. In cach inter- 
action tcst predetermined doses of the challenging 
agent were given intraperitoneally every 30 min. 
to the control arid thymoleptic pretreated rats until 
death ensued. A cumulative lethal dose (CLD) for 
the challcnging agent was computed for the in- 
dividual aninials by multiplying the amount of drug 
per dose (mg./Kg.) by the numher of doses required 
to produce death. An index of interaction (1.1.) 
was then cstablished by dividing the geometric 
mean of the CLD values for the control animals by 
the geometric mean of the CLD's in each of the 
thynioleptic pretreated groups. Thus, an 1.1. 
significantly larger than 1.00 indicated a synergistic 
interaction, while an index significantly less than 
1 .OO i a s  considrred evidence of antagonism. 

RESULTS A N D  DISCUSSION 

Table 1 shows the effects of pretreatment of rats 
with nortriptyline HCl and amitriptyline HCI on 
the acute toxicity of several cornpounds that have 
primary cerebral depressant activity. 

Thymoleptic pretreatment augmentcd the lethal 
action of most of the cerebral depressants in rats. 
This obsrrvation was in accord with previous find- 
ings that many depressants increase nortriptyline 
toxicity in mice, and lends support to the statement 
that the ncwcr antidepressives increase bdrbituratc 
toxicity in man (5). Thc increase in dcpressant 
toxicity may be explained in part by the fact that the 
tricyclic antidepressives possess a measurable CNS 
depressant component of activity (9). Contrary 
to some reports, this study failed to reveal any 
significant eITect on ethyl alcohol toxicity by either 
amitriptglinc or nortriptyline. 

Table I1 illustrates the influence of nortriptyline 
and amitriptyline o n  the toxicity o f  vnriotis typcs 
o f  CNS stimiil:ints. 
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TABLE I -EFFECT OF THYMOLEPTIC PRETREATMELT 

IN RATS 
ON THE flCUTE TOXICITY OR CEREBRAL DEPRESSANTS 

~~ 

~- 
- ~~ 

~~ 

-~ 

1 tilrrac Iicm Indic P, 
Roitriptvllne 4mltript\ linr 

Sodium pentobarbital I :I$" 1 40" 
Sodium phcnobarbitdl I ox 1 11 
Sodium secobarbital 1 ,j4fp 
Methapyrilene HC1 1 676 1 21 
Meprobamate 1 0'7 1 33" 
Chlordiazepoxide HCI 1 3v 
Ethyl alcohol 95 1 10 

b p  - n o i  
- -  

" p  = 0 1  

.Totimnl of P/zirrm*tceirficol: Srienms 

Marked influences of the antidepressive pretreat- 
mcnt on thc toxicity of some of the drugs which act  
upon the autonomic system were apparent. In 
i:c.ucral the toxicity of tlic atlrcncr~ic stiinulaiits 
and cholinergic blockers was reduccd 'I'he niost 
significant reductions occurred with ephedrine and 
atrnpinc, both of which possess a measurahlr con-  
IJollent of ccntntl stitnulation. Tlie Ill(JSt dramatic 
potcntiation of toxicity was seen with physostigmine 
which killed the tliynioleptic pretreated rats with 
intraperitoncal cumulative doses as  low as  0.9 
nig./Kg. Evidence that this potentiation of toxicity 
might be applicable to  human medicine was found 
in a medical report which described an abnoririal 
response to  ncostigmine in a patient who was con- 
currently receiving therapeutic doses of nortriptyl- 
ine HCl (10). Pilocarpine toxicity was also in- 
creased in the pretreated animals but not in the 
same magnitude as was physostigmine. 

The effect of the cyclazid antidepressives on the 
acute toxicity of other drugs with neuro-pharnia- 
cological properties is shown in Table IV. 

The only compound in this group to  show an inter- 
action was dextropropoxyphene HC1. The signifi- 
cant reduction in toxicity can be accounted for by the 
fact that dextropropoxyphene when administcred in- 
traperitoneally or intravenously exhibitsa stimulating 
action in rodents which contributes greatly to its 
lethality. It is probable that this component of 
action was antagonized by the thymoleptics. 'I'hc 
result obtained with nortriptyline HCI indicated 
that ncithcr tolcrance nor sensitivity to  the com- 
pound itself developed during the pretreatment 
period . 

CONCLUSION 
The data collected by the method described sliow 

that nortriptyline, like amitriptylinc prctrcatmcnt, 
enhances the toxicity of most cerebral depressants 
in rats. Quantitatively, the results indicatc that 
the increase is probably in the order of an additive 
efiect. 

The test confirmed that the concurrent use of 
physostigmine and the cycbdzid antidcpressives 
may produce dangerous results. The data indicate 
that the physostigrnine-thymoleptic interaction 
should be described a s  marked potentiation. 'Hie 
irirrensr in pilorarpine toxicity may also be regarded 
as potcntiation but of a much milder degrcc. 

Thc  tcst failcd to supply confirming evidence to 
clinical reports of the potentiation of the toxicity of 
alcohol by the antidepressive compounds. Nor did 
it substantiate the validity of the controversial 
warning that the concurrent use of thymoleptics 
and morioamirie oxidase inhibitors should be strictly 
avoidcd. 

The experimcntal results indicated that a wide 
variety of medicinal agents could be used following 
thynioleptic pretreatment without danger of drug 
interaction. 
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TABLE II.-EFFECT OF THYMOLEPTIC PRETREAT- 
MENTOF RATS O N  TOXICITY OF CNS STIMULANTS 

~ ~ _ _  
~ ~~ 

- -Interaction Indices-. 
Nvrlr iy-  Amitrip- 

tyline tyline 
Pen tylrnetetrazol 0 .94 1.01 
Desoxyephedritie HCI 0.81 1.12 
Isocarboxazid 0.92 0.90 
Tranylcyprorriine sulfate 1 .21 . . .  
Procaine IICl 0.94 0.98 
Mcthylphcnidatc HCI 1.01 . . .  

TABLE III.-EFFEcT OF THYMOLEPTIC PRETREAT- 
MBST OF RATS ON THE ACUTE TOXICITY OF ACTO- 

NOMIC AGENTS 
~~~~~ 

Interaction Indices-. 
Nnrtriptyline Amitriptyline 

Bphrdrinc HCl 0 .49" 0.64" 
Isoproterenol HCI 0.83 0.96 

Scopolamine I-IBr 1.00 0.87 
Physostigminc sulfate >2.72" >3.60" 
Piiocarpinc HCl 1 .6@ 1.16" 

Atropine sulfate 0.84 0.81a 

lL p = 0.1. = 0.01. 

TAHLE IV-ISFLUENCE OF THVMOLEPTIC PRE- 

VARIOUS OTHER AGENTS 
TREATMENT OF KATS O S  THE B C U T E  TOXICITY O F  

- 
-Interaction Indices- 
Tiortrip- Amitrip- 

tyline lyline 
Meperidine HCI 0.92 1.06 
I)cxtropropoxyphcn(. ITCl 0.82 0.68" 
Acetylsalicylic acid 1 .05 1.01 
Chlorpromazine HCI 0.98 1.07 
Scopolamine HBr 1.00 0 .  X i  
Nortriptyline HCI 1.15 . . .  
Quinidine sulfate 0.92 0.95 

~~ . ~ _ _ _ _ _ _ _ ~  

a h = 0.1. 

A l t h m g h  the intensity o f  the stirrlulant-ir1ducc.d 
convulsions was  scmiewhat moderated in the prc- 
treated animals, thcrc was n o  significant interaction 
hrtwrrn the thynioleptics and any of the stimulants 
tested. Neither type o r  monoamine oxidase in- 
hibitor, isocdrboxazid or tranykyproniine. proved 
t o  br significantly more toxic in the pretreated 
animals. 

The influence of pretreatment with the thymn- 
leptics on the toxicity of various types of agents 
that actively affect the autonomic n ~ ~ r v n ~ i s  system is 
shown in Tablc 111. 
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Absorption, Metabolism, and Excretion of Salicylic Phenolic 
Glucuronidc in Rats 

By GERHA.RD LEVY, LEONARD WEINTRAUB*, TAI MATSUZAWA, and STANLEY R. OLES* 

Salicylic phenolic glucuronide is excreted rapidly by apparent first-order kinetics 
(t>a about 0.7 hr.) after intravenous administration to adult rats. Only a small 
fraction of an injected dose is hydrolyzed in vim to  salicylic acid. The glucuronide 
is apparently not absorbed significantly as such from the gastrointestinal tract. Part 
o f  an orally administered dose is absorbed apparently from the lower region of the 

intestinal tract after hydrolysis to salicylic acid. 

IIE PHAKMACOKINETICS of elimination of sali- T cylic acid and its major Irietdbolite, salicyluric 
acid, have been studied in some detail in man and 
rats (lL4). Much less is known about the kinetics 
of elimination of salicylic phenolic glucuronidc, 
another irrilportarit rnetabolitc of salicylic acid.' 
This glucur,onidc has been prepared in pure form 
and (since technical problems did not permit its 
intravenous administration to man) its absorption, 
metabolism, and excretion have. been studicd in rats. 
A previous study has shown that the pharrnaco- 
kinetics of salicylate elimination in man and rats 
:ire quite similar (4). 

EXPERIMENTAL 

Synthesis of Salicylic Phenolic G1ucuronide.- 
Methyl (tr:i-O-acetyl-ol-D-glucopy~dnosyl bromide) 
uronatc: was prepared from glucuronolactone by the 
procedure of  Bollenback et ul. (6). From it, o- 
carboxypheriyl-P-D-glucopyranosiduronic acid (sa- 
licylic phenolic glucuronide) was obtained by meth- 
ods described by Lunsford and Murphey (7), m.p. 
144.5-146'. (Lit. 145-146".) = -70.8' (C, 
6,H?O). [Lit. [a]Y = -75.9' (C,e,HEO).] 

Anal.--Calcd. for C I ~ I I M O ~ :  C, 49.69; H, 4.49. 
Found: C,4!3.64,49.73; H, 4.87,4.72. 

KO frce salicylic acid was detected by a thin-layer 
chromatographic method capable of detecting 0.570 
of this compound in the glucuronide. 

Animal Study.-Male Spmgue-l)awlcy rats, 
weighing 2581c400 C h . ,  wcrc fasted for 24 hr. prior 
to drug adniinistration but had unrestricted access 
to drinking water a t  all times. Thc drug was dis- 
solved in l..j ml. distilled water and injrcted intra- 
venously into the frmoral vein, or administered 
orally by stomach tube as 5 nil. aqueous solution. 
T h e  rats wcw confined in plastic animal holders 
for the first 24 hr. in order to permit frequent urine 
and feces collections. The animals were then 
transferred to individual metabolic cages for another 
24 hr. Food and water were frccly available to the 
rats throughout the 48-hr. period of urine and feces 
collection. 

Assay Methods.--Salicylic acid and its tnetaho- 
lites were determined in the urine by a ~riodification 
of the methods of Smith et uZ. (8). Feces was ho- 
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Only a small fraction of SdliCyliC acid is hiotransformed 
to salicylic ac:rl glucuronide in man 15). 

mogenized with distilled wn.trr and msnyrtl sim- 
ilarly. 

RESULTS 

The urinary excretion kinetics of salicylic phc- 
nolic glucuronidc (SPG) as a function of time after 
intravenous injection are shown in Fig. 1. Excre- 
tion followed apparent first-order kinetics, with a 
half-life of about 0.7 hr. The slow initial excretion 
of SPG in one of the animals appears to be due to 
accidental cxtravascular injection of part of the dose. 
About 82%) of the injected amount was recovered in 
the urine; of this, about was excreted as SPG 
(Table I). B much s~naller fraction of the dose 
(about 369;) was recovered in the urine aftcr oral 
administration and the fraction of urinary salicylate 
excreted as SPG was also much smaller than after 
intravenous injection (Table I). h-o measurable 
amounts of salicylic acid or its metabolites were 
present in the feces after intravenous administra- 
tion of SPG. The time course of urinary excretion 
of total salicylate after oral administration of SPG 
indicates an appreciable delay in absorption (Table 
11). 

DISCUSSION 

Man excretes SPG relatively rapidly by a com- 
bination of glonierular filtration and tubular sccre- 
tion (9). The rapid excretion of intravenously 
administered SPG by rats is consistent with these 
observations.* The renal excretion kinetics of SPG 
are not affected by urine pH and urine flow rate 
(9); this probably accounts for the lack of significant 
variation between animals in the excretiou half- 
life of SPG. The excretion of SPG mainly as such 
aftcr intravenous administration suggests that p- 
glucuroiiidase mediated hydrolysis in the tissues is 
too slow to reduce appreciably the net forrnatioli 
rate of SPG after salicylic acid administration. 
Inhibitors of 0-glucuronidase, such as glucurono- 
lactone, are therefore unlikely to enhance salicylate 
elimination. This conclusion is consistent with the 
rcsults of a recent study (4). The lack of biliary 
excretion of SPG, suggestcd by the abscnce of de- 
tectable amounts of salicylates in the fcccs and by the 
absrncc of secondary inaxirna in the excretion 
rate z ~ e ~ s u s  time curve after iutravenous injection o f  
SPG, is in agreement with the observations of Wil- 
liams et nl. (10). These workers recovered just 

The rapid excretion of SPG after intravenous injection 
indicates also that the SPG found in the urine is not the 
product of conjugation of free salicylic acid derived from the 
ia v i m  hydrolysis of injected SPO. Excretion o f  SPG by 
the latler mechanism is rate-limited by the formstion proress 
and woiild proceed at a considerahly luwer rate (4) .  
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'I'ARLE II.--'I'IME COURSE OF URINARY E X C R E T I O S  
OF 'I'OTAI, SAI.ICVLAI'E A F T E R  ORAL ADMINISTRATION 
OF SALICYLIC PHENOLIC GLUCUROSIDE TO RATS- 
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Time, hr. Rat 4 Rat 5 Rat 6 
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lar injection of 
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TABLE I.-URINARY RECOVERY OF SAI~CYLATE 
AFTER INTRAVENOUS AND ORAL ADMINISTRATION OF 

SALICYLIC PHENOLIC GLUCURONIDE TO RATS 
_ _ _ _ _ _ ~  

% of 
Re- 

covered 
Total Diug 

Urinary Excreted 

l . V .  1 120 86 86 
i.v. 120 75 79 
i.v. 120 84 89 
Oral 4 600 41 22 
Oral 5 f3 )( ) 28 6 
Oral 6 600 39 29 

l.5yO of the dose (and only iu the form of free sa- 
licylic acid) in the bilc of rats within 24 hr. after 
i.p. injection of 50 rng. salicylic acid/Kg. body 
weight . 

VoKt el al. (11) have shown that  appreciable 8- 
glucurouidase activity is locatcd in thc largc intcs- 
tine of the rat, but that  no significant activity is 
present in the small intestiue. They observed that  
dcsacctylbisacodyl, when administered as the 
glucuronide, is absorbed only in the l a r v  intestine, 
after enzymic hydrolysis. There is slrons cvitlencc 

15.4 Y 4 . 1 b  
3-5 2 . 0  
5 -24 21.8 

2 4 4 8  3 . 8  4.9 12.1 

aThe  administered arnvunts uf SPG, expressed as nig 
salicylic acid equivalent, were: ra t  4, 79 16 mR.; rat  5 ,  
83.55 mg.; ra t  6 ,  ~ 2 . 3 5  mg. 'Wn~y a single uiine collection 
was inadr in rat  6 dni-ing the  first 24 hr. 

that  other glucuronides also are not absorbed as such 
(10, 11). The approximately 4-hr. delay in :h- 
sorption obscrved by Vugt et al. is similar t o  thc 
delay it1 sa1icylat.e absorptioii aftcr oral adiniiiistra- 
tioii of Sl'C as judged by the t i~i i r  course of uriii:iry 
cxcrctioti of total snlicylates (Tnblr I 1  ). '1'11~ C O I I I -  

position of uriiiary metabolites after oral adiiiinis- 
tration of SPG (Table I) is similar to that  which 
would be expcctcd after administration of free 
salicylate (4). The very small SPG fraction in rat  5 
appears t o  be due to the particularly slow ahsorption 
of salicylatc in this animal and the resulting lack of 
saturation of the salicylurate formation process (4). 
The de1aye.d and incomplete absorption of salicylatc 
after oral administration of SPG, and the differeuce 
in the composition of uririary metabolites of SI'G 
aftcr oral and intravenous administration, respec- 
tivcly, suggest strongly that  SPG is absorbed from 
the gastrohtcstiiial tract of thc rat otily d t e r  hgtlro- 
lysis to salicylic acid. 
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Communicdtions 

Deteriiiinatioii of Acetyl Values 

Sir: 

The determination oi  acetyl values of ace- 
tylated fatty acids as described in the “National 
Formulary,” 12th ed. (l), was adapted from the 
derivation by Cook (2). This procedure is 
also very useful where hydroxyl groups exist to- 
gether with esters. Cook’s derivation provides 
a matheimtical correction Tor the molecular 
weight diFFerence betwecn an original fatty 
inaterial and the acetylated product and re- 
quires the determination of the saponification 
values of both materials. 

The equation employed by the K.F. sub- 
stitutes the acid value of the unacetylated free 
fatty acid for the saponification value of the 
original fatty substance in thc Cook formula. 
The acid value of a free fatty acid is equivalent 
to its saponification value since there are no 
csters present. The N.F. equation, howcvcr, is 
incorrect i n  the dcnominalor term. Since the 
correct drinorninator is a function of the 
saponification value of the  rigid fa t ty  substame 
(not the acetylated product), the proper de- 
nominator should be based on the acid value of 
the free fatty acids. The correct equation is 

‘1 = s - F/1 - 0.00075 F 

where il is the acetyl value of the acctylatcd 
fatty acids, S is the saponification value of the 
acety-lated Fatty acids, and F is the acid value of 
the original fatty acids. The cxisting official 
formula gixres values which are 10 to 15% high 
lor usual monohydroxylated fatty acids. n i -  and 
trihydroxylated fatty acids show progressively 
higher deviations. The corrcc.lctl formula above 
is in exact agreement with theoretical va1uc.s 
in all cases. The term “A” is incorrcclly defined 
in the -monograph as the acetyl value of the f r e e  
acid. This term must bc the acetyl value ol the 
cicetykated fatty acid which would be in agree- 
ment with the N.F. definition of acetyl value and 
with the Cook formula derivation. 

111 tlic spccific cax CJC fatty acids, it is also 
possible to further simplify the calculations and 
the analytical procedure since all saponifiablc 
groups are hydrolyzed prior to acetylation. The 
absence of interfering mixed anhydrides referred 
to by Wart11 (3) is assured since the acetylatcd 
product is purified by- twice boiling in water. 
After saponification of the fatty inaterial and 
acetylation of the fatty acids, it is only necessary 
to determine the estrr value of the acetylated 
product as described in the N.F. In this case, 
cster value and acetyl value are identical. 1i 
acetylated fats, oils, waxes, or similar substances 
containing ester groups other than acetyl are 
used, the official methodology must be employed. 

Results obtained using the oficial procedure 
and ester value determinations are compared to 
theoretical acetyl values in Table I for acetylri- 
cinoleic acid and cholesterol acetate. 

TABLE I.--ACETYL VALUES 
.- ~ 

Olficial As Ester 
ComlJd. Theoretical Methoda Value 

Acetylricirioleic 

Cliolestc.ro1 
acid 164.76 163.13 162.41 

acetdte 130.86 13fi.dti l23.ti.5 

0 Coirected formuia. 

Since the procedure described in the N.F. is 
very reliable and applicable to a wide variety of 
fatty materials, the scope of the monograph could 
be expanded to include these substances. The 
formula for calculation of results and the defi- 
nition of the term “A” should bc corrected as 
indicated. 

(1) “National Foi-n~iilary,” 12th cd.,  Mack l%ildidiiug Co., 
tlaston, Pa., 1965, 11. ,451. 

(2) Cook,  I , .  W., J .  Am.  C‘hcm. Soc., 44, 393(1923). 
( 3 )  WarLh. A. H., “The Chemistiy and Technolo~y uf 

Waxes”. 2nd eLi., Reinhold Publisliinfi Coi p., New Yuck, 
N. Y.,  19*56, 11. J‘J:<. 
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Apparent Renal Tubular 
Secretion of Riboflavin in Man 

Sir: 

TABLE I.-ESTIMATION OF THE APPAKEW VOLUME 
OF DISTRIBUTIOX OF RIBOFLAVIN 

Determina- 
Method of tions. Vol. of Distrihution, I-. 

Calculationa No. Mean Range 

3 31 29-33 ~ 

A 
C 

'I'he authors recently have shown that riboflavin 
is absorbed from the gastrointestinal tract of man 
by a specialized transport process rather than by 
passive diffusion (I). Data have now become 
available from the study of Stripp (2) which 
permit determination of the mechanism of renal 
excretion of this vitamin. Figure 1 is a plot of 
riboflavin excretion rate versus time during and 
after administration of 84 mg. riboflavin to a 
human by slow intravenous infusion. The 
data were obtained from a photographic en- 
largement of Fig. 6 of Stripp's paper (2). The 
postinfusion excretion rate declined exponentially 
as a function of time, with a half-life of 1.2 hr. 
This value is in excellent agreement with the 1.1 
hr. average value observed after oral administra- 
tion of riboflavin (1). 

2 4 6 
TIME, hours 

Fig. 1.-Excretion rate of riboflavin as a function 
of time during and after intravenous infusion of 84 
mg. of riboflavin (data from Fig. 6 of Refereme 2 ) .  

Apparent volumes of distribution for riboflavin 
have been calculated from Stripp's urinary 
excretion and blood level data (2) by three 
staridard pharmacokinetic melhods (see Refer- 
entes 3 and 4) and are listed in Table I. There 
was good agreement between thc results ob- 
tained by these different procedures. Renal 
clearance values were also calculated by threc 
different methods arid are listed in Table 11. 
The calculations are based on riboflavin plasma 
concentrations which have not been corrected for 
protein binding (5) and are therefore minimum 
values which, had the cxtcr1t of protein 1)inding 

u 
k area 
~ 1 26 . . .  

a A = amount in the body- C = plasma concentration 
dU/dt = urinary excretion r&e; ti = apparent first-orde; 
elimination rate constant; f = fraction excreted unchanged; 
D = dose; avea = area under the plasma level 8s. time 
curve. 

TABLE II.-l%TIMATION OF T H E  MINIMUM RENAL 
CLEARANCE OF RIBOFLAVIN 

-~ ~ . ~~~~ ~ 

lletermina- 
htethocl of tions, Miti. Kenal Clearance? m1./tniu. 

Calculationa No. Mean Range 

5 290 270-310 A kf 
C 

-. 

6 240 220-280 

1 240 . . .  

d U/dt 
C 

"f 
area 

__ 

~- 
a Abbreviations as in Table I. Not corrected f u r  plasma 

protein binding. 

been known and taken into account, would have 
been even higher. Ilowever, even these mini- 
mum values arc about twice as large as the 
glomerular filtration rate of 131 * 22 ml./min. 
in normal man (6). This indicates that the renal 
excretion of riboflavin involves not only glo- 
merular filtration but also renal tubular secrc- 
tion. I t  is of interest that a t  least two other 
B vitamins, thiamine and pantothenic acid, are 
actively secreted by the rcnal tubules (7, 8). 

(l)_,Levy, G., and Jusko, W. J., J. Pharm. Sci., 5 5 ,  285 
( 1966). 

( 2 )  Strigp, B., Acta  Phavmacol. ToricoE., 22, 353(1965). 
(3) Nelson, E., J .  Pharm. Sci.. 50, 181(1961). 
(4) Wagner, J. G., and,Nelson, E., i b i d . ,  53, 1392(1964). 
( 6 )  Schubert, R., Z. Vrtamrnfovsch., 19, 119(1847). 
(6) "Documenta Geigy : Scientific Tables," 6th ed.. 

Diem, K., ed., Geigy Pharmaceuticals, Ardsley, N. Y., 1956, 
p. 515. 

(7)  Weitier, I. M., and Mudge, G. H., A m .  d .  M d . ,  36, 

(8) I<oholt, K., aiid Schmidt. V.,  S c a n .  J. ('lin. L u b .  Inresl..  
7-1.1(1964). 

3, 108(1U61). 
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New Method of Solid-state 
Dispersion for Increasing 

Dissolution Rates 

Sir: 

The authors have recently reported on the 
potential vallue of solid-state dispersion, viz., 
solid solutions, in enhancing the dissolution rate 
and gastrointestinal absorption of drugs (1-4). 
Although this; approach has been quite successful 
in modifying the dissolution characteristics of 
griseofulvin (3 )  and chloramphenicol (4), the 
application of solid solutions formed by fusion 
technique, for enhancing dissolution, is somewhat 
limited. The method has been found in- 
applicable to a number of drugs which are un- 
stable a t  or near thcir melting points, or which 
fail to crystallize from the mixed melt. 

Therefore, other methods have been sought to  
obtain solid-state dispersions of insoluble drugs 
in water-soluble matrices. In 1965, Tachihana 
and Kakamura (5) reported a mcthod for pre- 
paring aqueous dispersions of p-carotene by using 
water-soluble polymers. 

An earlier report by Stone (6) described a 
similar technique for the preparation of water 
dispersible antibiotics. This preliminary com- 
munication concerns the use of the dispersion 
method to  obtain physically modified forms of a 
drug, which are much more rapidly soluble than 
the pure compound. Although the mechanism 
of the dispersion has not yet been rigorously 
established, the striking findings and the apparent 
general applicability of the method warrant 
consideration. 

The authors’ initial studies were concerned 
with dispersions of griseofulvin in polyvinyl- 
pyrrolidone (E’VP). The drug was crystallized 
from a 1% solution in chloroform containing 0, 
5, 10, and 20‘% PVP. In each case the solvent 
was evaporated a t  37” until a clear film, 
esscntially free of solvent, remained. The film 
was further dried to constant weight, and the 
material was then sized using a Syntron shaker. 
Thc 40-50 mcsh particles were collected for dis- 
solution rate studies. 

Sekiguchi et al. (5) have rcpurtcd that griseo- 
fulvin forms a 1 : 1 solvate with chloroform. In 
the present work, the existence of the solvate was 
confirmed; but it was found tu  be quite unstable 
and decomposed rapidly under our drying condi- 
tion. i n  order to determine the dissolution ratc 
of the solvate, a sample was carefully prepared. 
Analysis of lhc material immediately lxfore dis- 
solution rate :;tudies indicated that it contained 

5 2.0 
> 
M 
E 
z 1.5 
3 
? 
0 
W 

u 
il 
U 
0 

0 
2 
0 
0 

1.0 

2 0.5 

- -  
8 2 4 6  

TIME, rnin. 

Fig. l.-Dissolution rate of tnicroiiizrtl griseo- 
fulvin (A); griseofulvin chloroformate (0) ;  griseo- 
fulvin-l’VP, 1 :5 (A) ;  griseofulviu-PVP, 1:10 ( 0 ) ;  
and griseofulviti-PVP, 1 : 20 (0). 

TABLE  DISSOLUTION STUDIES OF GRISEOFULVIN 

Relative Dissolution Rate 
Sample 1 min. 4 rnin. 

Micronized griseofulvin 1 .o 1 . 0  
Griseofulvin-chloroform 

svlvate 0.5 0.4 
Griseofulvin-PVP (1 : 5 )  6 . 1  5 . 1  
Griseofulvin-PVP (1 : 10) 7 . 2  6 . 1  
Griseofulvin-PVP (1 : 20) 11 . 0 7 . 3  

~ ~-~ 

about 23y0 chloroforni corresponding to a 1 : 1 
solvate. 

Particulate dissolution rate was determined in 
the following manner. Each sample, containing 
10 mg. of griseofulvin, was added to a 600-ml. 
beaker containing 300 ml. of distilled water a t  
35’. Stirring was provided by an overhead 
stirrer operating a t  150 r.p.m. In order to over- 
come the “nonwetting” character 01 the micro- 
nized griseofulvin’ (included in the study to 
provide a basis of comparison) the dissolution 
medium contained 0.02% polysorbate 80. The 
wetting ageril was uscd in each dissolution study, 
although it proved inconsequential with the 
PVP--griseofulvin samples. After the addition 
of the drug, 5-ml, samples of the dissolution 
medium were taken periodically, rapidly liltered 
through a Milli1)cn-e filter (0.45 p ) ,  and assayed 
for griseofulvin using a Beckman DB re- 
cording spectrophotometer. 

The results of this investigation are shown in 
l?ig. 1. Table 1 provitlcs a comparison ol‘ the dis- 

1 T h e  gi-iscofnlvin used in this investijintion nus ~ c i ~ e r o u a l y  
aupplicd by the Schering Coi-p. 
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iniport in the area of biopharmaccutics and may 
find significant therapeutic application. 

(1) Goldberg, A. H., Gibaldi, M., and Kanig, J. L. .7 
Phnr,m S r t .  54. 1145il9fi5i 

solution rate of the various sainples with the dis- 
solution rate of micronized griseofulvin The 
solid-state dispersion of griseofulvin in PVP re- 
sults in a five- to tenfold increase in the dis- 
solution rate of the drug. In thc absence of 
wetting agent in thc dissolution medium the 
enhancement is still grcdter. 

Although some complexation seems to  exist 
between griseofulvin and PVP (on the basis of 
prcliminary solubility studies), the authors do not 
believe that  this imposes a restriction on the 
utility of this dispersion technique for a large 
number of watcr-insoluble drugs. Rased on our 
initial observations. i t  is suggested that  griseo- 
fulvin is dispersed molecularly in the polymer 
film and forms a solid soliition with PVP in the 
film. It is belicrecl that this approach to the 
modification of drug properties may be of broad 

,6X). 
(7 j  Sekigtkhi, K.,  to,. K., Owaba, B., and ~ e n o ,  I<., 

Chcwz. Phw??z. Bull. (Tokyo) ,  12. 1192(1961). 
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This report is  based on a research project condnctcd by 
Michael Mayersnhn at the  College o f  Pharmaccuticnl 
Sciences, Columbia Univeisity, New Yoi-k, K ,  Y .  

Books 

REVIEW 

Drug Identijication. Edited by C. A. JOHNSON 
and A. D. THORNTON-JONES. The Pharmaccu- 
tical Press, 15 Hlootnsbury Square, London, W. 
C. 1, England, 1966. 14 X 22 cm. 
Price 64.90. 
This book subtitled "a scheme for the idemtifica- 

tion of organic chemicals used in mediciiie and 
pharmacy" is an extension of the techniques first 
introduced in 1904 by Mulliken in his publication 
The Identification of Pure Organic Compounds. 
Within the past twenty-five years, numerous in- 
vcstigators have authored reference works based on 
accumulated data for characterization analysis. 
In general, a compound is subjected to preliminary 
tests including solubility in selected solvents, reac- 
tion with acidic and basic solutions, melting point, 
etc., as well as an elemental analysis. Additional 
tests may be performed to identify functional groups 
present in the compound. Based on the assigned 
presence of C, H, 0, N, S ,  I?, Br, C1, I, and metals 
in the tcst sample, the analyst refers to tables which 
subdivide the book into combinations of elements 
as they frequently occur in drug substances. Com- 
pounds listed in rdch table are arrangcd in order of 
increasing boiling or melting points. The schematic 
approach ends here, and the individual is confronted 
with final identification by conducting the tests 
(e .g .  colorimetric, precipitation, light-absorption. 
preparation, or derivativcs, etc.) iucludcd for rim 
I I O I I I I ~ S  wliicti lit the ~ e n e r d  infiirin:ition obtained 1 0  
this point. 

The data contained in this volunie are a creditable 
compilation but should be augmcnted for extensive 
and accuratc identification. Improvernent, is re- 

ix + 133 pp. 

quired in the form of definitive identitication tests for 
many substances, and wherever reasible the tables 
should be expanded to include entries for nonofficial 
drugs. A worthwhile addition would be classical 
tabulations by functional groups which could be used 
in conjunction with accrued preliminary daba for 
rapid identification of many compounds. 

Reviewed by Edward F. Saliiu 
Drug Standards Luboratory 
.,I .Ph .A.  Foundation 
T'Vashington, D. C. 

NOTICES 

Methods oj Uiochernical Analysis. Vol. 14. Edited 
by DAVID GLICK. Intersciericc Publishers, a 
div. of John Wiley Sr Sons, GO5 Third Ave. ,  ?Tcw 
York, N. Y. 10016, 1966. vii f 562 pp. 15.5 
X 23.5 cm. Price $15. 

Biochemical Preparalions. Vol. 11. Etlitor- iii- 
Chief AXDREAS C. MAEHLY. Jolin Wilcy & 
Sons, Inc., 605 Third Avc., Kcw York, N. Y. 
10016, 1966. xii + 147 py. 15 X 23 CIU. 
Price $8. 

Oplicul Page Reading Devices. By ROBERT A. 
Keinhold Publishing Corp., 430 Park 

ix + 195 
WILSON. 
Ave., New York, N. Y. 10022, 1966. 
pp. 15.5 X 23.5 crn. Price $10. 

7 % ~  il ? j z /~ke l ( t~z ims :  Toxicity nnd 1)ependence. 
By ~ R I A N A  JosSEAu KALANT. Charles C 
Thomas, 301-325 E. 1,awrencr Ave., Springfield, 
Ill., 1966. xii + 151 pp. 13.5 X 23.5 cin. 
Price 16.75. 
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iniport in the area of biopharmaccutics and may 
find significant therapeutic application. 

(1) Goldberg, A. H., Gibaldi, M., and Kanig, J. L. .7 
Phnr,m S r t .  54. 1145il9fi5i 

solution rate of the various sainples with the dis- 
solution rate of micronized griseofulvin The 
solid-state dispersion of griseofulvin in PVP re- 
sults in a five- to tenfold increase in the dis- 
solution rate of the drug. In thc absence of 
wetting agent in thc dissolution medium the 
enhancement is still grcdter. 

Although some complexation seems to  exist 
between griseofulvin and PVP (on the basis of 
prcliminary solubility studies), the authors do not 
believe that  this imposes a restriction on the 
utility of this dispersion technique for a large 
number of watcr-insoluble drugs. Rased on our 
initial observations. i t  is suggested that  griseo- 
fulvin is dispersed molecularly in the polymer 
film and forms a solid soliition with PVP in the 
film. It is belicrecl that this approach to the 
modification of drug properties may be of broad 

,6X). 
(7 j  Sekigtkhi, K.,  to,. K., Owaba, B., and ~ e n o ,  I<., 

Chcwz. Phw??z. Bull. (Tokyo) ,  12. 1192(1961). 
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Review Article 

Powders: Particle-Particle Interactions 
By EVERETT N. HIESTAND 

ECAUSE nearly all medicariients exist as B powders a t  some stage in thcir manuiacture. 
i t  is not considered necessary to  justify an interest 
in powders. 

Many diffici~lties are associated with the study 
of the powdered state of solids. Even today 
technological :Amices  have not produced satis- 
Lactory yuantitative methods for describing thcir 
propcrties. I~Iowever, it  is possible to define 
more I)reeisely the problems associated with 
characterizing powders and to discuss in a qualita- 
tive manner the factors that  determine their 
physical properties. Because much of the work 
pertinent to the subject is scattercd throughout 
the literature and has been donc outside of  the 
pharmaceutical lield, it seems worthwhile to 
at1 empt to uri.;anize this material into a review 
article. 

'The emphasis of this discussion will be on the 
properties of  solids that determine the magnitucle 
of the forces acting between the particles when 
they are in contact. These are prcdominately 
surface properties. If the particles havc heen 
'compressed enough to produce plastic deforma- 
tion or crushing of the particle, the mechanical 
properties become very important also. Since 
compressed tablets compose the largest volume of 
pharmaceutical 1)rc)ducts sold, i t  is tempting to ex- 
tend the discussion to include the coniprcssiotl of 
particles into alggregatcs. However, in the iuter- 
. ~~~ 

Rereived from the Pharmacy Research IJni l ,  The Upjohn 
Ou., Kalamazoo, hlich. 

est of brevitv, the scope of this rcvitw will be 
limited to particulate solids undcr compression 
forces of a much smaller nature thari used in tab- 
leting. For example, forces such as mixlit be ex- 
crted by  the weight of the powder bed on the 
particles at the bottom of the f~cd  or the forces 
imposed by an auger in moving thc material. 
The theoretical discussion will describe tlie p r o p  
erties of solid surfaces. The discussion o f  exper- 
iinental methods will emphasize methods of 
measuring the cohesion and adhesion of powder 
particlcs. 

Definition of the Problem.--The bulk den- 
sity of a powder bed is not uniforiii. 'Therefore, 
the physical propcrties or the lied are not uniform 
either. The properties of a powder l x t l  dcl)end 
on the cumulative effect of thc previous history ol 
all the portions of the bulk txiug considered. 
Isolated regions of shear, vibration, or com'action 
may have produced high hulk density regions. 
'These may remain intact in subscqucnt f l o ~ v  of the 
powder or ma? fragment into iriacroscopic re- 
gions mixed throughout the less dense bed. The 
forces acting on the top of a bed may be quite 
dill'crent from those at the bottom of the bed. 
Therefore, a therniodynaniic treatment of a 
powder bed as a homogeneous mass is not pos- 
sible. This discussion will try to  dcvclop, 
qualitatively, the factors that  contribute t o  the 
interaction of solids. The following- ai-e cun- 
sidered tlie main topics of interest. 

(a )  The interaction between two purticlcs is 

132i 
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plastic. If they cannot move, the solid will be 
brittle (4). The mechanical strength of brittle 
solids will vary with the presence or absence of 
surface cracks (5) .  Also, the mechanical prop- 
erties are influenced by the surface energy. The 
mechanical properties of solids are a principal 
factor in determining the true area of contact 
between solid materials under pressure. 

The mechanical properties of organic solids 
ha\-e had only limited attention and our knowl- 
edge of the role of dislocations must, for the most 
part, be extrapolated from the studies on metals, 
semiconductors, and a few inorganic materials. 
However. dislocations in organic crystals do 
exist (6). 

Some grain boundaries and dislocations extend 
to the surface of crystals and provide one source 
of heterogeneity on the surface. Adsorption of 
impurities result in additional sources of surface 
heterogeneity. 

Because our primary interest is the forces of 
interaction between two surfaces brought into 
contact, the bulk properties will not be discussed 
in greater detail. However, it  is necessary that 
one recognize that both the bulk and surface 
properties of a given substance may vary signifi- 
cantly and particle-particle interactions may be 
influenced by these variations. Furthermore, 
plastic flow is known to occur in many organic 
solids. Globular solids are sometimes called 
“plastic crystals.” Some nonglobular solids 
may be tableted directly. This would not be 
possible unless plastic flow occurred to relieve 
elastic stresses. 

dependent upon the surface to interfacial energy 
change that occurs when the solids come into 
contact. The surface energy of a solid rarely is 
homogeneous. Therefore, the energy change 
at the true areas of contact will not be a single 
function of the true area of contact but will vary 
with the nature of the exact portions of the two 
solid surfaces in contact. 

( b )  The area of true contact between individual 
particles is dependent on the particle shape, size 
distribution, roughness, the compressive force 
at the interface, the shear to which the sample 
has been subjected, and the mechanical properties 
of the particles. Also, the number of nearest 
neighbors, i .e. ,  the coordination number, will be 
a function of these same factors. 

Unless 
their surface is made conducting by contaminants 
such as surfactants or water (especially under 
high humidity conditions), the solids will charge 
on contact. The resulting electrostatic attrac- 
tion may be large. 

(c) Most organic solids are insulators. 

GENERAL BULK PROPERTIES OF SOLIDS 

Xhen the forces acting between molecules are 
strong enough to overcome the translational 
motion of the molecules and to compensate for 
necessary entropy changes, the molecules as- 
sociate as a solid mass. If the association is in a 
predominately orderly manner, the solid is said 
to be crystalline. The crystalline solid is not 
necessarily the permanent, fixed arrangement 
often implied in elementary texts. Entropy 
zrersus temperature curves may provide evidence 
of nonisothermal changes in addition to the 
isothermal changes that occur when there is a 
change in crystal structure (1). Globular solids 
are said to be the antipode of liquid crystals (2). 
In globular solids, rotational freedom apparently 
occurs at lower temperature than the trans- 
lational freedom of the molecules, whereas in 
liquid crystals, translational motion occurs prior 
to rotational freedom. These phenomena sug- 
gest that the properties of all crystalline solids 
are not the same and that the physical properties 
are not a single entity for a given solid substance 
but may be strongly temperature-dependent. 

The order within the crystal always is much less 
than perfect. Solids often consist of numerous 
intimately associated grains. Crystal lattice 
continuity docs not exist across these grain 
boundaries. Within the grains, numerous crys- 
tal dislocations, both screw and edge type, exist 
(3). The mechanical properties of solids are 
determined by the freedom of these dislocations 
to move. If they move readily, the solid will be 

THE “ADSORPTION” THEORY OF 
PARTICLE-PAKTICLE INTERACTIONS 

The Minimum Work of Fracture.-The 
minimum work required for the separation of two 
surfaces and, therefore, the energy bonding them 
together is equal to the difference in free energy 
after separation and the free energy before 
separation, i.e., for materials C and D, the work 
of adhesion, Urn, is given by: 

Tva = A (YC + Y D  - Y C D )  

where 

A = the area produced by the separation, 
yc = the free energy of the surface per unit area 

yo = the free energy of the surface per unit area 

ycD = the free energy of the C-D interface per 

of the solid C in air, 

of the solid D in air, and 

unit area. 

Similarly, for the fracture of a single material, for 
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X -+ x i  
DISPLACEMENT, X 

Fig. l.--Tllc 
minimuill work of 
fracture of an ideal 
elastic body. 

example, substance C, the work of roliesion, TVC, 
is given by : 

TVC = 2A ’ /C 

If substance C obeys Hooke’s 1:w until i t  
fractures, then the stress-strain diagram is as 
shown in Fig. 1. The equation for the line is 
E;’ = A E X ,  where E is Young’s modulus, F is 
thc tensile force, and X is the displacement. The 
minimum work done in fracturing the solid, i .e . ,  
the work of cohesion, is the area under the line, 
W ,  = FIX,/!?; where F f  is Fat fracture and X I  
is the displacement at fracture. 

Eliminating Xf from the work equation gives 
W C  = Fi2//3A E .  Replacing W, with the surface 
energy from cur earlier equation, one obtains on 
rearrangement : I  

FJ = 211 d/rcE 
The analogous equation for Wa is: 

The notion that  the cohesion of solids is re- 
lated t o  the surface energy is not new. Bradley 
( S ) ,  in 1922, discussed the role of dispersion forces 
in surface energy and in the cohesion ol solids. 
Morgan (9) and Rumpf (10) have considered the 
strength of attraction between solids in a similar 
way. Recently Krupp and Sperling (11) have 
developed a model for the interaction of powder 
particles that  involves the surface energy. 

1 Note the siroilarity of this equation t o  the Iundarncntal 
equation O F  the Griffith crack theory of the strength of brittle 
solids ( 5 ,  7) whi.ch is: 

F = KdZ 
C 

uhere K is a pwportionality constant and ?C is the clack 
Imgth. 

The Surface Energy of a Solid.-The argu- 
ment in the preceding paragraphs has tlcm- 
onstratcd that the surface energy of a solid is  
an important term in the strength of attraction 
between two substances. Therefore, the [actors 
contributing to surface energy must lw cxplored 
if even a qualitative concept is to  be obtained. 
Par t  of the information may be inferred from our  
knowledge of liquids. First, let us consider the 
differences between solid surfaces and liquid 
surfaces. 

Oh-iously, the relative immobility a t  rooin 
temperatures of the molecules of a solid account 
for the differences between the solid and liquid. 
For csample, the chemical potential is the same 
in both the surface and bulk of a liquid phase. 
even when more than one component is prescnt. 
Howerer, for the solid, the surface usually is im- 
pure and the stirface layer cannot equilibrate with 
the bulk in any reasonable length of time. Tliere- 
fore, the chemical potential of a componcnt on 
the surface may be quite different from that in the 
bulk. 

of molecules than the bulk. Since these mole- 
cules are free to  move in the surface plane, they 
tend to  undergo a two-dimensional “condensa- 
tion,” which results in a tension force in the 
surface plane. Because of random fluctuations, 
this process is never completed ; the “condensed” 
molecules ciisappear into the bulk and are re- 
placed randomly by other molecules. Gurney 
(12) discusses the thermodynamics of surfaces 
and concludes that  equilibrium can exist only 
when thc surface molecules are under a tcnsion 
stress. 

The tension component in the surface of liquids 
depends on the mobility of the surface layer. 
h solid surlace cannot produce a tension con-  
ponerit unless its surface molecules are inobile 
also. However, the unbalance of forces acting 
at the surface does result in a significant surrace 
energy. Often the terms surface tension and 
specific surface free energy of a solid are carcfnlly 
defined mathematically but the molecular model is 
not discussed. A recent review of thc surl‘ace 
tension of solids (13) is of interest and illustrates 
this point. 111 this review, reference Trill be 
made o d y  to  the specific free energy of solids. 

The surface layer of a liquid h 

Attraction Forces Between Molecules at 
Interfaces.-There is a n  oft-stated observation 
that  oil repels water. This useful though in- 
exact statement could induce careless thinking. 
Only differences in magnitude of attraction are 
involved, not repulsion. All electricall>- neutral 
matcrials attract one another b>- dispersion 
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forces except when the spacing between them is 
so small that electron orbitals overlap. Attrac- 
tion lorces of greater magnitude than the dis- 
persion forccs often exist. The only repulsion 
force known that acts over a long distance is the 
electrostatic repulsion of like charges. Water 
is attracted to  paraffin. A small droplet of water 
will cling to the underside of a paraffin surface. 
However. when the size or the drop is increased, 
enough gravitational force exists to overcome 
the attraction of the watcr for the paraffin and 
it falls off. Each water molecule has greater 
attraction for the other water molecules than for 
the paraffin ; thercforc. the entire drop falls away. 

The origin of the attractive forces between two 
different solids in contact should not be a mystery 
to an>-one sinrr they are the same forces that act 
to hold all s:)lids together. The one whose 
magnitude is most coininonly underestimated is 
the London-van der LVaals’ force or the dispersion 
forccs. Too often, the dispersion forces are de- 
scribed ns “those weak interactions such as be- 
tween hydrogen molecules, which explains it 
being a gas.” TIowcvcr, thcsc same forces came 
many materials to be a solid a t  room temperature, 
e ,g , ,  the longer chain aliphaptic hydrocarbms. 
Unfortunately, theoretical treatments such as 
those gi\-en by Iiowlinson (1 1), Debye (l$, arid 
de Rocr (16) d ten  do not leave the reader with 
an intuitix-e fccl for their magnitude. Con- 
secpentl~-, 11-e shall look at some experimental 
evidence that indicates the relative importance 
of various forces. 

SoE~bi i i l~  Pornnzefeus.-The development of the 
solubilit!- parameter concept provided consider- 
able insight into the interactions between unlike 
molecules. However, the primary reason for 
including the solubility parameter in this dis- 
cussion is to show the relationship of surface 
tension to the cohesion energy density. The 
tcrm “cohesive energy density” is the square of 
thc solubilit!- parameter 8 ,  Solubility param- 
eters are intended only for “regular solutions” 
(17-?0), i.e., nonpolar substances. This param- 
eter has been identified with the heat of 
vaporization : 

where AE is the energy of vaporization to a gas 
at zero pressure and T i  is the molal volume of the 
liquid. .ilso, 6 N 1.2 G‘’~/V, where a is van der 
Wads’ gas constant. 

Kote that all the above mathematical relations 
are measures of the cohesion of the individual 
lirliiids. Hildebrand gives for mixing compo- 
nents 1 :ind ‘2: 

where AHm is the heat of mixing, Vim is the total 
volume of the mixture, +1 and +2 are the volume 
fractions of the respcctivc component in the 
mixture. 

Thus, the square of the differences in tlie square 
roots of the cohesion energy densities gives the 
heat of mixing if corrected for volume effects. 
Solubility results when the difference 6 ,  - 62  is 
small, i.e., the heat of mixing does not dominate 
the entropy Contribution to the free energy 
change of the solution process. 

Another interrsting relationship is 6 = 4.1 
(y/ 1’’/5)0.4i>2 where y is the surface tension. 
The experimental verification of this relationship 
is evidence that thc surface tension results from 
the attraction between molecules. Each of these 
equations express the interaction of molecules 
with each other. 

Izterfucial Tension dcetlzod of .&nluafiiig 
Internctions.-A more recent approach to de- 
scribing the forces between unlike molecules is 
givcn by Fowkes (21-23). He has obtained, by 
a systematic use of interfacial tension values, a 
measure of the contribution made by dispersion 
forces arid the other types of forces acting a t  
interfaces. His model makes use of the fact that 
the surface tension in air is a measure of tlie at- 
traction due to all intermolecutar forces in the 
liquid. A%lso, he assumes that the dispersion 
forces a t  the interface betw-een two substances 
produce an interaction between unlike molecules. 
The interaction from dispersion forces is equal to 
the square root of the product of the dispersion 
component for each. He writes two equations- 
one €or the contribution ol each material to the 
interfacial tension. Since each equation de- 
scribes only one liquid at the interface, let us call 
it  the l/%interface equation. If the surface 
tension of C in air is yc and of D is yo,  and pro- 
vided only dispersion forces produce an inter- 
action between C and D, the 1/2-interface equa- 
tion for component Cis: 

YC1/2 = YC - d22 
where ynd and yDd are the respcctivc contributions 
to  surface tension produced by the dispersion 
forces. 

For component D the 1/2-interface equation is: 

Y D 1 / ?  = YO - 
The sum of the two yield the interfacial tension 
between C and D: 

2 This is an empirical relationship tha t  gives more accu- 
rate ,results than the  dimensionally homogeneous form 
Bac ( - f /VV)O.S.  
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- , ( T ,  = yc + yn - 2 t/;c”,,n 

Sincc -[(?. yc. and yn each can he determined 
hy an inclrprndcrit experiment, it  is necessary to  
know onlv either yc:i or yDd before lhe other can 
be calculated. In the special case of a liquid such 
a s  an dip11:itic hydrocarbon whose molecular 
interactions :Ire due cinly to  dispersion forces, 
7‘ = yd.  For example, the surface tension of 
benzenc is ahout 29 dynes,/cm. and is clue entirely 
to  dispersion forces. Furthermore, in contact 
with mercnry. only dispersion forces act belween 
benzene n r i d  inercury. If benzene is called C, 
then yc == 3,;‘ = 25.85 dynesjcm. Mercury is 
liquid I ) .  sc y~ = 4134 dynes/cm. yrn  is mea- 
sured anti i y  363 d!-nes,’cm. Substituting into 
the equatinii and calculating y D d ,  one obtains 
yDd = I N  d!-nes’crri. Then one may calculate 
yri,/? which tiirns out to be about -47 dvnesjcm. 
The ncgativr sign results because tlie mercury 
attracts the benzenc stronger than the hemetie 
attracts itwlt. Similarly, yo,/, = 305. F(iwkcs 
finds as a v e r q e  \-allies for the mercuri--air inter- 
face aboiit .’% dyriedcm. is due to the metallic 
hond and ?OO dynes/cm. from thc dislicrsion 
forces of the mercury. 

Similarly, I:oi\-kes shows that the dispersion 
forces for water account for 2 I .8 dyneslcm. of its 
53.8 clynes,’cin. total suriace tension. This 
valiie coiiies irom interfacial tension data  talcen 
at a water straight chain hydrocarbon interface. 
However, for the water-benzene case the as- 
suniption of nnly dispersion force interactions 
between \rater and benzene is not valid. A1)out 
1:J-l C, (lyiics~rni. come from other forces (per- 
haps K bonds). 

The inetalli~r bond of mercury and the hydrogen 
hond in water should nut interact at the water- 
mercury interface. However, i t  was questioned 
whether the permanent dipole of water might 
induce an image dipole in the mercury t o  produce 
a net attraction. Theory predicts this to  be 
negligible and the measurements iiiade by Fowkrs 
confirm tlie pr,ediction. 

Fowkes has extended his studies to solid-liquid 
interfaces. Table I lists a fcw v.dlues for the 
dispersion f‘orciss of solids. 
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TABLE II.->, \-ALUES FOR POLY’.MERIC SOLIIIS~ 
~~ 

~ ~ ~ ~~ 

Sol id y r  (d yn es 1 C h . )  
I’ol yliesafluoropropyletic 16.2 
Polytrifluoruc.tli?.leiic. 2‘2.0 
Polyt.thylene 31 .0  
Polymetliyl metliacry.late 89 . 0 
Polyhcxatncthylcne adipamide 46.0 

‘j Data from R c i m r i i r r  2 5 .  

TABLE I.-rd \’ALUES FOR SOLInS’ 
--__ 

:Solid yd(ergs/cm. 2) 

Paraffin wax 25.5 
Polytetrafluoro~tliylciic 19.5 
Polyetiiylc.ne 35.0 
Graphite 120-132 
Copper 60.0 
Lead 99.0 
Silica 78.0 

~~~ 

1)sta from Rriiwncr ZZ. 

Critical .Ywf( r ( - e  Tension.--Zisman and co- 
workers (24--2(i) have used the  cc~uilibrii~m con- 
tact angle method to  assign an average surface 
energy value to  the solid surface. A homologous 
series of liquids is placed ( i n  thc surface of the 
solid and their respective contact angles a r t  ob- 
served. A plot is made of cos H W Y S Z I S  71. where 
71. is the liquid surface tension of licpitl in ccjui- 
libriurn with its saturated vapor in air. This plot 
is extrapolated to zero contact angle, and the 
value of tlie surface tension a t  this point noted. 
This surface tension at zero conkact angle is 
called the critical surface tension, yr.  The 
critical surface tension is assumed equal to the 
specific surface energy of thc solid (T3: ) .  

The technique sounds easy. but only whcn 
ho~ncilogous liquids are used does one obtain 
a straight line. Otherwise, scatter and/or curva- 
ture exists. The experimental prohlerns are 
many because of the difference hetiwen atlvanc- 
irig ant1 rrceding contact angles that  often are 
observed. Also, coritarnination and roughness 
of the surfaces may vary and influence the re- 
sults. Nevertheless, the critical surface tension 
has been identified within a narrow range on some 
solids. The yc values of some of these are given 
in Table TI. 

Friciion nwd -1 tl/iesion.-In this discussion, the 
consideration of the forces between molecules has 
progressed from studies of liquid-liquid to solid- 
liquid interfaces. Studies of friction and ad- 
hesion of solids focuses the attention directly on 
the solid-solid interface. Here, for the first 
time, one must consider thc important prohlem 
of determining the area of true contact. Since 
the true contact area is unknown in nearly all 
cases, it is most difficult t o  evaluate solid-solid 
interactions o n  a quantitative basis. 

Friction sometimes is defined as the shear 
force required to break the adhesion “bonds” 
that form when solids are in contact, and the 
adhesional force is the tensile strength of the 
same bonds. This is the position taken in the 
classic work of Rowden and Tabor (27-30). 
They claim that  the friction manifestation of 
adhesion is readily observed with large objects 
because all the  “bonds” are sheared siinul- 
taneously in a friction measurement. However, 
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the tensile strength nianilestation of adhesion 
usually is not observed bccause the elastic energy 
stored in the touching asperities is released 
gradually on separation, ix., the asperities have 
different lengths so that the separation does not 
occur simultaneously. 

The classical, empirical laws of friction state 
that the frictional resistance to  movement is 
independent of the apparent geometrical area oi 
contact. I t  depends directly on the normal load. 
In the modcrn concept, if all unit areas of true 
contact have equal shear strength, then the true 
arca of contact must be identical for a given 
normal load independent of the apparent geo- 
metrical contact area. Actually, exceptions to 
this law arc rcadily found. However, the rarity 
of exceptions to the classical laws is remarkable 
when one considers the vast variety of surfaccs 
that may be in contact. 

The importance of the true area of contact has 
led to a study of adhesion and friction under 
very special conditions. Some of these illustrate 
the importance of the mechanical properties of 
solids and account for the author's brief treatment 
of the mechanical properties in an earlier part of 
the discussion. 

A steel ball pressed into freshly scraped indium 
exhibits very large adhesive forces. When re- 
moved, the steel surfacc is covered with indium 
showing adhesion to be stronger than the cohesion 
of the indium (27). Obviously, the choice of 
indium is because of the low yield value that must 
be overcome to produce plastic flow. In plastic 
flow the elastic energy is reduced to a very small 
value, and the area of intimate contact becomes 
very large. Hence, the mechanical properties of 
indium make it possible to observe the adhesional 
force in a tension measurement. 

The importance of a clean metallic surface, as 
in the freshly scraped indium above, is demon- 
strated in another experiment. Two clean iron 
surfaces, cleaned by outgassing under vacuum a t  
high temperature, were pressed together with an 
initial load of only a few grams. Yet, over 500 
Gm. was required to pull then1 apart. The 
metallic junction arca was estimated and found 
to have the bulk strength of iron (29). Stepwise 
addition of traces of oxygen reduced the cohesion 
stepwise. Even TI?. and He will prevent gross 
seizure. The surface contamination apparently 
prevents the cold welding of the metals. Metal- 
lic bonding is much stronger than dispcrsion 
forces and the adsorbed contaminants prevent 
the stronger metallic bond from forming. The 
contaminants, thereby, reduce the energy of 
interaction. 

.lour1z(~1 of Pharmaceufirtri Sciences 

The inHuence of a monolayer of lauric acid on 
the adhesion between two metallic surfaces has 
been measured (28). The monolayer was sprcad 
on the plastic surface of indium. The indenta- 
tion produced by the steel ball pressed into the 
indium surface caused an increase of surface area 
so that some uncoated area of indium was iormed 
at the indium--steel interface. The direct contact 
of metallic surfaces at the uncoated areas per- 
mitted metallic bonding to occur and produced 
high adhesion, in proportion to the area o f  metal- 
metal contact area. 

Friction studies have not been limited to 
metals. Bowden (30) has rcviewed adhesion 
and friction for various materials. Polymers 
represent a plastic material that deforms readily 
under load. He concludes that organic polymers 
under light loads exhibit friction iorces that 
follow the Same variation with load as the area of 
contact. -41~0, it appears that many polxmers 
adhere strongly to metals and the shearing plane 
is in the polymer and not a t  the interface. 'Thus, 
transfer or wear occurs. With polptetratluoro- 
ethylene (Teflon), the adhesion is small, slip 
occurs a t  the interface, and wear is minimal. 

Also, it is of interest to consider elastic 
materials. Bowden (30) discusses the friction of 
diamond on diamond. Because diamond is a 
highly elastic material, the real area oi contact 
is not expected to be proportional to the load but 
to the load to the 2/3 power. As expected, the 
friction coefficient decreases as the load increases. 
Removing gas films from diamond causcs the 
friction coefficient to increase markedly, ap- 
parently due to the stronger forces of interaction 
a t  uncontaminated diamond interfaces. Esti- 
mates of the truc area of contact indicate that 
for clean diamond sliding over clean diamond 
in DCICUO,  the effective shear strength of thc re- 
gions of true contact is comparable to the bulk 
strength of diamond. 

Another interesting series of studies on the in- 
teraction between solid surfaces involve inolecu- 
larly flat surfaces of mica. Freshly cleaved but 
uncontaminated mica surfaces can be put back to- 
gether with very little loss in strength. However, 
if the sheets are separated and coated with a 
monomolecular layer of a fluorinatrd fatty acid 
and then placed together, the work required to  
scparate them is reduced. The reduction is 
believed to bc in proportion to the suriace energy, 
i e . ,  to  the work necessary to create the new area 
of solidhir interface. The shear strength of 
freshly cleaved mica surfaces in contact was very 
high and the surface damagc from sliding was 
great. However, monomolecular layers oT cal- 
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cium stearate placed on the sheets reduced the 
shear strength markedly and left the surface 
undamaged by the shearing process. Obviously, 
the shearing plane remained in the interface when 
contaminants reduced the energy of interaction. 
These studies are mentioned by Bowden (30). 
Much of the work is that of Bailey, some of 
which is rcporlsd in References 31 and 32. 

In a later section of this review, it will become 
evident that much of the experimental effort 
to study powders has been by friction measure- 
ments. Heme, the above information from 
some of the );enera1 studies of friction will be 
useful later. Furthermore, i t  i s  one of the few 
fields of study in which an extensive literature 
of solid-solid adhesion exists. Of course, ad- 
hesives, soldering, and welding also contribute 
some pertinent experimental observations. 

All of these studies show the significance of the 
surface energy and the importance of the kinds of 
bonds that act across the interface. Obviously, 
the metal-metal bond is much stronger than the 
van der Waals’ forces for the organic mono- 
molecular layers. Similarly, the carbon-carbon 
bond in diamond is much stronger than between 
the contaminants, The mica experiments pro- 
duce similar results. 

Adhesives.- Adhesion in relation to friction has 
been discussed, Studies in the field of adhesives 
confirm all of the observations that have been 
discussed, but also point out one additional factor 
that has not been considered--ziz., the electro- 
static term due to charge transfer a t  an interface. 

There are said to be three theories of adhesives, 
z k . ,  the adsorption theory (33), the electrostatic 
theory ( 3 . 2 ,  35) ,  and the diffusion theory (36). 
All of these have two factors in common: (a) a 
very large area of true contact must be established 
between the adhesive and the solid; and (b)  to 
assure that the air is displaced from the interface, 
a low contact angle is needed. The differences 
among the theories are in the emphasis placed 
on the origin of the bond strength. The adsorp- 
tion theory considers the bond strength to be 
determined b y  the changes in interfacial energy 
necessary to remove the adhesive from the solid 
(provided the adhesive itself is not split a t  an even 
lower energy), ’l’he electrostatic theory as- 
sumes that an electric double layer is established 
in the fluid adhesive and removal requires doing 
work to separate this double layer. The dif- 
fusional theory assumes that the macromolecules 
(of the adhesive diffuse into the solid surface suf- 
ficiently to add an entanglement factor to the 
strength of the bond. Probably all three factors 
are, a t  least in some cases, important. However, 
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the diflusional aspect could be important for 
solid-solid interfaces only when contact exists 
for extended periods or when a solid has a very 
mobile surface layer. 

Usually, adhesives are applied as a liquid 
phase in order to develop the high true area of 
contact. The solid-solid interactions exist after 
the adhesive “sets.” This may be a drying by 
evaporational or diffusional loss of “solvent” 
or a chemical change such as occurs in the epoxy 
resins. A strong bond remains only when the 
setting occurs without excessive loss of true area 
of contact and without the development of 
significant elastic stresses resulting from di- 
mensional changes of the adhesive. Again the 
important roles of a high true area of contact 
and of the mechanical properties are dem- 
onstrated. 

Wear.-The process of wear has been studied 
in some detail (3’7). Although there are several 
classifications ol types of wear, only the ad- 
hesional wear process is considered pertinent to  
this discussion. Adhesional wear occurs when 
surfaces slide over each other, and adhesion of 
small regions develop because of intimate contact. 
The adhesion is strong enough to pull fragments 
out from one of the solids. The size of wear 
particles is found to be remarkably uniform. 
kchdrd  (38) has described a model for wear for 
which corresponding equations have been de- 
rived. liabinowicz (39) gives the following equa- 
tion Tor the condition of loose particle formation: 

1 vd d = 60 x 103 ~ ~ 

P 

where a! is the diameter or the particle, Wab is the 
work of adhesion, and p is the hardness of the 
surface yielding the particle. Note this is not a 
rate equation but only relates the size of the 
particles to the properties of the solid when wear 
occurs. Nonmetals and metals have been 
studied and reasonable correlation exists. One 
very important difference between wear and 
friction arises because only a few of the adhesional 
bonds produce wear, but all adhesional bonds 
contribute to friction. 

Since Wah appears in this equation, there is 
additional evidence that the surface energy is the 
important property determining solid-solid in- 
teractions. Although an oversimplification. 
boundary lubrication may be considered the 
technology of reducing wear by reducing Wab to 
such a small magnitude that the wear rate is 
reduced to a negligible or very small value. 

The “adsorption” theory of the particle- 
particle interaction of powders is only an ex- 
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tension of the “adsorption or adhesion” theories 
of friction, wear, and adhesives. Our interest in 
the forces of interaction between molecules a t  
surfaces has been shown to be germane to a study 
of solid particles in contact. 

Adsorption and Heats of Immersion-Now let 
us look at evidence that suggests a nearly uni- 
versal, heterogeneous nature for solid surfaces. 
We have learned alreadv that grain boundaries 
and dislocations extend to the surface so that 
some heterogeneity results from these high energy 
regions. The best available evidence for the 
heterogeneity of a surface is found as before in 
reactions involving the interaction of the solid 
with individual molecules either from the gaseous 
or the liquid state. Adsorption and the related 
catalysis studies are of much interest. 

Champion and Halsey (40) have shown that 
the formation of multilayers on a homogeneous 
surface must give rise to “stepped” adsorption 
isotherms. Apparently, the steps correspond 
to the formation of a new layer, each 1 molecule 
thick. However, the adsorption isotherms 
usually observed are not stepped; instead, they 
start off a t  high slope and gradually, but in a 
continuous manner, change to a curve of low 
slope. This suggests that most solid surfaces 
are heterogeneous, as expected. Classically, 
adsorption isotherms have been considered as 
belonging to one of five types (41). All of these 
show the gradual curvature characteristic of a 
heterogeneous surface. 

Zettlemoyer and co-workers (42, 43) have used 
differential heats of immersion studies to char- 
acterize the heterogeneity of surfaces of solids. 
The derivative of the heat of immersion curve 
provides a differential heat curve, and the dif- 
ferential of the latter curve yields, when inverted, 
an approximate site energy distribution (43, 44). 
These workers have shown that the van der 
Waals’ interaction energy between a polar ad- 
sorbent and a polar adsorbate consists of three 
parts, uiz., a nonpolar dispersion force, E D ;  the 
force of interaction of the electrostatic field of the 
surface and the dipole moment of the adsorbate 
molecules, Eo; and a force term arising from the 
polarization of the adsorbate by the surface, 
E,. For alcohol on rutile, the distribution is 
about 68% Eo, 6% EI, and 26% ED; for hydro- 
carbons on the same surface, it  is 67y0 ED and 
33% E I ,  and for polar or nonpolar liquids on 
graphon, it is 100% E D  (45). These results 
predate the data of Fowkes. Both show the 
importance of the dispersion forces. 

Studies of catalysts have led to a more detailed 
understanding of chemisorption. A brief review 
of this type of reaction has been given by Dowden 
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(46). Another interesting review is by Emmett 
(47). Both articles discuss the formation of 
bonds with surface atoms. Some may be electron 
donors and others electron acceptors. Active 
centers of catalysts often are classified as acid or 
basic. Apparently i t  is not clear whether a 
proton switching or an electron-pair switching 
mechanism is involved, i.e., the Briinsted or the 
1,ewis mechanisms. 

Chemical interactions between particulate 
solids have been studied also. Specific solid-solid 
surface interactions of  pharmaceuticals have been 
reported by Lach and co-workers (48). 

Electrostatic Attraction.-It appears that  
solids are rarely separated without also separating 
a chargc. The charge transfer becomes evident 
a t  separation of the surfaces. Richards (49) 
reports that by wringing together optically flat 
pieces of glass a charge is developed that is 
independent of the amount of frictional work but 
is proportional to the area of contact. As long 
as the plates remained in contact, an X-ray beam 
would not diminish the charge. Jefimenko 
(50) demonstrated that only contact and not 
friction is essential to electrification. A glass rod 
dipped into mercury or a paraffin rod dipped into 
water produced the same characteristic charge 
for the respective couple independent of thc 
amount of work done. The kinetics of charging 
are not a factor in the last case because high true 
area of contact exists between a liquid and a solid. 
These experiments have established that charge 
transfer may result at areas of true contact be- 
tween solids. Work must be done to separate 
the transferred charge and this is a part of the 
energy causing solid surfaces to attract. The 
amount of the charge and the direction of charge 
transfer will depend on the specific properties of 
the surfaces in contact. 

Kunkel (51) dispersed dusts of homogeneous 
composition from containers lined with the same 
material. In all such cases, the total dust cloud 
was essentially neutral but practically all the 
particles were charged. If hornogencous clouds 
are blown so that they make and break contact 
with a different solid surface, the separation of 
the heterogeneous interlace ma); impose art 
asymmetry on the relative members of positive 
and negative particles. The average charge in- 
creases somewhat more slowly than the surface 
of the particles, so particle size is important. 

Nash et aZ. (52) observed the charges on 
powders after they passed through a copper 
funnel. They observed that the fraction of the 
sample that was charged could be altered by 
treating them with different surface-active agents. 
However, they did not distinguish between ag- 
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;;lomerates that were composed of equal numbers 
of oppositely charged particles and truly neutral 
particles or agglomerates. 

Kordecki et d. (53) used centrifugal force to 
expel particles from solid surfaces. They found 
that glass spheres were much more difficult to 
remove from a ‘Teflon surface when in a very dry 
atmosphere than when in a 50% relative humidity 
atmosphere even in the presence of a weak a- 
emitting radioactive source. However, the 
radiation from radium-D, a more powerful source, 
reduced the measured adhesion in a 10% relative 
ltiumidity environment. They do not claim that 
the electrostatic component was completely re- 
moved from the adhesion by the ionization of the 
atmosphere. Richards’ (49) work would suggest 
ithat it  would not be completely removed. 

Deryagin and Zinion (54) have observed the 
charges on individual particles torn from a flat 
surface. ‘They found that both the adhesion and 
charge increased with residence time on the sur- 
face. [Desyagin has contributed, also, to the 
electrostatic theory of adhesives (56, 56). ] 
‘These experiments demonstrate the importance 
of the electrostatic effect in the attraction between 
solids. 

To  discuss the kinetics of charging one really 
discusses the accumulation of charge by repeated 
contacts of one solid with another. This is the 
common way of observing friction and accounts 
I‘or the term “frictional electricity.” If one of 
the solids is a metal grounded to earth, the charge 
on the metal may be neutralized as soon as the 
separation reduces the inductive effect. Ciborow- 
ski and W‘lodarski (57) observed the effect of 
grounding a conductor by repeatedly passing 
particles of a fluidized bed over a surface. They 
observed the charge on the powder by placing in 
the fluidized powder a small metal electrode 
connected to an electrometer. They state, “The 
highest electrode potentials, of a range of several 
thousand volts, were observed in equipment (a) 
when, apart from thq. electrode, other metal ele- 
ments were a h )  introduced into the fluidized bed 
:mi connected to earth. If there were no such 
elements, or else when they were not connected 
to earth, the electrode potential was generally 
considerably lower, of a range of a hundred volts 
a t  the utmost.” Their equipment (a) used a 
glass tube to contain the fluidized bed. The 
grounded metal behaved as a very large body that 
did not change charge. ,411 the difference in 
charge resulted from charge changes on the 
particles. :Because of the grounded metal probe, 
the charge transfer coiiltl continue until all the 
powder particles were highly charged. ,41so, 
agglomeration of insulating particles was ob- 
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served. This suggested that the particles werc 
not all highly charged with the same sign. 
Many particles stuck to the metal probes and to 
the walls of the container. Furthermore, a 
lowering of electrode potential was produced by 
applying a grounded conductor to the glass wall of 
the equipment. 

Another interesting experiment with powders 
was reported by Gill and Alfrey (58) .  Cubes of 
ebonite or a volume of sand slid down a grounded 
meed plate into a cup connected to an electrom- 
eter. Approximately 1 cm. above this plane, 
an insulated, parallel metal plate was positioned, 
and a source of potential was placed between the 
two plates. When the top plate had no charge, 
the particles became negative as they slid over 
the plate When the top plate was positive the 
magnitude of the negative charge on the particle 
increased. When the top plate was negative the 
charge on the particles decrrased; if sufficiently 
negative, the particles had a reversed sign of 
charge. The following equation fits their data: 

Q = A X  - Qo 

where 

Q = the charge for a pvtemtial on the plate of X 

Qo = the charge when sliding in zero field, 
A = 3 constant, and 
X = taken as positive when the upper plate is 

at positive potential with respect to the 
lower one. 

volts, 

This experiment suggests that the charge 
transfer will occur until some definite potential 
difference exists between the particles and the 
surface. Perhaps most important is the observa- 
tion that the particles could be made to have zerrJ 
charge with respect to ground when the potential 
difference between the plates was chosen cor- 
rectly. 

The mechanism ol  charging of metals and semi- 
conductors is adrquatcly t r a t e d  by the band 
theory o f  solids. Perfect insulators would not 
charge in this manner. However, it  is not clear 
to what extent the charging of insulators is de- 
pendent on the electrons associated with surface 
states. Harper (59, 60) states that the actual 
transfer of ions may account for thc charging of 
insulators. For additional discussion of the 
mechanism o f  charging, several articles about 
static electrification may be consulted : Mont- 
gomery (61), Loeb (62),  Rose and Ward (63). 
Skinner (64) has treated the case of insulators 
froin the thermodynamic viewpoint. 

By now i t  should bc clear that when a solid is 
in contact with another solid a difference in charge 
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agglomeration. Apparently a high energy kaolin 
is produced. The evidence that a ncw state of 
kaolin is produced by grinding is obtained by 
thermogravimetric analysis. After many hours 
of grinding, most of the solid has changed to a 
new form, the form that dissolves more rapidly. 

In Khodakov and Rebinder’s work with quartz, 
other liquids, such as benzene, acetone, and al- 
cohol, influenced the grinding, but only a slighl 
improvement over air grinding was observed. 
This is somewhat surprising since the heats of 
wetting for all the liquids are similar to  that for 
water. (If the Rebinder effect, adsorptional- 
strength-lowering, were the only detertnining 
factor, the specific surface values for grinding in 
these media should be nearly the same.) Thc 
product of grinding in these liquids was similar 
to the air-ground material, i.e., very short periods 
of additional grinding in water yielded higher 
specific surfaces. Dried, water-ground materials. 
reground in the other liquids, agglomerated to 
give decreased surrace areas. Only small 
amounts of liquids were required to produce 
significant effects on the amount of “amorphous” 
material produced. These authors studied, in 
addition to quartz, calcite, corundum, talc, rutile, 
alumina, silicate glass, quartz glass, and cement. 
In most cases the results were similar. Of course, 
the effects of hydration of cement prevented a 
complete study of it. 

The influence of the grinding medium on the 
agglomeration process demonstrates that the 
bonding of solid particles involves a surface 
phenomenon. The unavailability of the 
“internal” surface of the agglomerates to  nitrogen 
is evidence that the bonding involves a high true 
area ol contact between the individual particles 
of the agglomerate. 

Disturbed Surface Layers ProducedMech~lnictclly. 
--In the preceding paragraphs, the surface 
material produced by grinding has been rcfcrrcd 
to as high energy material and “amorphous” 
material. Khodakov (68) has reviewed the in- 
fluence of line grinding on the properties of solids. 
Rieck and Koopmans (69) have investigated wet 
ground quartz particles of 3 pM. dian~eter.~ 
They have concluded that the quartz particles 
are coated by a disturbed layer that is about 0.4- 
MM. in thickness. 

Bacon (70) used line width of X-ray data to 
follow the change in crystallinity of graphite 
during grinding in a mill for a period exceeding 
60 hr. The deterioration of crystallinity con- 
tinued throughout this period. Guntlermann 
(71) reports that materials, such as sugar and 

will develop. The only sure cure for the ac- 
cumulation of charge is to make the nonconductor 
a conductor. High humidity often provides 
enough surface conductivity to reduce the ac- 
cumulation of charge significantly. Also, anti- 
static agents may be used on the surface. These 
function by increasing the surface conductivity. 
Surfactants (detergents) are commonly used for 
this p i rpse .  Several patents have been ob- 
tained on combinations involving zinc soaps (65). 
Another approach has been demonstrated by the 
work of Gill and Alfrey (58) discussed earlier. 
This requires the presence of a highly charged 
surface and could result in some hazardous condi- 
tions if used indiscriminately. 

Grinding and Agglomeration.-Agglomera- 
tion During Grinding.-Ball mills of either the 
rotating or vibrating type seem to be superior to 
air mills for producing very fine particles. Also, 
they produce, a t  least in some cases, an interesting 
reversal of grinding, i.e., they produce compact 
aggregates. Khodakov and Rebinder (66) have 
studied the disintegration of quartz in various 
media. They describe their mill as a laboratory 
eccentric vibromill but do not elaborate further. 
However, in a separate study they describe a 
vibromill operating at 50 C.P.S. with amplitudes 
of 3 to 5 mm., and mention steel balls in the 
grinding. Perhaps it is the same mill. They 
found that quartz ground in air did not show the 
very large specific surface area of quartz ground 
in water (determined by nitrogen adsorption). 
In air the surface area reached a maximum and 
further grinding produced agglomeration. The 
agglomerates were so compact that the bonding 
between particles reduced the surface available 
to nitrogen gas. After I6 min. of grinding the 
specific surface was 6.5 M.Z/Gm. and had de- 
creased to 5.9 M.*/Gm. after 32 min. of grinding. 
When ground in water, the specific surface was 
42 M.Z/Gm. after 16 min. and 73 M.*/Gm. after 
32 min. Evidence that grinding in air produced 
a high degree of agglomeration was obtained 
when water was added to the quartz ground in air. 
A very sharp increase of specilic area was ob- 
taincd with only 40 sec. of additional grinding 
after adding water. Furthermore, powder ob- 
tained by grinding in water when dried and then 
reground in air produced a decrease in specific 
surface during the air grinding. 

Another interesting case, described by Gregg 
(67), shows the change with grinding time of 
specific surface (by N, adsorption) and the 
change in dissolution rate of kaolin in acid solu- 
tion. The dissolution rate continues to increase 
even when the specific surface is decreasing by a 1 p M .  = 1 X 10-6 M. 
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cellulose, also exhibit amorphization of the sur- 
iface on prolongcd pinding. He reports that the 
Ihcat of solution of sugar appears to be increased 
Iby grinding; in fact, it changed from negative to 
positive. 

The above evidence suggests that powder sur- 
faces may have unusual properties because oi a 
disturbed layer. Consequently, the electro- 
!;Latic properties, the surface energy, and the 
inechanical properties may be dilyerent from the 
bulk properties of the same material. 

Capillary Condensation Between Particles.- 
Moisture may influence the force of interaction 
between solid particles in a t  least three ways- 
iiarnely, ( ( I )  it  may adsorb on the surface and 
influence the surface energy, ( h )  i t  may alter the 
surface conductivity and. therefore, the electro- 
static charging of the particles, and (6) it  may 
condense in the capillary regions contiguous to 
the true areas of contact. Previous sections of 
this paper have discussed the first two. Now, 
we shall considcr the third. 

Capillary condensation occurs a t  high relative 
humidities, usually in excess of (iOo/;,. Only 
small amounts of water need be involved. The 
phenomenon of adhesion produced by capillary 
condensation is the same as wet granulation using 
very small amounts of water. Small liquid 
bridges are formed between particles. Thc case 
of the wet granule has been treated quantitatively 
and will be used here to describe the attraction 
between powder particles produced by capillary 
condensation. 

Runipf (10, 72) considers three classes of wct 
granules. They are: (a )  the case where the 
hollow spaces between particles are only partially 
lilled with liquid, the liquid being held by capillary 
forces as “lens” a t  the point of particle-particlc 
contact; (b) the internal voids are Completely 
filled with liquid but the external or surface layer 
voids of thc granule arc not completely filled; 
antl (c) the lic1uid completely envelopes the solid, 
antl only the surface tension of the drop holds the 
particle togeth,er (this is really a drop of a sus- 
1)ension. not a granulc). Newitt and Conway- 
Jones (73) alsu use three classifications. Corre- 
sponding to cla:js ( a )  according to Kurnpf is a state 
?Jewitt anti Conway- Jones call the penduhr state. 
’A‘hen the 1noit;ture content is high enough that 
t hc liquid forms a continuous network through- 
out the internal surface of the granule, but air 
spaces still exist: inside the granule, these authors 
cia11 i t  the fuwicular state. It is a condition 
intermediate bctween the (a) and ( b )  classes of 
l-tutnpf. The lhircl state, aceording to Newitt 
and Conway-Jones, is called the capillary 
state. This corresponds to Rumpf’s class (b).  
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The strength of a wet granule depends on the 
surface tension of the liquid phase and the 
contact angle of the liquid with the solid. The 
following is essentially the Newitt-Conway- 
Jones treatment. Consider an ideal case of two 
hard identical spheres of radius r in contact. 
About the point of contact, a small droplet of 
liquid would form, in the plane tangent to the 
two spheres, a circle of radius b. The case is 
simplified further by neglecting the force of 
gravity and by assuming the contact angle of the 
liquid on the solid is zero. For a small amount of 
liquid between the two spheres, the liquid would 
form a concave surface approximaling the arc of a 
circle of radius c if viewed in a plane passing 
through the centers of the two spheres. The 
tensile force, f J ,  of attraction between the two 
spheres produced by the surface tension a t  this 
concave surface would be : 

f 1 =  2 x b  y 

where y is the surface tension. -41~0, the surface 
tension is causing the pressure inside the liquid 
phase to  be reduced so that there is a hydro- 
static “suction” pressure holding the particles 
together. This is given by the Laplace equation 
for two curvature capillary pressure and is: 

f? = x b2 y (f - ;) 
The total force holding the particles together is : 

To obtain the strength of a granule it is necessary 
to correct this for the number of particle-particle 
contacts, i.e., the packing. However, the above 
will suffice to explain the origin of the granule 
strength under a static condition. In powder 
beds, it explains the attraction produced by 
capillary condensation between each pair of 
particles. Mason and Clark (74) have eliminated 
the influence of gravity by studying liquid bridges 
between particles dispersed in liquid vehicles 
They report that the maximum values agree with 
the calculations of Fisher (75) .  

If the 
liquid between the particles has a high viscositv, 
separation of the Imrticles must overcome the 
resistance to deformation of the viscous liquid. 
This produces a change of the “suction” pressure 
that increases with the rate of particle separation 
Consequently, viscous liquids add a shock re- 
sistance to the strength of the liquid “bond” 

Among the classes of granules discussed bv 
Ruinpf and by Kewitt et al , the capillary state 
is the strongest. €Iowever, the armunt of water 
condensed into the capillary regions surrounding 
the contact regions of powders usually would be 

A dynamic term may be added t o f i  
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much less than that required to produce a high- 
strength granule. 

Even sniall amounts of water deposited from 
the atmosphere by capillary condensation may 
increase the adhesion throughout the bed. If 
some solubility of the powder occurs in the liquid, 
caking may result, especially when alternating 
high-low humidity cycles exist. Ettle (713) used 
a penetrometer to detect caking in stored 
fcrtilizcr. U’hynes and Dee (77) have used a 
procedure adapted from the study of soil stability. 
I t  measures the crushing strength of a cylinder of 
the preconditioned powder held in a rubber sleeve. 

As the liquid evaporates from the capillary 
region, any dissolved materials deposit at the 
points of particle-particle contact. If no 
material were dissolved in the liquid phase there 
would be no increase in dry strength produced by 
the wet-dry cycle. Newitt et U Z .  report that 
solutions of ammonium sulfate were used to 
granulate fine sand. They state, ‘‘. . . as total 
dryness is approached, the strength may exceed 
some fifty times the original moist strength.” 

THE TRUE AREA OF CONTACT BETWEEN 
SOLIDS 

This section will be limited to a discussion of 
the areas of true contact established between 
macroscopic solid objects because the author is 
unaware of any work done to measure the true 
area of contact between small particles. Worth- 
while perspective on the problem is gained by 
considering the evidence available for the macro- 
scopic case. 

The importance of the true area of contact is 
obvious from the previous discussion. The sur- 
face interactions are nearly all from short-range 
forces. Electrostatic charging occurs at actual 
contact points and elastic and plastic displace- 
ment require true contact. A11 of these are 
important factors in determining the tensile 
strength between particles in contact. 

Again the source of much of the information is 
from the studies of friction and wear. Earlier 
in this review mention has been made of the 
extensive contributions of Howden arid Tabor 
(“-29). In addition to  their work, some recent 
reviews of studies of the true areas of coiitact 
between solids (78, 79) have been translated 
from the Russian language. None of the experi- 
mental methods used are free from error. How- 
ever, many of the results are worthy of considera- 
tion. Among the methods used are (a)  changes 
in electrical conductivity with pressure, (b)  
transfer of very thin layers of paint (both 
luminous phosphors and radioactive isotopes 
have been used with this method), and (c) optical 

methods, suitable for use only when one or both 
solids are transparent. These depend on light 
reflection or transmission, respectively, a t  points 
of contact arid light scattering at regions of no 
contact. The optical method permits contact 
area measurements to  be made during sliding. 
Theoretical calculations based on specific mudels 
have been made. These models include: ( a )  
elastic contact involving hemispherical asperities 
in contact with a plane, ( b )  elastic contact of 
two surfaces involving an assembly of rods, (c )  
contacts between surfaces with randomly distrib- 
uted asperities, and (d )  elastic-plastic contacts 
of asperities with a rigid plane and without work 
hardening of the solid. 

The following general conclusions are based on 
a large amount of experimental data arid are 
taken from Reference 79. 

(a)  “The actual contact area is determined to a 
large degree by the original microgeometry of the 
compressible bodies. ” 

(b) “The microgeometric shape of the surface 
varies during compression.” 

(c) “The contact area is directli- proportional 
to  a power smaller than one of the applied load.” 

(d) “The contact area depends on the physi- 
coiiiechanical properties of the surface layer 
of the compressed body.” 

(e) “The area of a single contact zone is almost 
completely independent of the applied load.” 

(f) “The deformation of a compressed surface 
is elastic.” 

A series of plots of the real area of contact 
aersus the applied pressure is given in Reference 78 
for different metals. Only a slight curvature is 
apparent in most of the plots. Therefore, the 
deviation from linearity, referred to in (c) above, 
is not large for these specific materials. From 
simultaneous measurements of both the static 
frictional force and the true area of contact, the 
real specific frictional force in Kg./cni.2 arid the 
real pressure in Kg./cm2 were obtained. ’The 
results for polyniethyl methacrylate knd for silver 
chloride (apparently against a very smooth glass 
surface) are given. The specific frictional force 
was not constant. For both cases, the force 
appeared to increase with increase in pressure. 
The increase was more rapid with polymethyl 
methacrylate than with silver chloride. The 
author states that this is consistent with the 
known property of work hardening of this poly- 
meric solid. 

If true areas of contact are established through 
strong asperities, then plastic flow may occur in 
the bulk o f  the solid below the asperities. This 
woulcl not lead to  establishing high areas or true 
contact; but it would result in the storage of 
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some energy in the elastic displacement or the 
asperities. This would be necessary to exceed 
the yield value and produce plastic flow. Con- 
sequently, the cohesion of such a solid would be 
wr,v small. 

Ilowden and Tabor (83) have discussed the 
persistence of work-hardened aspcrities. They 
have made grcm indentations in bulk coppcr 
without producing extensive deformation of pre- 
formed microscopic work-hardened ridges. Her- 
ring and Galt (81) have pointed out that whiskers 
(growth around a single screw dislocation) of tin 
are many times stronger than the bulk metal. 
Reams el trl.  (82) have demonstrated the \:cry 

large strength of thin films. Thc explana.tion is 
believed to be that plastic flow does not occur 
where sections are so small that crystal dis- 
locations are either not present or where they can- 
not. move to generate new dislocations. 

Since none of the reported studies involve 
typical pharmaceutical, organic solids, it  is 
possible only to speculate on whether these re- 
sults are applicable. Probably the mechanisms 
are the same, but the relative occurrence or 
importance of various mechanisms may be dif- 
ferent. There are important unknowns concern- 
ing the true nature of the surface regions of an 
organic solid. How rough is the surface of a 
powder particle? What is the distribution of 
asperities? Are the asperities whiskers? How 
readily do dislocations move in complex organic 
crystalline solids? Only further study will re- 
solve these problems. 

I t  is common knowledge that many powders 
become “sticky,” i.e., exhibit high cohesional 
forces, when tho size range includes many particles 
of less than :LO p diameter. However, other 
materials may not become “sticky” even when 
in a much smaller size range. Possibly the 
structure of the surface varies; those powders 
with smooth enough surfaces to readily produce 
high true areas of contact, evcn at low contact 
pressure. would be expected to be sticky. Those 
with a very rough surface and a low true contact 
:rea would be less sticky. Electron photomicro- 
graphs such as those made of polyethylene glycol 
ri00n4 by Nash et al. (52, 80) suggest that some 
solids may have relatively flat surfaces. Never- 
theless, thc: resolution of these photomicrographs 
i’s not suflicient to provide evidence of the degree 
of roughness a t  molecular levels. 

EXPERIMENTAL EVALUATION OF 
COHESION AND ADHESION OF POWDER 

PARTICLES 

Numerous other reviews have been written 
4 Marketed as Chrbowax 8000 by Union Carbide Corp., 

New York, N. Y .  

that discuss hoth the methods and the results of 
measuring ei ihesion and adhesion of powders. 
Therefore, the author has chosen to treat this 
section relatively briefly and leave it to the reader 
to consult some of the other reviews or the original 
articles for more details. Other reports suni- 
rnarizing some of the studies are Bolime et c r l .  (Mj,  
Lowes (85), Morgan (9), Patat and Schmid 
(86) ,  and Brown (87). 

Angle of Repose and the Angle of Internal 
Friction.-The earlier discussion of friction has 
indicated the signilicance of friction measure- 
ments in relation to particle-particle intera.clions. 
Numerous methods have been employed to  obtain 
friction values. The simplest of these is the angle 
of reposc. Train (88) has cnrnpared the re- 
sults from four different methods and rcporls 
that the value obtained depends on the method 
used. The four methods he compared are: ((L) 

fixed funnel, free standing cone, (b)  fixed bed 
cone, (c) tilting box, and (d) revolving cylinder. 
Zenz ant1 Othmer (89, 90) conclude that there are 
two different types of angles of repose. One 
is obtained when a pile is formed and the other 
when a hollow cone is formed by draining through 
an orifice. (These authors define other related 
angular properties of solids, zliz., angle of internal 
friction, angle of wall friction, angle of rupture, 
and angle of slide.) Taylor (91) points out 
that the angle of repose represents, a t  best, a 
crude approximation to the angle of internal 
friction. The angle of repose difTers from the 
angle of internal friction because i t  is determined 
by the least stable particles. The particles on 
the surface can be stable only when the least 
stable grains are in equilibrium. The internal 
friction depends on the average condition for all 
grains. Perhaps internal friction would correlate 
more closely with flow priopertics. Dalla Valle 
(92) equates the tangent of the angle of repose 
to the coefficient of friction. However, general 
application of this formula may lead to  serinus 
error because the derivation assumes no cohesion 
between particles. When cohesion is present 
the normal force, u, on a pile would be : 

u = m g  cos 0 + c 
where m is mass, g is gravitational constant, 8 is 
the angle of repose, and C is the cohesion force. 
The tangential force, ’,-, is: 

T = wig sin 6 

and the friction equation is: 
T pa 

or 
mg sin 0 = p j??zg cos 6 f C) 

In this equation, p and C are both unknowns 
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and cannot be evaluated from an angle of repose 
measurement. usually, c is ignored, and I.( is 
calculated as if C equals zero. 

In this laboratory, the arbitrary assignment of 
C = 0 has been overcome by adding a centrifugal 
conipotient to the  pile^ This is accomplished 
by forming the pile on a rotating horizontal disk. 
I t  is called the “spinning disk” technique. The 
corresponding equations are: 

u = ”zg cos +r + C - V Z I ~ ~  sin 6, 
T = nzg sin +.? 4 w w w p  cos 6, 

and the friction equation is: 

g sin & + v2 cos +r 

L 

W? 
= p (g cos dr + - - ~ w ~ s i n  +?) 

where Q~ is thc slope of the profile of the pile a t  
radius, r ,  i.e., the angle between the horizontal 
and a tangent to the surface of the pile a t  radius, 
r ,  w = 2 P (rev./sec.). 

Values of & for various I values are obtained by 
sifting as inuch powder as possible onto an 11-cm. 
diameter disk covcred with sandpaper. A 
small lip on the edge of the disk helps during the 
starting of the pile. The completed pile is 
photographed on transparency film and then pro- 
jected. From the projected profile of the pile, 
corresponding values of r and +r are obtained by 
drawing tangents to the surface of the pile. By 
plotting the corresponding values of r/m versus 

U C 
- - and then calculating the least squares 

m m 
line, it  is determined whether C = 0, kx., it  is 
determined whether the plot goes through the 
origin. The slope of the line is p. Often the 
plot is not linear when C > 0; and the method 
fails. Attempts to use this method to obtain 
both p and C/m when C > 0 usually have been 
unsuccessful. However, the fact that one ob- 
tains an indication whether Cis or is not zero is an 
important improvenient over a simple angle of re- 
pose measurement. The accuracy and prcci- 
sion of a value obtained from a least squares 
line was found far superior to the single point 
method of an oridinary angle of repose pile. Of 
course, constant humidity conditions are essential 
for precision o f  any method. 

Figure 2 shows the apparatus and Fig. 3 
dramatically shows the cohesion existing in a pile 
of sticky powder.5 To form this pile the powder 
was sifted gently onto the disk, no compaction 
was used to make the pile stick. The relative 
humidity was 507,. The surface of the pile was 

- 

Lidocaine. Marketed as Xylocaine Base by Astra Phar- 
maceutical Products, Inc., Worcestei, Mass. 

Fig. 2.-Fonning of a powder pile on a spinning 
disk. Powder is lidocaine base. 

exposed to radiation from a polonium source to 
remove the accumulated charge. (Of course, this 
did not removc the electrostatic component of 
adhesion a t  points of true contact.) The pile was 
inverted immediately after forming; only the tip 
fell off. 

Variations of the angle of repose method 
have been used to obtain cohesion values. 
This is uscful only when the powder bed behaves 
as a plastic body. A preformed bed may be 
tilted very slowly until a shear plane develops 
and a mass of the powder slides off. The angle of 

P 

Fig. 3.-Lidocaine base pile 
K.H. air has sufficient cohesion 
remain intact when inverted. 

formed in 507; 
and adhesion t u  
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slide observed is assumed to be the angle of 
internal friction. Hayashi and Minami (93) 
varied the length of a tilted box filled with powder 
to obtain vari:sble forces and angles so that the 
cohesion could! be calculated. 1,owes (S5) and 
Lowes and Perry (94) describe a similar method 
based on the tilting of a preformed cone until a 
shear plane develops. 

Studies in which the cohesion was not evaluated 
are very numcrous. Possibly the angle of re- 
pose is the most common method of obtaining an 
index of flow, in spite of its limitations. A few 
of these report:; will be mentioned here to  provide 
a starting point for the reader interested in 
pursuing the subject further. -4 complete list is 
prohibitively- long. 

Studies of the influence of particle size and size 
distribution on. the angle of repose have been re- 
ported by Krishna and Rao (95), ‘Train (88), 
Nelson (91i), Piilpel (97), and Nakajinia eta!. (98). 
The influence of additivcs has been studied by 
Craik (99), Nelson (96), Bwada et nl. (loo), 
and Nash et al. (52, 80). Awada et al. report the 
‘use of glass beads as a diluent to sticky powders. 
They estimate the angle of repose for the pure 
powder by varying the composition and extrap- 
olating to 100%. The influence of moisture 
content has been reported by Fowler and Wyatt 
(101), Lowes and Perry (94), and Craik and 
Miller (102). Fonner et al. (103) attribute to 
!surface roughness of granules a strong influence 
(on the angle of repose. Other reports and dis- 
,cussions of interest are those of Dawes (104) 
:and Carr (105). In general, these studies indi- 
lcate that the presence of fines increase the angle 
(of repose. Diluents alter the flow properties; 
Idiluents that are themselves free flowing usually 
idecrease the angle of repose and vice versa of 
the mixture. I t  is clear that the angle of repose 
increases at high relative humidities, presumably 
as a result of capillary condensation in the regions 
of true contact. 

Tilted Plane Method.-If small amounts of 
powder are placed on a flat surface and then the 
surface is tilted at an ever-increasing angle until 
the powder slides off, the process may be 
described by the same equations as before. 
’The friction equation used is: 

iirg sit1 8 = p ( m g  cos 8 + A ) 

4 is the adhesion of the powder to the plate when 
the shear plane is between the powder and the 
plate, ix., the powder slides off as a single clump. 
Cremer et al. (l06) obtained plots of T versus u 

by varying the size of the powder layer to change 
the mass. She used the equation in the form: 

mg :sin e = p mg cos 0 + H 
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Her H values correspond to b.4 above. Bohme 
et al. (84) discusses the work of Patat and Schmid 
(86) in which they concluded that the complicated 
nature of the sliding process prevents this from 
being a satisfactory method. For example, it 
sometimes produced negative values for H. (The 
same complication was observed by the author 
with sticky powders when using the spinning 
disk.) Zimon (107) reports good results with the 
method hut points out that it is not a true mea- 
sure of adhesion of individual particles because 
of the mechanism of sliding. Many others have 
used it. viz., Pecht (log), Batel (1091, Krishna 
and Rao (95), and Hayashi and Minami (93). 
Pecht, Batel, and Patat and Schmid used a 
vacuum arrangement so that the influence of 
different atmospheric conditions could be ex- 
plored. Pecht studied relatively narrow size 
distributions and fotind that sometimes the ad- 
hesion decreased with increase in size distribution. 

The above method is designed to measure fric- 
tion and adhesion to the surface. However, it  is 
not always possible to maintain the shear plane 
a t  the powder-substrate interface. Sometimes 
the particles may adhere to the substrate and 
the shear plane develops in the powder bed. 
Also, the particles may move as individuals. 
In either case the method fails. 

The Shear Cell Method.-The intentional 
development of a shear plane in a powder bed 
provides another method of using the friction 
equations to measure cohesion. Dawes (104) 
used two types of shear cells. One of these 
assured that the shcar plane was in the powder by 
having vertical vanes on both the upper and 
lower plate. The powder bed was just thick 
cnoiigh to prevent the vanes from striking each 
other. His alternate cell used only sandpaper on 
the bottom of the top plate. He compared the 
values of 5 and T for both methods; and he found, 
for a given powder, that the values obtained in the 
two cells were slightly diffrrent. In his study 
both p and C were somewhat lowcr when the 
sandpaper-covered plate was used. 

Jenike (110, 111) has used a shear cell that is 
packed with powder. The cell is split so that the 
shear plane is in the powder. Since the powder 
is parked into the cell, the true area of contact 
between powder particles and the test results 
may be influenced by the packing. Jenike has 
used data from his apparatus to design hoppers. 
Ashton et al. (112) have attempted to control the 
bulk density in a Jenike-type cell and have ob- 
tained a series of isodensity curves for various 
powders. These authors find that the equation 

(./C‘)l = - + 1 describes the “yield loci” a t  T 
Q 
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constant bulk density of many powders; n is a 
constant for a given powder of a given particle 
size and size distribution. It is independent of 
bulk density and usually is between 1 and 2. 
C‘ is equivalent to pC in the earlier equations. 
T is the tensile strength of the powder measured 
in a special apparatus described by Ashton et al. 
(113); it is a modification of an apparatus de- 
scribed by Dawes (1 14). The cohesion apparatus 
will be discussed under Tensi le  Strength of Powder 
Beds.  Apparently the tensile strength measured 
in this manner is always less than the value of C 
obtained by extrapolation of the shear cell data, 
i e . ,  the T versus (r - C plots. 

The results of Ashton et id. show the effect of 
the bulk density changes. These results confirm 
many of the general conclusions stated in the 
sections dealing with the theoretical ronsidera- 
tions. 

The Jenike method of describing powder flow 
and of hopper design using the shear cell data is 
discussed by Williams (115). Additional dis- 
cussion of the shear cell and its uses can be found 
in several papers in a single issue of Rheologica 

Other workers have used a shear cell method in 
evaluating powders. Taneya ( l l T I 6  has com- 
pared the results of the shear cell technique with 
another based on a modified Couctte viscometer 
(discussed below). The two methods do not 
always produce the same results. Okdda and 
Abe (118) report results using an apparatus they 
attribute to ncryagin and Lasarev (1 19). 

A simplified apparatus is described by Nash 
et al. (52, SO). This simple shear cell has been 
used in these laboratories. The force required 
to shear a thin layer of powder between two emery 
paper-coated surfaces is observed. The author has 
modified the apparatus to permit the top plate 
to be suspended on a long thread from a balance 
so that normal loads less than the weight of the 
top element may be applied. A laboratory jack 
is used to  raise the powder bed gently up and 
under the top plate, stopping at the null point of 
the balance. Because of the simplicity of the 
apparatus, it is readily used inside a constant 
humidity chamber. 

It is difficult to assess the merits of thc various 
shear cell designs and methods of using them. 
However, the choice of the simple cell described 
by Nash et al. is not determined only by its 
convenience in use. Because i t  uses a very thin 
layer of powder, it  was felt that the sample 
density will be more uniform throughout; also, 
that its bulk density will be determined by the 

ncta (116). 
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load applied instead of by the method of prcpack- 
ing of the cell. Tests indicate that the bed thick- 
ness used, ’/* in., is sufficient that the magnitude 
of 7 is not affected by changes in thickness. The 
powder bed is formed by gentle sifting to minimize 
the packing. However, the screen size through 
which the powder passes and previous handling 
may determine the agglomerate size and in- 
fluence the density of beds of a cohesive powder. 
Certainly these factors can influence the results. 

Certain powders do not yield straight line plots 
of 7 versus u - C. Often these same powders 
form nearly spherical compact aggregates when 
handled, often called pilling. The author’s 
experience has been that these are very cohesive 
powders of fine particle size. Also, qualitatively 
a low plastic yield value for beds of these powders 
has been observed. Under the heavier loads, 
e.g., about 20 Gm./cm.2, they form a sufficiently 
strong wafer that it must be peeled off the sand- 
paper. Also, a few cohesive powders yield 
negative values of C. Ilence, the assumed model 
on which the simple friction law is based is not 
sufficient to describe all powders. 

Several investigators have used coaxial 
cylinders in an arrangement similar to a Couette 
viscometer to measure the friction coefficient and 
the cohesion. Matheson et al. (120) used a 
Stormer type viscomcter with a flat paddle as the 
moving element. I t  was suspended in a fluidized 
bed. They classified the flow into three types, 
viz . ,  (a )  cohesive, (b)  aggregative with good 
fluidization, and (c) slugging. ‘l’ype (a )  was 
ohserved with small particles, usually less than 
40 p diameter. Slugging occurrrd with high air 
velocities. hTeaningfu1 results were obtained 
only with type ( b )  flow. Quantitative values 
for the cohesion are not possible with this arrange- 
ment. Benarie (121), Taneya (122), and Kuno 
and Kurihara (123) have used the “viscometer” 
arrangement to produce a rylindriral shear region 
in a powder bed. This permits calculation of p 

and C if the radius of the effective cylinder can be 
determined. It was found that this experimental 
approach is limited to relatively noncohesive 
powders. The powders must flow freely into 
any voids formed by the motion in the shear 
plane. Cohesive powders that have a low bulk 
density first undergo forced packing in the 
vicinity of the shear plane and then form a 
cylindrical void region. The shear region be- 
comes an air gap and no measurement is ob- 
tained. Taneya and also Benarie report sur- 
prisingly large cohesion values €or the coarse 
particles they studied. Possibly this technique 
is a more sensitive method than the direct tensile 
strength test procedure to be described next. $Refers to description of apparatus in Taneya, S., and 

Sone. T., OYO Butsuri, 31, 286(1962). 
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Tensile Strength of Powder Beds.-Refer- 
elice has been made previously to the Ticleswell- 
Tallyficld apparatus described by nawes (1 14). 
An improved model is described by Thouzeau 
and Taylor (124); also, a similar apparatus used 
by Ashtoti et nl. (113) already has been men- 
tioned. ‘Thesl: apparatus are split containers 
with one-half fixed and the other movable. They 
are arranged so that the powder bed breaks into 
two halves either by tilting the apparatus so the 
movable half moves away (104) or by using the 
apparatus in a horizontal position and applying 
a force on the movable half of thc cell (113) to 
pull it  away and break the powder bed. 
Obviously, this method cannot be used unless the 
powder is cohesive enough to provide a clean 
break. Otherwise, the powder would slide into 
the space between the two halves of the cell as 
they separate. 

The true area of the break plane is not easily 
calculated since the fracture results in an ir- 
regular surface. Furthermore, the concentration 
of stresses a t  local regions usually came tensilc 
strength tests of brittle solids to measure a low 
cohesion value. It seems reasonable to assume 
that in this test the powders would behave similar 
to a brittle solid. However, McKce (125) has 
measured very weak, sintered compacts in a 
modified Tideswell apparatus, and he claims that 
the Griffitli crack mechanism is not a significant 
factor in the breaking mechanism of these coin- 
pacts. 

Farley and .Valcritin (126) have combined data 
from the equipment described by Ashton et al. 
with data from a Jenike-type shear cell. The 
observed cohesion is less than the intercept value, 
C, from the shear cell data. Eisner et ul. (127) 
have studied the increase in tensile strength of 
powder beds on exposure to humid air. In- 
creases continued for up to 8 hr. Thouzeau and 
Taylor (123) observed differences in raw materials 
supposedly supplied fro111 the same source. In 
both studies (124, 12’i), a decreased cohesion 
value was 0b:;erved after the powder had been 
“waterproofed.,” ix., coated to alter its surface 
energy. Shotton and Harb (128) studied various 
starches and observed various patterns of change 
in cohesion with changes in moisture content of 
the powder. 

Another device for evaluating the ccihesion of 
powders has been described by Nash et al. (52, 
80). Two coaxial cylinders of the same diameter 
are placed end to end. Powder is placed in the 
cylinders; and it is compressed at low load. 
The force required to separate the cylinders and 
to fracture the powder bed is observed. For a 
given compression load, the bulk tensile strength 
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is an exponential function uf the length of the 
(diimn in the cylinders. Ily iising different 
amounts ol powder to change the column length 
and then plotting the observed cohesion values on 
semilog paper, an cxtrapolation to zero column 
height may be made. ‘l’his zero height value 
varies with compression load. A plot of zero 
column length cohesion values v e m I s  the re- 
spective compressive loads yields an approxi- 
mately linear relationship over the rangc studied 
by these investigators. 

So far the met,hods considered for evaluating 
powders have been concerned only with a powder 
bed, not the individual particles. Another very 
interesting body of experimental data has been 
obtained on individual particles. The normal 
force required to pull a particle off a surface is a 
tensile strength test of the individual particle 
“bond” to the surface. These studies are most 
interesting. They reveal a very broad range of 
forces for similar particles and the maximum 
force between a particle and a solid surface is 
surprisingly large. 

The Centrifugal Method.-Kordecki et al. 
(53, 129) used a centrifuge in studies of thc 
adhesion of particles to a flat surface. Deter- 
minations were made of the size distribution 
of the particles initially sprinkled on a slide and 
of the size distributions of those remaining after 
subjection in discrete steps to successively higher 
fields of force. The maximum acceleration 
applied was in excess of 8 g. At maximum 
acceleration, nearly all of the largest particles 
and a significant fraction of the smallest 
particles were removed. 

Bohme et nl. (84, 130-132) also have used the 
ultracentrifuge, one of them capable of producing 
forces in excess of lo6 g. Because they used a 
very narrow size range of particles, they plotted 
their results differently. They compared the 
per cent o f  particlcs adhering versus the applied 
force (dynes) slid found that the variation 01 
force with particle size was small. ilpparently 
the larger acceleration required for small particles 
is a consequence of their small mass. Also, these 
authors have gathered some data on the influence 
of surface composition and texture on the ad- 
hesion of particles to the surface. Their results 
are consistent with the concepts developed in the 
early paragraphs of this review, Krupp and 
Sperling (11) have developed a theory of the 
adhesion of small particles using the concepts of 
deformability of solids, surface roughness, and 
surface energy. 

Zimon and Volkova (133) have used the 
centrifuge method to study the effect of surface 
roughness. Their conclusions are in agreement 
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has been discussed by Jordan (139). Adherence 
on impingement has been studied both in con- 
nection with the air filtration problem and in 
connection with the impactor as a sampler of dust 
in air. 

The cascade-impactor is used in the particle 
size analysis of aerosols. It depends on the size 
selective impingement (with adhesion) of particles 
from successively higher velocity air streams. 
Several factors that influence collection efficiency 
in impactors have been discussed by Stern et al. 
(142). Aerosol sampling has been reviewed 
briefly by Whitby and Liu (143). 

In addition to the relatively sophisticated 
approaches, some very empirical methods have 
been used to provide indexes of dispersibility. 
Drop tests have been described by Neumann 
(144) and by Carr (105). 

The Weight Method.-Bohme et al. (84) 
reviewed the older efforts to measure directly by 
weighing the adhesion of relatively large particles 
or fibers. A more recent study is reported by 
Corn (145) in which the adhesional force of 
micron-sized particles to solid surfaces were 
measured using a microbalance. The pendulum 
technique was used by Howe et al. (146) for 
measuring adhesion of a large bead (0.5 mm. or 
larger) to a surface measures adhesion directly 
but is not suitable for very small particles. 

with others, i.e., the adhesion is highest on very 
smooth surfaces. Zimon (134) has studied the 
influence of capillary condensation on the ad- 
hesion of individual particles. The observed 
adhesion force was smaller than his calculated 
values. 

Deryagin et al. (135) have uscd centrifugal 
fields providing up to  300,000 g. They did not 
succeed in removing all 5-w diameter glass 
particles from a polished steel rotor. They used, 
also, an impact method but give no details. 
They state that they completely removed glass 
particles using an impact. The experiments 
were performcd a t  relatively high velocities of the 
bullet. 

The Vibrating Plate Method.-Dcryagin 
and Zimon (54) used ultrasonic vibration of a 
mctal support surface to measure the force re- 
quired to remove particles from the metal. 
Accelerations up to 24,000 g were possible with 
this unit. Because the forces required to hold 
individual mono-sized particles covers such a 
broad range, the representative force used in 
making comparisons was chosen as the force re- 
quired to remove 50% of the particles. They 
found that to remove small particles a larger force 
was required than for large particles. In this 
paper, these authors report also the electrical 
charge observed on particles being blown off the 
surface of a solid. A broad range of charges was 
observed. The charge on the particles increased 
with time in a manner similar to the rate of the 
increase in adhesional force with time. Con- 
sequently, these authors propose that the electro- 
static charging process makes an important 
contribution to the adhesional force. 

Impingement and/or Dispersibility of Pow- 
ders in an Air Stream.-Both the dispersibility 
in an air strcam and the adhesion on impingement 
of powder in an air stream are used to evaluate 
the stickiness of powder. Dawes et al. (104, 
130, 137) have studied the dispersibility of a 
powder bed in an air blast. In general, two types 
of behavior are observed. Eoncohesive powders 
allow a gradual erosion process to occur. Co- 
hesive powders denude suddenly by the tearing 
away of large chunks. 

Pecht (138) measured the loss in an air stream 
of powder from the surface of a granular sub- 
strate. From this he developed a relative 
stickiness factor. Jordan (139) used the air 
velocities required to remove various percentages 
of the particles from a plate for making com- 
parisons. Larsen (140) and Corn and Silver- 
man (141) have studied removal by air streams of 
solid particles from filters. The relationship 
between adhesion and adherence on impingement 

SUMMARY 

It  would he encouraging if from all of the 
studies considered in this revicw one could sum- 
marize the results in a simple quantitative man- 
ner. However, the only generalizations possiblc 
seem to be statements of the variations observed. 
The observed cohesion varies with the experi- 
mental method uscd to measure it. Some 
powder beds seem to exhibit negligible cohesion. 
Yet, individual particles may require accelera- 
tions approaching 1,000,000 g to remove them. 
At low humidities, the electrostatic component 
may be large. Theoretical considerations of the 
electrostatic charging of insulators is not suf- 
ficiently developed to be of any help in predicting 
the behavior of most organic powders. Surface 
energy and topography are seldom known. 
Mechanical properties of individual particles vary 
and have been explored insufficiently to permit 
any quantitative consideration. 

In this review the author has attempted to 
discuss experimental evidence that indicates the 
types of forces that act between solids in contact. 
That powder particles attract is not surprising. 
Also, the relationship of the mechanical prop- 
ertics and topography to the areas of truc con- 
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tact haw bccn considered. The final section 
rcviewd the iinetliods used l)y various investiga- 
tors to obtain either numerical values or rank 
order classifications of the forces of attraction 
between sdids, powders, and lor particles Thc 
complexity of the problem of devcloping a quanti- 
tative, universal theory for the interaction of 
powder particles with solids makes such a result 
appear to be remote indeed. Honever, from a 
qualitative understanding, it often is possible to 
determinc a SJ stematic approach to our formula- 
tion prohlenis; some call it guided empiricism 
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Research Articles 

Falctors Influencing the Surface Activity of 
Chlorpromazine at the Air-Solution Interface 

Effect of Inorganic and Organic Electrolytes 

By RASHMIKANT M. PATEL and GEORGE ZOGRAFI 

In a previous study it was observed that adsorption of chlorpromazine at the air- 
solution interface is influenced significantly by anionic buffer components. In  view 
of this, the effect of a large number of inorganic and organic ions has been con- 
sidered. Marked inhibitory effects were noted in the presence of organic cations 
e:g., the tetraalkylammonium ions; the greater the chain length, the greater the inhibi- 
tion. Inhibition was also noted in the presence of sodium methanesulfonate. On 
the other hand, bromide, iodide, propanesulfonate, benzenesulfonate, and naph- 
thalenesulfonate ions all produced increased surface activity when compared to 
the system containing NaCI. The inhibitory effects appear related to factors influ- 
encing the structure of water, while the effect of anions appears due to interfacial 

ion-pair formation. 

ECENT studies in this laboratory have been 
concerned with the possible relationship 

between surf ace activity at various interfaces 
arid pharmacological activity of the phenothia- 
zinc drugs (1--3). The rationale for such studies 
is based upon many reports of phenothiazine 
involvement in metabolic processes controlled 
by the presence of biological membrane inter- 
faces (4). 

In a recent study (3) the surface activity of 
various phenothiazine derivatives was compared 
at the air-solution interface and found to reflect 
the relative nonpolarity and pharmacological 
activity of each compound. In  addition, a 
significant eflect due to the presence of buffer 
ingredients WAS noted a t  pH 5.0 and ionic strength 
0.1. Phthalaie, citrate, and succinate buffers 
markedly increased surface activity, while an 
acetate buffer decreased the tendency for sur- 
face pressure development. In contrast to ace- 
tate, studies with a phenylacetate buffer also 
showed a marked increase in surface activity ( 5 ) .  
Dilution of all buffers, while maintaining pH and 
ionic strength constant, tended to restore sur- 
face activity to the value expected of the pro- 
tonated form.' 
- 
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1 Since the pKa values of all drugs studied are above 9 . 0  
(6, i ) ,  it is assumed that the drug is essentially l0Oyo 
dissociated at p l l  5.0. Therefore, thc point of comparison 
for  the protonated form, uninfluenced by buffer, is  a solu- 
tion of the hydrochloride brought to pH 2.0 and ionic strength 
0.1 with HC1 and NaCI. 

It was suggested a t  that time (3) that increases 
in surface activity in the presence of the various 
buffer ingredients were due to specific interac- 
tions between the cationic drugs and the anionic 
buffer ingredients. The decrease in surfacc 
activity due to the acetate-acetic acid system 
suggested the possibility that the thermodynamic 
activity of these drugs was decreased by some 
change in water structure (18) or by a competing 
process a t  the interface. Since such factors 
could play an important role in determining the 
properties of these drugs a t  biological interfaces, 
the authors decided to examine more closely 
those factors influencing the surface. This first 
study is concerned with the influence of some in- 
organic and organic ions. The latter are corn- 
parable to the buffer ingredients utilized in the 
authors' earlier study; but, in addition, they are 
completely ionized a t  all pH values. 

EXPERIMENTAL 

Materials.-The hydrochloride, hydrobromide, 
and hydroiodidc salts of chlorpromazine were ob- 
tained from the Smith Kline & French Laboratories, 
Philadelphia, Pa. They were all recrystallized twice 
from reagent grade isopropyl alcohol. All inorganic 
salts were reagent grade and, with the exception of 
NH4Cl, were dried before use by heating to 200". 
The various tetraalkylamrnonium chlorides were ob- 
tained from Eastman Chemicals. The tetramethyl 
derivative was recrystallized from isopropyl alcohol, 
the tetraethyl and tetrapropyl derivatives from 
acetone, and the tetrabutyl derivative from benzene. 
Sodium-1-propanesulfonate, sodium benzenesulfo- 
nate, and sodium-2-naphthalenesulfonate were oh 
tained from Eastman and recrystallized from abso- 
lute methanol. Sodium methanesulfonate WPP pre- 
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Fig. 1.-Plot of surface pressure, T, us. log molar 
concentration for chlorpromazine a t  pH 5.0 and 25". 
Key: 0, no salt; V, 0.1 M NaCl; 0, 0.5 M NaC1. 

pared by adding an equivalent amount of a sodium 
hydroxide solution to  methancsulfonic acid (East- 
man). The reaction mixture was treated with acti- 
vated charcoal. All recrystallized materials were 
powdered and dried under vacuum at 60". 

Methods.-Surface tension measurements of all 
solutions were made at 25" utilizing the drop-volume 
apparatus, described previously (3, 8) .  Details for 
measuring the volume of drops and for calculating 
surfacc tension have been reported earlicr (8). 
Values reported here are generally accurate to f 0 . 3  
dyne/cm. Due to  the possibility of chlorpromazine 
photodecomposition, all solutions were prepared just 
prior to measurement and were kept from any con- 
tact with light. The buffer utilized t o  maintain pH 
5.0 was a 0.01 M acetate-acetic acid system, which 
did not exhibit any surface pressure beyond that of 
a blank solution and did not have any effect on the 
expected surface activity of the protonated drug. 
Unless otherwise stated, in all studies chlorpromazine 
hydrochloride was used as the drug. All pH 
measurements were made with a Beckman research 
pH meter. 

RESULTS 

In general, two criteria may be used to  evaluate 
surface activity. Thc first, and perhaps the most 
important, is the Concentration of drug required to 
achieve measurable surface pressures. The second 
involves estimating the surface excess or surface 
concentration a t  various bulk solution activities. 
This value requires mcasuring the change in surface 
pressure with changing solution activity and apply- 
ing the appropriate form of the Gibbs adsorption 
equation (9). Unfortunately, in systems under 
study here bulk solution concentration cannot be 
easily equated or related quantitatively to  solution 
activity. However, for the present, plots of surface 
pressure, T versus log C, will be given for the various 
systems studied, and it will be assumed that a 
greater slope at a given concentration reflects greater 
surface concentration. 

Figure 1 indicates the relative tendency of chlor- 
promazine (CPZ) to  develop surface pressure in the 
presence of buffer alone, and buffer plus 0.1 M and 
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Fig. 2.-I'lot of surface prcssurc, T, US. log niolar 
concentration for chlorpromazine a t  pH 5.0 and 25' 
in the prcscnce of various inorganic electrolytes. 
Key: 0, LiCI; 0 ,  NaCl; 0, KC1; V, NH4Cl. 
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Fig. 3.-Plot of surface pressure, T ,  8s. log molar 
concentration for chlorpromazine at pH 5.0 and 25" 
in the txesence of 0.1 M NHdCl and various tetra- 
alkylammonium salts. Key:. 0, 0.1 A i  hH4Cl; 
0,  0.1 M (CHS)~ N +  C1-; A ,  0.1 M (GH5)4 N+ C1-; 
A, 0.1 M (CaH7)r N +  C1-; 0 , O . l  M (C*H9)1 Nf C1-. 

0.5 M NaCl. The reduction in required concentra- 
tion, the general increases in slopc, and the appear- 
ance of an apparent critical micelle concentration 
(CMC) clearly indicate the strong tendency of 
chlorprornazine to exhibit marked surface activity 
once the apparent repulsive forces of the ionized 
polar group are reduced. The effect of different in- 
organic cations, as seen in Fig. 2 ,  is relatively non- 
specific except for small differences, particularly 
above the apparent CMC. At these higher drug 
concentrations, differences in hydration energies and 
ionic size may be accentuated. 

Figures 3 and 4 demonstrate the inhibition of sur- 
face activity due to  the presence of various tetra- 
alkylammonium salts. It is interesting to  note that 
0.1 M tetramethylammonium ion acted exactly as 
an inorganic cation, while the 0.5 M solution offset 
the expected ionic strength effect by reducing sur- 
face activity. The surface pressure developed by 
these substances in the absence of drug was no 
greater than 1.0 dyne/cm. As can be seen, increas- 
ing the chain length of the four alkyl groups beyond 
one carbon greatly inhibits the surface activity, par- 
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ticularly 0.1 Af tetrapropyl and tetrabutyl. The 
tetraethyl, tctrapropyl, trtrabutyl derivatives, a t  
0.1 M concentration without drug, exhibited sur- 
face pressures of 1.0, 5.0, and 10.0 dynes/cm., re- 
spectively. The 0.5 M solution of tetraethylan- 
rnonium chloride exhibitcd a surface pressure of 2.0 
dynes/cm. in the absence of drug. 

A most interesting and revealing series of observa- 
tions were niade when the influence of various anions 
on surface activity was measured. Figure 5 illus- 
trates the results with chlorprotriazine hydrochloride 
plus 0.1 64 NaCl, NaBr, and NaI. One can see that 
compared to NaC1 a marked increase in surface ac- 
tivity occurs with a change in counter-ion. The 
iodide ion seems to exert the greatest effect and the 
bromide next. Note in particular the complete loss 
of curvature in the presence of iodide ion so that 
the plot of surface pressure neysus log concentration 
is linear tlown to zero T. Under the conditions of 
this particular experiment, chlorpromazine hydro- 
chloride was 'quite soluble (up to 10-zM) in the 
presence of excess bromide and chloride ion but 
scparated as an oil at about 9 X l W 3 M  CPZ in thc 
presence of iodide ion. The oil, upon standing, 
turned into a solid which, when collected and re- 
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crystallized from isopropyl alcohol, wa? identified as 
chlorpromazine hydroiodide by comparison with 
a sample on hand. 

Since both the hydrobrotnide and the hydroiodide 
of CPZ were available, a solution of each salt was 
prepared in a 0.1 A4 solution of NaCl and in 0.1 M 
of its own sodium halide salt. These were compared 
with the previous experiments and the results are 
given in Fig. 6. I t  is interesting to note that each 
salt of CPZ in the presence of 0.1 M P\-aC1 exerts a 
small but significant effect as compared to CPZ-HCl. 
The rapidly rising curve for CPZ-HI appears par- 
ticularly significant and suggests that the iodide ion 
is strongly interacted with CPZ. A comparison of 
CPZ-HCI and CPZ-HBr in 0.1 1l.r NaBr indicates 
no significant difference except as one approaches 
upper limits of surface pressure. This would indi- 
cate that bromide ion can essentially replace C1-. 
so that the system is behaving as CPZ-HBr. An 
exaggerated cxample of C1- displacement was ap- 
parently seen with CPZ-HCI and 0.1 M NaI (Fig. 
5 ) ,  since marked surface activity occurred at much 
lowcr concentrations of CPZ. The results of experi- 
ments with the hydroiodide salt of CPZ iti 0.1 ill 
N a l  were most interesting since no significant con- 
centration of CPZ could be dissolved. Reduction of 
the concentration of the common ion (iodidc) re- 
sulted in higher solubilities, but no concentrations 
approaching that of the hydrochloride in 0.1 1l.r NaI 
could be reached. Apparently in the former case 
the oil produced in situ is more soluble than the 
crystalline salt. Such oil formation was also ob- 
served in the presence of the phthalate buffer in a 
previous study (3). 

Since the buffer effects noted in a previous study 
appeared in the presence of organic anions, the 
authors chose to  study a series of sulfonates which 
are completely dissociated over a wide range of pH 
values. Figure 7 shows the effect of adding 0.1 M 
solutions of sodium methane-, propane-, and ben- 
zenesulfonate. Compared to  the hydrochloride, 
note the apparent increase in surface activity due to  
the latter two, while a significant decrease results in 
the presence of methanesulfonate ion. It is interest- 
ing that these results appear to parallel those seen 
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Fig $.--Plot of surface pressure, T ,  DS log molar 
concentration For chlorpromazine at pH 5.0 and 25' 
in the uresence of 0.5 A!f NHdC1. tetrarnethvl- 
ammoni&n chloride, and tetraetliyla&monium chio- 
ride. Key: 0, 0.5 M NHdCI; 0,  0.5 A!f (CHS)~ N +  
C1; A ,  0.5 M (GHr)a N +  C1. 
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Fig. 5.--PloR of surface pressure, T, ?is. log molar 
concentration for chlorpromazine at pH 5.0 and 25" 
in the presencci of 0.1 M NaCI, NaBr, and XaI. 
Key: 0, 0.1 Ad NaCI; U, 0.1 M NaBr, V, 0.1 M 
m31. 
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Fig. 6.-Plot of surface pressure, T ,  11s. log molar 
Concentration for various chlorpromazine halides a t  
pH 5.0 and 25" in the presence of various sodium 
halidcs. Key: A, CPZ-HC1 in 0.1 M NaBr; A, 
CPZ-HBr in 0.1 izI NaBr; 0, CPZ-HBr in 0.1 M 
NaC1; 0 ,  CPZ-HI in 0.1 M NaCl; ., CPZ-HC1 
in 0.1 M NaCl. 
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DISCUSSION 

Factors Enhancing Surface Activity.-In general, 
it  would appear that increases in surface activity in 
the presence of the various anions are due to  some 
type of interaction with the CPZ cation. These 
interactions appear to be above and beyond the 
usual effrcts of elcctrolytcs seen in Figs. 1 and 2 
There, as seen with most ionic surfactants, the effect 
of increasing electrolyte concentration apparently 
produces penetration of the counterions between 
film molecules with a resulting increase in surface 
pressure (10). Additional electrolyte cffccts have 
been related to the hydration energies of the counter- 
ions (11) or, as the authors suspect w i t h  the anions 
considered here, to actual ion-pair formation of some 
type (12). Such interaction should produce a species 
which is tnorc hydrophobic than the cation or anion 
alone. I t  is more than likely that thc interactions 
involve secondary forces in addition to  electrostatic 
forces since the increased hydrophobic nature and 
polarizability of the counterions appcar to  promote 
the effects we are seeing at the interface. 

700 

ti :::I 140 

a 120- 

-5 0 
LOG MOLAR CONCEHTRIT!ON 

Fig. 'i.-€'lot of surface pressure, T ,  vs. log molar 
concentration for chlororoniazine a t  oH 5.0 aiid 25" 
in tiie presence of variius 0.01 M organic sulfonate 
solutions. Key: 0, 0.1 M CsH5SOSNa; A ,  0 1 A1 
C3H7S03Na; 0 , O . l  ,If CHaS03Na; H, 0.1 M NaCI. 

earlier with the buffers, in that the greatest increase 
in surface activity was seen with the aryl deriva- 
tives and an actual decrease was observed for the 
short chain species (3 ,  5). It may also be noted that, 
as in the case of iodidc ion, there is complctc loss of 
curvature for propane- and benzenesulfonate. 

Figure 8 compares the same three sulfonates along 
with sodium-2-naphthalcnesulfonate a t  a concen- 
tration of 0.01 plus 0.09 M NaCl. Here the marked 
surface activity due to the presence of the higher 
molecular weight anions may be noted. One can 
also observe that curvature is restored to the dilute 
prnpanesulfonatc system and that there is no effect 
due to the niethanesulfonate ion as compared to 
0.1 M NaC1. As with the iodide system, oils werc 
produced by the arylsulfonate system in the pres- 
ence of CPZ hut not by the aliphatics, but so far 
these oils have proved dificult to crystallize. Figure 
9 indicates the effect of changing the benzcncsulfo- 
nate concentration from 0.001 M to 0.1 M while 
maintaining an ionic strength of 0.1 with NaCl. 
Note the progressive reduction iu concentration re- 
quired for surface pressure development, the loss in 
curvature at higher concentrations of hcnzenesulfo- 
tiate, and the fairly parallel slopes for all of the plots. 
Oil formation occurred at  sulfonate concentrations 
of 0.01 M and higher. 
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Fig. 8.-Plot of surfacc pressure, T, vs. log molar 
concentration for chlorpromazine a t  pH 5.0 and 25" 
in the presence of various 0.01 hf organic sulfonatc 
solutioiis. Key: A ,  0.01 itf 2-iiaphthaleiiesulfonic 
acid (Na+); 0,  0.01 M beiizenr sulfonic acid 
(Na+);  0, 0.01 M propanesulfonic acid (Na+); 
A, 0.01 M methanesulfonic acid (Na+). 
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Fig. 9.-Plot of surface pressure, T ,  ns. log molar 
concentration for chlorprornazine a t  pH 5.0 and 25" 
in the presence of various concentrations of benzene- 
sulfonate. Key: 0, 0.1 iv CsH&O&d; 0 ,  0.05 flf 
C6H6S03Na; A,  0.025 M CsH5SO&a; A, 0.01 M 
CsHaSOaNa; [I, 0.001 M CeHSSOsKa; W, 0.1 M 
PiaC1. 

In all cases where marked increases in surface ac- 
tivity were noted the T versus log C curves appeared 
linear over the entire portion of the plot. Reduc- 
tion of excess rountcrion concentration, while main- 
taining- ionic strength, eventually restored curvn- 
ture to the plots (Fig. 9,  lor instance) so that the 
degree of curvaturc seems related to  the bulk solu- 
tion state of the CPZ-anion pair. The linearity of 
such plots a t  concentrations just helow the CMC 
has bccn reported for most common surfactants (13) 
but not over the entire plot Such linearity implies 
a constant surface concentration, as seen when the 
Gihbs equation is applied, and it has been proposed 
that this is due to  a hydration layer around thc 
polar groups which prevents further increases in sur- 
face coucentration (13). Elworthy and Mysels (14), 
however, have recently reported that constant sur- 
face concentration below the CMC, although 
thermodynamically possible, does not seem likely 
and does not occur as has been thought with sodium 
lauryl sulfate in water. Linrar plots are believed 
to occur primarily because slight curvature is not 
easily detected and/or because corrections for ac- 
tivity coefficients and other bulk solution activity 
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effects are not included. In either case, therefore, 
in this rcgion the linearity probably indicates that 
tlic chauge in surface concentration, if there i s  any, 
is very small and that the degree of surface coverage 
is very high. Fairly high surface coverage might be 
expected for the CPZ-anion systems since the 
anions proba'bly produce fairly hydrophobic ion- 
pairs of rather large size; but, in order to prove this, 
radiotracer tcchiiiques (15 j will bc needed to 
directly mcasu re surface concentration. 

On the basis of the authors' experience with tlicse 
systems. it is apparent that any situation producing 
a morc hydrophobic form of chlorpromazine even- 
tually produces an oil which appears to be more 
solublc th;m the crystalline form, a t  least in those 
cases where c:rystals have been isolated. This was 
seen also with the pure base as well as with the 
phthalate bufl'cr in our earlier study (3). In addi- 
tion, the solutions preceding the appearance of oil 
are quite surface active and yield the linear plots. 
In a sensc, thcreforc, the solutions exhibiting lin- 
earity are in ii supersaturated state which explains 
the apparent marked increase in thermodynamic ac- 
tivity. However, the exact state or degree of 
agEregation of the CPZ systems in this region re- 
mains unclear and is presently under study. 

Factors Inhibiting Surface Activity.-The inhibi- 
tion of surface activity by the quaternary am- 
monium salts and sodium methanrsulfomate has 
raised many questions requiring more study. How- 
ever, some clues related to  the original observation 
of inhibition by the acetate buffer have been un- 
covered. If one only considers the cffects ol various 
qiiateruary aniiiioiiium ions, two major reasons for 
inhibition appear possible. Since they are cationic, 
as is CPZ, one might expect some competition at 
the air-solution interface. This could be a factor 
for the 0.1 M ~.i~Ilutions of tetrapropyl and tetrabutyl 
derivativcs since, in the absencc of drug, they ex- 
hibited significant surface activity. However, the 
tetramethyl arid tctracthyl derivatives arc hardly 
surface active even at  0.5 Ab' concentrations. Steig- 
man et al. (16) have measured the effects of these 
quaternary ammonium ions on the CMC of hcxa- 
decyltriinethylaiiiiiioxiium bromide with results 
similar to those reported here. Although some con- 
tribution was attributed to the surface activity of 
the short-chaiu compounds, the  effects noted with 
the tetramethyl and tetraethyl derivatives caused 
them to consider an additional factor. This factor 
is t h e  entropy changc associated with the dis- 
organization of water when molecules go to a surface 
or to a micelle. The authors feel that the presence 
of other alkyl ;groups teuds to organize w-ater struc- 
ture in such a way as to  reduce the tendency for 
nonpolar ,groups to leave an aqueous environment. 
Since alkyl anions such as methanesulfonate and 
acetatc inhibit surface activity arid yet cannot com- 
pete with CPZ, this mechanism seems quite plausible 
in the present case. Apparently beyond an anion 
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molecular size involving one or two carbons the 
iiiteraction of tlic anion with (21'7, offsets this tend- 
ency tu cause inhibition. A stronger insight into 
this picture is seen with some preliminary data 
which indicate that urea, methyl urea, and 1,3-di- 
methyl urea, in increasing order, inhibit surface ac- 
tivity and CMC (5). The influencc of urea and its 
derivatives on CMC and protein denaturation 
has been discussed (17); and, although a number of 
theories are proposed, they all evolve around altera- 
tion of water structure. 

SUMMARY AND CONCLUSION 

The surface activity of ehlorpromazi~~c at pH 5.0 
a t  the air-solution intcrface was studied in the pres- 
ence of a variety of inorganic and organic ions. 

In addition to expected increases in surfacc ac- 
tivity due to increases in ionic strength, marked ef- 
fects, apparently due to some type of interaction, 
wcre noted with bromide, iodide, propanesulfonate, 
benzenesulfonate, and llaphthaleIleSUlfonate ions. 
These results appear related to buffer effects ob- 
served prcviously. 

Significant decreases in surface activity were 
observed in the presence of short chain quaternary 
arrimonium ions and methanesulfonate ion. This 
strongly suggests the marked dependence of CPZ 
surface activity on the structure of water and the 
ability of environmental factors to  influence the 
thermodynamic activity of this drug without neces- 
sarily interacting with it. This and other possible 
mechanisms will be the subject of future work. 
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Mono-0-isopropylidine Derivatives of Digitoxin, 
Digoxin, and Ouabain 

By OLE GISVOLD 

The mono-0-isopropylidene derivatives of digitoxin, digoxin, and ouabain have 
been prepared. In the case of digoxin, this derivative was more lipid soluble than 
the parent compound and more water soluble than digitoxin or acetyldigitoxin. 
All derivatives were less active than the parent glycosides when they were assayed 
intravenously in  cats. Mono-0-isopropylidene digoxin was 50 per cent absorbed 

when administered orally. 

T IS WELL KNOWN that digitoxin taken orally is I completely absorbed (l), whereas this is not 
the case with digoxin. Gitoxin and ouabain are 
very poorly absorbed if at all. Acetyldigoxin is 
better absorbed than is digoxin when orally ad- 
ministered to  cats (2). Evidence in the litera- 
ture to  date strongly supports the concept tha t  
the lipophilic properties of the cardiac glycosides 
( 3 )  are an important factor in the degree to which 
they are absorbed orally. 

Although digitoxin is well absorbed orally, its 
In-olonged duration of action and cumulative 
properties sometimes are not desirable. Di- 
goxin's duration of action and cumulative prop- 
erties are more favorable; however, its oral 
absorption is less dependable as measured by  its 
oral dose versus its LDS0 in intravenous assays 
in cats. MLD is 230 =t 10 mcg./Kg. for 
digoxin in cat  assays and an average oral dose for 
humans is 0.5 mg. versus MLD 330 & 8 mcg./Kg. 
for digitoxin in cat assays and an average oral 
dose for humans is 0.1 mg. 'Therefore, i t  seemed 
of interest to  explore the possibilities of preparing 
a derivative of digoxin whose lipophilic properties 
would be enhanced with the retention of effective 
hydrophilic properties. Dioxolanes and dioxanes 
enhance thc lipophilic properties of the parent 
compound together with the retention of some 
hydrophilic properties u i u  hydrogen bonding to 
the two ether oxygcns. 

DISCUSSION 

l'hc cardiac glycosidcs digoxin and digitoxin 
have two free adjacent cis hydroxyl groups on the 
terminal digitoxose residue that should yield mono- 
dioxolanes upon proper treatment. The isopro- 
pylidene derivatives are the most readily pre- 
pared dioxolanes under mild conditions that should 
preclude any undesirable changes in the structures 
essential for cardiac activity. The sugar residue 
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of ouabain also should lend itself to the prepara- 
tion of a mono-0-isopropylidene derivative. The 
method that yielded the best results utilized an- 
hydrous copper sulfate, anhydrous acetone, room 
temperature, and continuous shaking. The course 
of the reaction was followed by paper chroma- 
tography. In the case of digoxin, the mono-0- 
isopropylidene derivative was mobile on formamide- 
impregnated paper, whereas digoxin remained a t  
the starting line whcn formamide-saturated benzene 
was used as the mobile phase (Fig. 1). Theuse of 
this simple system lcd to  erroneous results because 
no amount of time and anhydrous copper sulfate 
would eliminate some material a t  the starting line. 
The use of solvent system I1 (4) demonstrated that 
after the most effective reaction conditions, the 
substance a t  the starting line (with benzene as the 
mobile phase) moved faster than digoxin (Fig. 2). 
This product was very minor in amount and as 
yet has not been characterized. All attempts a t  
fractional crystallization failed t o  yield a homo- 
geneous mono-0-isopropylidenc product even though 
in the case of digoxin and digitoxin this derivative 
was quite soluble in anhydrous ether. Separation 
of the minor by-product was effected by the use of 
a formamide-impregnated niicrocrystalline cellulose 
column and benzene saturated with formamide as 
thc eluant or by Whatman No. 31 paper and 
preparative paper chromatography methods. 

All the mono-U-isopropylidene derivatives showed 
greater lipid solubility properties when compared 
to  the parent glycosides as measured by their 
pronounccd solubility in ether and their movement 
on formamidc-impregnated papcr with solvent 
system I1 (Figs. 2 and 3). This increase in lipid 
solubility was greatest with digoxin arid was about 
midway bctween digitoxin and acetyldigitoxin. 
When examined by a reverse phase paper chro- 
matographic system (5), digoxin showed greater 
water solubility than mono-0-isopropylidene digi- 
toxin or acetyldigitoxin (Fig. 4). Mono-0-iso- 
propylidene ouabain still exhibited the greatest 
water solubility (Fig. 5 ) .  1111 these derivatives 
gave a positive Raymond reaction which suggests 
that the @,@-unsaturated lactone ring was still 
intact. These changes in water and liposolubilities 
would suggest that mono-0-isopropylidene digoxin 
probably has the more favorable lipopliilic-hydro- 
philic balance for good oral absorption. 

A preliminary screening for cardiac activity was 
carried out in pigcons and activity stdl was present 
although of a lower order. Intravcnous assays 

1 Marketed as  Avicel hy American Viscose Co. .  Marcus 
Hook, Pa. 
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in cats (6) also showcd activity but of a lower 0 
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order. Thc rriono-0-isopropylidene derivatives of 
ouabain, digitoxin, atid digoxiti had 12.5, 12.5, 
and 36%, rcr,pectively, the activities of the parent 
glycosides. Of these derivatives the mono-0- 
isopropylideiir digoxiii appears to warrant studies 

OH H 

CH3 
I 

3”‘,4”‘-0-Isopropylidene 1)igoriri 

H3C 

on its oral absorption because of its physical prop- 
erties. Although it has 36yq) of the activity of 
digoxin, its dcgrcc and reliability of absorption 
might more than offset the reduction in activity. 
Its toxicity and duration of action also would have 
to be considered. These might be modified in 
view of the fact that somc cyclic ketals are stable 
in vivo arid also might be true of this compound. 
Thus, the rate of hydrolysis in viao of the sugar resi- 
dues and other in  viuo transformations might be 
a1 tered to providc favorable or unfavorable bio- 
logical effects. 

EXPERIMENTAL 

The details of somc of the papcr chromatographic 
tcchniques used in these studies have been de- 
scribed previously (4). Solvent system I1 was 
used to very good advantage for the development of 
some of the ]paper chromatograms. The original 
glycosides as well as the reaction products sep- 
arated effectively by this mobile system. Benzene 
saturated with formamide provided a simple and 
ra.pid mobile system to detect the extent of iso- 
propylidene formation on Whatman No. 1 paper 
treated with 30% formarnide in acetone. It also 
was used as a very fast moving system for prepara- 
tive paper and powdered cellulose column studics. 
4 descending reverse system described by Tschesclie 
et el. (5) was used to  compare the relative hydro- 
phobic properties of the parent glycosides aiid their 

Fig. 1.-Paper chromatography of digoxin, digi- 
toxin, and dcrivatives. Benzene as mobile phase. 

S. F. 

S.L. 

Fig. 2.--Paper chromatography of digoxin, digi- 
toxin, and derivatives. System I1 as mobile phase. 

isopropylidcne derivatives. The Raymond 1-eagetit 
was used to detect the glycosides and their rcaction 
products on paper. 

Preparation of Isopropylidene Derivatives.- 
Reagent grade acctonc was dried overnight with 
anhydrous calcium sulfate. It then was carefully 
decanted or filtered into a flask that was dried in 
the oven a t  110”. (Caution: no powdered calcium 
sulfate should be in the distilling flask.) The ace- 
tone was distilled into a 250-ml. conical flask 
equipped with a drying tube. A forerun of 2OY0 
was discarded and subscqucntly 200 ml. of acetone 
was collected. The dry glycoside, 100 mg. of 
digoxin or ouabain or 400 mg. of digitoxin, was 
added to the flask arid the flask carefully heated and 
shaken to dissolve as much as possible of the glyco- 
side. After cooling to room temperature, 5 Gin. 
of anhydrous coppcr sulfate (Allied Chemical) was 
added. The flask was stoppered with a close 
fitting stopper and the mixture shaken continu- 
ously. The course of the reaction was followed by 
examining a sample by paper chromatography 
using formamide-impregnated paper and solvent 
systcrn 11. A period of 22 to  24 hr. of shaking m-as 
necessary to cotnpletely eliminate the presence of 
the parent glycosidc, although in all cases a small 
amount of some other slower moving product also 
could be detected. This slower moving product 
gave an initial blue color with the Raymond reagent 
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but very shortly turned a yellow green. This was 
not true with the faster moving isoprtrpylidene 
derivative that retained its blue color as do the 
parent glycosides. The reaction mixture then was 
allowed to stand to  permit most of the copper sulfate 
to settle out, after which time it was filtered through 
a dense filter paper to rcmovc all the very finely 
divided suspended copper sulfate. The  acetone 
was removed by distillation with the aid of a water 
pump arid in the absence of air. The amorphous 
residue readily dissolved in 35 nil. of anhydrous 
ether in the case of digoxin and digitoxin; somcwhat 
more ether was necessary in the case of ouabain. 
The ether was concentratcd until turbidity appeared. 
The flask was stoppered, and upon standing a 
crystalline product was obtained. Upon furthcr 
conccntration, and in the case of digitoxin and 
digoxin the addition of a judicious amount of iso- 
propyl ether, additional amounts of the crystalline 
product were obtained. In the case of ouabain the 
first and second crops of crystals exhibited homo- 
geneity as manifested by their hchavior on paper 
chromatograms using solvent system I1 and forrn- 
amide-impregnated papcr. Mono-O-isopropylidene 
ouabain melted at 174'. 

Anal.-Calcd. for mono-0-isopropylidene ouabain, 

In the case of digitoxin and digoxin all attempts 
to fractionally crystallize their isopropylidene de- 
rivativcs yicldcd products that still showed the 
presence of a small amount of a second product. 

An attempt was made to  improve upon the above 
described general method by adding drying agents 
anhydrous calcium sulfate or a molecular sieve? 
type 3A, to the reaction mixture. In  thc first 
case no advantage was gained in the yield of the 
acetonide. Furthcrmorc, diacctonc alcohol was 
obtained upon removal of the acetone. This 
substance moved with the solvent front on a paper 
chromatogram and gave a violct color. i\ combina- 
tion of anhydrous calcium sulfate and a small 
crystal of p-toluenesulfonic acid was not satis- 
factory. In the case of the use of a molecular sieve, 
quite unsatisfactory results were obtained. 

Prolonged shaking beyond 24 hr. did not lcad to 
complete conversion of the glycosides to the aceto- 
nidrs. As the time of shaking was increased, the 
isopropylidenc derivative slowly was converted to a 
secondary product. This was demonstrated by 
paper chromatography when the single spot of the 
original product appeared as two adjacent spots. 
About equal intensity of these two spots (Raymond 
reaction) was obtained after 120 hr. of shaking. 
No further investigations have been completed in 
this area at the time of this writing. 

The general procedure used for the preparation 
of the isopropylidenc derivatives was used with 
methyl ethyl ketone with analogous results. The 
derivatives were more lipid soluble arid less water 
soluble than the acetonides. At the present time 
these derivatives have not becn preparcd in a homo- 
geneous state. These studies have been suspended 
until more data have been obtained on the bio- 
logical activities of the acetonides. 

Purification of Mono-0-isopropylidene Digi- 
toxin.-Microcrystalline cellulose,' 15 Gm., was 

C32H48012: C,61.54; H,7.70. FouIId: C,61.64; H, 7.42. 

S.F. 

S.L. 

n 

Fig. 3.-Paper chromatography of ouabain and de- 
T-i i r i t iwec Qvctmm T T  IE mnhile n1- i~-  

s. L. 

Fig. 4.-Reversed phase paper chromatography of 
derivatives of digoxin and digitoxin. 

0 
7 

S.L. 

Fig. 5.--Reversed phase paper chromatography of 
ouabain and derivatives of ouabain and digoxin. 

* Linde Molecular Sieves, Union Carbide Corp., Linde 
Division, New York, N. Y. 
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mixcd with 25 ml. of 30% formamide and carefully 
dried on a large watch crystal with constant stirring. 
The microcrystalline cellulose then was intimately 
mixed with an equal volume of finely powdered 
quartz. A column 8 X 2.2 cm. was packed in a 
tube 10 X 2.2 cm. Mono-0-isopropylidene digitoxin, 
100 mg., was powdered and intimately mixed with a 
small amount of the cellulose-quartz mixture and 
placed a t  the top of the above column. The column 
then was developed with benzene saturated with 
forniamide. One-milliliter fractions were collected 
atid those from 1 to 8 contained only rnono-0- 
isopropylidene digitoxin (detected by paper chro- 
matography). Fraction 16 contained only digitoxin 
and some of the intermediate fractions contained 
mixtures. This experimcnt was repeated three 
more times, and the rate of flow of the benzene held 
to 15 drops/min. Similar results were obtained 
as with the first trial. The mono-0-isopropylidene 
digitoxin fractions from all the runs were dissolved 
in a small amount of methylene chloride, isopropyl 
ethcr was ad!ded, and the methylene chloride was 
removed by distillation. The mono-0-isopropyl- 
idene digitoxin readily crystallized and appeared 
to be homogeneous by paper chromatographic 
analysis. It melted a t  213-215". 

And--Calcd. for mono-0-isopropylidene digi- 
toxin, C&&3: C, 65.60; €I, 8.44. Found: 
C, 66.11; H, 8.95. 

Purification of Mono-0-isoprop ylidene Digoxin.- 
When the same column technique as applied to 
mono-0-isopropylidene digitoxin was applied in 
an attempt t o  purify this derivative, very unsatis- 
factory rcsults were obtained. This was not ex- 
pected because of the similar results that were ob- 
tained on paper under the same conditions where 
only the desired derivative moved on paper impreg- 
nated with formamide and benzene saturated with 
forniamide as, the mobile phase. As an expediency 
measure, purification via Whatman No. 31 paper 
was carried out using the descending technique. 
The crude acetone digoxin product was heavily 
spotted all along the starting line which was 10 cfn. 
from the end of the paper. This fast running paper 
provided complete elution of the mono-0-iso- 
propylidene digoxin within 1 hr. with the retention 
of the unwanl.ed products a t  the starting line. Two 
and evert three starting lines, 2 cm. apart, equally 
impregnated with the same amounts of crude 
acetonated digoxin on the same length of paper gave 
results equally as good, with the retention nf the 
unwanted pr,oducts a t  each of the starting lines. 
Concentration of the benzene eluates left an amor- 
phous residue that was stirred with water several 
times to remove the small amount of formarnide that 
was present. This resulted in a solid product that 
gave a single spot on a paper chromatogram. 
Crystallization of this product was most difficult. 
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A crystalline product readily can be obtained 
directly from the acetonation reaction; however, it 
will contaiii a small amount of the secondary 
reaction product. 

A nal.-Calcd. for mono-0-isopropylidcne digoxin, 
C4aHs8014: C, 64.31; H, 8.28. Found: C, 63.70; 
H, 8.14. 

Establishment of Ketal Structure.-The perio- 
date-bcnzidine test ( 7 )  on paper can be used very 
effectively to detect the presence of a cis glycol 
structurc. The substance is spotted on paper and 
then sprayed with a saturated aqueous solution of 
potassium metaperiodate. After a suitable time 
it then is sprayed with a benzidine reagent (10 
vol. of 0.1 M benzidine in 50yi aqueous cthanol is 
mixed with 2 vol. of acetone and 1 vol. of 0.2 1%' 
HCI). The presence of a cis glycol structure is 
indicated by a colorless area surrounded by a blue 
background. Four milligrams each of digoxin, 
mono-0-isopropylidene digoxin, digitoxin, mono- 
0-isopropylidcne digitoxin, Oudbain, and mono-0- 
isopropyliderie ouabaiu were dissolved in 1 ml. each 
of methanol. Equal quantities of each of these 
solutions were spotted on Whatrnan No. 1 paper 
and sprayed with the periodate solution. In the 
case of digoxin and digitoxin and their mono-0- 
isopropylidene derivatives a 5-min. waiting period 
was necessary. The parent glycosides all ga.vc a 
positive test for the presence of a glycol structure, 
whereas the mono-0-isopropylidetie derivatives 
gavc a ncgativc test. 

It should be pointed out here that niuch of the 
benzidine in this reagent will crystallize out upon 
standing a few hours. If the mixture is warmed thc 
benzidine will redissolve, and this reagent can be 
used directly with satisfactory results. 

Bioassay of the Glycoside Acetonides.-These 
derivatives were assayed by Chen (6), who obtained 
thc following mean LDM & S. E. mg./Kg. values. 
Ouabain acetonide, 0.8837 i 0.0714 ( I 0  cats); 
digitoxin acetonidc, 2.520 zt 0.2147 (6 cats); and 
digoxin acetonide, 0.6392 rt 0.0356 (10 cats). 

Subsequent to thc rcvicw of this manuscript, 
oral studies (6) in cats indicated that mono-0- 
isopropylidene digoxin had 50yo absorption from 
the jejunum which is the same as digoxin. 

I t  nielted a t  155". 
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Role of Ascorbic Acid Oxidase in the 
Hyoscyamine-Scopolamine Ratio in Datura innoxh 

By HELEN LOUISE ROWLAND and MELVIN R. GIBSON 

Isolated root cultures of Datura imowia Miller to which benzoin anti-oxime 
(Cupron) was added showed a change in  the habit of growth but n o  change 
i n  the weight of the roots nor in the hyoscyamine and scopolamine content, in- 
dicating that ascorbic acid oxidase activity was not involved in  alkaloid biosyn- 
thesis. An improved method for the germination of D. innoxiu seeds was developed. 

~COKBIC ACID OXIDASE, which is widespread A in higher plants (1-3), has been implicated 
as a terminal oxidase in  cellular respiration 
(4-7). Ascorbic acid itself is required for the 
rapid synthesis of large amounts of collagen and 
may be involved in the conversion of proline to  
hydroxyproline (8, 9). There is some question 
as to whether proline is hydroxylated before or 
after incorporation into collagen (9-1 I). The  
use of '*O has shown tha t  the hydroxyl oxygen of 
hydroxyproline is incorporated directly from the 
atmosphere (12, 13); ascorbic acid may act 
directly by  generating free hydroxyl radicals (8) ; 
a direct effect of ascorbic acid on the collagen- 
synthesizing fibroblasts has also been suggested 

Proline is also involved in the biosynthesis of 
alkaloids in Datzirn species (15). Proline-14C! 
was incorporated into both hyoscyamine and 
scopolamine and other alkaloidal constituents of 
both D. innoxia Miller and D. stmmonium L. 
variety tntula Torrey. However, hydroxyproline 
is apparently not a direct precursor of scopol- 
amine or of the other alkaloids of D. innoxia (16). 
Scopolamine is apparently synthesized from 
hyoscyamine (17). 

The present study was made t o  determine the 
possible relationship between ascorbic acid 
oxidase and tropane alkaloid biosynthesis in 
D. innoxin, since both the enzyme and the 
alkaloids appear to  be related to proline-hy- 
droxyproline metabolism. Ascorbic acid oxidase 
was inhibited by benzoin anti-oxime (CgHj- 
CHOHC:NOHCsH 6) since under physiological 
conditions i t  chelates only cupric ion (I 8). 

(14). 

EXPERIMENTAL 

Growth and Processing of Root Cultures.- -The 
methods used hi this investigation for the growth 
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and processing of root cultures were modified from 
those developed in this laboratory by French and 
Gibson (19) and Sullivan and Gibson (15). 

Previous work in this laboratory was hindcred by 
t h e  lour germination rate of D.  innoxia as well as 
other species of Datum. When the seeds were in- 
cubated on damp filter paper, only 1 to 2% sprouted. 
Other workers have used various treatments to  
hasten the germination of D.  innoxiu (20, 21). 
Trials at the beginning of this investigation showed 
that when the seeds were presoaked in sterile White's 
nutrient solution (22), the germination rate iti- 
creased to over 30%; also, the rate of iiijury to 
the radicles was less than when mechanical methods 
were used to weaken the seed coat. Whitc's 
nutrient solution as used throughout this work was 
sterilized in an autoclave. 

Seeds of D. innoxiu were sterilized by shaking 
for 15 min. with 3% hydrogen peroxide. Then the 
seeds were placed on sterile filtcr papers in Petri 
dishes. The seeds were covered with 20 ml. of 
White's nutrient solution and placed in an incu- 
bator a t  26-27". After 3 days, the seeds were 
removed from the incubator; aseptically trans- 
ferred one seed at a time, using forceps, to new 
sterile Petri dishes; and moistened with 5 ml. of 
sterile, demineralized, distilled water. The seeds 
usually started to germinate after the fourth day. 
The radicles were severcd from the seed when they 
were 1 to 1.5 cm. long and placed in 50 ml. of 
nutrient solution. At the end of the first week the 
roots were transferred to fresh nutricnt solution. 
After 2 wccks the roots were removed from the nu- 
trient solution and dried at 55" to a constant 
weight. 

Control roots were cultured in White's nutrient 
solution; the test roots were cultured in White's 
nutrient solution containing 10-8 M of benzoin 
anti-oxime. 

Extraction and Separation of Alkaloids.-The 
procedure used for the extraction of the alkaloids 
from thc dricd root cultures was based on earlier 
work by French and Gibson (19), except that the 
root extract was allowed to drip directly onto a 
thin-layer chromatography plate rather than 
chromatographic paper strips. 

Preliminary tests showed that i t  was necessary 
to combine roots in groups of four to  seven, weigh- 
ing about 25 mg., in order to obtain a concentration 
of hyoscyamitie and scopolamine that could be 
measured spectrophotometrically. However, in 
computing the alkaloid contents, the weight of the 
crushed root samples wds converted to a base of 
exactly 25 mg. These roots were weighed arid 
then crushed together with a mortar and pestle. 
The crushed root powder w-as placed on top of a 
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root extract was placed 1.5 cm. from the bottom 
of the 8 by 8 in. plate and 3.0 em. from the left 
edge of the plate. 'The chromatogram was de- 
veloped in two directions, 15 ctn. in each direction, 
using 10 ml. of diethylamine and 90 ml. of chloro- 
form as the developing solvent for the first phase, 
and 15 nil. of diethylamine and 85 ml. of chloro- 
form for the second phase. Both phases were de- 
veloped in an incubator at 30". Between phases 
and after the second phase the plates were dried 
a t  55' for 15 min. in a Freas circulating dry air 
oven and then allowed to cool for 30 niin. Pre- 
liminary chromatograms indicated the location on 
the plates of liyoscyaniine and scopolamine. After 
cooling, the probable areas of location of hyoscy- 
arnine arid scopolamine were covered for protection; 
then the rest of the plate was sprayed with iodopla- 
tinic acid solution (23) to verify the position of the 
alkaloids. The hyoscamiiie and scopolamine spots 
were removed from the plate with a razor blade 
and a camel's hair brush. 

The alkaloids were extracted from the Silica 
Gel G in an apparatus developed by Gibson in 
this laboratory (unpublished work). The ex- 
traction was set up in the following manner. Two 
circles of Whatman No. 2 filter paper, 6 mm. in 
diameter, were inserted into the bottom of the 
barrel of a 1-ml. hypodermic syringe. The alka- 
loid-containing silica gel was put on top of the 
filter paper. A small pledget of cotton was put on 
top of the silica gel, and the colunin was tamped 
down. A 2.5 in. long 19-gauge needle was attached 
to the syringe aud the entire apparatus was in- 
serted through the hole of a rubber stopper plugging 
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' rABLE I.--DRY WEIGHT O F  CONTROL ROOTS OF 
U .  innoxin _ _ ~ ~ - ~ _ _ _  

Root 
No. 

1 
2 
3 
4 
5 
f i  
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
li 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Roaml. 
W t . .  mg. 

4.,3 
6 . '2 
3.1 
4 . 7  
5 . '9 
*5. 1 
6.(1 
4.5' 
5.5 
7 3  
7. ' i  
4 . B 
ti.0 - ,- 
1 . 1  

d.11 
8.4 
3 . '1 
3 .!3 
9 . :3 
8.2  
4.3 
4.1  
2 . 9  
6 .  I 
5 . 9  
5 , !3 
7 . 6  
5 . '1 

11. I) 
1.4 

1 0 .  1 
8.6 
3 .rS 

10.'7 
7 .4  
3 . 2  
2 . 4  
6.6  
5 .8  
1 . 5  
3.2 
5 ,  !3 
2 . 'I 
3 .  !3 

Root 
No. 

45 
46 
4 i  
48 
49 
50 
51 
52 
53 
54 
5.5 
56 
5i 
5s 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

v- 
I (  

Root 
Wt., mg. 

5.3 
2.7 
2.8 
6 .5  
7 .8  
2.2 
6.1 
6 . 5  
3.7 
5 .6  
4.4 
7.4 
2.8 
3 . 6  
i . 3  
8.7 
2 . 9  
7 . 5  
2 . 5  
6 . 3  
3 . 8  
1.8 
2 . 1  
2 . 9  
2 . 4  

11.0 
7 .8  
5.8 
6 . 3  
5 .5  
5.7 
5.9 
8 . 2  
6.0 
6 .8 
9.1  
3 . 2  
4 .0  
3 .0  
5 .7  
5 . 0  
4 . 9  
6 . 8  
5 . 3 

Mean 5.6 
95% Confidence interval 5.4-5.8 

noot 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
10'7 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

No. 
Knot 

Wt., mg. 
3 . 9  
7 . 6  
7.9 
5.6 
4 . 8  
5 .1  
4 .7  
3 . 7  
4 .2  
4 .3  
6 . 3  
7 .5  
1.5  
7 . 2  
7.0 
6 .1  
5.6 
4 .3  
4.6 
8.8 
1.6 
5 . i  
4 .7  
4 . 8  
8 . 5  
7 .8  
6 . 8  
4.6 
6 .2  
4 . 1  
i . 4  
4 . 5  
9 . 5  
8 . 1  
7.0 
5 . 1  
5.0 
2.7 
9.4 
3 . 7  
3 .1  

11.5 
5.2 

cotton p1edgc:t in an extractor cut from the lower 
end of a 50-ml. needle-valve buret, the extractor 
having a capacity of about 10 1111. The root 
powder was moistened with a 1 : 1 mixture of lOy0 
ammonium hydroxide and 95% ethanol and allowed 
to stand for J. hr. Then 2 ml. of chloroform was 
a.dded to the extractor and 1 ml. of chloroform for 
each milligram of root powder was addcd to thc 
reservoir above the cxtractor. The cxtract was 
allowed to drip directly onto a thin-laycr cliro- 
niatography plate, adjusting the stopcock of the 
extractor so that each drop dried completely before 
the next drop fell onto the plate. A jet of cool air 
was directed at the spot to facilitate drying. 

The procedure used for the separation of alka- 
loids was developed by Sullivan and Gibson (15). 
The alkaloid:; of the root extract were separated 
on a 0.5-rnm. thick matrix of Silica Gel G.2 The 

2 The Silica Gel G is a product of E. Merck AG.. Darm- 
stadt, Germany, and is distributed by Brinkmann Instru- 
ments, Inc.. Great Neck, L. I., N. Y. 

TABLE II.--L)RY WEIGHT OF ROOTS OF D.  innoxia 
GROWN IN &I BENZOIN ANTI-OXIME IN WHITE'S 

NUTRIENT SOLUTION __ 
Root 
N O .  

1 
2 
3 
4 
5 
6 
i 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Roiit 
Wt., mg. 

1.8 
2 .8  
4 . 0  
2 . 8  
4 . 6  
4 . 2  
2 . 8  
1 .7  
4 . 8  
1.4 
5 6  
4 . 0  
5 . 4  
2 . 5  
3 . 5  
5.2 
1.3 
9 . 3  
4.8 
8 . 0  
8 .4  
7 .5  
7.0 

11.7 
7 .3  
6 .3  
6 .3  
5 . 7  

Root Root 
No. Wt.. mg. 
29 9.6 
30 8 .7  
31 12.0 
32 7 . 8  
33 9.0 
34 6.2 
35 4 .9  
36 7.4 
37 4.2 
38 4 . 7  
39 5.3 
40 10.8 
41 9 . 2  
42 9 . 3  
43 3 . 4  
44 5 .2  
45 9 . 8  
46 8 . 3  
47 i . 4  
48 8.8 
49 7.4 
50 7 4  
51 8 . 5  
52 5.0 
53 8.3 
54 9.4 
55 9.7 
56 8 . 3  
Mean 6.6 

95% Confidence interval 5.9-7.3 

Kool 
No. 
57 
58 
59 
I30 
61 
62 
63 
64 
65 
66 
67 
68 
69 
5'0 
71 
72 
i3 
i 4  -- i n  
76 
77 
78 
i 9  
80 
81 
82 

Root 
Wt., mg. 

10.4 
7.3 

12.0 
8 . 2  

25.5 
4 . 0  
4.4 
8 .2  
5.9 
6.3 
7 .5  
3.3 
4 . 3  
7 . 1  
5.4 
6.6 
3.9 
7.4 
5.3 
3 .3  
5 .5  
3.1 
9.4 
6.0 
6.7 

-,- 
1 . i  
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tervals indicate that  there is no significant dif- 
ferencc at thc 5% lcvcl in dry weight between tllr 
control roots and the benzoin anti-oxime treated 
roots. However, benzoin anti-oxime does change 
the habit of growth of roots, as shown in Figs. 1 
and 2. 

To dctcrrriiiie alkaloid contcnt s t a ld i rd  curves 
wcrc prcpared by plotting 011 sctnilog paper thr  
transmittance values against known Concentrations 
of pure hyoscyamine and scopolamine dissolved 
in 509; ethanol. Thc straight line curves then 
obtained showed adherence to Beer's law. The k 
values for hyoscyamine and scopolamine were con-  
putcd from the standard curves and the Rougcr- 
Beer relationship (25). The concentrations of 
alkaloid in milligrams were computed from thesc 
k values. Tlic results of the alkaloidal assays ol 
the control roots and bcnzoin anti-oxinie treated 
roots arc sutrimarized iri  Tables 111 and IV.  The 
overlapping confidcncc intervals indicate that  there 
is no significant difference at the 5c/b level in al- 
kaloid content between the control roots and the 
benzoin anti-oxime-treated roots. 

DISCUSSION 
Fig. 1.-D. innoxia control root grown in White's 

riutrient solution. The  results obtained in this investigation sccm to  
indicate that  ascorbic acid oxidase is not related 

the top of a small bell jar. One milliliter of ab- 
solute methanol was allowed to be in contact with 
the silica gel column for 30 rnin. Then 9 ml. of 
methanol was added to  a reservoir above the ex- 
tractor consisting of a 10-mil. hypodermic syringe 
attached to  a 19-gaugc ncedlc inserted through a 
cork in the top of the 1-mil. syringe. By creating 
a vacuum in the bell jar, the extract was drawn 
into a 3-in. evaporating dish. The  extract was 
evaporated to dryness over a water bath adjusted 
to approxiniately 65". 

Assay of Alkaloids.-The alkaloids hyoscyamine 
and scopolamine were quantitatively assaycd 
spectrophotomctrically using the Vitali-Morin re- 
action in a technique developed by French (24). 
Two-tenths of 1 nil. of fuming nitric acid was 
adde(J to the dried methanol extract of silica gel 
containing hyoscyamine or scopolamine. The acid 
was then evaporated to  dryness for 3 min. on a 
boiling water bath. The residue was rcdissolvcd 
in 4 ml. of acetone and made up to 25 1111. with suc- 
cessive 3-nil. washings of acetone. To determine 
thc amount of alkaloid in each sample, 0.1 ml. 
of 39:, w/v potassium hydroxide in absolute metl-1- 
anol w-as added to each 25-nil. flask of acetone 
solution of alkaloid. Each sample was measured 
against n blniik prepared from 25 1111. of acetonr 
and 0.1 1111. of 3% potassium hydroxide in rnethanol. 
The transmittance a t  560 nip with a 1-cm. light 
path was measured in a BeckIriari DU spectro- 
photometer, 3 niiu. after the addition of 3% po- 
tassium hydroxide in methanol for scopolamine, 
i min. for hyoscgarnine. 

t o  hyoscyamine and scopolamine biosynthcsis, nor 
is any other copper-containing enzyme 

At least five enzymes could serve a5 tcrminal 
oxidases in plants: polyphcnol oxidase, lactase, 
ascorbic acid oxidase, cytochrome oxidasc, and 
peroxidase (4). The first three, being copper- 
containing enzymes, are apparently eliminated from 
participation in alkaloid biosynthesis by the results 
of this study. The last two are iron-containing 
enzymes, which still may be considered, since they 
were not inactivated in this study However, 

RESULTS 

The dry weights of both the control roots and 
the benzoin anti-oxime trcated roots are sum- Fig. 2.-D. innoxia root grown in 10-8 M benzoin 
marked in Tables I and 11. The confidence in- anti-oxime nutrient solution. 
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T A B L E  111 -ALKALOID CONTENT OF CONTROL 
ROOTS OF D znnoxzu 

___ 
Sample Hyoscyamine“ Scopolamrneo 

I 0 00853 0 0220 
2 0 00160 0 0188 
3 0 00559 0 0195 
4 0 00321 0 0141 
5 0 00207 0 0127 
6 0 00231 0 0145 
7 0 00750 0 0102 
8 0 0102 0 0182 
IJ 0 00830 0 0210 

10 0 00208 0 0153 
11 0 00490 0 0141 
12 0 00644 0 0225 
13 0.0158 0 0238 
14 0.0150 0 0274 
1 5  0,0151 0.0155 
16 0.0120 0.01% 
17 0.0151 0,0226 
18 0.00388 0.0191 
19 0.00979 0.0213 

Mean 0.00786 0.0185 
9.5%, Confidence 0.00577- 0.0164- 

intcrval 0.00995 0.0206 

Milligrams per 25 lug. crushed root sample. 

TABLE IV.-ALKALOID CONTENT OF ROOTS OF D. 

I N  WHITE’S NUTRIESY SoLurIos 
i r l n U X i U  GROWN I N  lo-* hf BENZOIN ANTI-OXIME 

~~ ~~~~ 

~ 

Sample IIyoscyaminea Scopolaminen 
1 0.012d 0 0241 
2 0 00964 0 0121 
3 0 0113 0 0191 
4 0.0154 0.0187 
7 0.0101 0,0188 
6 0.00402 0 .  0106 
7 O.OOB60 0.0106 
8 0.0114 0.0136 
9 0.00846 0.00956 

10 0.00358 0.0120 
11 0.0133 0.0253 

elongation of wheat roots by supprcssing ccll niulti- 
plication (30). 

SUMMARY 

The benzoin anti-oximc, a t  a conccntration 
of M ,  changes the habit of growth of isolated 
2-week-old root cultures of D .  in.nuxiu but has no 
significant effect on the dry weight of the roots. 
At this concentration, the benzoin anti-oximc also 
has no significant effect on the arriount of the 
hyoscyamine or scopolamine found in thc roots. 
and these results indicate the lack of ascorbic acid 
oxidase involvement in the oxidation of hyoscy- 
amine to scopolamine under the conditions of this 
study. 

I t  was also concluded that the low germination 
rate of D. znrm& could be improved by presoaking 
the seeds in White’s nutricnt solution. The use of 
nutritive solutions to stimulate the germination 
of species of Datum is suggested. 
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Metabolic N-Demethylation of Chlordiazepoxide 
By MORTON A. SCHWARTZ and EDWARD POSTMA 

Chlordiazepoxide was N-demethylated to 7-chloro-2-amino-5-phenyl-3H-1,4- 
benzodiazepin-4-oxide (metabolite D-M) when incubated aerobically with either 
rat o r  dog liver preparations. Pretreatment of rats with phenobarbital resulted in 
an approximately threefold increase in the chlordiazepoxide metabolized to metabo- 
lite D-M after 2 hr. incubation with the liver microsome fraction. A fluorometric 
assay for metabolite D-M was developed which when used in conjunction with the 
Koechlin and D’Arconte fluorometric assay for chlordiazepoxide allowed for a 
specific determination of each compound in blood. The application of this assay to 

the study of chlordiazepoxide metabolism in man is illustrated. 

HLORDIAZEPOXIDE,‘ 7-chloro-2-methylamino- 
.5-phenyl-3H-l,4-benzodiazepin-4-oxide, is 

metabolized in the dog and man t o  7-chloro-1,3- 
dihydro - 5 - phetiyl - 211 - 1,4 - benzodiazepin- 
2-one-4-oxide (“lactam”) (1) which is then metab- 
olized to  “opened lactam” metabolites (2). 
These metabolites have not as yet  been detected 
in the rat  which metabolized chlordiazepoxide to  
unidentified products (2). The present work, 
which was initiated to obtain information on the 
site and mechanism of the metabolic conversion 
of chlordiazepoxide to  “lactam,” has resulted in 
the discovery of a ncw chlordiazepoxide metab- 
olite, 7-chloro-2-amino-5-phenyl-3H-l,4-benzo- 
diazepin-4-oxide (metabolite D-M) , which is 
common to man, dog, and rat. The structures 
are given below. 

Lactam” Chlordiazepoxide \! 

Llctabolite D-M 

METHODS AND MATERIALS 

used as enzyme sources were 9000 X g supernatants 
(0.3 ml.) prepared as described by Fouts and Brodie 
(3) from 1:3 liver homogenates in 1.15yG KCI. 
Liver supernatants prepared from four control rats 
were pooled as were those prepared from four rats 
given i.p. injections of 37.5 mg./Kg. of phenobar- 
bital twice a day for 4 days to stimulate the drug- 
metabolizing enzymes of the liver microsomes. 
In addition, a liver supernatant from a dog who had 
been pretreated with phenobarbital (2 daily oral 20 
mg./Kg. doses followed by 10 daily oral doses of 10 
mg./Kg.) arid which had been stored a t  -20” for 3 
months was used. Resides substrate and enzyme 
source, the incubation mixture contained the cofac- 
tors described by Conney et al. (4): 0.2 ml. of 0.01 M 
ATP, 0.1 rnl. of 0.003 M NADP, 0.1 1111. of 0.003 M 
NAI), 0.1 ml. of 0.6 AT nicotinamidc, 0.2 ml. of 
0.03 M glucose-6-phosphate, 0.1 ml. of 0.1 1l.I MgC12, 
0.1 ml. of 2 M KCl, 1.0 ml. of 0.1 M potassium phos- 
phate buffer, pH 7.4, and sufficient water to bring 
the total volume to  3.0 ml. 

Following the 2-hr. incubation each sample was 
extracted twice with 6 ml. of ethcr. The ether 
extracts were evaporated to dryness, brought to 0.1 
ml. with ethanol, and 0.025 ml. of the ethanol solu- 
tions were examined by thin-layer chromatography 
(TLC) using fluorescent silica gel (Camag Kieselgel 
DF-5) plates and a solvent system of ethyl acetate- 
ethanol (9O:lO) (system 1 ) .  In this system the 
chlordiazepoxide R f  varied from 0.2-0.4 while the 
R, values of “lactam” were 0.7-0.8. A second sol- 
vent system which proved useful for identifying me- 
tabolite. n - M  was heptane-chloroform-ethanol 
(1: 1: 1) (system 2) .  Under shortwave U.V. light 
compounds on thc plate appeared as dark areas 
against a fluorescent background. The plates 
were then sprayed with 10% sulfuric acid and viewed 
under long-wave 1J .V.  light to detect compounds 
which wcrc fluorescent against a dark background. 

A quantitative determination of the amount of 
chlordiazepoxide metabolized to metabolite D-M 
was obtaincd by using as substrate chlordiazepoxide- 
%-14C (specific activity of 1690 dpm/mcg.) which was 
purified by sublimation as previously descrihccl 
(2). The 14C which was cxtractcd from thc incuba- 
tion media by ether and which iiiigratcd mi TLC In Vitro Studies.--Chlordiazepoxide hydroclilo- as chlordiazepoxide and metabolite D-M was de- ride (100 mcg. in 0.1 nil. of water) was incubated for hr, 370 with slices (450-490 mg,) or liver termined by the liquid scintillation techniques with 
the POPOP-PPO fluors previously described (5) homogcnate (0.3 ml. of a 1:4 homogenate in 1.1576 
and a Nuclear-Chicago Mark I liquid scintillation KCl) prepared from 200-300 Gm. male rats. Also sDectromcter eauiooed with a 133Ba external stand- 
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channel C sample couuts yielded the sample 
content in dpm. 

Fluorometric Determination of Metabolite D-M, 
Chlordiazepoxide, and “Lactam.” -The devclop- 
rnent of the fluorometric determiriation of metabolite 
D-M is given under Results. ‘I‘his assay has been 
incorporated itito a slightly modified Koechlin and 
D’Arcontc (1’1 assay for chlordiazepoxide and 
“lactam” so a:, to yield a fluorometric determination 
of cach compound when all three arc present in a 
single blood sample. All fluorometric deterinina- 
tions were made in a Farrdnd spcctrofluoromcter. 

Reagents 
A 1.0 hf potassium phosphate buffer, pH 7.0-7.2, 

and 0.2 M potassium phosphate buffer, pH 6.7-6.8; 
0.10 N H2SO4 and 7 iV HzSOI, 5 N KaOH and 0.10 
iV NaOH. and 0.15 M dicthariolarnine aqueous 
solution. 

Procedure 
A 2-ml. control blood or plasma (blank) and 2 

control bloods (or plasmas) containing internal 
standards are run with each set of unknowns. Five 
micrograms of chlordiazepoxide in 0.1 ml. of ethanol 
and 5 mcg. of  actam am" in 0.1 ml. of ethanol are 
added to one control blood, while 5 mcg. of tnetab- 
olite D-hl in 0.1 ml. of ethanol is added to thc other; 
rach control cnntaining internal standard is taken 
through the entirc procedure. Specimens of whole 
blood (heparinized or oxalated) and plasma (scp- 
arated imniediatcly after drawiug the blood) must 
he kept frozeu if the assay is not performed within 
24 hr. 

Two milliliters of blood is first diluted with 2.0 
ml. of water and 4.0 ml. of 1.0 M phosphate buffer, 
pH 7.0-7.2, and is then extracted with 15 mi. of 
ether, 4 12-nil. aliquot of the ether phase is ex- 
tracted with 4 ml. of 0.1 N NaOH to remove “lac- 
tam” but not ‘chlordiazepoxidc or mctabolitc D-M 
from the ether. Two 5.0-nil. aliquots (to be used for 
the metabolite D-M and chlordiazepoxidc assays) 
arc then removed from the remaining ether phase. 

Analysis A for “Lactam.”--The 0.1 N NaOH cx- 
tract is washed hy extraction with 5 ml. of ether and 
is then placcd 8 10 in. from a Pyro-Lux R-57 lamp 
(Luxor Lighting Products, Inc., New X-ork, N. Y . )  
and light-exposed for 1 hr. This photochemical rc- 
action may also be accomplished by exposure to 
bright sunlight for 1 hr. The fluorescence is then 
determined a t  380 nip excitation and 460 mp emis- 
sion, 

Analysis B far Metabolite D-M.-One 5-ml. ether 
aliquot is extracted with 3.5 1111. of 7 A’ H2SOI aud 
the ether is rcrnoved by aspiration. After statiding 
for 1 hr. (no light exposure required) the fluorescence 
of the acid extract is determined a t  370 r n ~  excita- 
tion and 4fi0 i i i l ~  emission. 

Analysis C for Ch1ordiazepoxide.-The other 
5-rtil. ether aliquot is extracted with 1.5 nil of 0.1 
N H2S04. T o  the acid extract 0.5 ml. of 0.2 M phos- 
phate buffer, p:K 6.7-6.8, and 1 ml. of 0.15 M di- 
ethanolaminc solution are added and the mixture is 
kept in a boilin;: water bath for 2 hr.2 After cooling, 
0.2 ml. of 5 N NaOH is added, and the sample is 

_- 
2 This hydrolysis of chlordiazepoxide lo “lactam” is a 

modification of the Koechlin and D’ Arconte procedure sug- 
gested by M. lZoth and J. Kieder. IIoffmann LaKoche and 
Co , Basle, Switzt~land. 
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thcn exposed to light for 1 Iir. arid its fluorescence 
determined exactly as dcscribed above for the 
“lactam” determination. 

Calculations 
Analysis A (“Lactam”).-The fluorescence read- 

ing (F) for the “lactam” internal standard (5 mcg.) 
corrected for the blood blank fluorescence ( B )  is 
divided by 5 to yield F-B per microgram of “lac- 
tam.” This specific fluorescence value divided into 
the corrected fluorescence (F-R)  obtained with each 
unknown yields microgram “lactam” per 2 i d  of 
blood and final division by 2 thcn gives the “lac- 
ta.m” concentration in rncg./mI. 

Analysis B (Metabolite D-M).-The metabolite 
I>-M internal st-dndard fluorescence is used to  get 
the spccific fluoresceuce (F-B/mcg.) arid the. ralcu- 
lations proceed as dcscribed above. 

Analysis C (Ch1ordiazepoxide.)-Since both chlor- 
diazcpoxide and metabolite 1)-M yield fluorescencc 
in this part of the mcthod, a correction for metabo- 
lite 1)-M fluorescence must be made before the 
fluoresccncc in an unknown due to chlordiazcpoxide 
cati be determined. The specific fluorescence for 
metabolite D-M in analysis C is determined, This 
value multiplied by the micrograms of metabolite 
D-M lound in cach unknown in analysis B yields the 
fluorescence in analysis C which is due to metabolite 
D-M. Subtraction from the total analysis C fluo- 
rescence (F-B of each unknown) yields the F-B 
value of each unknown which is due only to chlordi- 
azepoxide. The remainder of the calculations arc 
identical to thoseof the above analyses: the F - H  per 
mcg. of chlordiazepoxidc (obtained from the fluo- 
rescence of the chlordiazepoxide interual standard) 
is divided into the F-B of each unknown attributed 
to chlordiazepoxidc to get the chlordiazepoxidc con- 
tent per 2 nil. of blood. 

Comments 

The sensitivity of this assay is 0.2-0.3 mcg. of 
each compound per ml. of blood or plasma. 

The chlordiazepoxide assay is the least accurate 
of thc three becausc it involves the subtraction of onc 
fluorescence from another. An error in the de- 
termination of metabolite D-M will cause an error in 
the chlordiazepoxidc dctcrmination. 

RESULTS 
In  Vitro Metabolism of Chlordiazepaxide.- 

Aerobic incubation of chlordiazepoxide with rat liver 
slices, rat liver homogenatc, and thc 9000 X I: 
supernatant of livcr from a dog pretreated with 
phenobarbitnl a.11 gave essentially the same results 
when the ether extracts were chromatographed in 
system 1 .  A metabolite (metabolite D-M), which 
was not completely separated on the plate from nico- 
tinamide (a  constituent of the incubation medium 
which was also extracted by ether), was seen under 
shortwave U.V. light. The metabolite migrated 
.54-58y0 of the distance chlordiazepoxide migrated 
in this system. When the platcs wcrc sprayed with 
10% sulfuric acid and examined under long-wavi 
U.V. light this metabolite was seen more clearly 
because it fluoresced while nicotinamidc did not. 
The metabolite was not detected in control samples 
incubated without chlorclixzepoxide or in complete 
samples whicli were extracted immediately with 
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ether without prior incubation. Furthermore, when 
chlordiazepoxidc was incubated anaerobically (in 
evacuated Thunberg tubes) with rat liver homogen- 
ate the metabolite was not found, indicating that  
it was formed by an oxidative process. In nonc 
of these in vitro experiments, howcvcr, was any 
conversion of chlordiazepoxide to "lactam" de- 
tected. 

Metabolite D-M was suspected of being N-des- 
methyl chlorcliazepoxide because this compound 
would bc a logical intermediate in the metabolism of 
chlordiazepoxide to  "lactarn" (see introduction for 
formulas). Authcntic 7-chloro-2-amino-5-phenyl- 
3H-1,4-berizodiazepin-4-0xide (A-desinethyl chlor- 
diazepoxide) was therefore spotted on TLC plates 
alongside an aliquot of the ether extract obtaiued 
after iricubatiou of chlordiazepoxide with the 9000 
X g supernatant of dog livcr. N-Desmethyl chlor- 
diazepoxide and metabolite D-M in the extract 
migrated identically in system 1 ( R f  0.25) and also 
in system 2 ( R f  0.53). The authentic N-desmethyl 
chlordiazcpoxidc also fluorcsccd under long-wave 
U.V. light after the plates were sprayed with 1003 
sulfuric acid. It was therefore concluded that  
metabolite D-M was Ndesrnethyl chlordiazepoxide. 

The effcct of phcnobarbital prctrcatment of rats 
oil the metabolism of 1Clabeled chlordiazepoxide 
by thc liver microsome fraction (9000 X 1: super- 
natant)  is shown in Tablc I. The first two flasks 
demonstratcd the validity of the quantitation tech- 
nique in that incubation of ~hlordiazepoxide-Z-'~C 
in the absence of cnzymes rcsultcd in 95 and 94!>:, 
of the 14C being cxtracted by ether and 9S(,;<.;, of the 
cxtracted 14C bcing recovercd on T L C  as intact 
chlordiazepoxide. When labeled chlordiazepoxide 
was incubated with pooled liver supernatant lroni 
control rats (flasks 3 arid 4) 90 and 920/, of the "C 
was ether-extracted but only 74% of the extracted 

was recovered as uninetabolized clilordiazepoxide 
while ZOC,', was found as metabolite D-M. Incuba- 
tion with the pooled liver supernatant from phcno- 
barbital-trratcd rats (flasks 5 and 6)  resulted in a 
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striking increase in chlordiazepoxide metabolism. 
Oiily 78'3 of thc I4C was extracted by ether indicat- 
ing that  significant quantities of polar metabolites 
were now formed. In addition the ether-soluble 
I4C was mostly present in metabolite D-M (77 and 
66",&) while 22 and 23y0 was present as chlordiaze- 
poxide and a significant amount of I4C (5 and 6%) 
was now found at the origin. Calculation of the 
chlordiazzepoxide-dcrived I T  which was actually 
recovercd as metabolite D-M yielded 18% for flask 
3 and 560/;, as an average for flasks 5 and 6;  this 
dcmonstrates that N-demethplatiorl had becn 
stimulated a t  least threefold (the metabolites not 
extracted by ether may also be ,Vderriethylated) by 
pretreatment of the rats with phenobarbital. The 
stimulation of over-all chlordiazcpoxide metabolism 
was similarly estimated to  be approximately four- 
fold. 

Detection of Metabolite D-M in Blood.-The pos- 
sibility that  metabolite D-M was present in blood 
following the administration of chlordiazcpoxide 
was investigated in thrce species. Blood ( 2  ml.) 
drawn from a squirrel monkey 4 hr. after an  oral 
dose of 5 mg./Kg. ol chlordiazepoxide was first 
mixed with equal volumes of water and 0.1 M potas- 
sium phosphate buffer, pH 7.4, and then extracted 
twice with 3 vol. of ether; the combined ether 
extracts were concentrated for TLC. In a similar 
manner ether extracts for T L C  werc prepared from 
rat blood (5 ml.) obtained 3.5 hr. after i.p. doses of 
7.5 mg./Kg. arid 15 rng./Kg. of chlordiazepoxide 
arid from human blood (5 ml.) obtained from a 
woman who had taken an overdose of chlordiazep- 
oxide. T L C  in system 1 of each of the above cotl- 
centrated ether extracts followed by inspection of the 
plates under U.V. light before and after acid treat- 
ment revealed the presence of both chlordiazepoxide 
and inetabolitc D-M. These findings established 
the need for an assay for metabolitc I)-M in blood. 

Development of Metabolite D-M Assay.-Further 
studies revealed that  the Koechlin and D' Arconte 
fluorometric determination of chlordiazepoxide ( 1 )  
did not discriminate between chlordiazepoxide and 
metabolite D-M; 5 mcg. of metabolite D-M added 
to 1 nil. of blood atid analyzed by this method rc- 
sulted in approximately thc Same fliiorescence as 
that  obtaincd from 5 mcg. of chlordiazepoxidc per 
1u1. of blood. This made imperative the develop- 
mcnt of an assay specific lor one or the other of these 
two compounds. Such an assay was developed for 
inctabolitc U-WI using as the starting point the 
observed fluorescence of this compound on thiti- 

whicli had been sprayed with 10% 
The compound was found to fluoresce 

in lof,'& sulfuric acid solutiou and an excitation 
wavelengtli of 370 mp and cmission wavelength of 
460 mp yielded the highest fluorescence reading. 
'l'he fluorescence of 5 mcg./ml. of metabolite 11-M 
increased sharply from 66 units after standing in the 
:wid for 15 min. to 111 units after I Iir. and then 
rose only to 119 units after 2 hr. I t  was further 
found that this was not a photochemical reactiou ; 
the Same fluorescence was obtained whether metab- 
olite D-M in : 0% sulfuric acid was kept for 1 hr. 
iu the dark or in daylight. 1nvestie;ation of the 
eflect of acid concentration on fluorescence revealed 
that  metabolite D-M developed maximum fluo- 
rescence in 7 N HnS04. Accordingly, 7 N HzSO 
was used to obtain data  on the relationship of fluo4 

. 

T A B L E  I.-EFFECT O F  PHENOHARRITAL PRRTREAT- 

IDE-2-l"C B Y  9000 x fi StJPERNATANT OF RAT LIVEK" 
MENT ON I n  Vitvo METABOLISM OF CHLORDIAZEPOX- 

~~~~~~ ~ _ _  ~ 

'T Ex- 
tracted 

by Ether I T  OF Ether Extract 

B hr. Chlor- Met. q l i -  
Source of 9000 X g Incuba- diaz., D-M, gin, 

After ,----in h----. 

Flask Supei-natant tion. 7" 70 W (,% 
1 None, no enzyrne 95 98 1 1 
2 hTone, no cnzymc 94 
3 Control rats 90 74 20 1 
4 Control rats 92 
5 I'henobarh- 

6 I'lienobarb- 
treated rats 7% 23 57 a 
treated rats 78 2% 06 (i 

Labeled chlordiazrpnxide (100 mcg.) was incubated with 
the cofactors described under Methods and Matrra'als and each 
designated enzyme source for 2 hr. at 37". The 9000 X g 
supernatants of liver From four phenubarbital~treated rats 
were pooled as were the supernatants from four control rats. 
The pooled supernatant was run in duplicate as enzyme 
source. Distribution of ether-extracted 14C determined by 
T1.C in system I and counting of the silica gel segments ~ ~ 1 1 -  
thining chloi-diaarpnxide, metabolite U M, and origin. 
Ch!oi diazr-xide and metabolite L)-M were spntted as i n  
ternal standards with each extract. 
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.Fig. 1.-Relationship of fluorescence to  concentration of nietabolite D-M arid chlordiazepoxide in 7 LV 
After standing 1 hr. a t  room temperature, the solutions were read a t  370 mp excitatiou and sulfuric acid. 

4611 mp cmisaion. Key: 0, rrietabolite D-M; X, chlordiazepoxide. 

TABI.E 11. -RECOVERY OF CHLORDIAZEPOXIDE, “LACTAM,” AND METSBOIITE D-M I X  BLO(I1) AND PLASMA 
CONTAINING ALL ‘ r H K E E  COMPOUNUS“ 

~ ~ - 
~ ~~ ~~~~ . ~ - ~ ~ ~ _ _ _ _ _ ~ ~ _ _ _  _ _ ~  ~-~ __~- 

Recovery nf Each Compd. ~ ~ . _  
Chlordiazepoxide-- - -~- “Lactam”---- --- Metabolite L)-M-- ,-- 

Added,  F o u n d ,  covery, Added,  Fo imd ,  covery, Added ,  Found, covery, 

7 

Re- Re- Re- 

0 1 Expt. Sample rncg. mcg. % mcg. mcg. % rncg. rncg. /” 
:L Human plasma 5.0 5 . 4  108 5 . 0  1 . 8  96 5 . 0  5 . 1  102 

Human plasma 3.0 2 . 7  90 2 . 0  2 . 0  100 4 . 0  3 . 5  88 
:1 Llog blood 4 . 0  1 .1  103 6 . 0  6 . 1  102 2 . 0  1 . 9  9 5 

Dog blood 4 . 0  3 . 6  90 2 . 0  2 . 2  110 6 . 0  6 . 2  103 
3 Dog plasma 5 . 0  4 .8  Y6 5 . 0  5 . 4  108 5 . 0  4 . 5  90 

Dog plasma 3 .0  3.1 103 2 . 0  2 . 3  115 4 . 0  3 . 9  98 

-rhc method fo r  metabolite l>.M was incorporated into the Koechlin and Ij’Aiconte assay to yield the combined method 
decct-ihed undei- Mc2hods aitd Maleriais. 

rescence to  mctabolite D-M concentrations. As 
seen from Fig. 11 thc fluorcscencc of metabolite I$-M 
was a linear function of thc concentration from 0 -6 
rnc~./nil .  The  fluoresceiice obtairied from 0.1-1 
mcg./ml. of ch1~:~rdiazeposide under these conditions 
w a s  barely measurable while the fluorescence from 
5 mcg,/iiil. of chlordiazepoxide was about tlic same 
.ds that  obtaincd from 0.1 mcg./mI. of metabolite 
D-M. 

‘rhis metabolite D-M assay was therefore of suf- 
ficient specificity so that  it could bc uscd together 
with the Koechlin and D’Arconte assay to  achieve 
:specific determinations of chlordiazepoxide, “lac- 
tam,” aud mctabolite D-M. This combined assay 
(described under Methods and Muteriuls) was tested 

by determining the  recoveries of each coinpouiid 
added to  the same blood sample. I t  is seen from 
’Table II that good recovery of each cornpound from 
blood and plasma was obtaiiicd in a series of recovery 
cxperiirients in  which the ratio of one compound to  
another in the added mixture was varied. 

Applications of the Combined Assay for Chlordi- 
azepoxide, Metabolite D-M, and “Lactam.”-The 
plasrria levels of each compound following 100 ma. 
of chlordiazcpoxide hydrochloride given intrkr- 
venously to  cach of two subjects arc shown in Fig. 2. 
I n  both suhjects the half-life of plasma chlordi- 
azepoxide was roughly 16 hr. In  subject No. 1 
metabolite D-M appeared before “lactam,” reached 
higher levels, and fell ofl faster; in subject No. 2 



1362 Journal of Pharmaceutical Sciences 

chlordiazeposide were no longer detectable while a 
very slight amount of “lactam” appeared to  be still 
present. 

The limitation of the combined assay was illus- 
trated when 30 mg. of chlordiazepoxide hydrochlo- 
ride was admiuistered intravenously to  a subject. 
The chlordiazepoxide blood levels declined from 2.3 
mcg./ml. 15 min. after the dose to  approximately 
0.4 mcg./ml. a t  48 hr.; metabolite D-M was not seen 
until the eighth hour and from 848 hr. low levels 
a t  the sensitivity threshold of the assay appeared to 
be present; and “lactam” was not detected in any 
of the blood samples. In this subject the blood 
levels of metabolite D-M were too low for accurate 
measurement, and since the determination of blood 
chlordiazepoxide is dependent on an accurate 
assay of metabolite D-M, it  was not possible to get 
an accurate measurement of chlordiazepoxide. 

DISCUSSION 

The in vitro studies demonstrate that rat and dog 
liver are capable of producing metabolite D-M by 
oxidative N-demethylation of chlordiazepoxide. 
This metabolite is also formed in vivo as evidenced 
by its detection in the blood of chlordiazepoxidc- 
treated rats, squirrel monkeys, and humans. In 
previous studies with 14C-chlordiazeposide (2) 
most of the radioactivity excreted as neutral or basic 
urinary metabolites by two humans was identified 
as “lactam.” It is possible that a small but sig- 
nificant amount of metabolite D-M was excreted 
but escaped detection. In the rat the basic mc- 
tabolite fraction of the urine contained a t  least two 
labeled metabolites which were riot identified. 
Studies on the characterization of chlordiazepoxide 
metabolites in rat urine have been reinstituted to 
determine if metabolite D-M is one of these excre- 
tion products. 

Although the structure of metabolite D M makes 
this compound a logical intermediate in the forma- 
tion of “lactam” from chlordiazeposide, only indi- 
rect evidence for this pathway is prescntly available. 
In all human blood level studies to date, including 
those reported above, the appearance of “lactam” 
in the blood of chlordiazcpoxide-treated subjects 
has never preceded the appearance of metabolite 
D-M indicating that this latter compound nmy be 
the immediate precursor of “lactam” in man and 
dog. It must be noted, however, that in oitvo 
experiments with dog liver aimed at demonstrating 
“lactam” formation from either chlordiazepoxide 
or metabolite D-M have been unsuccessful. 

0 2  

I 
0 10 20 30 4 0  5 0  60 7072 0 1  

HOURS 

Fig. 2.-The plasma levels of chlordiazepoxide (O),  
metabolite D-M (O), and “lactam” ( X )  plotted 
logarithmically as a function of time. Each of the 
two subjects received a 1CW-mg. intravenous dose of 
chlordiazepoxide hydrochloride. The broken lines 
denote that the levels have either risen from or dc- 
scended to levels which were below the sensitivity of 
the assay. 

T A B L E  III.-PLASMA CHI,ORDIAZEPOXIDE, METABO- 
LITE D-M, AND “LACTAM” IN A SUBJECT WHO RE- 
CEIVED 10 mg. OF CHLORDIAZEPOXIDE HYDROCHLO- 

RIDE q.i.d. FOR 14 DAYS 
~~ 

Plasma Levels of 
Chlor- Metabolite 

Time,a diazepoxide. D-14, “Lactam,” 
Days mcg./ml. mcg./ml. mcg./ml. 

2 1.69 0.47 Nil 
4 3 . 1 3  

12 1.90 1.27 1.41 
14 3.42 1.17 1.27 
22 Nil Nil (0. 24)b 

Blood was drawn on each day listed immediately before 
the first of the 4 doses was administered. Day 22 values 
represent residual plasma levels after 7 days of no drug. 
* This value is at the limit of sensitivity of the assay. 

both metabolites appeared a t  6 hr., but the metabo- 
lite D-M levels were more than twice the “lactam” 
levels and metabolite D-M again fell off faster. 

Table I11 presents the plasma levels of each corn- 
pound in a subject who received chlordiazepoxide 
hydrochloride chronically. The levels of the metab- 
olites are of particular interest because it is again 
seen that metabolite D-M is detectable in the blood 
before “lactam” and that after drug administration 
was stopped for 1 week both metabolite I>-M and 
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Hydrolytic Behavior of Isoalloxazines 
Related to Riboflavin I1 

Kinetics of Degradation of 9-Methylisoalloxazine in Alkaline Media 

By DEODATT A. WADKE and DAVID E. GUTTMAN 

The kinetics of hydrolysis of 9-methylisoalloxazine under aerobic conditions was 
investigated at hydroxide-ion concentrations both below and above its pKa. The 
nature of the pH profile indicated that a specific base-catalyzed reaction was respon- 
sible for the degradation and that the unionized species was much more susceptible 
to hydrolysis than the ionized form. The hydrolysis in pH 9.0 borate buffer and in 
strongly alkaline medium was investigated rather extensively. Here quantitative 
separation of the reaction intermediates and products was achieved by the use of 
ion-exchange chromatography. Rate studies showed that under strongly basic 
conditions the parent isoalloxazine disappeared faster than the intermediate anil, 
while the reverse was true at pH 9.0. These studies also showed that the rate of 
disappearance of the anil paralleled the rate of appearance of its decomposition 
products. Evidence was obtained to indicate that the degradation of the isoallox- 
azine involved an initial hydroxide-ion attack at the Ca position to yield a carbinol- 
amine which underwent further reaction to yield the a d  or the ureide and then 

the final products. 

~VIOUS COMMUNICATION (1) summarized 
&:ie results of some preliminary studies on 
the hydrolytic degradation of 9-methylisoallox- 
azine. These studies showcd that a t  least three 
different products could be formed from the par- 
ent compound and that these were 1,2-dihyt-iro- 
I-methyl-2-keto-3-ytiinoxaline carboxylic acid, 
1,2,3,4 - tetrahydro - 1 - methyl - 2,3 - dioxo- 
quinoxaline, and 1,2-dihydro-l-inethyl-2-oxo- 
quinoxaline. 'The relative concentrations of 
thc products formrd werc sccn to depend on the 
pH of the reaction medium. It was further 
shown that 5-(G-methylaminophenylimino)bar- 
bituric acid anil was formed from the parent iso- 
alloxazine andl subsequently disappeared from 
thc reaction mixture. Evidence was presented 
to suggest that the anil existed in equilibrium 
with 1,2-dili~~dro-l-~iiethyl-2-oso-quinoxaline-3- 
carboxy ureide, and it was postulated that the 
.tireide could further decompose by at least three 
mechanisms to :yield thrce different products. 

In the present investigation the kinetics of 
various reactions involved in the transforma- 
tions of the isoalloxazinc to products were investi- 
gated. Studies were restricted to  reactions oc- 
curring in solutions which wcre exposcd to air. 
.$naerobic systems which wcre shown to exhibit 
inorc complex behavior ( 1 )  wcrc not investigated. 
'The pH profile Tor the disappearance of the iso- 
alloxazine in the alkaline range of  pTT was de- 

~~ 
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tcrmined and extensive kinetic studies were con- 
ducted on reactions which occurred in strongly 
basic solution and in 1'11 9.0 buffer. These 
quantitative studies showed that in strongly 
alkaline medium 80% of the parent isoalloxazinc 
was transformed into the kcto acid, that the 
anil was formed and disappeared a t  tlie same rate 
as the formation of the keto acid, and that another 
transient intermediate, possibly a carbinolamine, 
was initially formed from the parent isoalloxa- 
zine. The data also revealed that the rate of 
disappearance of the suspected carbinolamine 
closely paralleled that of the anil and suggested 
the possibility that the anil and the suspected 
carbinolamine were in ccpilibrium in solution. 
Studies a t  pH 9.0, where the major product was 
the dioxo compound, showed that tlie rate of 
appearance of this compound paralleled the rate 
of disappearance of the parent compound and 
indicated that the rate-determining stcp in t.he 
formation of tlie dioxo compound was one in- 
volving the loss of  430 nip absorbance oT the iso- 
alloxazine. 

EXPERIMENTAL 
Materials.-9 - Methylisoallosazinc ( I ) ,  5 - (ti- 

rncthylaminoplicny1amino)barbituric acid aid ( 111), 
1,2-dihydro-l-xiiethyl-2-keto-3-quiiioxaliiie carbox- 
ylic acid (V), and 1,2,3,4-tetrahyclro-l-methyl-2.3- 
dioxo-quinoxaline (VI)  were obtained as described 
previously (1, 2 ) .  

.%I1 other materials uscd in  this study were oh- 
tairied from commercial sources. 

Procedure.-iTiizetic .Studzrs.---The csperimerital 
method used was the same as that described previ- 
ously ( 3 ) .  The rate of disappearance of $methyl- 
isoalloxazine was determined by iollowing the de- 
crcasc in absorbance at 430 mp. Thc rates of hy- 
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drolysis were investigated over the pII range 7.9 
to 14.0 and a t  35" =t 0.01'. In  addition, systems 
in pH 9.0 borate buffer and in 0.5 N sodium hy- 
droxide were also studied at 45' i 0.01". 

The degradation of the ariil (111) was investigated 
in pH 9.0 borate buffer and in 0.5 iV sodium hy- 
droxide. This study was conducted a t  4 5 O .  
Samples werc withdrawn at various time intervals 
and complete spectra were determined using a 
Beckman DH spectrophotometer. 

Ion-Exchange Chromatography.-One and one- 
half grams of a strongly basic, anion-exchange 
resin,' 100-200 mesh, was made into a slurry with 
distilled water and packed in a 25-1111. buret using 
a glass wool plug as a support. Prior to  use, the 
column was washed with 100 ml. of 2 M sodium 
chloride followed by distilled water until the wash- 
ings werc free from chloride. Preliminary studies 
with the synthetic mixtures of the isoalloxazine (I), 
the anil (111), and the keto acid ( V )  showed that 
wheu such a mixture a t  about p H  5 was introduced 
on the column and eluted with water, the eluate 
(which will be subsequently referred to as  the 
neutral fraction) contained the isoalloxazine. When 
the solvcnt was changed to 0.01 hf acetic acid, the 
eluate (which will be referred to as the acidic frac- 
tion) contained the a d .  Finally, elution with 2 M 
sodium chloride effected removal of the keto acid. 
These studies also showed that the recovery of the 
three compounds was quantitative within experimen- 
tal limits. 

This tcchnique was utilized to effect quantitative 
separatiou of the residual isoalloxazine, the anil, 
and the keto acid a t  various stagcs of degradation 
of the isoalloxazine. Forty-five-milliliter samplcs 
werc withdrawn from the reaction mixture at dif- 
ferent times and mixed with 1 ml. of glacial acetic 
acid in the case of pH 9.0 samples and with 2 ml. 
in the case of high pH (0.5 Nbasc) samples in a 50-ml. 
volumetric flask and the volume was adjusted to 
the mark with distilled water. The pH of the result- 
ing solution was approximately 5. Forty milli- 
liters of the acidified sample was introduced on the 
ion-exchange column and elution carricd out in 
three stages to obtain tlie neutral fraction, the 
acidic fraction, and the salt fraction. Each frac- 
tion was collected in a 100-ml. volumetric flask. 
After adjusting to volume, the spectrum of each 
was recorded using a Beckman DB spectropho- 
tometcr. 

RESULTS 
pH Profile for the Hydrolysis of 9-Methyliso- 

al1oxazine.-Loss of absorbance a t  430 mp was 
used to indirate the disappearance of the isoallox- 
azinc from solution. When the logarithm of the 
absorbancc a t  430 mp was plotted as a function of 
time, a typical pseudo first-order plot resulted. 
Figure 1 illustrates such a plot for 9-mcthyliso- 
alloxazinc which was hydrolyzcd in 0.5 N sodium 
Iiy~lroxitlc. A s  is swn, sonlv  deviation from liil- 
e;irity brcanir ~rpp:rreii t beyond approximately thrw 
half-lives. Similar bchavior was also observed by 
Song et al. (4) in their study on photochemical 
degradation of flavins. -4s a result, rate constants 
were determined from initial straight line portions 
of the cui-ves. 'I'he restilts o f  tlie stt~1ic.s coiiducted 

1 Marketed as Arnberlile CG-400 by the Rohrn bt Haas 
Co., Philadelphia, Pa. 
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-), arid the dioxo 
compound at  a con- 
centration of 7.3 X 
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over a range of hydroxide-ion concentrations are 
summarized in Fig. 2, where logarithm of the ob- 
served rate constant was plotted as a function of thc 
logarithm of the hydroxide-ion concentration. This 
pH profile shows that the reaction was approxi- 
mately first order with respect to hydrosidc ion a t  
pH values below and above the pKa (9.82), but 
that in thc region of the pKa, the order was chang- 
ing. 

Kinetic Studies on the Hydrolysis of the Anil 
(III).-The kinetics of transformations involving 
tlic anil was also followed spectrophotonletrically , 
Figure 3 shows the spectra of the mil (111), tlie 
keto acid (V), and the dioxo compound (VI).  It 
is seen that the anil posscsses negligible absorbance 
a t  340 mp, whcre both the keto acid and the dioxo 
compound exhibit significarit absorbance. The 
incrcase in absorbance at this wavclcngth mas thus 
nscd to follow thc progress nE the reactitrns. Al- 
though it was s l ~ u w t i  in a previous study (1) that 
the anil probably existed in solution in equilibrium 
with the urridc ( IV) ,  the predominant species, 
under the p1-I cotiditions o€ this study, was  the a d .  
The concentration of the ureide was apparently 
so small that it did not contribute t o  thc absorbance 
at this wavelength. Figure 4 illustrates that, in 0.5 
N sodium hydroxide solution, thc rate of appcarance 
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of the keto aciii-l exhibited a first-order dcpcndrncy 
on a i d  concentration. The rate constant was calcu- 
lated to be 0.18 hr.-I at 45". In a pH 9 system it 
was found that ratc of appearance of the major 
product here, the dioxo compound, was also first 
order with respect to anil and that thc rate constant 
for thc reaction a t  45" was 5.0 X lop2 hr.?. 

Quantitative Ion-Exchange Chromatography.-- 
Figure 5 illust.rates the results of kinetic studies 
which were conducted with 9-Iriethylisoalloxazinc 
in 0.5 M sodium hydroxide. It is seen that there 
occurred in this system a rapid disappearance of 
the parent isoalloxazine, appearance and disappear- 
ance of the anil, and appearance of the keto acid. 
From these data, rate constants were estimated for 
t h e  various processes and are tabulated in Table 1. 
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I t  is pertinent to note that the ratc constant 
characterizing the appearance of the kcto acid is 
approximately the same as that found for the dis- 
appcarancc of thc anil and that these constants 
are close to that obtained when pure anil was uscd 
as the starting material under similar conditions of 
temperature and hydroxide-ion concentration. The 
study also showed that approximately S0'370 of 
the parcnt isoalloxazine was eventually transformed 
to the keto acid. I t  is also apparent from the 
figure that the relatively rapid disappearance of 
9-rnethylisoalloxazine from solution was not ac- 
companied by as rapid an appearance of the m i l .  
This was rather surprising in view of the evidence 
that the anil is an intermediate in the transformation 
of the parent compound to products. It was also 
interesting to observe that, in the initial stages of 
the reaction, the final product, the keto acid, was 
found in concentrations which were approximately 
the same as those formed for the a id .  This be- 
havior strongly suggested that anothcr reactive 
intermediate was formed and that it was in equi- 
librium with the a id .  The existence of such a 
species in the reaction mixture was also indicated 
by spectral examination of the neutral fractions 
obtained in the chromatographic procedure. The 
spectrum of such a fraction is shown in Fig. 6. 
It appears to be that of a mixture. The spectrum 
of 9-niethyliscialloxazine alone is also shown for 
comparative purposes. I t  was assumed, based on 
the first-order decay of absorbance a t  430 m p ,  
that absorbance at this wavelength was due solely 
to 9-niethylisoalloxazine and its concentration in 
the fraction was calculated. Absorbance values a t  
othcr wavelengths, resulting from this concentra- 
tion, were then determined using appropriate molar 
absorptivities. Whcn these values were subtracted 
from those obtained for the fraction, a difference 
spectrum was generated which is also shown in 
Fig. 6. The difference spectrum has a maximum 
a t  350 mp and is apparently due to a transient 
intermediate. Ilifference spectra were obtaincd 
for a number of fractions representing different 
reaction times and the logarithm of the absorbance 
at 350 m p  of the difference spectrum was plotted as 
a function of time. Figure 7 represents this plot 
and shows that this unknown intermediate initially 
formed rather rapidly arid as time progressed dis- 
appeared from the mrdium at a rate which was 
slower than the rate of formation. The rate COII- 
tent for the disappearance was estimated from thr 
latcr linear portion of the curve to be 0.22 lir.-l 
and is tabulated with other rate constants in Table I. 
This value is reasonably close to that obtained for 
the disappearance of anil and further supports 
the possibility of the existence of a rapidly achievctl 
cquilibrium between the unknown intermediate and 
the anil. The absolute concentration of the un- 
known compound a t  auy timc cannot be determined. 
However, if it was in equilibrium with the  a i d  and 
if the cquilibriuni was established fairly rapidly 
then, a t  any time [unknown] = K,,,[anil], where 
K,,,. = equilibrium constant and tlir hrackets 
rc-prescnt concentrations. From the knowledge. 
uf the absorbance a t  350 inp due to the unknown 
compound ant1 the concentration of the anil a t  tli? 
s;~tne time, onc caii calculate a term equivaleiit to 
the product of the molar absorptivity of thc un- 
known at 350 uip and the equilibrium constant. 

-14 1 
30t 

Fig. 4-A 
plot illustrating 
the first-order 
dependency of 
keto acid forrna- 
tion on the con- 
centration of 
the anil coin- 
pound in 0.5 A' 
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ide and 45' f 
0.01". A ,  rep- 
resents the max- 
imum absorb- 
ance achieved 
at  340 nip, while 
-4 represents 
thc absorbance 
observed at  this 
wavelrngth a t  
tirnc t .  

Fig. 5,-A 
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tration zle~su.7 
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keto acid as ob- 
served in the 
reaction mix- 
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dqraded in 0.5 N sodium hydruxide aid at  45". 
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Disappcaruiicc of thc suspccted C : I F  

grading solii. o f  isoalloxazinc 0 .  19 

:dloxaziii ti 0 .  1; 
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Fig. 6.-Spec- 
trumof theaque- 
ous fraction iso- 
lated from the 
reaction mixture 

$00 

in 0.5 N sodium 
hydroxide (- . - - -) and that of the pure isoallox- 
azine (---). The dottcd line represents the 
difference spectrum (see text). 

Table I1 shows thc values of this parameter calcu- 
lated from data obtained at different times. The 
concentrations of the anil used in these calculations 
were obtaincd from the smooth curve represented 
in Fig. 5 .  It can be Seen that the values agree 
fairly well among themselves and further support 
thc hypothesis concerning the equilibrium. It is 
rather surprising that this supporting evidence was 
obtained since tlie analytical method employcd 
docs physically scparatr the two compounds which 
are thought to be in equilibrium, i.e., the anil was 
held on the column while the unknown com- 
pound was passed through. Apparently, the for- 
ward and the reverse rates for the equilibrium are 
quitc slow at the pH of the acid-quenched samples 
as compared to the ratc of passage of solutions 
through the column. 

Solutions of 9-rnethyliso.dlloxazinc which were 
maintained a t  a pH of 9 did not contain measurable 
concentrations of thc anil or the keto acid. Con- 
sequently, quantitative studies here were restricted 
to the determination, as a function of reaction time, 
of the concentrations of residual isoalloxazine and 
dioxo compounds. Both compounds appeared in 
the neutral fraction of the chromatographic elution 
scheme. Figure 8 shows the spectrum of such a 
fraction. Since the dioxo compound does not 
absorb in the visible region of the spectrum, a 
simultaneous spectrophotometric analysis of the 
two component mixture was readily made. Figure 
9 shows the time course for the disappearance of 
isoalloxazine atid appearance of the dioxo com- 
pound. It was dctcrmined that 70% of the parent 
compound was eventually converted to dioxo com- 
pound. The data shown in Fig. 9 were used to 
estimate rate constants for the processes and these 
are tabulated in Table 111. The rate constant de- 
scribing the disappearance of the isoalloxazine is 
sufficiently close to that found for the appearance 
of dioxo compound to suggcst that the rate-de- 
termining step in the formation of the product from 
thc parent compound was that involving the ion 
of the 430 nip bond of tlie isoalloxazine. Inter- 
mediates such as the anil, the ureide, or the un- 
known spccics refcrrcd to earlier wcrc apparcntly 
present in steady-state concentrations which were 
too low to detect. It is apparent from the data 
of Table 111 that the anil, under thesc conditions, 
degraded more rapidly than the parent isoallox- 
azine. This is in agreement with results obtained 
in the earlier study (1) where the anil could not be 
detected in degrading solutioris of S-methylisoallox- 
azinc maintained at a pH of 9. 

DISCUSSION 

As is seen in Fig. 2, the pH profile for 9-methyl- 
isoalloxazine exhibits curvature over the pH rangc 

Fig. 7.-A 
'e curve showing 

the appearance 
and subsequcnt 
disappearance of 
the suspected 
carbi 11 ol a m  in  e 
intermediate. 

_ I 1  
0 1 2 3  

HOURS 

TABLE II.-VALUES OF THE PRODUC r OF THE MOLAR 
ABSORPTIVITY OF TIIE SUSPECTED CARRINOLAMINE 
AND THE EQUILIBRIUM COSSTANT, AS CALCULATED 
FROM THE DATA CUKRESPONDINC TO DIFFERENT 

 TIMES^ 
~ . - ~  -~ _ _  

Kes. X mulai- 
Absorptivity X 10-6 Time, hr. 

2.25 0.93  
2.50 0.91 
2.75 0.81 
3.00 0.81 
3.25 0.82 
3.50 0.80 
3.75 0.84 
4.00 0.82 
4.25 0.82 

a See text. 

Fig. 8.--Spec- 
trum of a neu- 
tral fraction 
obtained by 
ion - exchange 

-. chromatography 
of a reaction 
mixture which 
was partially 
degraded in pH 

WAVELCNGTFI mp 9.0 borate buffer 
a t  45". 

\ I  

bracketing the pKa of the compound (9.82). 
'This was not unexpected and indicated that both 
ionised and unionized species underwent a basc- 
catalyzed reaction, but a t  different rates. Thus,  
thc apparent rate constant €or the reaction cat1 be 
defined in terms of ionization of tlic compouiicl as: 

kapp,(It) IZr(OH-) (I-) + ka(OH-) ( IH) (Eq. 1) 

where 

k,,,. = the observed pseudo first-order ratc 

I t  = the total concentration of the isoallos- 

I H  = the stoichiometric concentration of the 

I- = the stoichiometric concetitration of the 

kl 

constant, 

azirie, 

unionized isoalloxazinc, 

ionized isoalloxazine, 
= the second-order rate constant for tlic 

disappearance of the ionized form, 
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kp = the second-order rate constant for the 
disappearance of the unionized form. 

Equation 1 ran  be rearranged in thc inanncr 
suggested by- Schwartz et al. ( 6 )  to show: 

k.App.,'OH- = ki + (kz - ~ ~ ) J I H  (Eq. 2 )  

where, f~n = the fraction unionized of the isoallox- 
azine. Equation 2 predicts a linear relationship 
between k , , , . /OH-  arid JIH. Such a plot for the 
sy;teni investigated is shown in Fig. 10. The. ex- 
cellent linearity observed over a wide range of hy- 
droxide-ion concentrations supports the underlying 
hypothesis. The values of kl  and k2 can be calcu- 
lated from the slope and the intercept of such a 
plot, These values as determined by the method 
of least squares mcre found to be 4.45 L. mole.-' 
hr.-1 for kl  arid 5.01 X 102 L. mole-' hr.-l for ke. 
As would be expected from electrostatic considera- 
tions the rate constant characterizing the reaction 
of the negatiwly charged species is considerably 
smaller than that of the neutral species. 

.10~ 

$ 3 0 ~  

1 2 0 -  

'P 

c 
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The reaction shown in Scheme I was presented 
and discussed earlier (1). It was siiggested at that 
time that a carbirivlaminc intermediate could be 
initially formed frotn the isoalloxazine. I t  is indeed 
possible that the compound detected in the neutral 
fraction during the course of this study was this 
carbinolamine intermediate. It would result from 
the attack of hydroxide-ion a t  the CLY position of the 
isoalloxazine. 'Thus loss of absorbance a t  430 
mp can be explained on this basis since such an 
attack would destroy the conjugated system -Nlo = 
Cg - C, = NI-, which is responsible for absorp- 
tion of radiation in the visible region of the spectrum. 
The carbinolamine would be expcctrd to possess a 
pKa similar to the parent compound and to appear, 
therefore, in the neutral fraction of the ion-exchange 
separation. In addition, the charge-density calculn- 
tions for isoalloxaziries reported by Pulltnan arid 
Pullman ( 6 )  suggest that C, is a good center for 
nucleophilic attack. Tetrahedral carbinolamine 
intermediates have been postulated by others in, 
for example, the hydrolysis of Schiff bases (7) and 
irninolactones (8). The work of Cunningham and 
Schmir (8) on thc hydrolysis of iminolactones is of 
special interest here, According to their reasonings, 
a carbinolamine of the postulated structure (11) 
could undergo rupture of C,--Ng bond to yield 
the anil or breaking of C,-Nl bond to yicld thc 
ureide. It is conceivable then that both the anil 
and the urcidc cxistcd in equilibrium with thr 
carbinolamine and the suspected ureide-anil equi- 
librium, reported carlicr (11, occurred through thc 
carbinolamine compound. 

Results have been presented to show that thc 
major products of alkaline hydrolysis of 9-methyl- 
isoalloxazine, in the presence of air, were the keto 
acid (V) and the dioxo compound (VI).  I n  the 
earlicr study (1) the presence of a third product- 
namely, 1,2 - dihydro - 1 - methyl - 2 - oxoquinox- 
aline (VII)-was reported. This compound could 

Fig. 10.--A plot 
showing the rela- 
tionship expressed 
by Eq. 2 for 9 

/ 

o / 'o  
/ rnethylisoallowazine 

Fig. 9:-A con- 
centration us. time 
plot for the dis- 
appearance of 
9 - niethylisoallox- 
azine and the ap- 
pearance of the 
dioxo compound in 
a pH 9 borate 
buffer a t  45". 

TABLE 111.-RATE CONSTANTS POR APPEARANCE 
AND L~ISAPPEARANCE OF VARIOUS COMPOUNDS IN pH 

9.0 BORATE BUFFER AT 45' zk 0.01" 
-~ -~~ 

~~~~ ~ ____ ~ ~~~~ 

Rale 
Constant, 

R e act i on lir.-' X 102 
Disappearance of isoalloxazinc 1 .6  

Irom isoalloxszine 1.8 
Disappearancc of the a d  5.0 

Appearance of the dioxo compd. 

Over-all Reaction Mechanism for the Degradation of 
9-Methylisoalloxazine. 

Scheme I 
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be detected only under anaerobic conditions a t  pH 
9 where the competing reactions leading to thc 
forniation of the dioxo compouud and the ketn 
acid were suppressed. Quantitative studies of the 
kinetics of the anaerobic hydrolysis are prcsently 
being conducted and will be reported a t  a later time. 
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Proteinaceous Antitumor Substances from Plants TI 
Mirabilis multzporu 

By AYHAN ULUBELEN* and JACK R. COLE 

Preliminary screening of the aqueous extract of Mirabilis mxltzyora (Nyctaginaceae) 
has shown antitumor activity against Sarcoma 180 in mice. The isolation, purifica- 
tion, and partial characterization of proteinaceous material is reported. This 
material has shown activity against Lewis lung carcinoma, Walker carcinosarcoma 

2 56 (intramuscular), and lymphosarcoma. 

s A RESULT of a routine screen of southwestern A plants for potcntial antitumor activity, the 
aqueous extract of Mirabilis rnulfi$oral (Nycta- 
ginaceae) Britton arid Rusby demonstrated 
activity toward the Sarcoma 180 test system in 
mice.2 This screening program was carried out 
by the Cancer Chemotherapy National Service 
Center (CCNSC) , Bethesda, Md. Further 
fractionation has resulted in activity in the Lewis 
lung carcinoma, Walker carcinosarcoma 266 
(intramuscular), lymphosarcoma, and Sarcoma 
180 test systems. 

The plant is an herbaceous perennial with a 
large tuberous root. The above-ground portion 
of the plant dies during freezing weather or ex- 
tended drought and regrowth occurs from sub- 
terraneous parts of the plant. 

Part of the collection used in this study was 
obtained on rocky slopes about 5 miles south of 
St. David, A r k ,  at an elevation of about 3,7011 
ft. ,  May 31, 1962. Another part of the collection 
was obtained at the Boyce Thompson South- 
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western Arboretum near Superior, Ariz., on July 
1, 1964. It was in cultivation in a sandy I o n i n  
soil within a grow of eucalyptus. 

EXPERIMENTAL 

Fresh roots of M. mvu1tifloi.a (3.5 Kg.) were ex-  
tracted with approximately 15 L. of petroleum ether 
followed by 15 L. of water a t  room temperature. 
The water solution was then washed with benzene 
and chloroform and lyophilizcd in R Repp Industries 
model 15 sublirnator. The yield was 320 Grn. 
One-hundred grams of this crude material was dis- 
solved in 1000 nil, of water a t  room temperature. 
The insoluble part was separated by centrifuge 
and discarded (32 Gm. ). The reniaining aqueous 
portion was extracted with 5 X 200 ml. of ether to 
remove the rerriairiing fa t ty  rriatrrials. The aque- 
ous solution was increased in voluiiic thrccfold by 
the addition of 957, ethanol. A light-colored pre- 
cipitate formed and was separated by centrifuge. 
I t  was dissolved in water and lyophilized. Twcnty- 
one grams of the material was obtained. This 
crude material showed an activity against the 
Sarcoma 180 lest systcrn of the CCNSC. The 
requirement for activity in this system is two suc- 
cessive dose response tcsts showing a reduction of 
at least 56% in tumor s i ~ e .  The crude material 
showed a decrease in tumor size of 84'j.;) at a dose 
of 22 mg./Kg. Thc clemcntary analysis of this 
material showed 13.4% itiorganic material which 
consists mostly of magnesium and phospliate ions 
and also the prescnce of sulfur and nitrogen. 
Upon hydrolysis of the material a number of amino 
acids were obtained. Two grams of the crude 
material was dissolved in water and dialyzed against 
distilled water, using a dialyzing tube of in. 
diameter (Arthur H. Thomas Co., No. 4465-A2, 
Philadelphia, Pa.). Bfter a period of 7 days, the 
precipitate in the dialysis tube was separated from 
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be detected only under anaerobic conditions a t  pH 
9 where the competing reactions leading to thc 
forniation of the dioxo compouud and the ketn 
acid were suppressed. Quantitative studies of the 
kinetics of the anaerobic hydrolysis are prcsently 
being conducted and will be reported a t  a later time. 
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and discarded (32 Gm. ). The reniaining aqueous 
portion was extracted with 5 X 200 ml. of ether to 
remove the rerriairiing fa t ty  rriatrrials. The aque- 
ous solution was increased in voluiiic thrccfold by 
the addition of 957, ethanol. A light-colored pre- 
cipitate formed and was separated by centrifuge. 
I t  was dissolved in water and lyophilized. Twcnty- 
one grams of the material was obtained. This 
crude material showed an activity against the 
Sarcoma 180 lest systcrn of the CCNSC. The 
requirement for activity in this system is two suc- 
cessive dose response tcsts showing a reduction of 
at least 56% in tumor s i ~ e .  The crude material 
showed a decrease in tumor size of 84'j.;) at a dose 
of 22 mg./Kg. Thc clemcntary analysis of this 
material showed 13.4% itiorganic material which 
consists mostly of magnesium and phospliate ions 
and also the prescnce of sulfur and nitrogen. 
Upon hydrolysis of the material a number of amino 
acids were obtained. Two grams of the crude 
material was dissolved in water and dialyzed against 
distilled water, using a dialyzing tube of in. 
diameter (Arthur H. Thomas Co., No. 4465-A2, 
Philadelphia, Pa.). Bfter a period of 7 days, the 
precipitate in the dialysis tube was separated from 
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TABLE [.-I% V'hO TUMOR INIIIBITIoN" 
- -~ 

I)o,e, m g  ; ~ g .  ?$> 7 ' ; ~ "  

Lewis lung carcinoma 12 38 
€'-1798 Lympliosarcoma 12 22 

12 22 
8 5 3 
.4 , 3 72 
:< , 5 53 

40 . . .  
27 . . .  
18 . . .  
12 33 
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the papers were developed by two different pro- 
cedures. Bromophenol blue indicated the presence 
of two proteins. One apprarcd a t  the point of 
application and the other had a mobility of 6.6 X 
lov7 cm.2/sec. v. (Fig. 1).  The second development 
procedure used was periodic acid and Schiff reagent 
which indicated a alycoprotrin at the application 
point. Thc closed aldehydc groups i i i  the poly- 
saccharide coiijugatc arc osidizcd by periodic acid, 
then fuchsin sulfitc stains the polysaccharidcs. 
Other substances such as glucose, glycogen, and the 
amino acids, serine and threonine, can bc stained 
with fuchsin sulfite, hut they are removed in the 
prerinse. 

The abovc would indicate that compound A is 
a combination of a glycoprotcin and protein. The 
two protcins were separated by a Sephadex G-200 
column using a series of phosphate buffer systems 
pH 8.6, ionic strength 0.075. The compound was 
then hydrolyzed with 6 ilr hydrochloric acid in a 
sealed and evacuated glass tube a t  105". The re- 
sulting solution was applicd on Whatman No. 1 
paper using the same solvent system reported in a 
previous paper (1). Figure 2 shows the presence 
of 22 amino acids and perhaps some polypeptidc 
rcsiducs. 

Snrcnma 180 10 8 
10 11 
4.4 44 
3 9 03 

Walk(.r cr~rci i i~)s :~rc~~ii i~ 45 39 
250 (iiitrar inwular) 1% 58 

x 79 
5.3 73 
3 . 5 69 

"Protocols for Screening Chemical 4gents axid Natural 
Products Against Animal Tumors and Other Biological 
Systems," Cancer Chemotherapy National Service Center, 
Cancer Ciiroma!ograghy Rrpt. ,  No. 26, December 1962. 

The criteria for  activity is defined as being a per cent 
T/C (tcst/rontrol) value of less than  42 in a satisfactory 
dose resptinse tc,jt. 

TABLE I1 ---TUMOR INIIIBITION or SEPFIADEX- 
'rREATI3D FRACTIONS 

~~~ 

~ - ~~ - 

Sephade\ now, mg /Kg '(> T C 
G . 5 0  10 13 
c-100 10 29 
G-200a 10 15 
G-"OOb 10 20 

____~_.__ - ~ _ _  

the solutioii. 'I'hc solution was then lyophilized, 
with a yield of 957.7 nig. (47.8%) which contained 
only 2.15~; inorganic compounds. The lyophilized 
material (compound A ) was subjected to screening- 
a!:ainst several test systems. The results are in- 
dicated in Table I. 

A series of column chromatographic purifications 
were attempted. They included colun~n substrates 
of' DEAE Sephadex A-50, CM Sephadcx (2-50; 
G-50, G-100, and G-200 Sephadex. The first two 
substrates were ineffective, whereas the lattcr 
tliree were successful. A series of fractions wcrc 
collcctcd and the presence of protein was indicated 
h y  means of absorption at  280 mp in an ultraviolet 
sI.rectrophototrietcr. One protcin fraction was 
obtained from the C-50 and G-100 Sephadex columns 
and two dineretit protein fractions were obtained 
from thc G-200 Sephadex column. After sub- 
sequent dia1y:iis and lyophilization, the materials 
obtained were submittcd to tcsts on Sarcoma 
180. The results are tabulated in Table 1 1 .  Com- 
parison of Tables I and I1 shows that essentially 
no increase in activity was obtained by purification 
techniques. 

Phvsical a n d  Chemical Characteristics of Com- 
pound A. --Paper electrophoresis of compound A 
was run utilizing a barbital buffer of pH 8.6, 0 05 
ionic strength in a Spinco model instrument, and 
aftcr 18 hr of electrophoresis using a 5-ma. current, 

S.P. crn. 

Fig. 1 .--Absorbance relationship of the proteins. 
One unit of integration = 0.1 cm.2. Key: SP, 
starting point. 

0 0  

o o  
O D  

00 

Fig. 2.-Papcr chromatography of hydrolyzed 
compound A .  Key: SP, starting point; 1, phenol- 
water (3: 1); 2, butanol-formic acid-water (7: 1:3). 

4000 3000 2000 1500 crn.-1 1000 900 800 700 

Fig. 3.--Tnfrared spectrum of compound A .  
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TABLE 111.-PRELIMINARY AMINO ACID ANALYSIS OF 
Mirabilis PROTEIN" 

~ ~ _ _ _  
Lysine 5.74% 
Histidiuc 1.09 
Arginine 4.32 
dspartic acid 12.49 
Threonine 6.44 
Senne 4.95  
Glutamic acid 8.00 
Proliiie 3.45 
Glycine 6.10 
Alanine 8.95 
IIalf-cystine 6.54 
Valine 5.24 
Methionine 0.89 
Tsoleucine 6.91 
1,eucine 4.89 
Tyrosine 6.54 
Phenylalanine 4.62 

- 
I' Based on three deLerrninationr of the dried sample. 

.Joumnl of Phnrmnceuticnl Sciences 

rcsponse to an appropriate stimulus which has a 
tumor or inflanitnation. Patterson et al. (6) sug- 
gcst the iiicrcasc in glycoprotcin is a function of 
bacterial contaniiriatioii. Other groups of workers 
(3, 7, 8) reportcd that this increase is due to a 
liberation of products or the metabolic activity of 
rapidly reproducing cells. Catchpolc (9) has found 
a high concentration of glycoprotein in the neighbor- 
ing tissucs of a malignant tumor. Thcrcfore, 
this could be the depolyrnerization of the ground 
substance of this adjacent connective tissue with 
subsequent release into the circulation. Engel 
( lo) ,  Gilmore and Schwarz (11) are iu accord with 
this theory. The carbohydratc portion of these 
serum glycoproteins has been shown to coritaiii 
niannosc, galactme, glucosamine, fucosc, and 
sialic acid (12, 13). Macbetti et al. (14-lS), in a 
private communication (19), indicatcd that the 
liver is the most active agent in the synthesis of these 
glycoproteins. By using isotopic techniques they 
also have shown that the tumor system is capable 
of synthesizing and subsequently liberating glyco- 
protcins into the blood stream. This work was done 
on intact and hepatectomized rats. 

The authors believe that further investigation 
shoulcl be carried on to determine whether the i t i -  
troduction of a certain type of a plant glycoprotein 
into tumor-implanted animals may result in an 
inhibition of the synthesis and a reduction of the 
serum glycoprotein followed by a reduction in ovcr- 
all tumor size. In addition to the two plants nien- 
tioned above, thcre are three other plants under in- 
vestigation in our laboratories which appear to 
have glycoproteins as tlie active antitumor agents. 
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One-hundred milligrams of compound A was 
hydrolyzcd with 3 N hydrochloric acid in a boiling 
water bath for 24 hr. in order to determine the 
sugars. Using Whatman No. 1 paper and the solvent 
system n-butanol-pyridine-water (6:4:3) and com- 
paring with standard sugar samples the following 
were detected: galactose, mannose, gatactosaminc, 
and fucose. The latter two were present in very 
srnall amouuts. Two additional solvent systcms 
were employed to verify the presence of the above 
sugars. They were ( a )  ethyl acetateacetic acid- 
ethanol-benzene-water (325:93 :236:200: 146) and 
( b )  n-butanol-acetic acid-water (4: 1 :2). 

Ultraviolet absorption of compound A showed 
maxima a t  280, 243, and 210 mg. Infrared curve 
shows characteristic peaks a t  3350, 3160, 3030, 
2900, 1600, and 1535 cm.-l. (See Fig. 3.) Nitro- 
gcn determination of compound A using micro- 
kjeldahl method yiclded 14.06c1, nitrogen. Results 
of a preliminary amino acid analysis utilizing a 
Beckman model 120R instrument are shown in 
Table 111. 

DISCUSSION 

In the work being carried out in this laboratory, 
glycoproteins liave been found on several occasions 
to be antitumor agents. 

A review of the literature has shcwn a number of 
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Rheological Evaluation of Lipophilic 
Suspending Agents I 

Dimethyl Dialkyl Ammonium Hectorite 

By CHARLES T. LESSHAFFT, JR. 

A modified Brookfield viscometer was used to evaluate dispersions containing vari- 
ous concentrations of dimethyl dialkyl ammonium hectorite (DDAH) and ethanol 
in light mineral oil. The optimum amount of ethanol needed to disperse the DDAH 
in the oil was found to be an amount equal to the weight of the DDAH. A new 
method of determining the static yield value was used as one of the rheological 
parameters in the evaluation. The static yield value (Y8) in dynes/cm.2 was found 
to be related to the percentage concentration (C) of the DDAH as follows: log 
Y, = mC + log b in which the constants m and b equal 1 and 2, respectively, for dis- 
persions containing an ethanol content equal to the DDAH; and equal to 0.6 and 3.5, 
respectively, for dispersions containing an ethanol content twice that of the DDAH. 
A 1.25 per cent DDAH-1.25 per cent ethanol dispersion was evaluated for its ability 
to suspend several drugs. It was postulated from the sedimentation data that the 
small amount of supernatant liquid which occurred in these suspensions was due to 

syneresis. 

HE EVALUATION of hydrophilic suspending 
Tagcnts as :stabilizers for aqueous suspensions 
has been the subject of numerous investigations. 
However, there are no such lipophilic suspending 
agents in use for preparing pharmacctitical oil 
suspensions with the exception of aluminum 
monostearate. Aluminum monostearate is used 
to gel the oil in the preparation ol oily suspensions 
of procaine penicillin G, not for the purpose of 
stabilizing the suspension (even though it does 
this), but for the purpose of prolonging the 
absorption of t.he penicillin. 

Oily mediums still serve a need as vehicles for 
dermatological drugs as attested 1.0 by the number 
of U.S.P. XVII (1) and N.F. XI1 (2) ointments 
that use the petrolatums as the base. Rheo- 
logically, petrolatum has a high yield value a t  
room temperature. The yield value becomes 
greater as solid substances are incorporated. 
This makes the resulting ointment difficult to 
'spread and the excessive pressure needed for its 
application may be painful. It would seem that a 
'Liquid vehicle, such as mineral oil, might serve 
the same purpose as an ointment prepared with 
petrolaturn and be easier to apply. 

Mineral oil is a viscous liquid but is not a good 
suspending medium because of its Newtonian 
character. A ,good suspending medium should 
have a yield \-:due, yet it shoiilrl be capable of 
being poured from a bottle (3-6). The evalua- 
tion of a substance that would alter the flow prop- 
erties of mineral oil to produce such an effect is of 
interest here. Previous reports indicate that 
-~ 
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dimethyl dialkyl ammonium hectorite' (DDAH) 
might be a likely candidate to produce this eflect. 
For example, it  has been used to prepare oint- 
ments with heavy niineral oil (7) and with hexa- 
mcthyltctracosane (8). Viscous dispersions of 
DDAH in volatile organic solvmts have been 
tested as granulators and binders in the produc- 
tion of tablets (9). 

DDA4H is a finely divided light cream-colored 
powder. IJnlike hectorite, which is highly hydro- 
philic, this organic derivative of hectorite is 
hydrophobic and organophilic. As a result, it  
produces gels with organic liquids. The mecha- 
nism of the gelling process has been investigated 
by Jordan and co-workers (10 12). Although 
they worked with organic derivatives of ben- 
tonite, their results and interpretations can be 
applied to DDAH because both bentonite and 
hectorite have the same iiiontmorillonite lattice 
structure (13). In the gelling process it is neces- 
sary for the solvating liquid to first penetrate 
between the sniall primary particles and effect 
a separation o f  them belore solvation can occur. 
The liquid must possess some degree of polarity 
which is needed to overcome the attractive forces 
that hold these particles together and allow its 
penetration. Liquids consisting primarily of 
hydrocarbons, such as mineral oil, do not possess 
sufficient polarity to acconlplish this. The use 
of polar additives arid mechanical shear can be 
used to overcome these forces and allow the 
penetration of the oil. The low molecular weight 
alcohols, such as methanol and ethanol, are 
recommended as polar additives for this purpose. 

1 Made by the National Lead Co. under the name of 
The alkyl groups are a mixture of Cia and CIS Bentone 38. 

in a ratio of approximately 70 to 30, respectively. 

1371 
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TABLE  DIMENSIONS OF CYLINDRICAL SPINDLES 
- 

Spindle Radius Effective 
NO.  (Rb) ,  cm. TIt., cm. Ht. (h) ,=  cm. 

Journal of Phcirrnaceulicnl Sciences 

a n .  for the Brookfield LVT model. The equation 
for calculating the shearing stress for this instrument 
is thcti 

1 0.942 6.510 7.493 
2 0.513 6.395 6.121 
3 0.294 4.288 4.846 
4 0.159 3.101 3 ,396 

- __--  
a The effective height is the actual heiRhL plus the correc- 

tion for the end effect. 

It is also suggested that the alcohols contain 
570 water (14). 

The amount of ethanol recommended as a polar 
additive for organic derivatives of montmorillon- 
ite clays is about 4.5% based on the weight of the 
clay derivative (14). It is likely that the amount 
of ethanol would vary, depending on the par- 
ticular derivative and the polarity of the vehicle. 
The purpose of this investigation was to  deter- 
mine the optiiiium concentration of DDAH and 
ethanol and the most efficient procedure for the 
preparation of an oily suspending medium. Khe- 
ological evaluations of the dispersions were used 
t o  select the combination of DDAH and ethanol 
in  light mineral oil that could be used as a sus- 
pending medium. Various rheological param- 
eters were used in the evaluation for the purpose 
of correlating concentrations with a rheological 
parameter. 

EXPERIMENTAL 

Instrumentation.-A Brookfield viscometer (LX-T 
model)2 was modified so that it would function as 
an absolute rhcomcter. The No. 2 and No. 3 
disk shaped spindles were replaced with cylindrical 
spindles. The dimcnsions of the spindlcs are 
given in Table I. The guard that is supplied with 
the viscometer was removed to prevent the guard 
from interfering with shearing and also to  facilitate 
the use of a cup having a smaller diameter and 
volume than the cup recommended for use with 
the guard attached to the instrument. These 
modifications were siniilar to those of Wood el nl. 
(15) with the exception of the cup. The cup used 
in this investigation was a 100-ml. graduated cyl- 
inder having a diameter of 2 6 cm. and cut a t  the 
7‘0-ml. mark to reduce its height. 

The shearing stress ( F )  was calculated utilizing 
the following equation 

in which M is the torque, Rib is the radius of the 
spindle, and h is the effective height of the spindle 
(16). The effective height of the spindle is the ac- 
tual height plus a correction factor for the end effect 
of the spindle. The torque is obtained by multiply- 
ing the dial reading of the instrument by 6.737. 
Each unit division of the dial is equal to 6.737 clynes- 

* Brookfield Engineering Corp., Stoughton, Mass 

6.7‘370 F = -  
2 ?r Rib2 h (Eq. 2)  

iu which D is the dial reading. 

of the spindle by the following equation 
The rate of shear (G) was calculated at the  dl 

in which w is the angular velocity, K, is the radius 
of the cup, and Rb is the radius of the spindle (16). 

Rheograms could now be prepared by plot.ting 
rate of shear in sec.-l oersus shearing stress in 
dynes/cm.2. These flow curves would visually 
describe the flow character and relative viscousness 
of the liquid. However, a niathematical description 
of the curve would be more useful. 

Plastic Viscosity and Bingham Yield Value.- 
The rheogram of a Newtonian liquid is a straight 
linc which passes through the origin. The re- 
ciprocal of the slope of this line is the coefficient 
of viscosity in poises. Theoretically, the rheogram 
for a plastic liquid is a straight line which does 
not pass through the origin hut intcrccpts thc 
shearing stress axis a t  zero rate of shear. The 
reciprocal of this line is the plastic viscosity in 
poises and the intercept is known as the Bingham 
yield value in dynes/cm.2. Both parameters, 
the plastic viscosity and the Bingham yield value, 
are needed to describe a plastic liquid. In an actual 
experimental determination the rheogram of a 
plastic liquid will not be a straight line throughout 
the whole range of shear rates but will curve toward 
the origin at the lower rates of shear. This 
curve is due to an instrumental characteristic. 
Thc low angular velocity of the spindle is not great 
enough to cause the liquid to flow throughout the 
annular space betwcen the walls of the spindle and 
cup. The straight line portion of the curve can be 
projected to the shearing stress axis for the dc- 
termination of a Bingharn yield value, the recip- 
rocal of the straight line being the plastic viscosity. 
In this study thcsc parameters wcre calculated 
from the straight line connecting the two highest 
shear rates of the rheogram. 

Power Law Equations.-Two power law equations 
have been used to describe the flow- curve for non- 
Ncwtonian liquids. Equation 4 has been used by 
a number of investigators (17-19). 

FN = ?‘G (Eq. 4) 

Written i n  logarithmic form the equation is 

log G = hi log F - log 9‘ (Eq. 5) 

Equation 6 has also been frcquently used (20-23). 

F = ClIN (Eq. 6)  

The logarithmic expression for this equation i s  

log F = 1,” log G + log K (Eq. 7’) 

While both cquations have shearing stress (P) and 
rate of shear (G) in cotmiion, Eq. 4 utilizes the slope 
( N )  of the curve and Eq. 6 uses the reciprocal of 
the slope (I/”), The slope or its reciprocal in- 
dicates deviation from Newtonian bchavior. The 
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shpe and the reciprocal of the slope arc equal to 
one for Newtonian liquids; N > 1 and l /N  < 1 
for pseudoplastic (shear thitiuin~) liquids; ilr < 1 
arid 1/N > 1 for dilatant (shear thickening) liquids. 
The 9' in Eq. 4 is the reciprocal of the intercept on 
the rate of shear axis, while the K in Eq. 6 is the 
intercept on the shearing stress axis a t  a rate of 
shear of 1 sec.-]. Therefore, K is the apparent 
viscosity in poises a t  a shear rate of 1 set.-'. 'rhe 
relationship br-twecu K arid 9' is given in Ey. 8. 

log K = 1/N log 7' (Eq. 8 )  

Static Yield Value.-Newtonian liquids flow whcn 
acted on by any force, however small. Some liquids, 
other than iYe\vtonian, do not flow until the applied 
shearing stress exceeds a certain minimum value. 
This minimumi stress necessary to initiate flow is 
the yield value of the liquid. The present methods 
of detrrmining yield value either measure the stress 
a t  a very low rate of shear or project a stress at 
zero rate of shear. These mcthods are referred to 
as dynamic since the yield value is determined as 
a result of shearing. 

A mcthod of dctcrmining static yield value was 
reported by Levy (23). The advantage of his 
method is that a different and previously undis- 
turbed region 'vf the liquid is continuously sheared 
as the Helipath spindle dcsccnds into the liquid. 
The method has the disadvantage in that the in- 
strumental design does not permit the yield value 
to be expressed in terms of dynes/m.*. I t  is also 
questioned mh'ether the method is static since the 
spindle was rol:ited a t  6 r.p.m. 

I t  was noticed in the preliminary rheological 
evaluations of the dispersions inade in this study 
th;it the pointer of the Brookfield viscometer did 
not move imniediately after the instrument was 
tumed on, wen though the dial moved at  the desig- 
nated r.p.in. '1:he pointer started to move only 
after some stress valuc was reachcd as indicated 
by the dial reading. This conditiou did not occur 
when known Newtonian liquids wcrc tested. It 
was dctcrtnined that the spindle did riot move un- 
til the pointer moved, whieh meant that the liquid 
w a s  not being sheared. It was reasoned that the 
liquid prevent'ed the spindle from moving until 
the strain on the torsion spring of the instrument 
overcame the yield value of the liquid. It was also 
determined thalt the yield value taken at zero rate 
of shear was in(dependent of the spindle size uscd. 

I t  ~ v i t s  know11 prior to  this investigation that a 
yield value could be determined directly with a 
Brookfield visconieter using cylindrical spindles 
(24). If the liquid has a yield value the pointcr 
wiil iiot drift to zero wlien the motor of the instm- 
nient is stopped. Instead, the pointer will drift 
and come to rest at SOIIIC position on the dial before 
reaching zero. The stress equivalent to thc dial 
rcading would be the yield value. This yield value, 
however, would depend on the shear history of the 
sample even though thc yicld value was determined 
a t  zero rate of :;hear. 

Methodology.-The method used in this study 
for taking the static yield value consistcd of a rc- 
peatcd on-off ttchnique of operating the instrument. 
The visconieter was turned on at  a speed of 0.3 
r.p.m. and then off almost immediately. The 
pointer would remain stationary after the instru- 
ment was turned off until the yield value was 

1373 

exceeded, then it would drift toward zero, stopping 
at some distance from zero. The last stationary 
rending taken before the pointer started to drift 
toward zero was taken as the static yield value. 

It ivas necessary to control the shear history of 
the samples since the dispersions were tirne-depend- 
ent; that is, at a constant rate of shear the shearing 
stress decreased with time. All of the rheological 
evaluations were made 2 days after the preparation 
of the dispersion uiilcss otherwise spccificd. The 
sample ~vas transferred to the cup. The cup was 
ininiersed in a water bath and held in place by a 
clamp. The temperature of the bath was regulated 
at  25' f 0.1' by a constant-temperature circulator.3 
After the spindle was immersed in the sample, a 
period of 30 min. was allowed to elapse before taking 
the static yield value. Immediately after taking 
the static yield value, the sample was sheared for 
exactly 10 min. a t  each r.p.m. of the instrument 
starting a t  the highest r.p.m. The stress was re- 
corded a t  the cnd of each 10-min. shearing period. 
Preliminary investigations of the methodology and 
instrumentation of the rheological evaluation in- 
dicated that results could be satisfactorily dupli- 
cated. 

Preparation of the Dispersions.-The dispersions 
of DDAH were prcpared in quantities o€ 900 Gin. 
Thc percentages used to express the concentration 
of the ingredients are by weight. Light mineral 
oil h-.F. which had a specific gravity of 0.8379 and 
a viscosity of 25 cps. was used as the vehicle. 
Alcohol U.S.P. which is referred to in this paper as 
ethanol was used as the polar additive. 

Various orders of mixing were invcstigated to 
dcterininc thc most efficient procedure for dispersing 
DDAH in light mineral oil. Dispersions containing 
1% DDAH and 0.5% ethanol were prepared by 
each of the following methods. 

Method .4.--Add the ethanol to a suspension of 
DDAH in the oil while mixing with the Dispersator.4 

Mctlzod B.--Add the ethanol to the DDAH con- 
tained in a beaker and lightly mix with a stirring 
rod. ildd this damp powder to  the oil while mixing 
with the L)ispcrsa.tor. 

Af'etlzod C.--=ldd the ethanol to thc UUAH con- 
tained in a beaker and lightly mix with a stirring 
rod. Add 100 ml. of the oil to the damp powder. 
Transfer this thick slurry to  the remaining oil and 
mix with the Dispersator. 

Method D.--.Mix the ethanol intimately with the 
DDAH in a mortar. Incorporate 100 ml. of the 
oil with this mass. Transfer this mixture to the 
remaining oil and mix with the Dispersator. 

The mechnnica1 mixing was uniform for all of the 
above rrietliods. The high viscosity head of the Dis- 
persator was used for 5 miti. with a Powerstat 
setting of 45 which was equivalent to approxiniately 
4600 r.p.m. The use of this head was necessary 
in order to  disperse the large clumps of DDAH 
resulting from the preliminary niixing in methods 
C and D. The Simplex head was then used to 
shear the dispersion for 10 min. a t  a full Powerstat 
setting 120 which was equivalent to approximately 
13,000 r.p.m. The sample prepared by method B 
ivas sheared for an additional 10 min. with the 

3 Bronwill's Coustant Temperature Circulator, Bronwill 

1 Seiies 2000 Standard Premier Dispersator, I/? HP, single 
Made by Premier Mill Corp., 

Scientific, Rochester, N. Y .  

phase, universal type motot. 
Temple, Pa. 
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TABLE II.-RHEOLOGICAL PARAMETERS OF DISPER- 
SIONS PREPARED BY VARIOUS METHODS" 

. ~ _ _ _ _ _  

Joihrncd of Phnrrnnceuticc1.l Sciences 

for the greater degree of gellation in the sample 
preparcd by method C as compared to method B .  

The least contact or DDAH with ethanol occurred 
in method A in which the ethanol was added to  
the mixture of DDAH and the oil. The sample 
prepared by this method also exhibited tlie least 
gellation. 

These results seem to substantiate the inecli- 
anism of the gelling process proposed by Jordan and 
co-workers (10-12) in which the polar additive 
must first effect a separation of the primary particlcs 
in order lor the oil to penetrate and solvate these 
particlcs. The preliminary investigation of these 
methods of preparing the dispersions indicated 
that rrproducibility could be obtained within an 
acceptable range of zt.1070. 

There was no change in any of the five samples 
of the lyo DDAH dispersion prepared with 2($< 
ethanol during 8 days of storage, regardless of 
whether the entrapped air was removed immediately 
after preparation or 4 days after preparation. I t  
was thought that a longer storage period before the 
air was removed might affect the viscosity of the 
dispersion. I t  was possible that some ethanol 
would be removcd in the process of removing thc 
air. ,4 longer storage period before evacuation 
would mean that tlie ethanol would be in contact 
with the DD,.ZH for a longer period of time. Sincc 
there were no rheological dinerences between these 
samples, it  would secm to indicatc that the small 
amount ol ethanol lost during the evacuation of 
the air was too minimal to affect their rheological 
properties. It is possible that the attraction of 
I1I)AH for the ethanol minimized or prevented its 
removal during the evacuation process. 

Rheological Evaluations.-The results of tlie 
rheological evaluations of the 1 yo DDAH dispersions 
prepared with various concentrations of ethanol are 
recorded in Table 111. All parameters indicate 
that the dispersion prepared with 1% ethanol was 
the most viscous. The sample prepared without 
ethanol does not appear in the tablc since it had a 
Newtonian viscosity of 2; cps. which was practically 
the same as the light mineral oil. Table IV lists 
the results of the rlieological evaluations of the dis- 
persions containing various conccntrations of DDAII 
with ethanol concentrations equal t o  that of the 
DDAH and with ethanol concentrations twice 
that of thc DDAH. 

Figures 1 and 2 illustrate thc flow curves of the 
dispersions containing various coriceiitratir~ns of 
DDAII with ethanol concentrations equal to that 
of the DDAH and with ethanol concentrations 

Static Ringham 
Yield Yield Plastic 

Method Value Value Viscosity K 1 / N  
A None 0.77 0.36 0.57 0.89 
B 0.3 3 . 1  0.39 1 . 5  0.67 
c 5 .  6 . 2  0.79 4 . 9  0.47 
D 3 .  12. 1.18 10. 0.39 

" Spindle No. 2 uwd to collect data. 

Simplex head at the full Powerstat setting. No 
change in the rheological properties of the sample 
was detected. No attempt was made to find the 
minimum time or shearing rate necessary to prepare 
an equivalent sample. Since method D produced 
the most viscous sample, this method was used 
throughout the rest of this investigation. 

In order to remove the air entrapped by the mix- 
ing, the dispersions were subjected to reduced pres- 
sure for 1 hr. a t  approxitnately 35 mm. of mercury 
immediately aftcr their preparation. I t  was rea- 
soned that some ethanol would be removed in the 
process or removing the air and it was of interest to  
determine what effect this alcohol would have on 
the dispersion if allowed to remain for a longer 
period of time before cvacuating. h 1% DDAH 
dispersion was prepared using 27' ethanol. Half 
of this dispersion was subjected to reduced pressure 
immediately after preparation and a rheological 
evaluation was made 2, 6, and 8 days after prepara- 
tion. The other half was subjected to reduced pres- 
sure 4 days after preparation and a rheological 
evaluation made 6 and 8 days after preparation. 

Various concentrations of ethanol were used to  
prepare 1% dispcrsions of DDAH. The concentra- 
tions of ethanol used were 0.25, 0.5, 0.75, 1, 2, and 
377. A sample was also prepared without ethanol. 

Dispersions of various concentrations of DDAH 
were then prcpared with ethanol concentrations 
equal to that of the DDAH and with ethanol 
concentrations twice that of the DDAH. 

RESULTS 

Methods of Preparation.-The results of the 
rhenlogical evaluation of the dispersions which were 
prepared by the various methods and which con- 
tained 1% DDAH and 0.59; ethanol are recorded 
in Table 11. All of the rheological parameters in- 
dicate that maximum gcllation occurrcd in the 
sample prepared by method 11. 

Although the various methods of preparing the 
dispersions appear to  be similar, it should be 
eniphasized that the principal difference is in the 
manner ol incorporating the ethanol. In  method 
II the ethanol was intimately mixed with the DDAH 
resulting in a mass that was visibly wet and of a 
pilular consistency while in methods B and C the 
mixture was a flowablc powder. 

In method B the DDAH-ethanol powder was 
added to all of the oil, while in method C the powder 
was initially mixed with only a portion of the oil. 
The greater concentration of ethanol in this pre- 
liminary mix of method C is probably the reason 

Tdblc III.-RHEOLOGICAL PARAMETERS OF DIS- 
PERSIONS~ PREPARED WITH VARIOUS CONCENTRA- 

TIONS OF ETHANOL~ 

Static Bingham 
70 Yield Yield Plastic 

Ethanol Value Value Viscosity K 1," 
0.25 2 .  7 .2  1.05 A.8 0.45 . ~. ~ 

0.50 3 .  12. 1.18 10. 0.39 
0.75 10. 29. 1.84 21. 0.37 
1.00 21. 38. 2 .10 29. 0.31 
2.00 15. 32. 1.84 26 0.30 
3.00 9.  23. 1.71 21. 0.28 

a One per cent DDAH. Spindle No. 2 used to collect 
data. 



VoL 55, No. 12, December 1966 1375 

TABLE IV.-RHEOLOGICAL PARAMETERS OF DISPERSIONS PREPARED WITH L'ARIOUS CONCENTRATIONS O F  
DIXETHYL DIALKYL AMMONIUM HECTORITE AND ETHANOL~ 

- - 

Static Bingham Plastic 
Yield Value Viscosity K 1 / N  

1.00 1.00 21. 31. 3.77 25. 0.43 
1.00 2.00 15. 30. 2.87 22. 0.42 
1.25 1.25 30. 66. 4.83 46. 0.42 
1.25 2.50 21. 52. 3.77 41. 0.33 
1.50 1.50 61. 84. 10.4 ($9 . 0 .42 
1.50 3.00 27. 58. 4.83 49. 0.32 
1.75 1.75 120. 134.b 18. G b  102. 0.49 
1.75 3.50 38.  60. 6.04 59. 0.28 
2.00 4.00 64. 116. 8.46 101. 0.28 

% DDAH % Ethanol Yield Value 

(' Spindle No. 3 used to  collect data. Projected value. 

100 zoo 
SHEAR STRESS, dynes/cm.z 

Fig. 1.- Klieograms of dispersions prepared with 
various concentrations of DDAH using an ethanol 
concentration equal to t h a t  of the DDAH. 

I 

100 200 

SHEAR STRESS, dynes/cm.z 

Fig. 2.--Kheograms of dispersions prepared with 
various curlcentrations of DDAH using an ethanol 
concentration twice that of the I>l)rZH. 

twice that of  tlic UIIAH, respectively. The upper 
portion of the flow curve for the 1.75% DDAEI 
tlispersion in Fig. 1 could not bc determitied be- 
cause the stress exceeded the upper limits of the 
instrument for l.he No. 3 spindle at this high r.p.m. 
Even though 31 reading could not be made, the 
spindle was allowed to revolve a t  the designated 
velocity (60 r.p m.) for the specified time (10 min.) 
so that the shear history would be the same as the 
other samples. The upper portion of this curve 
could be projected on a log-log plot of shear rate 
wersus stress ( F W  Fig. 3) to  obtain a projected 

10 100 

SHEAR STRESS, dynes/cm.z 

Fig. Y.-Log-log rheograms of dispersions prc- 
pared with various concentrations of DDAH using 
an ethanol concentration equal to  that of the 
DDAH. 

I 2 3 4 

ETHANOL CONTENT, o / o  

Fig. 4 -Plot of static yicld value "JS the 
ethannl contcnt nrcscnt in diqnrrsinn\ rnntaininz 

stress a t  the rate o f  slicat cyuivalciit to 00 r,li.iii ,  

For this reasoil the plastic viscosity aud Birigham 
yield value giveu in Table I V  for this sample are 
recorded as projected values. 

A 2% DDAH dispersioii using 2% ethanol was 
not prepared since i t  would have been too viscous 
to evaluate with the No. 3 spindle. Because of the 
timc-dependency of these systems a comparison 
could not be made betlveeri data collected from 
two different spindles. 

A log-log plot of shear rate versus stress for the 
DDAH dispersions prepared with ethaiiol conceii- 
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in the percentage concentration of ethanol from 
Ez to E l ;  C is the percentage concentration of 
DDRH. 

The log of the static yield value of the dispersions 
containing various concentrations of DDAH with 
ethanol concentrations equal to that of the DDAI-I 
and with ethanol concentrations twice that of the 
DDAH were plotted against the percentage con- 
centrations of DDAH. These results, as illustrated 
in Fig. 5, are represented by the following equation 

log Y* = nzC + log b 0%. 10) 

in which Y, is the static yield value, m is the slope, 
6 is the intercept on the y axis, and C is the con- 
centration of DDAH. For the dispersions con- 
taining an ethanol concentration equal to the 
DDAH concentration, m = 1 and b = 2. For the 
dispersions containing an ethanol concentration 
twicc that of the 1>1>SH concentration, ru = 0.6 
and b = 3.5. 

The results obtained from tlic plots in Figs. 4 and 
5 indicate the validity of the static yield value 
as a rheological parameter. Although plots of 
the other rhcological parameters wcrc similar to 
those in Figs. 4 and 5, they were not so symmetrical 
and equations were not derived from them. These 
results also indicate that the ethanol concentration 
is an important factor in the formulation of a 
UDBH dispersion and that the optimum amount 
01 ethanol needed to disperse DDAH in light mineral 
oil is an amount equivalent to the weight of the 
DDAH. 

The dispersion having the highest static yield 
value would likely be the most effective in suspending 
insoluble material. However, it would also be 
impractical as a suspending medium because it 
would be too viscous to be pourable. Of thc dis- 
persions containing an ethanol concentration equiva- 
lent to the DDAH concentration, the ly0 and 1.25% 
dispcrsions could bc easily poured from a 2-oz. 
narrow-mouth bottle having an orifice of 14 mm. 

Sedimentation Study.-The effectiveness of the  

Gu  10 
I 

DDAH, lo 

Fig. 5.-Plot of the log static yields value DS. 
the DDAH concentration. Key: 0, dispersions 
containing an ethanol concentration equal to  that 
of the DDAH; 0, dispersions containing an ethanol 
concentration twicc that of the DDAH. 

tratiotrs equal to the DDAH is presented in Fig. 3. 
These log-log rheogranis are representative of the 
others encountered in this study and arc presented 
here for the purpose of showing the apparent effect 
of the static yield valuc upon them. A straight 
line relationship was found to exist between log 
rate of shear and log stress a t  the liigher shear 
rates but not for the vcry lowest ones. I t  is inter- 
esting to note that the break in the straight line 
always occurred near a stress corresponding to 
the static yield for that particular dispersion. 
Prom this observation i t  is assumed that the 
straight line relationship between log shear rate 
and log stress does not exist throughout the whole 
shear rate range due to interference of the yield 
value of the dispersion at  the low shear rates. 

Effect of DDAH and Ethanol Concentrations on 
the Static Yield Value.-The static yield value of 
the dispersions containing 1% DDAH and various 
concentrations of ethanol were plotted against the 
ethanol concentrations. The results of this plot are 
presented in the lower portion ol Fig. 4. The static 
yield value increases with an increase in ethanol 
Concentration until a concentration of 15% ethanol 
is reached. As the concentration of cthaiiol is 
further iiicrcased a decrease in the static yield 
value occurs. From these results i t  is evident that 
the optimum ethanol concentration for a ly0 
DDAH dispersion is 170 ethanol which is cqual to 
the conccntration of the DDAH. 

The static yield value of the dispersions containing 
various concentrations of UDAH with cthanol con- 
centrations equal to that of the DDrZH and with 
ethanol concentrations twice that of the DDAH 
are also illustrated in Fig. 4. As can be seen in this 
figure, the slopes ol the lines become greater as 
the DDAH concentration increases. These slopes 
reprcsent a decrease in static yield value as the 
ethanol conccntration increases. The slope of each 
line was determined and the log of the slopes 
plotted against the DDAH concentrations. 'I'his 
seinilog plot produced a straight line represented by 
the followill# equatioii : 

log A ''' .- 1.204 L' + log 0.375 (Ilq. Y )  

The Ak'e/E2 - El in Eq, 9 is the slope of the 
lines in Fig. 4 having a ncgativc value; AY, is the 
decrcasc in static yield value due to an increase 

EI  - El 

TABLE \~.--SEDIMEN1.ATION RATIO XVITH TIME OF 
\TARIOUS DRUGS SUSPENDED IN L I G H T  MINERAL OIL 

~ -~ 

Calcium Zinc Ppt. Boric 
min. Carbonate Oxidc Sulfrir Acid 

0 2.00 1.00 1.00 1.00 
5 0.96 0.95 0.98 0.35 

10 0.94 0.93 0.98 0.27 
15 0.92 0.86 0.90 0.23 
20 0.90 0.80 0.87 0 . 2 3  
25 0.88 0.76 0.80 0 . 2 9  
30 0.86 0.71 0.74 0.2% 
35 0.86 0.70 0.M) 0.32 

45 0.83 0.63 0.40 0.21 
50 0 . 8 2  0.61 O . %  0.21 
55 0.81 (J.59 0.24  0.21 
60 0.81) 0.57 0.24 0.21 
75 0.78 0.55 0.23 0.21 

I05 0.76 0.60 (1.23 0.21 
135 0.74  0 . 4 7  0 . 2 3  (1.21 
180 0.73 0.45 0.23 0.21 
240 0.71 0.42 0.28 0.21 
300 0.71 0.41 0 . 2 3  0.21 
360 0.71 0.41 0.23 0.21 
420 0.71 0.41 0.23 0.21 

40 0.84 0.6; 0.50 0.22 
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TABLE \TI:-SE:DIMENTATION RATIO WITH TIME OF lJARIVUS D R U G S  SUSPENDED I N  LIGHT MINERAL OIL 
CONTAINING 1.25% DDAH AND 1.25y0 ETHANOL 

.___ ~. ... - .. ~~___. 

Pptd. Sulfur Zinc Oxide Days Control Calcium Carbonate Boric Acid 
0 1 .OO 1.00 1.00 1 .o0 1.00 
1 1.00 1 .OO 1 .oo i . n n  1.00 
2 1.00 1 .OO 1 .OO I .no 1.00 
3 1 .oo I .on 1 .on 1.00 1 . 00" 
G 

1 3 
21 
24 

1.00 
1.  0 0 a  
1.00a 
I .  00= 

1 .no 1 .oo 1 00 0 992 
1 .00" 1 . 00" 1 00'8 0.984 
1 .ow 1 . 0 o a  0.992 0.969 
1 .o0= 1 . o w  n ,992 0.962 

30 1 . 0 0 a  1 .0!P 1 .00" 0 ,984 0.954 
84 1 .00" 1. one 1.005 0.977 0.931 

~~ 

" A film of hght mineral oil, too small to measure, was observed on the suriace. 

1,25y0 r>I)AH-l.25~/, ethanol dispersion as a sus- 
pending medium was determined by comparing the 
sedimentation rate of various drugs suspended in 
this medium mith the scdimentation rate of drugs 
suspended in light mineral oil. The drugs uscd 
were boric acid, precipitated calcium carbonate, 
precipitatcd sulfur, and zinc oxide in 
concentrations. All were of U.S.P. qu 
suspensions were prepared in a mortar 
ferred to  60-iitl. glass-stoppered cylinders having 
au internal diameter of 22 mni. A samplc of the 
DDAII dispersion was also transferred to a cylinder 
and observed along with the suspensions. Thc 
height of the settled phase ( H s )  was dctermined at 
various intervals of time and coriipared with thc 
height of lhe origirial suspension (ITo). The sedi- 
mentation ratio (Hs/Ho) at the various time iuter- 
vals are given in Table V for the light mineral 
oil suspensions and 'I'ahlc V I  for the suspensions 
prcxpared with the DDAH dispersion. 
.!I film of liglit iniueral oil, too small to measure, 

was obscrvcd on  the surface of the DDAH suspcn- 
sions of calcium carbonate, boric acid, and sulfur 
on the 13th day of aging. A t  the same time a 
similar film was noticed on the surface of the DDAII 
dispersion which served as the control. It is 
likely that  this separation of oil in the DDAH dis- 
persion W:IS due to syneresis. This phenomenon 
can also hc observed in bentonite rriagina ou stand- 
ing. The fact that  this separation occurred in the 
suspensions of calcium carbonate, boric acid, and 
sulfur at thc same time as the control seems to  
indicate that  syneresis also occurrcd in these sus- 
pensions. 

The supernatant liquids of the DDAH suspen- 
sions of zinc oxide and sulfur could be measured 
after the 6th and 21st day, respectively. The super- 
natant liquids were perfectly clear throughout the 
12 week aging pcriod and were obviously light 
mineral oil. For practical purposes these drugs 
were considered as settling. However, syneresis 
caririot he igiirlred in these suspensions for i t  is 
po:;sihlc that iiiteractitrn hctwcen the DI 
tide.; mid tlie tlnig:s could ncciir to iiic 
cd€wt .  

A comparison of tlir seclhiienhtiuii rates ol boric 
acid and zinc oxide lends support t o  the theory that  
zinc oxide increased the syneresis of the DDAH 
dispersion. Boric acid settled at a much g r a t e r  
rate t h : ~ r i  ziiic oxide in lig-hi miIierd oil. Yct whcii 
suspended i i i  the DUAH dispersion zinc oxide 
had a greater apparent rate of scdinicntation thau 

boric acid. A similar comparison can he made 
with boric acid and sulfur. Boric acid settled 
faster than sulfur in light mineral oil. Howcvcr, 
the apparent sedimentatiou rate of sulfur was 
greater than boric acid in the DDAH suspenditig 
medium. From these observations i t  appears that  
the development of the supernatant liquid in the 
DDAH suspensions was due, not t o  the settling of 
the drugs as normally envisioncd, i.e., the insoluble 
particle falling in the suspending medium due t o  
gravity, but  rather tlic squeezing-out of the light 
mineral oil as the DDAII gel shrinks. 

SUMMARY 

The ability of dimethyl dialkyl ammonium hec- 
torite (DDAH) to  alter the flow properties of light 
mineral oil was evaluated for the purpose of pre- 
paring an oily suspcnding medium. 

Dispersions of various concentrations of D DAH 
and ethanol in light mincral oil were prepared and 
rheologically evaluated by the use of a modified 
Brookfield viscometer. Thc optimum amount o l  
ethanol needed to  disperse DDA4H in the oil was 
found to  be an amount of ethanol equal to the weight 
of D DAH . 

h new method of determining static yield value 
was found to  be reliablc. The static yield value 
(Y,) in dynes/cm.2 was found to  be related to  the 
concentration (C) of IIDAH as follows: 

log Y, = m C  + log b 
in which the constants nz and b equal 1 aiid 2, re- 
spectively, for dispersions containing an ethanol 
content equal to the DDAH; aiid equal t o  0.6 
and 3.5, respectively, for thc dispersions containing 
an cthanol content twice that  of thc DDAH. 
h dispersion containing 1.25<% DDAH aiid 1.25% 

ethanol in light mineral oil was used t o  prcparc 
suspensions with scveral drugs. I t  was postulated 
that  the formation of the small amount of super- 
natant liquid which occurred in these suspensions 
was due to syneresis rathcr than sedimentation of 
thc insoluble particles. 
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Phytochemical Investigation of A~ctostapbylos 
columbiiana Piper and A rctostdpbylos patala 

Greene (Eyicaceae) 
By GEORGE H. CONSTANTINE, JR., PHILIP CATALFOMO, KIRTI SHETH, 

and LEO A. SCIUCHETTI 

Improved methods of extraction and new techniques of isolation and identification 
of 11 components from the title plants were conducted. A solvent mixture of di- 
verse polarity extracted four polycyclic compounds, a hydrocarbon, two flavonoids, 
and four phenols. Another phenolic, assumed to be widespread in the family, could 
not be shown to be present. Antibacterial and antifungal activity was found in the 

extracts obtained from both plants. 

THNCJBOTANICAL and early medical literature E have often cited the usefulness of various 
fl rctostafihylos species for a variety of medicinal 
uses. Members of the genus have been used by 
the Pacific Northwest Indians. These include 
their uses as healing poultices and as a curative 
for severe colds (l), as an eyewash and styptic 
(2), as a food (3-5), and as smoking tobacco (6). 
In fact, Reagan (7) reported drunken and erratic 
behavior of Indians who smoked the leaves of 
A .  uoa-ursi and stat.ed that it was smoked as a 
medicine and in religious ceremonies. 

The most widely known member of the genus, 
A .  zumztrsi, reportedly was used by the early 
Greeks and Romans (8). Griffith (9), however, 
stated that DeIIaen in the 18th century be given 
credit for its use as a remedy in kidney and 
bladder diseases. A .  uoa-ursi was official in the 
first U.S.P. in 1820, remained in the N.F. until 
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1946, and still is found in a few propriebary uri- 
nary tract remedies. 

Previous phytochemical examination of the 
genus has been mainly restricted to A.  uva-ursi. 
Arbutiti was isolated in 1892 (10). Roscnthaler 
(11) isolated methylarbutin in 1927 and Britton 
and Haslam (12) have very recently identified 
three galloyl esters of arbutin. Two flavonoid 
compounds, isoquercitrin (13) and hyperin (14). 
have also been isolated. Herinann (14) report- 
edly found “A. uva-ursi tannin” to  consist of gal- 
lic acid, ellagic acid, and glucose, whereas Britton 
and Haslain (12) have reported the tannin to 
consist of penta- to hexa-o-galloyl p-o-glucose 
derivatives. Ibrahim (15) recently identified 
o-pyrocatechuic acid in A .  zizln-ursi as well as in 
other members of the family. The triterpenoid 
ursolic acid was first isolated from A.  ziva-ursi 
(10). The corresponding alcohol, uvaol, was 
also isolated from this plant (16). 

Members oF the genus have riot been thor- 
oughly investigated for biological activity. A. 
mu-ursi extracts were found to inhibit Ehrlich 
ascites tumor growth (17). Antibacterial ac- 
tivity has also been exhibited against B. sub- 
tilis, E .  coli, and S. aureus (18). A. patulu 
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Phytochemical Investigation of A~ctostapbylos 
columbiiana Piper and A rctostdpbylos patala 

Greene (Eyicaceae) 
By GEORGE H. CONSTANTINE, JR., PHILIP CATALFOMO, KIRTI SHETH, 

and LEO A. SCIUCHETTI 

Improved methods of extraction and new techniques of isolation and identification 
of 11 components from the title plants were conducted. A solvent mixture of di- 
verse polarity extracted four polycyclic compounds, a hydrocarbon, two flavonoids, 
and four phenols. Another phenolic, assumed to be widespread in the family, could 
not be shown to be present. Antibacterial and antifungal activity was found in the 

extracts obtained from both plants. 

THNCJBOTANICAL and early medical literature E have often cited the usefulness of various 
fl rctostafihylos species for a variety of medicinal 
uses. Members of the genus have been used by 
the Pacific Northwest Indians. These include 
their uses as healing poultices and as a curative 
for severe colds (l), as an eyewash and styptic 
(2), as a food (3-5), and as smoking tobacco (6). 
In fact, Reagan (7) reported drunken and erratic 
behavior of Indians who smoked the leaves of 
A .  uoa-ursi and stat.ed that it was smoked as a 
medicine and in religious ceremonies. 

The most widely known member of the genus, 
A .  zumztrsi, reportedly was used by the early 
Greeks and Romans (8). Griffith (9), however, 
stated that DeIIaen in the 18th century be given 
credit for its use as a remedy in kidney and 
bladder diseases. A .  uoa-ursi was official in the 
first U.S.P. in 1820, remained in the N.F. until 
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1946, and still is found in a few propriebary uri- 
nary tract remedies. 

Previous phytochemical examination of the 
genus has been mainly restricted to A.  uva-ursi. 
Arbutiti was isolated in 1892 (10). Roscnthaler 
(11) isolated methylarbutin in 1927 and Britton 
and Haslam (12) have very recently identified 
three galloyl esters of arbutin. Two flavonoid 
compounds, isoquercitrin (13) and hyperin (14). 
have also been isolated. Herinann (14) report- 
edly found “A. uva-ursi tannin” to  consist of gal- 
lic acid, ellagic acid, and glucose, whereas Britton 
and Haslain (12) have reported the tannin to 
consist of penta- to hexa-o-galloyl p-o-glucose 
derivatives. Ibrahim (15) recently identified 
o-pyrocatechuic acid in A .  zizln-ursi as well as in 
other members of the family. The triterpenoid 
ursolic acid was first isolated from A.  ziva-ursi 
(10). The corresponding alcohol, uvaol, was 
also isolated from this plant (16). 

Members oF the genus have riot been thor- 
oughly investigated for biological activity. A. 
mu-ursi extracts were found to inhibit Ehrlich 
ascites tumor growth (17). Antibacterial ac- 
tivity has also been exhibited against B. sub- 
tilis, E .  coli, and S. aureus (18). A. patulu 
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extracts were reported to  inhibit cultures of Isolation of Ursolic Acid.-Fraction IV gave a pos- 
Mycobacterium tuberculosis (19). itive Liebermann-Burchard test (red to immediatc 

purple) and anisaldehyde test (red). Thin-layer 
chromatography (TLC)2 of fraction IV employing 
chloroform-acetone (9: 1) as a solvent system and 

Plant Collection and Treatment antimony trichloride as a spray reagent indicated 
A .  columbzana and A.  patala were gathered in only one Spot (Ry 0.14) idcntical to  ursolic acid 

Marion Count.y, Oreg., during the fall of 1965.1 The which was also CllroInatographed on the same plate. 
piants \?'ere allowed to  air-dry on greenhouse The crude material (fraction I v )  after repeated 

benches for not less than 2 weeks. They u,ere then washings with cold chloroform was crystallized from 
<livided klto t,heir morphological parts, i,e,, leaves, ethanol. Fine needles of ursolic acid were obtained, 

roots, al,d stems, and ground to a powder in m.p. 277-280°.s Literature values for ursolic acid 

arn AbbC mill. The powdered material then range from 224' (21) to 291" (22). Superimposable 
stored iI1 air-tight infrared spectra were obtained in comparing the 
time for analysis. isolate with ursolic acid. 

P r e l h h a F l  Investigation.-Five-gralrl SaInples of column Chromatography of Fraction V.-Fraction 
each plarlt part were subjected to s&ctive solvent v, when chromatographically screened on a thin- 
cxtraction using petroleum ether U.S.P., chloroform layer plate (chloroforln-acetone~ 9: the 
U.S.P., alcohol U.S.P., and distilled water, succes- presence Of three when Wayed with 

EXPERIMENTAL 

bags in tile dark 

sively, 'rhe extracts were the11 ChroIIlatographed antinlony *ichloride spray reagent (Rr 0.39, 0.49, 
(asceI1diIlg technique) on Whatman N,,, 1 paperwith and 0.58). An 8-Gm. sample of fraction 17 was 
thc solvcnt systems n-butanol%cetic acid-water mixed with 10 Gm. of activated alumina4 and 
(4: 1 :5, organic phase) and n-butanol-pyridine- placed atop a 3CW.h. alumina column (50 X 240 
tvater (2: 1 : 1 j ,  Antimony kichloride w/w in mtn.). The column was clutcd with successive sol- 
chloroform) dtstected positive triterpene/sterol vents of increasing polarity. The results are sum- 
pounds (pink to red) in all except the aqueous frac- Inarized in 
tions of both plants. Dragendorff's spray reagetit Fraction A uPo** dryirig gave a white lustrous 
demonstrated negative results in all of the extracts. product Gm.) which was from 
Ferric chloride (1% in etharlol) and phosphomoiyb- acetone, melted sharply a t  64", and was tentatively 
dic acid (5% in methanol) dctcctcd the presence identified as nonacosrtne, m.p. 64-65'. Fractions 
of phenolic compounds. The alcoholic and aqueous and were treated as above, and 
extracts of A .  patula contained 11 phenolic coin- yielded 
pounds, whereas, Sever1 phenolic were Thin-layer chromatography of fraction D revealed 

found in A .  colurnbiana. the presence of only one compound which had an 
Additional testing was conducted 011 all of tile Rf value comparable to that of 8-amyrin. Evapora- 

sclectivc fractions from above, Anisalde- tion in V ~ C U O  yielded a semisolid yellow residue (0.8 
hyde and Liebermann-Burchard spot tests also in&- Gm.) which was recrystallized from petroleum ether 
cated the presence of triterpene/sterols in all but and Yielded fl-amyrin~ m.P. 194-196". A mixed 

the aqueous fractions. ~ ~ ~ ~ ~ ~ d ~ ~ f f t ~ ,  ~ ~ ~ ~ ~ l ~ ,  and melting point with an authentic sample of fl-amyrin,s 
w ~ ~ ~ ~ ~ ' ~  reag!ents indicated the absence of m p .  192-196", showed no dcpressioii. The infrared 
substances, lierric ammonium sulfate (3% in water) spectra of the compound and authentic P-amyrin 
and vanillin (.lyh in HC1) reagents also indicated the were 
presellce of phenolic compounds in the alcoholic and Fraction Ii: (0.7 Gm.) contained a mixture of three 
aqueous fractions. compounds which had Kf values comparable to  

Extraction ;Ind Fractionation,--One kilogram of those Of fl-amyrin, fl-sitosterol, and uvaol. The 
the leaves frorn each plant was extracted individu- dried fraction was deposited on top of a small 
ally for 72 hr. in a Soxhlet apparatus with 6 L. of COlumn of alumina (100 Gm., 30 X 240 rum.) and 
mcthanol-&dly B (1 : 1). 'rile dark gree,l residue carefully eluted. Fraction E' [chloroform-ether 
obtained after concentration in a flash evaporator (3: 111 eluted Only P-sitosterol (as revealed by TLC) 
was dissolved in (1 : 1) *laced in which was crystallized from chloroform-methanol 
a large separator. On standing, a copious green and gave a m.p. of 135". Mixed melting points with 

ir~terphase dc!veloped which was removed along an authentic sample of p-sitosterol,5 m.p. 133-135", 
cvith the organic phase and washed with water did not cause any depression. Superimposable 
(;< x 125 Inl.). The aqueous phase and washings infrared spectra were obtained in comparing the 
(fraction 11) were set aside for later examination of with the authentic 
phenolic constituents. The organic phase (fraction Fractions F and G contained only one coInponcnt 
1 [I)  was examLined for triterpenes and sterols. which had an R f  value comparable to  that of uvaol. 

Triterpenes and Sterols.-samples of fraction 111 The dried fraction (0.8 Gm.) was recrystallized from 
mere saponified according to the method of Huneck ethanol and Yielded fine white needles, m.p. 222- 
and Snatzke 1(20). Refrigeration of the acidified 224'. Reference uvaol, m.p. 223-224', was pre- 
nj,ixture a copious greenisll.yellow precipi- pared by lithium aluminum hydride reduction of 
tate (fractiotl IV). The Inother liquor was sub- urSoliC acid a modified procedure of Ny- 
jtcted to  liquid-liquid extraction for 4% hr. using strom and Brown (23). Mixed melting points of 
hcxane (analytical reagent) as the lighter solvent. F i a t e s  (20 x 20 prcparcd silica ~~l G 
'Thc solublc components were designated fraction V. according to Stahl. Apparatus: C .  D e S w d .  Heidelberg: 
Fractionation :steps are summarized in Scheme I. $ ~ ~ ' ~ ~ ~ , \ s ~ :  Brinkman instruments cO'' 
-~ ' Thomas-Hoover melting point apparatus, uncorrccted. 

Alumina activated; Matheson, Coleman and Bell, East 
of the  0rq:on State Univeisity Herbarium. Rutherford, N. J. 
menb of both pldiits are located at same. 6 Nutritional Biochemicals, Cleveland, Ohio. 

'. 

llollxc"Sane (0.7 Gm.). 

' Identified hy UI-. K. 1,. Chambers, Professor and Curator 
Voucher speci- 
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Ground Plaut 
1 Skelly B-Methanol (1:l) 

I 
Marc 

I 
Residue (I) 

I Skelly B-water (1 : 1) 

I 
Organic and 

Interphase (111) 
a,  Saponily (methanol) 
b, Acidify 
c, Cool 

I 
Aqueous (11) 

I 

I Hewane 
Filtrate (V) 

I 
Precipitate (IV) 

Extraction Schcme for Sterols and/or Triterpeiies 
Schenie I 

TABLE 1.-COLUMN CIIROMATOGKAPHY OF FRACTION 
V FROM .1. patula 

~ 

Rfof  
Vol.. Steroidal 

Fraction Eluant ml. Componenta 
A Hexarie 1000 . . .  
B Hexane-benzene 1000 . . .  

C Benzene 1000 . . .  
D Benzene- 3000 0.58 

E Benzcne- 4000 0.58 
0.49 
0.39 

F Chlnroforni 2500 0.39 
G Cliloroforni- 2000 0.39 

(1:l) 

chloroform (7: 3) 

chloroform (1 : 1 ) 

methanol (1 : 7 ) 

Detected by TLC in chlorofo!rm-acetorie (9 J ) ,  10% 
w/w SbCla i n  CHCIJ as spray reagent and heating in an oven 
a t  110" for 5 min. 

isolated arid rrfertmce uvaol showed no depression 
and the infrarrd spectra of the two were identical. 

Co-Chromatography.-In these experiments the 
idcntity of p-amyrin, p-sitosterol, uvaol, and ursolic 
acid isolatcd from the extract was also vcrified by 
means of TLC. The isolated compound and the 
corresponding authentic samplc were co-spotted. 
Controls of the isolatcd compound and the ref- 
crcnce conipouud were spotted singly. These plates 
were then run in three differcnt solveut systems 
and when devcloped showed that the co-spot which 
did not separatc had the same K, value as that of 
the two control spots. The rcsults of co-spotting ex- 
periments are summarizetl in Table 11. 

Rather thaii repeating tlie entit-c procedurc of iso- 
latior1 of cunipouutls froni A .  culumnbzirnu a sample i d  
fraction 111 of this plant was co-spotted along with 
standard 0-amyrin, p-sitosterol, ursolic acid, and 
uvaol in three different solvent systems. The results 
are shown in Table I11 and indicate the presence of 
the same compounds in 4 .  cu/z~mbitmu. 

Phenolic and Related Compounds.-Portions of 
fraction I1 (Scheme I )  of both plants  were subjected 

to  liquid-liquid extraction using ethyl acetate arid 
cther, successively. Portions of fraction I1 wcre also 
subjected to acidic or alkaline hydrolysis and the 
hydrolysates were then extracted with ethcr. The 
extraction scheme is summarizcd in Scheme 11. 
Samples were spotted in several channels on chro- 
matoplates. Spots corresponding to reference com- 
pounds were removed from thc plates with a 
vacuum-zone extractor (24) and the compounds 
were eluted from tlie extractor with hot methanol. 
Ultraviolct spectra' of the methanolic solutions were 
run and the solutions were then  co-spotted in three 
different solvent systems. Arbutin (hydroquinone- 
p-D-glucoside) was identified in fraction A by co- 
spotting and absorption maximum of 283 nip. Ella- 
gic acid was identified by co-spotting and absorption 
maxiniurrl of 253 mp. Gallic acid was obtained 
from fraction D and identified by- co-spotting and 
absorption maximum of 273 nip, Hydroquinone 
was found both in tlic free state (fraction A) and in 
thc acid hydrolyzed fraction (fraction D). Co- 
spotting identified its presence as did the absorption 
maxima, 289-290 mp. Hyperin (quercetin-3-galac- 

TABLE 11.- -CO-SPOTTING OF REFERENCE A N D  Iso- 
LATED COMPOUNDS FROM A .  patulaa 

-- R f Values- 
Compd. B E ~  CA" H B B ~  

1, Ursolic acid 0.14 0.13 0.04 
2 ,  Fraction IV 0.13 0.12 0.04 
3 ,  Co-spot (1 and 2) 0.13 0.12 0.04 
4, R-Amyrin 0.50 0..58 0.30 
5, Praction D 0.51 0..58 0.30 
6, Co-spot (4 and ,5) 0.51 0. A8 0.30 
7, 8-Sitosterol 0.41 0 49 0 .22  
8, Prsction E' 0 . 4 2  0.40 0.2:< 
9, c'o-spot (7 a t ~ d  X j  0.42 0.49 (1.23 

10, tlVd01 0 . 3 2  0.38 0 . U i  
11,  Fractions F a n d G  0.33 0.39 0.08 
12, Co-spot (10 and 11) 0.33 0.39 0.08 

- -  

a Uetwtrd with antiniony trichloiirlc (IOU/, in chlorofoim, 
w/w) and heated at 110" for 6 min. BE, benzene-cthyl ace- 
ta te  (4:l): CA, chloroform-acetone (9: l), HBE, heptane- 
benzeneethanol (50: 50: 5). 
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TABLE 111.-CO-SPOTTING OF REFERESCE COMPOUNDS A N D  A. rolurnbzana FRACTION I11 
- ____. - 

Co-Spot, Cu-Spot, co spot,  p-Sito- Ursolic Co-Sput, 
Solvent. Fmctioii 6- b-Amyrin p-Sito- sterol and Ursulic Acid and Uvaol 
Systems I l l a  Amyrin and I11 sterol I11 Acid I11 Uvaol and I11 
B E5 0.14 

0.32 
0.38 

0.14 0.14 0.14 0.14 0.14 
0.32 0.32 0.32 0.32 0.32 
0.38 0.38 0.38 I). 38 0.38 

0.48 0.48 0.18 0.48 0.48 0.48 
0.08 0.08 (0.08 0.08 0.08 0 .  ox 

CX" 0.33 0.33 0.33 
0.4% 0.42 0.42 0.42 
0.54 0.Fi4 0.54 0.54 

0.33 0.33 0.33 
0.42 0.42 
0 .51  0.51 

0.10 0.10 0.10 0.10 0.10 0.10 
HBE" 0.18 0.18 0.18 0.18 0.18 0.18 

0.29 0.29 0.29 0.29 0.29 0.29 
0.43 0.43 0.43 0.43 0.43 0.43 

L ~ _ _ - ~  

" Detectrd wi th  antimony trichloride (10% in chloroform, w/w) and heated a t  llOo for 5 min. BE, henzene-ethyl acetate 
(4: 1) ;  CA, chlorolurm-acetone (9:l);  HBE, heptanebenzene-ethanol (50:50:5). 

Fraction I1 

U ,  HzO 
b,  Ethyl Acetate 

a ,  HC1 
b,  Reflux 
c, Ethyl Ethcr 

~ ~ , K O H  
b, Reflux 
6 ,  Ethyl Ethcr 

Organic 1 Aqueous Organic Aqueous Org ariic Aqueous ~- ~~~~ ~~ 

I I , I 
I 
A Ethyl Ether 

I I I 
Organic . - I Aqueous I ~ 

D E 
I 

C 
I 

B 
I I 
F G 

Fractionation Scheme of Phenolic Coinpounds 
Schcmc I1 

t ,  oside) ( '  was al,;o found in fraction A and identified 
by co-spotting and absorption maxima of 360 and 
256 mp. Free quercetin was also identified in frac- 
tion A and by its absorption maxima of 370 and 268 
nip. Thc rcsults of the co-spotting cxpcrirnents arc 
found in Table IV. 

Ibrahiin (15) rcccntly isolatcd o-pyrocatcchuic 
acid from various members of the Ericuceae, includ- 
ing A ,  uzla-wsd. A standard sample6 mas chrornato- 
graphed in six different solvcnt systems along with 
all of the plant phcnolic fractions (A-G), and no 
evidence could he obtained for its prcsencc in A .  
(olunzhianu or -4 .  patula. The six solvent systcnis 
uscd were BAW, BMA, CEF, TEF (cf. Table I V ) ,  
EPA (benzene-pyridincacetic acid, 36 : 9 : 5 j and 
EDA (benzcne-dioxane-acetic acid, 90:  %5:4). 

Antibacterial-Antifungal Screen.-The small tube 
riietlioci of Catalforno and Schultz (25) was used for 
screening the crude plant fXtrdctS atid the coin- 
pounds found to  exist in the plants. Crude extracts 
consisted of ~skelly R-in~thanol (1 : 1 ) and 70:; 
ethanol fractiuns (5 Gni./150 1111.:1 from each plant.  
These fractioiis were then dried in  oucuo and re- 
dissolved in 70%; ethanol shortly before USC. The 
kriowir ci~iiipouiids wwc also dispcrsctl iri 70( 
ethaiiril. Coittrols;, tubes iii~ioculated witli t l i c ~  
orgaiiisiii oiily, and blaiiks, tubcs witli tlic so lve i i t  
and the organism, showed adequate growth. The 
rcsuks are shuwn in Table v. 
-~ 

6 Obtained thi-ough the courtesy of U I ~ .  R. V. Ibialiirn, 
Alexandria, Egypt, CJ.A.l?. 

RESULTS AND DISCUSSION 
A new proccdurc was devised in ordcr to remove 

as many coniponcnts of intcrcst in onc cxtraction 
procedure. Miscible solvents of diverse polarity 
had to be selected and experimentation demon- 
strated that it skelly B-methanol (1: 1) mixturc was 
best suited for this need. 

Fivc compounds werc isolated from the stcrol/ 
triterpene fraction of A .  patula. Ursolic acid and 
uvaol had bcen previously identified in the genus 
but B-ainyrin, 0-sitostcrol, and nonacosane had not. 
All of the compounds were identified in A .  c-durn- 
hkzna by nicans of co-chromatography except for 
nonacosane which was also isolated. 

Thc new extraction solvcnt also removcd phenolic 
coinponetits which were fractionated from other 
cotriporients by physical and chemical methods and 
were separated from one another by TLC.  ultra^ 
violet spectra and co-spotting verified the presence 
of two flavonoids, quercetin and hyperin; two 
quinonoicls, arbutiri and hydroquinorie; and two 
phenolic acids, gallic and ellagic acid. o-fyrocate- 
chuic acid, previously assumed to be widespread in 
t h e  fainily, could not be shown to be present in the 
t w o  specivs investi~atetl. 

:~ r i t i b : i c t e r i a~~nr i t i f l l i i~~~  screeiiiiig was coiiducted 
I J I ~  the crude plant extracts and the compounds 
found to be present in the plants. All of the crude 
extracts dcnionstratcd fungicidal activity against 
7iichophyton mentagrophytes which could not be 
attributed to the known compounds. Further frac- 
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TABLE 1V.-cO-~P;POTTING OF PHEXOLIC COMPONENTS AND REFERENCE COMPOUNDSn~b 
__ ~. - 

Bh4AC CAW’ CBFC TEFC BAW‘ BAW‘C 
Arbutin 0.11 0.68 . . .  0.04 . . .  . . .  
Ellagic acid 0.04 . . .  . . .  . . .  0.03 0.02 
Gallic acid 0.19 . . .  0.29 0.28 . . .  ... 
Hydroquinonc 0.38 . . .  0.56 0 .44  . . .  . . .  
Hyperin 0.10 0.64 . . .  0.03 . . .  . . .  
Quercetin 0.36 0.74 ... 0.31 . . .  . . .  

a Hf values consist of standards and eluted components (co-spot) from both species. Detection: arbutin, Millon’s spray 
reagent; ellagic acid, 1 ’% ethanolic ferric chloride; gallic acid, hydroquinone, byperin, and quercetin, 5yo methanolic phos- 
phomolybdic acid (PMA). CAW, chloroform-acetic acid-water (35: 50 
17.5); CEF, chloroform-ethyl acetateformic acid (6:4:1); TEF, toluene-ethyl formate-formic acid (5:4: 1); RAW, butanol- 
acetic acid-water (4: 1 : l ) ;  BAW’, butanol-acetic acid-water (4:1:5). 

BMA, benzene--methanol-acetic acid (10:Z: 1) ;  

tionation of these extracts is in progrcss to determine 
wherein this activity may reside. The skelly B- 
methanol extract from A.  colulnbiuna also dcmon- 

TABLE V.-ANTIBACTERIAL-ANTII~UNGAL STUDIES 

Compd. 
and Concn. E. roli 

A .  columbianaa 
1:100 
1 : 500 

A.  coluwbiana6 
1:100 
1 : 500 

A .  putulaa 
1: 100 
1 : 500 

A .  pattilab 
1 : 100 
1 : 500 

Arbutin 
1 : 100 
1 : 500 

1 : 100 
1 : 500 

Quercetin 
1:100 
1 : 500 

Hyperin 
1: 100 
1 : 500 

Gallic acid 
1 : 100 
1 : 500 

Ellagic acid 
1; 100 
1 : 500 

0-Am yrin 
1 : 100 
1:500 

0-Sitosterol 
1:100 
1 : 500 

Ursolic acid 
1:100 
1 : 500 

1:100 
1 : 500 

Hydroquinorie 

Uvaol 

f (C) 

f 

+ + 
+ + 
- 
- 

+ + 
=I= 
f 

f 
f 

+ + 
f + 
f 
f 

f 
f 

+ + 
+ + 
+ + 

- 

T .  me?ita- 
S. auveus C albicans grophytes 

f + 
+ + 
+ + 
+ + 
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- 
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+ + 
+ + 
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+ + 
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+ + 

f 
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- 
- 

f 
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f 
f 

+ + 
+ + 
=!= 
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+ + 
+ + 
+ + 
f 
f 

+ + 
+ + 
+ + 

- 
- 

- 
- 

- 
- 

- 
- 

+ + 
+ + 
f. 
f 

+ + 
f 
f 

+ + 
+ + 
i 
f 

+ + 
+ + 

a Dried 70% ethanol extract. 6L)ried skelly B-MeOH 
( I : I )  extract. c f, growth; -, no growth; f, equivocal 
growth. 

strated fungicidal activity against Cundida albicans, 
whereas neither of the A .  putula extracts did. In 
contrast, the skelly B-methanol extract of A .  patudo 
was antibacterial against Escher ichk coli but iieitlier 
A ,  colunzbiana extract was so effective. 

Hydroquinone was cff cctive against both hactcrkd, 
E.  coli arid Staphylococcus aureus, whereas the glyco- 
side arbutin was effective only in higher conceiitra- 
tions against S. aweus. 

Quercetin demonstrated equivocal results against 
all organisms except S. aureus, whereas no such ac- 
tivity was noted with the galactoside, hyperin. 

The triterpene, (3-amyrin, demonstrated the widest 
spectrum of activity among the triterpene/sterols 
and the triterpene alcohol, uvaol, containcd no 
activity. 

Ncwcr applications of techniques for the extrac- 
tion, fractionation, and identfication of conipounds 
from two diverse chemical classrs have been demon- 
strated. Eleven compounds from two previously 
uninvestigated plants have been identified and the 
microbiological activity of tlie crude plant extracts 
and tlie compounds have been recorded. 
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Catecholamine-Induced Release of 
5-.Hydroxytryptamine (5-HT) from Perfused 

Vasculature of Isolated Dog Intestine 
By T. F. BURKS* and J. P. LONG 

The ability of exogenously administered epinephrine, norepinephrine, and tyramine 
and stimulation of sympathetic nerves to release 5-HT from the vasculature of isolated 
dog intestinal segments has been investigated. These stimuli were all found to pro- 
duce significant release of 5-HT. Administration of an a-receptor blocking agent 
(tolazoline) significantly reduced the 5-HT release by norepinephrine but not by 

epinephrine. 

T HAS BEE:N demonstrated recently (1) that 
isolated segments of dog small intestine rclcasc 

!i-hydroxytrpptamine (5HT) into physiological 
solution perfusing the vasculature. Stimuli 
which produced smooth muscle cantraction or 
enhanced motility of the perfused segment in- 
creased its release of 5-HT. Such stimuli as 
acetylcholine, angiotensin, BaCI2, increased intra- 
luitiinal pressure, and scratching the serosal sur- 
f ace of the gut section all significantly increased 
fi-HT re1eas.i. It was felt tha t  stich increased 
6-HT release could simply be due to  mcchanical 
distortion of the tissues produced by the various 
:,timuli. 

More recent work indicates that the above 
explanation may be oversimplified since some 
stimuli that  relax the intestinal musculature also 
release 5-HT. 

METHODS 

Adult mongrel dogs of either sex weighing 8 to 
15 Kg. were anesthetized with 15 mg./Rg. of 
sodium thiopcntal and 250 mg./Kg. of sodium 
barbital administered intravenously. The small 
intestine was exposed and a sinall branch of the 
superior niese~iteric artery with its juxtaintestinal 
arterial fan was cannulated with polyethylene tubing. 
The artery was pcrfused with warmed Krebs bi- 
c:irtmnatr solution which was aerated by bubbling 
with LL mixture <Jf 9Scj& oxygen and 5% carbon di- 
oxide. I’eriuision pressure, provided by use of a 
Sigmamotor model T-8 constant-flow peristaltic 
infusion pump, was maintained at  80-100 mm. Hg 
arid was measured from a T-tube between the 
pump arid the artery by a Statham pressure trans- 
ducer and recorded on an Offncr Dynograph (type 
RS). Since flow into the artery was held constant, 
changes of perfusiori pressure were then proportional 
to changes in arterial resistance. 
~~~~~ 
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After flow was established through the artery, 
the associated vein was cannulated so that the 
venous effluent could be collected. Ligatures were 
tied around thc intestinal segment supplied by the 
cannulated arterial fan and the segment surgically 
removed, placed on a cotton pad, and covered with 
a wann, salinesoaked gauze sponge. The scctioii 
was then kept wanri by use of an incandescent lamp. 

In some of the expeziments a balloon, attached 
to a Statham pressure transducer, was ticd into 
the lumen of the intestinal section and intralurninal 
pressure recorded on cithcr an Offner Dynograph or 
a Gilsoii (GNE) polygraph. 

In  one preparation the venous efflucnt from the 
clog intestinal segment was superfused over an 
isolated uterus horn from au oestrus rat. 

A constant recording of 5-HT concentration in 
the venous effluent was obtained by use of a flow- 
through cell in an Aminco-Bowman spcctrophoto- 
fluorometer. The excitatiou munochromator of the 
spectrophotofluorometer was set a t  295 mp and the 
fluorescence nionochromator was set a t  330 m p  where 
the wative fluorescence of 5-HT is maximal a t  
ncutral to slightly alkaline pH. Calibration of the 
instrument was performed with appropriate con- 
centrations of 5-HT dissolved in Krebs solution 
placed in the cell. An illustration of the prepara- 
tion cmploycd is provided in Fig. 1. 

The 5-HT concentration in the venous effluent 
was recorded in incg./ml. of the effluent solution, 
then this figure was divided by the weight (to the 
nearest 0.1 C h . )  of the gut segment to give a 5-HT 
estiiimtiori ol ng./ml./Cm. of wet tissue. The 
data are all reported in ng./ml./Gm. 

111 preparations h r r l  15 dogs, the periarterial 
sympathetic nerves were isolated and fixed on a 
stimulating clcctrode. Nerve stimulation was per- 
formed with a Grass Instrument Co. model 54 stim- 
ulator. Parameters of stimulation were within the 
iollowing ranges: frequency 2&3@ c.P.s., duration 
10-20 msec., and at 6- 15 v. for 5 30 scc. 

Tcst drugs were injected in volumes of 0.002-0.1 
nil. intra-arte.rially via the arterial cannula. Agents 
employed were 1-epinephrine hydrochloride, 1- 
norepinephrine bitartrate (calculated as the base), 
tyratnirie hydrochloride, and tolazolirie hydro- 
cl1loride. 

Experiments were so designed that each prcpara- 
tion scrvcd as its own control, and statistical com- 
parisons were performed by the Student’s t test 
(2). A P valuc equal to or less than 0.05 was con- 
sidered significant. 
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RESULTS 

'The initial observation rcspousiblc lor this scrirs 
of experiments is illustrated in Fig. 2 it way noted 
that stimulation of the periartcrial sympathetic 
nerve of the isolated intestinal section resulted in 
enhanced contraction of the rat utcms being super- 
fused with the venous effluent from the gut segment. 

Journal of Phnrmaceuticiil Sciences 

Since norepinephrine usually produces only relaxa- 
tion of the rat uterus, it was felt that the stimulation 
oI the sympathetic nerve and cat~cho~arrlille arl- 
ministration might release 5-HT. 

In preparations from 16 dogs, epinephrine (4 
mcg./dose) was found to significantly release 5-HT 
froiii the intestinal segment (see Table I). The 
rnusculature of the scgment was relaxed by the 
cpinephrine, but often enhanced activity of the 
section was observed aftcr the period of relaxation. 
'rhis increased activity occurred after the release 
of 5-HT and may have bcen produced by the re- 
leased 5-HT (Figs. 3 and 4). It was noted that 
repeated injections of epinephrine into the vascula- 
ture of the section released progressively diminishing 
amounts of 5-HT. On some occasions when there 
was no longer any release of 5-HT by the epi- 
nephrine, 2-mcg. doses of acetylcholine were injected, 
and these treatments invariably released additioual 
5 H T .  

Injected norcpincphrine (4 mcg./dose) behaved 
qualitatively in the same manner as epinephrine 
(Figs. 3 and 4). In prcparations from 10 dogs, 
thc norcpinephrine significantly ( p  < 0.01) increased 
5-HT release (see Table I). 

Siuce the abovc catccholamines were found to be 
active as releasers of 5-HT from the perfused in- 
testinal vasculature, tyrarnine (200 mcg./dose ) 
was injected to determine if endogenous catechol- 
aiiiines would similarly produce 5-HT release. 
In prcparations from 10 dogs, the administered 
tyrarnine resulted in 5-HT release ( p  < 0.01) which 
is illustratcd in Fig. 3 and Table I. 

In perlused intestinal segments from 15 dogs, 
stimulation of the periarterial sympathetic nerves 
resulted in significant ($ < 0.01) relcasc of 5-HT 
(scc Table I). The effects of nerve stimulation on 
intralurninal pressure were no different from that 
observed following the above agents (Fig. 4). 
Similarly, after repeated nerve stimulation thcrc 
was loss of ability to release additional 5-HT, in 
which case administration of epinephrinc, norcpi- 
nephrinc, or tyrarnine would not usually produce any 
5-HT release. On some occasions administration of 
2 mcg. of acetylcholine under these conditions 
would produce some 5-HT release. 

A separate study was undertaken to determine 
if 5-HT release by the catecholamines was dose 
related. Five isolated intestinal segments were 
preparcd from each of 13 dogs. One segment re- 
ceived first a low (0.2 mcg.) dose of epinephrine 
followed by a high (0.4 rncg.) dose of epinephrine; 
a second preparation received thc same treatments 
but in reverse order; a third section received a low 
(0.3 mcg.) dosc of norepinephrine followed by a 
high (0.6 mcg.) dose of norepinephrinc; a fourth scg- 

Eicorbonale 
Speclropholafluororne Solution 

KREB'S 
Eicorbonale 

Solution 

c 1 

Fig. 1.-A drawing of the isolated intestinal 
preparation employed. A T-tube was inserted 
between the pump and thc artcry to  monitor 
pcrfusion pressure. Intraluminal pressure was 
measured from a baloon in the lumen of the isolated 
intestinal segment. The effluent solution from the 
cannulated vein could be allowed to superfuse a rat 
uterus or to flow through the cell for analysis. 
A quartz bafflc platc divides the quartz cell into two 
compartments, and the solution flows past aiid 
around this divider. 

gm Rat Uterus 

A 
2 '1 ii 

Slmpathetic Nerve I Stimulation 

Fig. 2.-Key: top, tracing produced by an isolated 
rat uterus superfused with venous effluent from the 
dog intestinal segment; bottom, iritraluminal 
pressure of intcstinal scgment. Stimulation of thc 
periarterial sympathetic nerves of the intestinal 
segment produced contractions of the rat uterus 
which were not blocked by atropine. 

TABLE I.-RELEASE O H  5-HT B Y  CATECHULAMINh5 A N D  SYMPArHETIC NERVE STIMULATION 
_ _ _  ~ 

~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~  ~~ 

- 

, ng. 5-HT Base/ml./Gm.- 7 

Stimulus Beforea Aftera Pb NC 

Epinephrine, 4 mcg. 5 .7  =!I 0.8 13.5 + 1.9 <.01 16 
Norepinephrine, 4 rncg. 6 .7  f 0.8 16.7 31 3.4 < . 0 i  10 
Tyramine, 200 mcg. 6 .0  t- 1 . 5  8.9 + 1.8 <.01 10 
Sympathetic nerve 

stimulation 12.7 5 1 . 8  20.8 =t 2.7  <.01 15 

a Mean 2~ standard error. Level of significance, Student t test, paired comparison. Kumber of auimals employed 
in the experiment. 
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rnent received the norepinephrine doses in the reverse 
order; a fifth segment first received tolazoline 
Iiytlrochloridc (2.50 mcg./dose) then 0.6 mrg nor- 
clpinephrine and 0.4 mcg. epinephrine, the order of 
the latter two agents being alternated from dog 
i o  dog. Thc treatments were randomly applied 
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to each of the five loops from cncli clog. The results 
of these experiments niay be seen in Tables I1 and 
111, 

A dosc-rtqwnsc curve was obtained for 5-HT 
release by the catecholaniines and this release 
appeared to be related to pressor rcspouses observed. 
It was noted that tolazoline alone was capable of 
producing pressor responses and releasing 5-HT 
and is therefore ineludcd in Table 11. 

Comparison of tlie rcsponscs to epinephrine and 
tiorepiricphrine after tolazoline to the mean responses 
produced by the same doses of these agents in the 
absence of tolazoliiie revealed that while the pressor 
rcsponse to 0.4 mcg. epinephrine was significantly 
antagonized ( p  < 0.05) thcre was no statisticalIy 
significant difference in 5-HT release by this agent 
whethcr or not tolazolirie was present. On the other 
hand, the releasc of 5-HT by 0.6 mcg. norepi- 
nephrine was significantly antagonized by tolazoline 
( p  < 0.05) but there was no significant antagonism 
of the norepinephrine pressor response. These 
data are summarized in Table 111. 

Spectrophotofluoromeier Effluent -5-HT Base 
PQ/ml 

0.6r 

0.2 0.0 -* 
cmH20 DOQ Intestine 
loor lmin 

i l  

,Ot 0 M + k + h w  

I t t 
Tyr.  Norepinephine 

( 2ooFQ) (4W) Epinephrine 
(4491 

Fig. 3.--Demonstration of relensc of 5-HT from 
clog intestinal scgmcnt by tyramine (Tyr.), norcpi- 
ncphrinc, and epinephrine. Key : top, continuous 
recording of 5 H T  concentration in venous eflluent; 
bottom, intraluminal pressure in dog intestinal 
s,ection. The relatively small response to epincph- 
riiic was duc to its being third in this particular 
series. 

Speciropholofluorometer Effluent - 5-HT Base 
M r n l  

Dog lnlestine 
i:mHZO 

100 

1, 
i rnin 
h 

0 L - b  u 
t 

Norepinephrine 
t) t ,  

Sppo ihe i i c  Epinephrine 
Nerve Stirnuloiion (4,uq) (4PQ ) 

Fix. 4.-Release of 5-HT by 30-sec. stimulation 
of periarterial sympathetic nerves, epinephrine, arid 
norepinephrine. Key : tqp, 5-HT content of  
venous effluent; bottom, intraluniiiial pressure of 
ii It est inal scgmcnt. 

DISCUSSION 

The ability of catecholamines, whether endog- 
enous or added exogenously to release 5-HT from 
perfused dog intcstinal segments does not constitute 
evidence for the hypothesis that intestinal 5-HT 
is released only by mechanical distortion of that 
organ. Since the catecholamincs relax the riiuscula- 
ture of the dog intcstinc and also release 5-HT, the 
above hypotlirsis must be considerably modified. 
It is possible that thcre is more than one method 
(perhaps thcre are many) by which tlie intestine 
can be stimulated to rclcase 5-HT. Some agents, 
such as acctylcholirie, BaC12, angiotensiti (1 ), in- 
creased intraluminal prcssure (1, 3), hydrochloric 
acid (4), and intraluniinal hypcrtonic sucrose solu- 
tions (5 j could producc intestinal contractions with 
incidental, secondary release of 5-HT. Catechol- 
amines, however, may release 5-HT in some other 
manner, pcrhaps by a more rlircct niechanisrn. 
The 5-HT released by these latter agents may rcp- 
resent a second source or “pool” of 5-HT, perhaps 
another binding site in the intestinal mucosa, which 
is separate or distinct from that released by me- 
chanical deformation. Evidence for this may be 
represented by the fact that acetylcholine can still 
release 5-HT after catecholamines have lost the 
ability to do so; the  converse situation has also 
been obscrvcd. 

Thc means by which the catecholamines release 
5-HT in the dog intestine is open to speculation. 

TABLE 1 I.-EFFECTS OF CATECHOLAMIXES AND TOLAZOLINE ON RELEASE AND INCREASE IN PERFUSION 
PRESSURE, N = 13” __ . 

Rise in 
Perfusion PI essure,6 

Stimulus, mcg. Beforeb AfterC P” mm. Hg 
ng. 5-HT Bas+/ml./Gm.------. - 

Epinephrine, 0 .2  5.0 f o.. i  7 . 2  f 0 . 9  <.01 8 =t 4 . 8  
E:pinephrine, 0.4 5.1 32 0 . 5  8 . 4  =I= 1 . 3  <.01 14 f. 5.3 
Norepinephrine, 0 . 3  5 .1  0 . 5  7 . 9  2z 1.1 <.01 17 f 4.7  
Norepinephriine, 0 .  K 5.2  i 0 . 6  8 . 9  rt 1 . 2  <.01 23 f. 5.6  
To1 azol i tie, 2 EiOf 6.7 zk 0.6  9 . 4  =I= 1.0 <.01 12 & 2 . 2  

~- 
Number of animals employed in each experiment. Mean + standard enot belore stimulus. Mean + standard error 

f Tol- 

- 

after stimulus. 
wroline included in this table only to show that i t  is capable of producing effects alouc. 

Level of significance, Student t test, paired comparisons. Mean response & standard a ~ o r .  
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TABLE IIL-EFFECTS OF 250 mcg. OF TOLAZOLINE O N  5-HT RELEASE ASD 
INCREASE IN PERFUSION PKESSUKE, JVb = 13 

~ _ _ _ _  -~ ~ - 
7- Before Tolazoline . After Tolazoline----------. 

Increase 5-HT Increase in Perfusion Increase 5-HT Increase in Perfusion 
Stimulus, mcg. Base, ng./ml./Gm. Pressure, mm. Hg Base,‘ ng./ml./Gm. Ptessure,b mm. Hg 

Epinephrine, 0 .4  3 . 3  f 0.9 14 =t 4 . 6  2 . 1  i 2 . 4  3 * 1 . 1 c  
Korepinephrine, 0 .6  3 .7  =t 1.1 23 i 5.8 1 . 7  =k O . X c  13 =t 7.4 

Nnmber of animals employed in each experiment. Mean =!= standard ei-1-0,. Significantly ( p  < 0.05) deci-eased after 
tolazoline. 

Perhaps the most plausible explanation would be 
that of displacement by the catecholamine of 5-HT 
a t  its mucosal binding sites. Stacey has stated (6) 
that tyramine, for euample, can inhibit the uptake 
of 5-HT by blood platelets. Bertler el al. (7) have 
found that injected norepinephrine can replace 
5-HT in its pineal gland sympathetic nerve storage 
sites. Similarly, administered metaraminol causes 
a pronounced depletion of pineal 5-HT. Born et al. 
(8) have suggested as an intracellular storage site 
for 5-HT, a 5-HT-ATP complcx similar to  that 
proposed for catecholamines in the adrenal medulla. 
In the fraction of the dog small intestine rich in 
5-HT (mucous membrane) there is a molar ratio 
of approximately 3 to 1 between 5-HT and ATP 
(9). So it is quite possible that either exogenously 
administered catecholamines or those released by 
sympathetic nerve stimulation or tyramine could 
simply displace 5-HT from its storage granules in 
the intestinal iiiucosa. 

More evidence will be required to demonstrate 
a positive role for 5-HT as a neurotransmitter in 
autonomic innervation of the small intestine. 
There have been some data presented, however, 
that may help define any such function Van Harn 
found that, in the cat, stimulation of the thoracic 
sympathetic chain is inhibitory when the jejunum 
is spontaneously active but may cause an increase 
in activity in a previously inactive gut (10). It 
seems possible from the data reported in this com- 
munication, that the intestinal stimulation reported 
by Van Harn could have been due to 5-HT release. 
Klingman (11 ) has reported that immunosympathec- 
tomized rats have decreased levels of norepinephrine 
in their intestines, but that there is no alteration 
in that tissue in DOPA-decarboxylase activity. 
Since DOPA-dccarboxylase and B-hydroxytrypto- 
phan decarboxylase may be the same enzyme (12), 
it would be interesting to know whether there is a 
concomitant alteration of 5-HT levels in immuno- 
sympathectomized animals. A decrease in gastro- 
intestinal 5-HT following immunosympathectomy 
could suggest that an intact sympathetic system is 
required for 5-HT elaboration, storage, or participa- 
tion in transmission. An increase in 5-HT levels 
might indicate that there is competition between 

5-HT and catecholamines for common storage sites 
in the intestine. 

Ahlquist (13) states that the canine intestine has 
both 0 and p adrenergic receptors which pro- 
duce intestinal inhibition. There may bc “receptor 
sites” in t h e  dog intestine with which catecholamines 
interact to produce 5-HT release which are different 
from the usual a and B receptors. ‘I’he present 
data indicate that by use of an a-receptor blocking 
agent, tolazoline, some separation of pressor activity 
in the intestinal vasculature and 5-IIT-releasing 
activity can bc achieved with cpinephrine and 
norepinephrine. 

There may be some evidence for a homeostatic 
role of 5-HT in the intestine, as has been proposed 
for this substance in the cardiovascular system 
(14). I t  has previously been reported (1) that 
5-HT release from the dog intestine can occur after 
either an increase or a decrease in intraluminal 
pressure. Similarly, agents that produce intestinal 
constriction (acetylcholine) or relaxation (catechol- 
amines) similarly produce 5-HT release. Van 
Harn’s experiments (10) contain related suggestions. 
It could be proposed that 5-HT somehow serves a 
buffer capacity, or as one component of a buffer 
system for intestinal motility. Any such function, 
of course, as yet eludes elucidation. 
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Effect of pH on the 18 Vityo Absorption of 
Flufenamic Acid 

By ARMAND0 J. AGUIAR and RICHARD J. FIFELSKI 
The effect of pH on the in vitro absorption of flufenamic acid is studied using the 
“everted sac” technique. The study reveals that the passage of this drug through 
the gut membrane is by passive diffusion. The amount diffusing through is de- 
pendent on  the pH. Using Fick’s diffusion law, a method is presented to calculate 
the apparent permeability constant at each pH value, and to determine the permea- 
bilit:? constant. The  relative surface area of the membrane through which diffusion 

of the drug takes place is estimated from the amount of “bound” drug. 

FTER ORAL. administration, a drug to  act  A systemicztlly must be absorbed from the 
gastrointestinal tract. The  rate of absorption is 
dependent on t.wo independent processes: the rate 
of solution of the drug in the media and its rate 
of permeation through tlie gastric wall or intes- 
tinal lumeti. For a relatively insoluble drug (less 
than 0.01 mg./’ml.), the ratc of solution becomes a 
fundamcntal factor affecting the rate of absorp- 
tion. The remon is that  unless the drug dis- 
solves at a sufficiently rapid rate tlie nrcessary 
build-up of a n  effective concentration at the site 
of absorption will never occur. On the other 
hand, a relatively soluble drug will immediately 
saturate the systeni. I n  this case, the pcrmcation 
rate beromcs the important factor. 

There have been inany in z&o and iiz zizlo 
studies (1, 2) dealing with the passage of drugs 
through the gut. However, as far as the authors 
have been able to determine, there has been no 
attempt to treat the data  quantitatively as a 
diffusion phenomenon. 

This study is concerned with the effect of p H  on 
the in vitro absorption of flufenarnic acid,’ [!V- 
(oc,ol,ol-triAuorc,-m-tolyl) anthranilic acid], with a 
pRa of 3.9 anlcl solubility of 1 mg./ml. a t  pH i .0.  
Based on Fick’s law of diffusion, the apparent 
permeability (constant at each 1’11 value is cal- 
culated and the permeability constant is deter- 
mined. A method is presented to estimate the 
relative surface area of tlie gut niembranc through 
which diffusion of the drug takes place. 

THEOR1E:TICAL CONSIDERATIONS 

It has been known for many years ( I )  that cellular 
permeahility to weak electrolytes may be drarriati- 
cally affected by relatively small changes in the pII of 
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the suspending medium. Although this phe- 
nomenon is of general significance in all cells, only 
recently were good examples describcd in the case 
of the intestinal absorption (3-8). 

Absorption involves thc transfer or prrmeability 
of materials from the intestinal lunien into the 
rnucosal blood and lymph vcssels. In the classifica- 
tion of permeability, a primary division is made 
between passive diffusion and special mechanisms 
such as active transport, facilitated diffusion, and 
pinocytosis. It lias been shown that most drugs are 
absorbed by passive diffusion (3-5, 9). 

Passive or simple diffusion describes tlie passage 
of a molecule across a barrier from a rcgion of high 
to  a region of low concentration. This phenomenon 
is quantitatively described by Fick’s law ( lo) ,  which 
states that the driving force which causes the 
transfer of a substance from regions of high to  low 
concentrations is proportional to tlie concentration 
gradient or, 

<: = A- ( A )  (Co - Cl) (Eq. dt h 

where 

- _  - rate of movement of solute, s in mcg./min., 
at 
A = area of the membrane in 
K = constant, 
Co = amount of solute on the outside in mcg., 
CI = aInount ol  solute on the inside in mcg., 
h = thickness of tlie membrane in ail. 

When dealing with rncmbrancs, such as biological 
specimens, thc thickness, h, o l  the membrane is not 
known. This factor is then commonly combined 
with the constant K tu give a new constant P,, the 
apparent permeability constant. Equation 1 then 
bccomcs 

If tlic pcrmeability rate follows Eq. 2, a plot of 
amount uerszts time should be linear initially. The 
slope (II) of this line is equal to the change in 

ds amount with time, i e., to - 
d l  . 

Differentiating Rq. 2 with rcspcct to arc3 (11 ), we 
grt 

cs = d A P , ( C o  - C,) (Eq. 3) dt 
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An excised segment (about 6 cm. in lcngth) of thc 
small intestine of a golden hamster is everted so that 
the niucosa faces outward. Thc segment is sus- 
pended in a glass tube, with a side arm, by tying to a 
cannula which in turn is supported by a rubber 
stopper. Forty-five milliliters of a buffered solution 
at  the desired pH containing a known amount of the 
drug is addcd to thc tube and bathes the mucosal 
surface of thc intestine. A niixturc of N f j 6  oxygcn 
and 5% carbon diosidc is bubbled through the solu- 
tion through a longer cannula. Two milliliters of 
the buffer (without the drug) is placed inside the 
sac. The mholc assembly is placed in a constant- 
temperature bath set a t  37” =!= 0.5”. 

At known time intervals, the solution inside the 
intestine is removed for assay of flufcnamic acid. 
Two milliliters of buffer is added to  the inside of the 
intestine to rinse out any adhering drug and thc 
solution is assayed. At the same time period, 1 ml. 
of the outside solution is removed for assay. 

At thc cnd of a run, the intcstinal segment is 
taken out from the assembly, both surfaces washed 
3 times with water, dried a t  65’, powdcrcd and ex- 
tracted with 10 ml. of 0.1 it’ sodium hydroxide solu- 

’The term d2s /d tdA  can he cvaluated by plotting thc 
slope 11 versus the area -4 and determining the slope 
l2 of the resulting line. 12 is then numcrically cqual 
to dZs/dtd.4. Knowing CO - CI, PI can be cal- 
culated from Kq. 4 

It the pcrnicatinti r‘tte is ~ricasutcd a t  different pH 
values, P ,  can bc calculatcd for each pH. Further- 
more, the fraction of unioniLed moiety of the drug 
a t  different pH values can be determined theoreti- 
cally, and assuming that it is only the unionized 
species that traverse the barrier, the permeation 
constant I‘ can thcn be calculated, from thc rclation- 
ship 

where I; is the fraction of the unionized drug. P 
should then be a constant and independent of the 

The determination of the surface area of the 
membrane is difficult, particularly due to the pres- 
ence of the villi on the surface of the intestinal wall. 
In this study, thc concept of relativc surfacc area is 
used. The apparent permeability constants de- 
rived arc, thercforc, relativc; ncverthelcss, they are 
useful for comparing the transfer of the drug urider 
diffcrent conditions. 

Flufenamic acid is “bound”2 to the intestine. 
A t  a particular concentration, thc quantity “bound” 
is directly proportional to the surface area exposed 
or onc can write 

Q = k$ (Eq. 6)  

PH. 

where Q = quantity of drug “bound” a t  a given 
conccntration, k = constant, A = surfacc area. 

If, then, for a series of experiments, a t  a particular 
concentration of the drug, onc dctcrmincs am avcrage 
Q and assumes that A is 1, for the series, k can be 
calculated. This k can then be used to calculate 
othcr relativc surface arcas il the concentration or 
“bound” drug is known. 

METHODOLOGY 

To study adsorption of drugs both in oioo and in 
aitro procedures have been used. The sclcction of 
the method depends on the type of information 
desired. In this connection, Laster (11) points out 
that in airlo mcthods, e.g., measuring the disappear- 
ancc of a test substance from the gut or its appear- 
ance in the body fluids, tend to yield over-all rcsults 
determined by a number of processes of which 
absorption is only one. On tlie other hand, he 
statcs that if excised intestinal tissue is studied in 
vitro, discretc absorption patterns may be estab- 
lished. However, it  must be rcmembcrcd that ex- 
cised segments are deprived of their blood and lymph 
flows and depend on their oxygen supply on the dif- 
fusion of the gas across the epithelium. 

From a numbcr of in z&o methods available to  
study absorption, the authors used in thcse studics 
the everted-sac technique as modified by Crane and 
Wilson (12). 

2 The use of the term “bound” does not imply adsorption. 
The  exact nature of physical and,’or chemical interaction of 
Rufenamic acid with the gut membrane is being investigated 
and will be the subject of a future presentation. 

TABLE I.-PERMEATIOP; OF FLUFENAMIC ACID A T  
pH 7.6 (COXCENTRATION OH OUTSIDS SOLIITION, 20 

mcg./ml.) 
~- ~~ 

Time, ----- 
min Run 1 

15 13.6 
20 
30 25.9 
40 
45 36.35 
60 43.35 

- 

- 

-hmt Found Inidc ,  mrg.- 
IZuri 2 Hun 3 
14.6 7.5 

17.3 8 .2  

2 5 . 1  15.9 
29.35 15 .2  

- - 

-. .- 

~- 
Nun 4 
- 
8.68 
- 

19.9 

30.6 
_- 

TABLE II.-“BouND” DRUG, RELATIVE SURFACE 
AKEA, AND RATE AT pH 7.2 

________ ~ ~~ ~- 

Rate of 
“nmmd” Relative Permeation, 

Run Drug, mcg. Surface Area mca./min. 
1 152 2.47 0.725 - 61 1.0 0 . 4  
3 29 0.48 0.25 
4 87 1.42 0.55 

7 

I 
10 20 30 40 50 bb $0 

TIME, rnin. 

Fig. 1.-Plot of ratc of permeation a t  pH 7.2 
showing dependency on relativc surface area. 
Key: Z, 1.42; 0,0.48: 0, 1.0; X, 2.47. 



TTd. 55, No. 12, Decenzher 1966 13s9 

Fig. 2.-Plot of permeation rate 
”JBYSUS relative surface area a t  pH 
5.0 ( X )  :tiid pH 7.0 (a). 

RELATIVE SURFACE AREA 

TABLE I II.-PERMEATION OF FLUFENAMIC ACID AT 
p H  Ti.0 (CONCENTRATIO?; OF OUTSIDE SOLUTION 20 

mcg./ml.) 
-~ 
~~ ~ ~~ 

r- Am1 
,, Lime, min Run 1 

15 10.88 
20 
30 27.0 
50 

52 0 60 
75 

- 

- 

- 

Found Inside, mcg 
Run 2 R u n  3 

- 15.5 
13.95 - 

- - 
- 49.05 

~ 31.0 
- 56.0 

- 2 0  4o 50 60 m ao 
T I M E ,  rnin. 

Fig. 3.--Plot of rate of absorption at  pII 5.0 
(three separate determinations). Initial cunccn- 
tration of outside solution 20 mcg./ml. 

tion to  remove any “bound” drug. I t  was neccs- 
sary to follow this procedure to remove the “bound” 
drug since it adhered quite strongly to  the gut mcm- 
brane and could not be removcd by simple washing 
\vith water or buffer solutions. 

All sampks lare assayed using an Amirico Bowman 
spectrophotofluorometer, employing the assay proce- 
dure of Glazko and Dill (13). 

The composition of the buffer used is: 

mtnoles/T,. 
Sodium chloride. . . . . . . . . . . . . . . . . . . . . .  14.5 
Potassium chloride.. . . . . . . . . . . . . . . . .  4.56 
C:alciurn chloride.. . . . . . . . . . . . . . . . . . .  1.25 
Sodium phosphate (dibasic) . . . . . . . . . . .  1.33 
Sodium phosphate ( monobasic) . . . . . . .  0.33 
Distilled water.. . . . . . . . . . . . . . . . . . . . .  y.s. 
pI3 of buffer 7.2 

The buffcr is adjusted to pH 5.0, 3.9, and 2.5 by 
adding 20 mrnoles of aspartic acid to the above solu- 
tion and adjusting thc pH with sodium hydroxide or 
hydrochloric acid solution. 

RESULTS AND DISCUSSION 

The quantity of drug which permeates through the 
intestine a t  different time intervals a t  pH 7.2 is 
given in Table I. This quantity represents the sum 
of the assays of the sample withdrawn from the 
insidc of the intestinal segment, and the 2-ml. 
sample used to  wash the inside. The initial concen- 
tration of the drug in thc outside solution is 20 mcg. 
of flufenamic acid per ml. The results of four 
separatc determinations arc shown. 

The quantity of “bound” drug for each of the runs 
and the relative surface area calculatcd from this 
are given in Table 11. It is apparent from Table I1 
that th rcelative surface area of the gut membranes, 
as gauged from the “bound” drug, varies consider- 
ably. This was due to the difference in thickness of 
the gut segments of the different animals used in 
this study. 

The quantity of drug which permeates at pH 7.2 
is plotted against time in Fig. 1. The slope of the 

TABLE IV --(‘BOUND” DRUG, RELATIVE SURFACE 
AREA, AND RATE AT pII 5.0 

~- ~ -~ ~~ ~ _ _ _ -  
~~ ~~~~ _ _ _ _ _ ~  

Rate uf 

Run rma. mca Suiface Ares. mca /min 
“Bound” Permeation, 

- -  
1 108 1 0.87.5 
2 179 1.06 0.9 
3 130 0.774 0 8 

TABLE V.-PERMEATION A T  pH 5.0 (CONCENTRATION 
OF OUTSIDE SOLUTIOS, 15 I~lCg. /d . )  

--Amt. Found Inside, mcg.-- 
Titnc, min. Run 1 R u n 2  R u n 3  

8.55 - 1,5 18.3 
20 
30 

- 9.4 
17.35 - 16.4 

:L? 7 

- 

- - 4n -_  . 
45 21.2 - 26.2 
60 

“Bound” drug, mcg. 91 .3  105.6 142.8 
40.0 28.7 - 

Rate of pernieation, 
mcg /min 0 65 0 65 0 59 
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lines gives the rate of permeation in accordance with 
Eq. 2. 

In Fig. 2, the rate of pcrmeation is plotted against 
relative surface area. By determining the slope and 
using Eq. 4, the apparent permeability constant 1’1 
is calculated. 

Thcsc values are also included in Tablc 11. 

TABLE VI.-PERMEATION AT pH 5.0 ( CONCESTKA- 
TION OF OUTSIDE SOLUTION, 5 nicg./nil.) 

~ ~~~ ~ ~ _ _ _ _  
-Amt. Found Inaide, mcg.--- 

Time. min. Run 1 R u n 2  Run 3 R u n 4  
15 2.55 - 1 . 9  - 
30 7.1 4 . 9  4.9 8 .6  
46 7.8 - 5 . 4  - 

60 20.0 14.0 i . 5 5  12.95 
“Btmntl” drug, 

Rate oi perineation, 
1ncg. 38 24 36.T 47 

mcg. /niin. 0.36 0.24 0 . 1 3  0.23 

TABLE \rII.-PERMEATION AT pH 5.0 (CONCENTRA- 
TION OF OUTSIDE SOLUTIOS, 2 mcg./nil.) 

Time, min. Run 1 R u n 2  
15 0.66 -. 

1.08 20 
40 2.09 1.19 
60 2.68 3.21 

- 

“Round” drug, mcg. 6.93 11.6 
Kate of pemiention, mcg./min. 0.051 0.051 

Fig. 4.--Pcrmcation rate as a function ol initial 
concentration of  outside solution, pH 5.0. 

Similarly, the quantity of drug which permeates 
a t  pH 5.0, when a concentration of 20 mcg./nil. is 
niaintained on tlie outside, is givcn in Table 111 and 
shown in Fig. 3. 

‘IIie quantity of “bound” drug, relative surfacc 
arca, and rate of permeation a t  pH 5.0 are given in 
‘I’ahle I\‘, 

If Fick’s law is applicable, thc permeation rate 
should vary with the concentration of the drug in the 
outside solution, since the gradicnt across the mem- 
brane is proportional to the concentration. To test 
this hypothesis, permeation ratrs were determined 
a t  pH 5, using solutions containing 2, 5, and 15 rncg. 
of the acid per nil. The results are given in Tables 
V, VI,  and VII. For convenience, the rate of 
permeation and concentration of “bound” drug are 
also included in these tables. 

A plot of permeation rate z’euws concentration :it 
pII 5.0 is shown in Fig. 4. It is apparent. that a 
linear relationship exists bctw.t.Cn the rate and cori- 
centration of the outside solution. This is in agree- 
ment with Fick’s law. 

The quantity of drug “bound” in the tnembraue is 
also proportional to the concentration outside. 
Thus  a plot of “bound” drug zwsws concentration 
should be linear, which is shown in Fig. 5. This is 
not surprising if one considers the nature of the 
membrane barrier. If one assumes that it is a t  
least two to  thrcc cells thick, a t  a given time there 
is a certain amount of drug in the membrane. 3‘hc 
quantity is proportional to the concentration gratl- 
icnt which in turn is determined by the concentra- 
tion of the solution. 

At low pH values, the solubility of flufenamic acid 
is limited; therefore, it is not possible to carry out 
studies using solutions containing 20 mcg./ml., as is 
done a t  pH 7.2 and 5.0. The studies a t  pII 2.5 and 
3.9 are, therefore, carried out using solutions con- 
taining 2 mcg. of the drug pcr ml. In order to have 
a basis for comparison, the permeation rates for 20 
nicg./tnl. concentration are then computed from the 
valuc of 2 mcg./ml. It is felt that this procedure is 
valid since the concentration dcpcndency should 
hold a t  pI12.5 and 3.9 as was shown a t  pH 5.0. 

‘I’he data are given in Tables VIII, IX, and X, 
and a plot of permeation rate zwsus relative surface 
area a t  these pH values is shown in Fig. 6. 

Fig. S.--Plot of “bound drug” 
versus initial concentration of 
outside solution, pH 5.0. 

5 10 15 20 
INITIAL CONCN. (OUTSIDE SOLN.), mcg./ml. 
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T A B L E  \:III.-PEKMEATION A’I‘ pk1 ;j.<j (CONCENTRATIOX O F  oUI’SIDI3 SOLUTION, 2 Illcg./Ill~.) 
~ 

~~ 

- 
,--- Amt. Found Inside, mcg.- 7 

15 4.22 1.82 1.90 1 .7  1.20 
3 0 - 2.35 1.40 5 70 - 

Time, min. Run 1 Run 2 Rim 3 Run 4 Kun 5 

45 
t i 0  

“ Bt )UI i d  ” (1 rug, tncg. 
Relative surface area 

4.82 2.67 2.20 6.45 3 .32  
- 8.1 (i . 3  3.75 9 . 8  

1.19 1 0.68 1.09 0.94 
15.4 13 8.87 14.2 12.2 

Rate of permeation, ~ncg./initi. cotiiputed to 
:20 mcg./n1l. concn. 2 . 3  1.68 0.924 2.6 1.58 

TABLE IX.--I’ICRRIEATION AT pII 2.5 ( CONCENTRA- 
TION OF OUTSIDE SOLUTION, 2 mcg./ml.) 

~~ 

’I I m i ’ ,  n i in  

1.5 
20 
3i) 
40 
45 
60 

“Bourid” drug, 

Relative surfaci: 

Kate of permea- 

rncg. 

area 

t iori, mcg./nii 11. 
computed to 20 
1ncg. /ml. coI1’:II. 

-.4mt. 
R u n  1 

1.8 

f i .  35 

3.05 
5.80 

- 

- 

Found Inside. mcg.-- 
K u n  2 R u n  :i Kiln 4 

1 . 3  2 . o  - 
1.65 

2.35 - 
8.85 

5. 35 6 .  0.5 - 
4.85 9 . 0  10.12 

- - 
- 
.- - 

29.25 27 33.75 36.98 

1 0 $123 1 15 1.26 

1.50 1.56 2.32 2.85 

’r AULE )i.---. A P P A R E N T  PERMEAI>ILI~L.T COXSTANTS 
1’1 AND P 

7.2 0.05 2 . C; 52 
5 . 0 7.36 3 . 7  50 
3.9 50.0 29 1 58 
2 . 5  96.19 52.0 54 

The appnreiil permeability constants PI a t  cach 
pH value is calculated using Eq. 4. This is shown 
in Table X,  togtthrr with tlir values for the  permea- 
bility constant P, ralculatcd from Eq. 5, and the pcr 
rcnt of unionizcd drug. 

From Table X it is evident that the permeability 
co~istant 1’ derived fur measurements a t  each pH 
value is in excellent agrcement. Furthermore, it is 
apparcnt that a t  pH 2.5 the pcrmcation of flufe- 
naniic acid is 20 times faster than a t  pH 7.2. ‘ h e  
study also shows that flufensrnic acid follows the 
postulation (2-4, 8) that it is orily the unionized 

its iliptritl solubility hypotli(+,. Sincc a t  pH 2..5 thc 
drup- is approxiiiiately 96(,’; unionized, it is to be 
expected that t1ie rate would 11c much faster than at  
I I H  7.2, at rvliicli only 0.03‘,’;~ of the drug is iii thi. 
unionized f l  )rm. 

I n  this study :a. pruccciure is dcscribcd definiug the 
permeation of flufenamic acid in terms of Pick’s dif- 
fusiou law. Perhaps this approach could be used in 

lrloacty of the tirug that pa s ttirough a cell. duc to 

0 0 5  10 1 5  

RELATIVE SURFACE AREA 

Fig 0 -1’lot of permeation rat? wysus relativc stir- 
face area at pH 2.5 ( X )  and pH 3.9 (*). 

describing the passage of other drugs through the 
gut mcmbrane, particularly those drugs which have 
an afitinityfor binding with the membrane. It is also 
suggested that in this type of measurement, the 
quantity of drug in the membrane should be deter- 
mined. In some instances, as was found in this 
study, this can be considerable. 
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Bioassay of Hypocholesterolemic Steroids 
By R. M. TOMARELLI, T, M. DOUGHERTY, and F. W. BERNHART 

The hypocholesterolemic activity of a number of natural and synthetic steroids was 
determined in a 3-day oral assay using male rats with hypercholesterolemia of 
dietary origin. The  reduction in  serum cholesterol was linearly related to  the log 
dose of the administered natural or modified estrogen; the effect was evident 6 hr. 
after oral administration and had reached a maximum in 24  to 30 hr. Active steroids 
lowered the elevated serum phospholipids, cholesterol/phospholipid ratios, tri- 
glycerides, CY and p lipoproteins, and p / ~  lipoprotein ratios, but not the elevated 
serum globulins. The effect of the steroids on body weight permitted a semiquanti- 

tative estimation of feminizing activity. 

HE LOWER incidence of atherosclcrotic heart 
discase in premenopausal women than in men 

and the demonstration that estrogen administra- 
tion will lower serum lipids in man and animals 
have prompted a search for antilipemic steroids 
that have little or no feminizing activity (1,z). 
The present report describes the development of a 
8-day bioassay for the screening of orally active 
hypocholesterolemic compounds and presents 
the results obtained with a number of natural 
and synthetic steroids. 

EXPERIMENTAL 

Analytical Procedures.-Thc following methods 
wcre used for determinirig serum constituents: 
cholesterol, Zlatkis et al. (3 )  and Technicon Auto- 
Analyzer procedure (4) ; triglyceride, van Handel 
and Zilversmit ( 5 ) ;  phospholipid, Whitley and 
Alburn procedure (6 ) ;  protein, Lowry et al. (7). 

Serum lipoproteins were estimated from the cho- 
lesterol content of serum protein fractions separated 
hy paper electrophoresis. The rehtive proportions 
and locations of the protein fractions were deter- 
mined on strips stained with azocarmine G ;  cho- 
lesterol associated with these arcas was eluted from 
duplicate unstained strips arid determined colori- 
metrically. The designation of protein fractions as 
01 or p lipoproteins was according to Searcy et al. (8). 

Assay Procedure.-The assay animals were male 
rats with serum cholesterol levels elevated 7 to 10 
times normal by the feeding of a hypcrcholcs- 
ternlemic diet. The diet used was essentially that 
of Nath et al. (9); it consisted of 18%> casein,' 

hydrogenated coconut 4y0 salts, (U.S.P. 
) 176 cholesterol, 0.55% cholic acid, 0.2% choline 

chloride, an adequate amount of all required vita- 
mins ( lo) ,  and sucrose to make lOOc/b. Groups of 
70 to 80 young male Sprague-Dawley rats, 100-120 
Cm. body weight, were prepared for assay by- feeding 
this diet ad libitum for 3 weeks. Average weight 
gain during this period was 70--10O Gm. Average 
serum cholesterol levels determined on 0.01 ml. of 
serum from tail blond varied from 600- 1000 m g . ~ ~ , .  
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analysis. 

1 High nitrogen, Shefield. 
2 Hydrol- 100, Ihrkee. 

The rats were divided into groups of six with 
nearly equal average body weights and serum cho- 
lesterol levels. Steroids were given orally for 3 days 
in 0.2 nil. cottonseed oil solution; the control group 
received oil vehicle alone. Three groups received 
graded doses of an appropriatc standard steroid; 
test compounds were administered a t  a single 1-mg. 
dose levcl. On the morning of the fourth day the 
rats were weighed and serum cholesterol was deter- 
mined. The average serum cholesterol values of the 
three standard groups, plotted against the log dosc, 
gave a linear relationship from which the hypocho- 
lesterolemic activity of the test compounds were 
evaluated. Activity was expressed relativc to the 
standard. 

The effect of the test steroid on body weight was 
also evaluated by comparison with that of the 
standard. Since estrogen administration to  a male 
rat will inhibit food consumption and retard body 
weight gain in a young animal or cause weight toss in 
an adult (ll),  a lack of effect of the steroid on body 
weight was accepted as an indication of a low degree 
of feminizing activity. Loss of weight, being non- 
specific, could be considered as only suggestive evi- 
dence of feminization. The effect of the estrogenic 
steroids on body weight and food intake was roughly 
proportional to the log dose, particularly in young 
animals (Fig. 1). For semiquantitative evaluation 
the effects were graded 0 to +3, with 0 equal to the 
control value and + 1 to that of the standard steroid. 
Pair-feeding experiments showed that the reduction 
in the intake of food (and cholesterol), comparable 
to that found in rats trcated with estrogen for 3 days, 
had no appreciable effect on serum cholesterol con- 
cen tration. 

Fifteen days after the completion of a test, scruiri 
cholesterol was again determined and the rats rc- 
grouped for the next test which started 4 days later. 
Each group of hypercholesterolemic rats were rou- 
tinely used for 4 to 6 assays. 

The 3-day assay period followed by thr 10-day 
rest period was selected after time studies revealed 
that serum cholesterol levels ( a )  decrease measurably 
about 5 hr. after oral administration, ( b )  drop to a 
constant value within 24-28 hr., and (c)  return to 
pretest levels 5 days after the last dose of the steroid 
is given (Fig. 2). In earlier assays ii i  which tllc 
stcroids wcrc administered for 3 weeks, no significant 
tliffcrences were found in the scrum cholestercil levels 
determined a t  weekly intervals (Fig. 3 ) .  

The steroid used as a standard in all the tests 
reported in the present study was dl-136-ethyl-3- 
methoxy-Sol-gona-l,3,5( lO)-trien-l7@-0l (U'y-33.59). 
This recently synthesized compound (12) has an 
antilipemic activity by subcutaneous injection 2.6 
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because of the unfasted state of the animal. The 
increase in the serum proteins was in the globulins, 
particularly in the B fraction (Fig. 4). 

The oral administration of 0-estradiol or Wy-3359 
reduced all the lipid constituents (Table I) ; the  
decrease in cholesterol was relatively grcatcr than 
that  of phospholipids resulting in a reduced choles- 
terol-phospholipid ratio. Both 01 and p lipoproteins 
were rcduced, the B considerably more than the 01 

(Fig. 4). With increasing doses of Wy-3359, the 
R/CY lipoprotein ratio of the liypercholesterolernic 
rat  dropped from 1.08 to 0.59. approaching that  of 
the chow-fed controls, 0.41. However, steroid 
administratiori had no cffcct on the elevn ted globulin 
fractions (Fig. 4); i .e.,  only tlic cholesterol moiety 
of the globulin fractions was decreased. 

Comparative Hypocholesterolemic Potencies.- 
Table I1 prcscnts the hypocholesterolemic ac- 
tivity, as determined by the :3-day oral assay, of a 
number of natural and synthetic steroids. Mamy 
of these compounds have been studied previously by 
other investigators for antiliprmic activity in thr  
rat  (see references in table). The most active cotri- 
pourid by far was ethinyl estradiol, followed by 

0.25 0.75 2.25 
rng STEROlDlDAY 

Fig. 1 -The effect of 6-estradiol(0) and Wy 3359 
(0 )  on serum cholesterol, %eight gain, arid food 
consumption of tiypercholesterolemic rats 

tinics that  ol  d-estrone but only 1% nf its estrogenic 
aclivity (13). Oral administration of Wy-3359, 
0.25 to 2.25 mg./day, resulted in a reasonably re- 
producible drop in serum cholesterol, 197 & 10 
mg;./100 ml. (21 three-dose assays with six rats per 
group). This response, when cxprcsscd as per crnt 
of the control, did not appear to be influenced either 
by thc body weight in the 200-350-Ctri. ranze, the 
iui.tial serum cholesterol level, the season of the year, 
or the use of the animal in previous assays. 

'The confidence limits of the assay valuc could be 
cstimated by  any convcntional procedure for a 4- 
point assay (thrcc standards and one unknown) such 
as that  nf Gadclum (14). In practice, a convenient 
estimate of confidence limits was deviscd from thc 
observation that the standard error was proportional 
to the average serum cholesterol level (9.2% & 
1.7). This va!w was calculated from the data 
obtained from 32 groups, six rats per group, which 
included controls arid groups treated with a variety 
of :steroids of differcnt hj.poctiolesterolemic activity. 
The 95'5 confidence limits were as follows: for 
compounds having activity near 25'35, 7-75",' /o,  . 
tieitr 100'70, 68-160';; ; and mar  SCJO:);, 145-2X076. 

Serum Constituents.-Seri~Iii samples taken under 
routiue assay conditions, i.e., from unfastedrats after 
3 days of oral steroid administration, were analyzed 
for a nurnber of constituents in addition to choles- 
terol. Typical results are presented in Table I and 
Fig:. 4. Compared with Purina chow-fed controls, 
I he l~ypereholesterolernic rats had elevated scruni 
pritvius, phospholipids. cholesterol phospholipid 
ratios, w and 13 lipoproteiiis, and lj-to-a lipoprotciu 
ratios. %mini triglycc>rirles were slightly- clev:ttcd 
with corisitlerablc iudividud variation prcsuiiiably 
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Fig. 2. ~ 

1 iiiw study o f  
t i l t  c~ffc~ct o f  
wy-3359, 3.25 
11lg.jday for 
3 days, on 
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tcwpl .  

I. 

Fig. 3 
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day, G days 
a meek for 
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wrum choles- 
terol. 

cstriol, i3-c-stratlio1, estroiic, zquilin, and rcluilciiiii, 
all with approximately cqual activity. This order 
of activity is similar to that  rrported for oral estro- 
genicity (26). 17a Estradiol was about half as 
active as the B isomer. The 3-methyl ethers of es- 
trone and B-estradiol were slightly more activc than 
the parent compounds. The A4 steroids, methyl- 
testosterone, progesterone, arid norbolcthonc were 
inactive. The ineffectiveness of met hyltestosterone 
corroborates the results obtained by Ahel and Mos- 
hach ( Z O ) ,  w h o  found that while the steroid had 
hypocliolesteroleniic activity in rats with uormal or 
slightly elevated serum cholrsterol. i t  was inactive 
iii li ypcrcliolcsteroleinic anitirals. 

Compared with the standard, Wy-3359, all o f  the 
natural sternid estrogens and diethylstilhestrol had a 
relatively grcatcr adverse effect on body weight than 
on serurri cholesterol reduction. The favorable 
separation of antiliprmic and estrogenic activity 
found in the synthetic stet-oids, Wy-3271, Wy-3714, 
and Wy-6012, lius previously been repurted (21-23). 

DISCUSSION 

The hypocliolesterolerriie activitj. of a number of 
steroids, dctermined by this 5-day procedure with 
l ~ y l ~ e r e h ~ ~ l ~ ~ s t c r o l e ~ ~ i i c  t-ats. was in general agreement 
witli valucs obtained by other procedures, indicating 
that a :<-day assay pcriotl is o f  adequate duration. 
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TABLE I.-EFFECT OF HYPOCHOLESI'EROLEMIC STEROIDS ON SERUM CONSTITUENTS UNDER ASSAY CONDITIONS 

7 -Serum Constituent/100 ml. zt S. E. 7 

Protein. Cholesterol,c Phospholipid, Chol./Phosp. Triglyceride, 
Dietary GroupD Steroidb Gm. mg. mg. Ratio mg. 

Hypercholesterolernic Xone 8.9 f 0.3 643 f 3 3  342 f 4 1.87 f 0.06 181 f 36 
Hypercholesterolernic U'y-3359 8.8 f 0.2 251 z!r 16 235 f 7 0.98 f 0.06 70 f 19 

Hypcrcholesterolerr~ic 0-Estradiol 8 .9  zt 0 . 2  247 f 37 267 f 33 0.91 f 0.05 39 f 14 

Chow None 6 . 8 f 0 . 1  7 3 f  4 1 6 3 f  10 0 . 4 6 h 0 . 0 5  843~21 

a Six rats pel- group; average body weight 320 Gm.. * Daily oral dose lor 3 days. 

0.75 mg. 

0.75 mg. 

Total cholesterol; the free cholesterol 
proportion of ZOyo was not affected by steroid admmstratiou. 

D AND B LIPOPROTEINS 

Fig. 4.-Effect of Wy-3359 on scrum proteins 
a i d  a and 8 lipoproteins. The 8 / r~  ratio was 0.41 
for chow-fed rats and 1.08 for the hypercholestero- 
lemic rats, but decreascd in the latter to 0.87, 0.67, 
and 0.59 with the increasing doses of the steroid. 

In addition to saving in time and material, the pro- 
cedure has several other advantages over assays of 
longer duration with rats fed diets containing no 
added cholesterol. The small amount of hyper- 
cholesterolemic blood required for chemical analysis 
does not necessitate sacrifice of the animals; they 
can be used for a series of assays, and determinations 
can be run on the same animal before and after 
steroid administration, permitting a more precise 
mcasurcment of effect. The decrease in food con- 
sumption, resulting from estrogenic steroid admin- 
istration, did not lower serum cholesterol, presum- 
ably because of the high content of cholesterol in the 
diet and the brevity of the treatment. 

While the rats varied in their response to the 
hypercholesterolemic diet, with serum values rang- 
ing from 400 to 1300 mg./100 nil., daily variations 
were small and the response to  an antilipcrnic ster- 
oid was not related to the degree of existing hyper- 
cholesterolemia. The seasonal fluctuations in serum 
cholesterol in male rats fed diets without added 
cholesterol, noted by Thorp and Waring (24) and 
Edgren (27), has not been notcd in our animals 

TABLE II.-HYPoCHOLESTEROLEMI~IIC ACTIVITY O F  NATURAL AiVD SYiYTHETIC STEROIDS 
~ - 

Common Kame 
wy-3359 (std.) 

d-Estrone 
@-Estradiol 
17a-Estradiol 
Estriol 
Equilin 
Equilenin 
d-Estrone-3-methyl ether 
p-Estradiol-3-methyl cther 
l7a-Estradiol-3-iiiethyl ether 
Ethinyl p-estradiol 
Met hyltestosterone 
Progesterone 
Norbolethone 
Wy-3271 

Wy-3514 
Wy-GO12 

Diethylstilbestrol 

Hypocholes- 
terolemic 

Chemical Name Activity 
dl-13~-Etliyl-3-1nethosy-8ol-gona-l,3,~( 10)- 1.0 

d-3-Hydroxyestra-l,3,5( lO)-trien-17-one 2 . 0 
d-Estra-l,3,5(10)-trien-3,1T@-diol 1 . 8  
d-Estra-l,3,5(10)-trien-3,lTa-diol 1 .0 
d-Estra-l,3,5( 10)-trien-3, l G a ,  178-trio1 3 . 5  
d-3-Hydroxyestra-l,3,5( 10),7-tetraen-17-011e 2.3 
d-3-Hydroxyestra-l,3,5(10),G,8-pentaen-li-one 2 .3  

9 5 d-3-Methoxyestra- 1,s ,5 (10)-trien- 17-one 
d-3-Methoxyestra-1,3,5( 10)-tricn-l7~-01 3 . 8  
d-3-Methoxyestra-l,3,5(1 O)-trien-l'ia-ol 0 . x 

d-17a-Methylandrost-4-eii-1 ifi-ol-3-one 0 
d-Prcgn-4-cn-3,20-dione 0 

dl-13-Ethy1-3-methoxygona-1,3,5(10)-8,14- 1.2 

dZ-13-Ethylgona-l,3,6(10)-triene-3,17@-diol 0 . 3  

4-4'-Dihydro,xy-a,p-diethylsCilbene 2.9 
Conjugated equine estrogens' 1.3 

1- 1p- (~-Diethylairiinot.tlioxy)plieiiyl I - 

trien-170-01 

d .  

d- 17a-EthynyIestra-l,3,5 (1 O)-tricn-a,l 7p-diol 65-90 

dl-138,17aY-Diethyl-17@-liy~roxygon-4-en-B-on~ 0 

pentaen-17-onc, cyclic ethylene acetal 

dl-3-Methoxy-6-oxa-8N-cstra.-l,3,5(10)-trien- 0 .9  
178-01 

'> ,- 
0.0l)i ~Stliyl(~-chlorophe~ioxy)isobutyrate~~ ,. 1 race 

1 (p-tolyl)-2- (p-chlorupliriiyl)etliaiiul~ 

Body 
Wt. 

Effect Ref 

1 (12) 

3 11.5, 16) 
>3 (17-19) 
2 

>3 (z,'i7) 
>3 . . .  
> 3 . . .  
3 . . .  

> B  . . .  
1 . . .  

> 3  (19) 
0 (20) 
0 (17) 
0 
1 ( 2 i j '  
0 . 3  (22) 
0 . 9  (23) 

>3 (17, 19) 
> 3 . . .  

0 (24) 
2 (25) 

_ _  
a Marketcd as Premai-iu by Ayerst. Activity ielative to estrone sulfaLe content. CPIB. Imperial Chemical Industries. 

Daily dose, 2C-50 mg. Trademarked as Triparanol by Merrell. Daily dose, 25 mg. 
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prcsuniably bccause these chaiigcs arc inconsc- 
quential in relation to the high concentration of 
serum cholesterol. 

I t  should be ncitcd that the above itssay proccdurc, 
i s  uiisuitahle for the scrcctiing of compounds that 
1owc:r scruni cholrstcrol b y  iiitcricring with cl~o- 
Ivstcml biosyi~thcsis, since this process is markedly 
rcdirccd in rats fed high cholestcrol diets (28, 29). 
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Interaction of Substituted Benzoic Acids 
with Cationic Surfactants 

By LUCY S .  C. WAN 

The interaction of benzoic acid and a series of hydroxy, amino, chloro, and nitro- 
benzoic acids with surfactants of the quaternary ammonium type was studied by 
means of viscosity measurements. Only salicylic acid was found to interact with 
the surfactants leading to an increase in viscosity which reached a maximum at ap- 
proximately the concentration at which the surfactant solution became saturated 
with sarlicylic acid. Apparently the interaction is specific and is limited to the ortbo 
hydroxy substitution of benzoic acid, as no viscosity effect was observed with the 
ortbo, %*eta, and para isomers of amino, chloro, and nitro substituted benzoic acids. 
In addition, sodium lauryl sulfate and cetomacroeol 1000 did not exhibit viscositv 
changes in the presence of salicylic acid. 

ICNZOIC ACID and its substituted isomers have B been found l o  interact wi th  a varied nuuiher 
of rktrnidccutical coinpounds. Salicylic acid, 
r i i d t r ,  alitl guru liydrox) bcnmic acids have bccri 
SllUWll to coin1 llcs with pulycthyleiic gll cols 
(1) and btiith ~~olyvinyl~~yrrolitioiic (2). In 
atldition, the hydroxybenzoic acids ha\-e been 
found to interact with caffeine (3 )  and with 
theophylline and theobromine (4). Goodhart 
and Martin ( 5 )  reported that the solubilities of 
bmzoic acid arid its substituted isomers were 
greatest in the least hydrophilic of the poly- 
ethylene stearates. The solubilities of benzoic 
acid salicylic acid, and p-hydroxybenzoic acid 
have also been f mind to increase in the presence 
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The viGosity effect was not related to pG. 

of their sodium salts and the addition or a hy- 
droxy grtiui) to the acid lcd to the loriliation ol 
coiiiplexcs (ti). 

Chclation o f  felric siitl aluuiiiiuiii ioiis witli 
salicylic acid ant1 its amino, chltrro, and iiitro 
derivatives lime bccn dciiionslrsted by I‘oye aiicl 

‘rurcotlc (7). Results h n i  the irivestigalitrii 
of thr action of Schardinger dextrins on benzoic 
acid and hydroxybenzoic acids did not seem to 
indicate a clear cut mechanism of the complexa- 
tion involved. Apparently hydrogen bonding 
is an important factor in the cyclodextrin-hy- 
droxybenzoic acid interaction (8). Schlenk and 
Sand (9) showed that the molecular ratio of 
cyclotlextrin to certain benzoic acid derivatives 
was a lunction of the physical state of the com- 
plex. Monohalogenated benzoic acids and 
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quential in relation to the high concentration of 
serum cholesterol. 

I t  should be ncitcd that the above itssay proccdurc, 
i s  uiisuitahle for the scrcctiing of compounds that 
1owc:r scruni cholrstcrol b y  iiitcricring with cl~o- 
Ivstcml biosyi~thcsis, since this process is markedly 
rcdirccd in rats fed high cholestcrol diets (28, 29). 
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Interaction of Substituted Benzoic Acids 
with Cationic Surfactants 

By LUCY S .  C. WAN 

The interaction of benzoic acid and a series of hydroxy, amino, chloro, and nitro- 
benzoic acids with surfactants of the quaternary ammonium type was studied by 
means of viscosity measurements. Only salicylic acid was found to interact with 
the surfactants leading to an increase in viscosity which reached a maximum at ap- 
proximately the concentration at which the surfactant solution became saturated 
with sarlicylic acid. Apparently the interaction is specific and is limited to the ortbo 
hydroxy substitution of benzoic acid, as no viscosity effect was observed with the 
ortbo, %*eta, and para isomers of amino, chloro, and nitro substituted benzoic acids. 
In addition, sodium lauryl sulfate and cetomacroeol 1000 did not exhibit viscositv 
changes in the presence of salicylic acid. 

ICNZOIC ACID and its substituted isomers have B been found l o  interact wi th  a varied nuuiher 
of rktrnidccutical coinpounds. Salicylic acid, 
r i i d t r ,  alitl guru liydrox) bcnmic acids have bccri 
SllUWll to coin1 llcs with pulycthyleiic gll cols 
(1) and btiith ~~olyvinyl~~yrrolitioiic (2). In 
atldition, the hydroxybenzoic acids ha\-e been 
found to interact with caffeine (3 )  and with 
theophylline and theobromine (4). Goodhart 
and Martin ( 5 )  reported that the solubilities of 
bmzoic acid arid its substituted isomers were 
greatest in the least hydrophilic of the poly- 
ethylene stearates. The solubilities of benzoic 
acid salicylic acid, and p-hydroxybenzoic acid 
have also been f mind to increase in the presence 
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The viGosity effect was not related to pG. 

of their sodium salts and the addition or a hy- 
droxy grtiui) to the acid lcd to the loriliation ol 
coiiiplexcs (ti). 

Chclation o f  felric siitl aluuiiiiuiii ioiis witli 
salicylic acid ant1 its amino, chltrro, and iiitro 
derivatives lime bccn dciiionslrsted by I‘oye aiicl 

‘rurcotlc (7). Results h n i  the irivestigalitrii 
of thr action of Schardinger dextrins on benzoic 
acid and hydroxybenzoic acids did not seem to 
indicate a clear cut mechanism of the complexa- 
tion involved. Apparently hydrogen bonding 
is an important factor in the cyclodextrin-hy- 
droxybenzoic acid interaction (8). Schlenk and 
Sand (9) showed that the molecular ratio of 
cyclotlextrin to certain benzoic acid derivatives 
was a lunction of the physical state of the com- 
plex. Monohalogenated benzoic acids and 



1396 Journal of Pharmaceutical Sciences 

TABLE L-PHYSICAL CONSTANTS OF SURFACTANTS 

CMC 2 5 O  
Surfactant Mp.C %w/v 

Dodecyltrimethylammo- 
nium bromide 244-245 0.041 

Tetradecyltrimethylainiiio- 
nium bromide 246-247 0,082 

Cetyltrirrieth ylarrirrloniuiri 
bromide 262-263 0.051 

Sodium lauryl sulfate 204-206 0.014 
Cetomacrogol 1000 37-38 0.0021 

_ _ _ ~ _ ~ ~  
a Micro melting apparatus. From surface tension nieas- 

urements using the n u  Nouy tensiometer. 

aminobenzoic acids have been reported to inter- 
act with cyclodextrins. The resultant complexes 
were considered to be due t o  inclusion formation 
and other attractive forces existing between host 
and guest molecules (10). 

Higuchi and Drubulis (11) have attributed the 
interaction of hydroxyaromatic a d d s  and their 
salts t o  a donor-acceptor type of mechanism. 
Urea has been shown to form complexes o€ low 
stability with benzoic acid while with salicylic 
acid it forms insoluble interaction products (12). 
Goudah and Guth (13) demonstrated that  ben- 
zoic acid and its substituted compounds com- 
plexed with potato and arrowroot starch and 
postulated that attractive forces and inclusion 
formation were responsible for the interaction 
observed. Salicylic acid has been reported to 
exhibit the greatest binding tendency for poly- 
sorbate 80, followed by the meta and para isomers 
(14). This was identical with the findings ol 
Blaug and Ebersman (15) for the behavior of 
hydroxybenzoic acids toward hyprose ester. 
Chakravarty, Lach, and nlaug (16) s t u d i d  the 
interaction of hydroxybenzoic acids with poly- 
oxyl 40 stearates based on solubility measure- 
ments. 

It is the purpose of this investigation to  study 
the interaction of hydroxybenzoic acids and the 
amino, chloro, and nitro derivatives of benzoic 
acid with cationic surfactants of the quaternary 
ammonium type as previous work has dealt 
with the interaction of pharmaceutical drugs 
with nonionic surfactants. 

EXPERIMENTAL 

Materials.-Recrystallized benzoic acid, in .p. 122- 
122.5" (Monsanto Chemicals Ltd.); recrystallized 
salicylic acid, m.p. 158-159", recrystallized m-hy- 
droxybenzoic acid, m.p. 205--205.5", recrystallized 
p-hydroxybenzoic acid, 1n.p. 215-216", recrystal- 
lized acetylsalicylic acid, m.p. 137-138", recrystal- 
lized o-anlinobenzoic acid, m.p. 145.5-146' (British 
Drug Houses Ltd. ); recrystallized m-aminobenzoic 
acid, 111 .p. 174-1i'Y, rccrystallized p-arninobenzoic 
acid 111.p. 187-188", rccrystallized o-chlorobenzoic 
acid, 111.p. 140-141 O ,  recrystallized m-chlorobenzoic 
acid, m.p. 155-156", recrystallized p-chlorobenzoic 
acid, n1.p. 240-241 O ,  rccrystallized o-nitrobenzoic 
acid, m.p. 146-147', recrystallized m-nitrobeiizoic 
acid, m.p. 140-141°, recrystallized p-nitrobenzoic 
acid, m.p. 241-242" (IIopkin arid Williams Ltd.). 
The cationic surfactatits were dodecyltrirnethyl- 
sunmoiiiuni bromide,' tetradecyltrimethylaimno- 
nium bromide,l and cetyltriinetliyla~iirnoniurn bro- 
mide.2 The anionic surfactant was sodium lauryl 
sulfate (Sipon Products Ltd.) and the nonionic sur- 
factant was cetornacrogol 1000 B.P.C.3 The melting 

1 Marketed as hIorphan D a n d  Moiphan T, respertively, 

2 Marketed a s  Cetrimide by Imperial Chemical Industries. 
f Marketed as Texofor AIP by Glovers Chemicals Ltd. 

by Glovers Chemicals Ltd. 

points and the critical niicclle concentrations of the 
surfactants are listed in Table I. 

Apparatus.--Portable Ferranti viscorneter, rriodcl 
VL; Pye Tropical univcrsal pH metrr. 

Measurement of the Solubilities of the Isomers of 
Hydroxy, Amino, Chloro, and Nitrobenzoic Acids in 
Surfactant Solutions.-Varying amounts of thc 
organic acid were weighcd into a series of 25-ml. 
graduated glass-stoppered cylinders containing the 
required concentration of surfactant. The cylinders 
were rotated in a thermostatically controlled water 
bath a t  25 =t 0.1" for 24 hr. The end point was 
taken as the mean between a clear solution and one 
in which a slight excess of acid was present. 

Measurement of Viscosity.-The required 
amounts of the organic acid were weighed into a 
series of 100-ml. volumetric flasks containing the re- 
quired concentration of the surfactant. The flasks 
were rotated in a thcrmostatically controlled water 
bath a t  25 =t 0.1" for 24 hr. The viscosities of the 
dispersions were measured using the portable Fer- 
ranti viscometcr placed in a thermostatically coil- 
trolled water bath at 25 f 0.5". The shear rates 
cmploycd ranged from 483.0 to 78.56 scc. An inter- 
val of 30 sec. was allowed between any two readings. 
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Fig. 1.-Solubilities of hydroxybenzoic acids iii 
aqueous solutions of alkj~ltrimetliylarrirrioniuni broni- 
ide surfactants of varying chain length a t  25". 
Key: X, dodecyltrim~tliyl~iiinioiiiuiii bromide; 
0,  tetr~dccyltr~i~iethylaminon~uni bromide; A ,  cetpl- 
tritiiettiylatnnionium bromide; I ,  mhydroxybenzoic 
acid; 2, salicylic acid; 3,  p-liydroxybenzoic acid. 
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all the coiicentrations of surfactants studied, 2%, 
3%, 470, 555, and 6!4 and in the range of shear 
rates used, the viscosity being greater at low rates 
of shear than at high rates of shear. These observa- 
tions can be attributed to  interaction of salicylic 
acid w-ith the surfactants, particularly the tetra- 
dccyltrimethylainnio~iium and cetyltrirnethylaIf1- 
rnonium bromides. In the case of dodecyltriniethyl- 
ammonium bromide a lcsser degree of interaction 
with salicylic acid is apparent as no markcd changes 
in viscosity have been observed. Probably i t  is due 
to  the shorter chain lcngth of the lipophilic portion 
of the surfactant rnolecule wliicli may t end  to dis- 
c c ~ ~ r a g c  interaction, or i t  may be due to the resultant 
complex being smaller in size arid hence is unable to 
produce the relatively higher viscosity seen with the 
longer chain surfactants. When the system becomes 
saturated with salicylic acid, the viscosity tends to 
remain constant with furthcr additions of the acid 
and this is particularly noticeable at low surfactant 
conccntration. Thew observations suggest. that  
once interaction is complete the excess salicylic acid 
has no effect on the viscosity of the system. How- 
ever, at high surfactant concentration the viscosity 
decrcascs at about the concentration at which the 
system becomes saturated with salicylic acid. This 
may bc ciuc to the uustable nature of the complex 
and which map  inaiiifest itself more predominantly 
in the presrncc of  a large nuuiber of complexes which 
follows from an increased conceritratioii of the sur- 
factant. 

When the coiiceiitratioii of salicylic acid in the 
surlactant solution is low, the system behaves like a 
Kewtonian liqnid. As the salicylic acid content is 
increased the system changes to  a non-Newtonian 
liquid producing large differences in viscosities with 
varying rates of shcar (Figs. 3, 4, and 5 ) .  It would 
appear that  adequate salicylic acid must be present 
for interaction to take place to  produce the viscosity 
effect. With a higher concentration of the surfac- 
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Fig. 2.--Solubilities of substituted bc.nzoic : r i d s  
in aqueous solutions of alliyltriiiietIiylai~~moniutii 
bromide surfactants of varying cliaiii length at 25". 
Key: x , clodccyltrimethylaInmoniuni broniidc; 
0, tetradecqltriniethylaninionium hromidc; 4. 
cetyltrimethy'lammonium bromide; 1,  o nitrobenzoic 
acid; 2, m-nitrobenzoic acid; 3,  o-amiriobenzoic 
acid; 4 ,  o-clilorobenzoic acid; 5, m-chlorobcnzoic 
acid; 6 ,  ~~~-arriinoberizoic acid; 7,  p-aminobcnzoic 
acid; 8, fi-nitrobcnzoic acid; 9, o-clilorobenzoic 
acid. 

Tlie shear rat'? was increased and tlieii decrcascd 
for all viscosit!y measuremetits. 

RESTJLTS AND DISCUSSION 

Solubilities of Substituted Benzoic Acids in Sur- 
factant Solutions. Figures 1 and 2 show the solu- 
bilities of the isomers of hydroxy. aniiiio. chloro. 
and nitrobenzoic acids iu surfactant solutions. 111 

all cases thc solubilities of the acids are proportional 
t o  surfactant cnncentration There is, however. no 
appreciahlt. difference iii thr  wluhilities c i f  tlic :icitlx 
i t i  thr. tlirct. .;urf;~rt:inti. 'I'lirst. solubility ~rxl, l is  
st'riii t I J  iiidiC:ttc that  vai-iatitiii or thc cli;iiii IciiglIi 
0 1  the lip~~pliilic portion (J r  tlic surlactmt iiiolccrtlc. 
11:~s no eRect c~ii tlie solubilities of the acids sug,qesL- 
iiig that  the wluhilities of the various substituted 
bixizoic acids studied are independent of the chain 
length of the surfactant rnolcculc. Except for the 
liydroxy tleriv.J.tives, the other acids show- a decrease 
in solubility i n  tlie order of orlho, rwetu, and paru 
isomcrs. 

Viscosity Measurements.-Figures 3 ,  4, and 5 
show the viscosities of dispersions containing vary- 
ing amounts or salicylic acid. In  general, there is an 
increase in viscosity with increasing concentration 
of salicylic acimrl in the surfactatit solution ul) to ap- 
proxiniatdy when the system bccoiiies saturated 
with the acid, after which the viscosity remains 
constant or decreases. This behavior is seen with 
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Fig. 3.-Effect of salicylic acid on the viscosity 
of alkyltriniethylammonium bromide solutions at 
25'. Uodecyltrimethylammonium bromide: 0 ,  
2yo; A, 4y0: tetradecyltrimethylammonium bro- 
iiiide: 0, 2<jc; A ,  4',:,&; - , below saturation; 
.___ , above saturation. Shear rate: I ,  234.6 sec .7 ;  
2 ,  195.9 set.-'; 3,  155.1 set:.'; 4, 117.35 set.?; 
5, 78.56 sec.-]. 
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~rietliylarii~iioiiiu~ri broniidr solution is much hi~lier 
(Figs. 3, 4, and 5)  indicating that the chain lcngth 
of tetrarlecyltrimethylatnmoriium bromide is proba- 
bly optimally favored for iuteractioti. The maxi- 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 
1.1 1.3 1.5 1.7 1.9 2.1 2.3 

SALICYLIC ACID, % w/v 

Fig. 4.-Effcct of salicylic acid on the viscosity 
of tetradccyltrimethylarumonium bromide solution 
(6%) at 25'. Key: -, below saturation; - - - -, 
above saturation. Shear rate: 1, 334.6 set.-'; 
2, 195.9 set.-'; 3, 155.1 sec.-l; 4 ,  117.35 set.-'; 
5,78.56 scc.-1. 

tant, more salicylic acid is required to initiate the 
non-Newtonian flow and this aniouiit increases pro- 
portionately (Fig. 6). However, the ratio of sali- 
cylic acid concentration to surfactant concentration 
at  which non-Newtonian flow commences decreases 
with the surfa.ctant couccntratioii as shown in 
Tahle [ I .  A s  the ratio is probahly linked up with 
the c1t.grt.c oi iiiterxtioii it may meim that a smallcr 
tlcgrcc of iiitcractioii is necessary for the systcm to 
ehliibit iioii-Newtoiiiaii flow iii tlic presciicc oC a 
liigli cuiiceiitr~rtioit oi tlic surfactaut. A t  a low 
coiicciitratioii of surf:ict:tnt whcrc tlicrc :ire lcss 
ti~i~lt.culcs o f  tlic s u i - f i ~ ~ t : i ~ i t  a greater dcgrcc o f  iiitcr- 
actioii is rcyuirccl t u  initiate the noii-Kewtotiiaii 
ilow. 111 the case of dodecyltrimethylanimoiiiuni 
bromide the viscosity effect is less marked, and the 
cliarige to non-Newtoniau flow is therefore less 
obvious. 

The amounts of salicylic acid that have to be 
added t o  the tetradecyltriniethylamiiioiiium bro- 
mide solutions to  produce the uon-Newtonian flow 
initially are slightly lower than for the corresponding 
eetyllrirriethylamIiioniutri bromide solutions as seen 
in Fig. 6. Furthermore, the viscosity of a tetradecyl- 
trimethylanimouium bromide solution containing 
the same amount of salicylic acid as in a cetyltri- 

0.7 0.9 1.1 1.3 1.5 1.1 1.9 2.1 2.3 2.5 
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

SALICYLIC ACID, % w/v 

Fig. 5.-Effcct of salicylic acid on tlic viscosity 
of cetyltrimetliylanimonium bromide solutions a t  
23". Key: 0,2%; V, 6%; -, below saturation; 
__.. , above saturation. Shear ratc: 1, 234.6 
set.-'; 2 ,  195.9 set.-'; 3, 155.1 set.-'; 4 ,  117.35 
see. -l; 5, 78.56 set.-'. 

'r.4llLC 1~.--~<AlIOS O I ?  s.4I.ICYLIC i\ZllJ CONCKN IKi\- 
TION TO SURFACTANT CONCENI.KATION A r WriIcii 

NON-KEWTONIAN FLOW IS INITIATED 

Surfactant, Salicylic Acid Salicylic Acid 
470 w/v TTABU C T A B  * 

~~ 

2.0  0.300 0.350 
3.0 0.230 0.300 
4.0 0.225 0.275 
6 . 0  0.2CIO 0 260 
6 . 0  0.183 0.235 

a TTAB.  tetradecyltrimethylammonium hrumide. 
CTAB. cetylti imethylammoniutn bromide. 
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T ~ B L E  111 -pH OF SURFACTAST SOLUTIONS C O N  IAINIKG HYDROXYBEVZOIC ACIUS 

~~~ 
- - ~- 
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a DTAB.  dodt~cyltrimethylammoniuui bromide. ' T T A R ,  tetradecyltrimettiylamnlonium bromide. CTAR, cetyltri 
methylammonium btomide. 

mum viscosity of salicylic acid in the tetradecyltri- 
methyl and cctyltrimcthylammoniurn bromide sdu- 
tions occurs in about the same concentratiori due to 
tlhe fact that the solubility of thc acid in both the 
surfactants are practically identical. In dodecyl- 
trimethylatnnionium bromide solutions containing 
salicylic acid this is not clear as the viscosity effect 
is uot marked. 

nz-Ilydrtrsybenzoic and p-hydroxybeuzoic acids 
were included in the investigation, but both failed 
to' show the viscosity effect observed with salicylic 
acid. The vi:;cosities of both these acids remain 
urichangecl when compared with the corresponding 
concentrations of surfactatit in the absence of the 
acid. Berizoic acicl and acetylsalicylic acid also 
failed to show any viscosity changes. The inter- 
action or salicylic acid with the quaternary type of 
surfactants is highly specific as further investiga- 
tions with the ortho, meta, and puru substitutcd 
arninobenzoic, chlorobenzoic, and uitrobeuzoic acids 
produced 11o viscosity change. In addition, sali- 
cylic acid tlirl not exhibit this viscosity effect when 
dispersed with an anionic surfactant such as sodium 
lauryl sulfate or with a nonionic surfactant such as 
cetomacrogol 1000. The viscosities of dodecyltri- 
methylammoniurn, tetradecyltrimethylammouium, 
at id cetyltritnethylammonium bromide solutions are 
iridcpendent oli the concentration of the surfactant 
and practically indepeiidcnt of cach other. 

Table 
111 shows the gH of surfactant solutious coutaining 
hydrowybenzoic: acids. There is a small change in 
pII with increasing concentration of the acid. Thc 
viscosity of a surfactant solution whose pH is ad- 
justcd to that #of a corresponding surfactant solution 
containing salicylic acid remains unaffected. This is 
true for all the three surlactants. 

The mechanism of interaction is coniplicated and 
perhaps not yet fully undcrstood. Suggestions for 
iii.teractions of compounds with surfactants of the 
pcdyether type havc bcen made by Higuchi and 

The viscosity effect is not related to pH. 

Lach (1) as due to the formation of molecular com- 
plexes and by Goodhart and Martin (5), Blaug and 
Ebersman (15), and Autian and Shaikh (17) as due 
to micellar solubilization. The results from this in- 
vestigatiou indicate that the ititeractiou of salicylic 
add with surfactants of the quaternary type involves 
complex formation which leads to a marked change 
iu viscosity and is only possible with the ortho sub- 
stituted hydroxybenzoic acid while the meta aiid 
para compounds possess structures which are un- 
favorable to interaction. Besides, other attractive 
forces are likely to  play a part as i t  is not only the 
ortho substituent that effects a viscosity change; 
a hydroxy group is essential, since the amino, 
chloro, and nitrobenzoic acids do not exhibit this 
viscosity effect. 

The above-mentioned complexation is of impor- 
tance to  pharmaceutical formulation. It can be 
made to stabilize emulsified preparations such as 
creams, ointiiieuts containing the quaternary am- 
monium type of surfactants, and salicylic acid due 
to the high viscosity resulting from the interaction. 
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Phosphorus-Nitrogen Compounds VI 
Some Phenethylamine Derivatives 

By L. A. CATES, W. H. LAWRENCE*, and R. J. MCCLAINt 

Eight diphenyl or  diethyl phosphoramidates and one phenyl phosphorodiamidate 
containing phenethylamine moieties were synthesized for pharmacological testing. 
The derivatives were screened for their effect on  the rabbit eye and isolated intes- 
tine, on dog blood pressure, and locomotor and anorexigenic activity in mice. The 
anorexigenic properties exhibited by some of these compounds may be related to 
their sedative effects. Three of the compounds inhibited spontaneous duodenal 
contractions at concentrations of 10 p.p.m. followed by tissue recovery. This anti- 

spasmodic effect was not reversed by acetylcholine or  barium chloride. 

HE EFRECT of N-substitution on the pharma- 
Tcological activities of adrenergic amines has 
been extensively investigated and much of the 
work in this area has been directed toward de- 
termining the influence of various N-alkyl modi- 
lications on the cardiovascular and centrai ner- 
vous systems. Some attention has, however, 
been given to acyl derivatives of phenethyl- 
amines, principally in efforts to reduce cardio- 
vascular side effects of the parent compound 
and to prolong the duration of adrenergic ac- 
tivity. One extensive synthetic program involv- 
ing amides of dextroamphetamine and pheuyl- 
propanolamine resulted in the testing of an 
orally effective locomotor stimulant without sig- 
nificant cardiovascular effects (1). An attcmpt 
in protracting sympathomimetic activity is 
exemplified by the acctylation of epinephrine (2). 

In view of these previous studies, the effect of 
phosphorylation on the pharmacological proper- 
ties of phenethylamines was considered worthy of 
investigation and amphetamine, methamphet- 
amine, ephedrine, plienylpropanolamine, and 
homoveratrylaniine were selected as representa- 
tive adrenergic agents which readily lend them- 
selves to phosphorylation. Testing OF com- 
pounds which have been previously reported in 
this series indicates that conversion of various 
amines to phosphoramidates reduces the bio- 
logical activities of the parent compounds in 
that most of the derivatives possess low toxicities. 
The majority of p-toluidine (3), 2-aminopyridine 
(4), and guanidine and 2-aminopyrimidine (5) 
derivatives displayed little or no toxicity when 
administered to mice for 7 to 11 days a t  dosage 
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levels of 100 to 500 mg./Kg./day.l These 
derivatives may be excreted unchanged and not 
undergo the desired in vioo enzymatic hydrolysis 
to liberate the physiologically active amiiies. 
'To test this supposition, potent central nervous 
system stimulants were phosphorylated and the 
resulting phosphoramidates screened for their 
ability to increase locomotor activity in mice. 
Acute toxicity studies were made on all but one of 
the derivatives and most of the compounds were 
also screened for anorexigenic activity and their 
effects on the eye and isolated intestine. In  
addition, five of the derivatives were tested for 
thcir acute cffects on blood pressure in the anes- 
thetized dog. 

EXPERIMENTAL 

Chemical Synthesis 

Phenethylphosphoramidates (Table I, Compounds 
I-VIII).-Compounds I-VI were prepared by reflux- 
ing the appropriate arnine (2 moles) and dicthyl or 
diphenyl phosphorochloridate (1 mole j in anhydrous 
benzene for 1-4 hr. 

In compounds lI-T71 the resulting amine hydro- 
chloride was removed by filtration and the  filtrate 
spin-evaporated over a steam bath to yield an oil. 
The oil was washed with petroleum ether to give a 
white solid which was washed with dilute hydro- 
chloric acid and water. The product was crystal- 
lized from ethanol (compound 11) or petroleum 
ether (compounds 111-VI). 

Compound I was isolated from the precipitatc 
formcd in the reaction mixture which was washed 
with water and crystallized from ethanol-water as 
the monohydrate. The ephedrine required for this 
synthesis was dried over alumina prior to  its usc 
in the reaction. 

Reagent chloroform was employed as the reaction 
solvent for compounds V I I  and VIII. Following a 
reflux period of 8 hr. the phenylpro~anolamiiie 
hydrochloride was removed by filtration and the N- 
trate was spin-evaporated to yield an oil. The oil 
was converted to a white solid when crystallized 
from ethanoldilute hydrochloric acid. Hemi- 
hydrolysis occurred with the more labile aryl ester 

1 Testing results furnished by the Cancer Chemotherapy 
National Service Center, Rethesda, Md. 
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111 

I V  
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v11 

V l I l  

IX 

El OH 

II  I1 

IT IT 

H IT 

CHiO H 

CHiO H 

H OH 

H OH 

TABLE I.-P HEN E I HVLPHOSPIIORAMIDATES 
- 

~ 

I<' 
Phcnyl 

Phenyl 

I't 11yl 

Ph rn yl 

Ethyl 

Phenyl 

Ethyl 

Phenyl 
hydroxyl 

0 

I 
c 

h1.p." c.u 
13 4 - 13 5 

101-102 

57-58 

63-65 

63-64 

88-89 

81-83 

,---Anal., R-- 
l.'ormula Calcd. Found 

CpjHzrNOaP C, G! 6 
H, b 3 . H2O 
K , 3  4 

C21H22NOaP C, 68 6 

x,3 8 

IY, 5 2 

H, 6 0 

CIjH2ZNC)JP C, 57 5 
H , 8  2 

Cr?Hzrh'OaP C, 69.3 
11, 6.3 
N. 3.7 

Cl4H2,N05P C, 53.0 
H, 7 .6  
Ii, 4.4  

CyAHeliYOsP C, 63.9 
H, 5 . 8  
N, 3 .4  

2P-245 dcc. CLJIixNOjP C, 58.6 
H, 5.9 
N, 4.6 

76-77 C2aHysiY\'zOzP C, 70.6 
H, 7.2 
N, 6 .9  

63.8 
6 . 3  
3 . 4  

68.3 
5 . 9  
3.7 

57.0 
8 . 6  
4.9 

69.4 
6.4 
3 . 5  

52.9 
7 . 9  
4 .4  

63.6 
5.9 
3 . 4  

54.4 
7.4 
4 . 8  

58.1 
6 .1  
4 6  

70.3 
7 . 8  
6.  7 

All melting points are uncurrected. 

product (compound VIII) during this purification 
step as shown lby its solubility in sodium hydroxide 
solution, high melting point, infrared spectra, and 
microanalysis. The plieriylpropanolarnine required 
in this synthesis was prcpared by treatment of the 
hydrochloride salt with an equal molar amount of 
sodium hydroxide. 
Phenethylphosphorodiamidate (Table I, Com- 

pound IX).--Del;troamphetaniitic (0.1 mole) and 
phenyl phosphorodichloridate (0.025 inolc) were re- 
fluxed 12 hr. in anhydrous benzene. The reaction 
mixture was fili.cred and the filtratc spin-evaporated 
over a steam ha.th t o  yield a viscous oil. The oil was 
dissolved in etlier and dried over anhydrous sodium 
sulfate. Spin-evaporation of the ethereal solution 
gave an oil which developed crystals alter 3 days. 
Wishing of tlie crystals wi th  petroleum ether 
yielded plienyl--il;,rl;'-bis~(l-methyl-2-phenylethylj- 
phosphorocliamidate as a white, crystalline solid. 

Infrared Spectra 

AUl starting materials and products were eaamined 
by meatis of R Beckinan IR 8 spectropliototueter 
uqitig a Kujol mull. The new derivatives showed 

thc folIowing characteristic absorptions, y in em.-': 
1238-1250 (P=O in compounds I-VIII), 1220 
(P-0 in compound IX), 1140-1160 (POEt in com- 
pounds 111, V, and VII), and 1070-1100 and 1200 
(POCaryl in compounds I, 11, IV, VI, VIII, and 

Derivatives of primary aiiiines showed the K-H 
stretching vibration of the intermolecularly hydro- 
gcn-bonded form at 3210-3260 a n - 1  (6), while 
compounds I and I\' gave no bands in this region. 
Cotiipound VIII showed a weak absorption at  2550 
cm.-' which can be assigned to P-OH (7). 

IX). 

Pharmacological Screening 

The compounds were subjected to screening tests 
for anorexigenic properties; central nervous system 
effects, as indicated by spontaneous locomotor ac- 
tivity; toxiaty; stimulation or inhibition of isolated 
rabbit intestine; and pupillary dilation or constric- 
tion, topical anesthesia, and irritating effects in 
the rabbit's eye. Five of the nine compounds were 
also tested for their acute effect on blood pressure in 
anesthetized dogs, when administered intravenously. 

Anorexigenic Screening Test.-Food was withheld 
from mice for 20-24 hr. prior to the test but water was 



1402 

provided ad libitum. Each test compound was ad- 
ministered in three dose levels, 4, 8, and 16 mg./Kg., 
and rach dosc l c ~ l  was given to  a group of three 
mice of approximately equal weight. Appropriate 
dilutions were prepared so a consistent volumc of sol- 
ution was injcctcd into each mouse (0.01 ml./Gm.). 

Each riiouse was weighed and injected iiitrapcri- 
toneally (i.p. ) with thc appropriate solutioii aud 
placed hack in its individual cage for 30 min., after 
which it was permitted free access to  a food pellet 
for exactly 10 min. The food pellet was accurately 
weighed to one-tenth of a milligram (0.1 mg.) using 
a inbdel H-6 Mettler balance, before and after the 
feeding period. Control micc were employed which 
received a similar volume of saline and others which 
received 0.5, 1, and 2 mg./Kg. of dextroaxnplieta- 
mine. 

CNS Activity. Spontaneous Locomotor Activity, 
24 hr.-Each mouse was injected i.p. with 0.01 
ml./Gm. of 1% propylene glycol in saline and placed 
in an actophotometer (Mctro Scientific) for 24 hr. 
The instrumcnt was located in a windowless room 
free of external noise and a dim light was main- 
tained duriiig the test period. Each breaking of the 
beams of infrared light by the mouse was recorded 
by riieans of a digital counter. The mouse had free 
access to food and water during this time. The 
count obtained was used as the control for this par- 
ticular mouse and each animal was used a t  7-day 
intervals. The niouse received 5 mg./Kg. of the 
test conipouiid i.p. and the activity was determined 
for 24 hr. under the same environmental conditions. 

CNS Activity. Spontaneous Locomotor Activity, 
5-min. Test.-The method used was essentially that 
of Dews (8) as modified by Moffett and Seay (9). 
Five mice of approximately equal weight comprised 
an experimental group. Each mouse was weighed, 
administered 4 mg./Kg. i.p. of the compound, and 
returned to his cage for 30 min. The animal was 
then placed in an actophotometer for exactly 5 min. 
Solutions were prepared so each mouse received 
0.01 ml./Gni. 

Irritancy, Local Anesthesia, and PupiIlary Reac- 
tions in the Rabbit Eye.-These three tests were run 
simultaneously. -411 compounds tested were 1 % 
solutions (w/v) in propylene glycol. Healthy rab- 
bits werc sclcctcd and, after their careful exatuina- 
tion, 2 drops of the test solution were placed in one 
eye, and 2 drops of propylene glycol in the other 
eye as a control. The animals were observed a t  
10-niin. intervals during the next hour for evidence 
of corneal anesthesia, pupillary dilation, or con- 
striction and irritation. 

Isolated Rabbit Intestine.--A piece of rabbit small 
intestine, about 2 to  3 CIU. long, was suspended in 
aerated Tyrode’s solution in a constant-tempera- 
ture bath. The tissue was anchored at the bottom, 
and the top was attached via a lever system t o  a 
Grass force-displacement transducer. Contractions 
of the isolated intestine were recorded with a Grass 
model 7, ink-writing polygraph. Quantities of 
compounds administered are all expressed in terms 
of final concentrations of the derivative in Tyrode’s 
solution. 

Toxicity Studies.-Acute toxicity tests were con- 
ducted according to  the mrthod of Thompson and 
Weil (10, 11) for estimating the LDN. Four mice 
were used for each dose level, and four dose levels 
were employed for each compound. The dose levels 
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selected reprcscnt a geometric progression in that 
the logarithm of adjacent doses differed by a factor 
of 0.176. Solutions of the compounds were prc- 
pared to give the dcsired quantity when 0.01 
ml./Gin. was injected. The mice were weighed, iii- 
jeeted i.p., and observed for 1 4  lir. Following this 
they were returned to the artimal room where 
another check was made a t  the cnd of 24 hr. 

Our definition of “acute toxicity” includes any 
deaths which occur within 24 hr. after administra- 
tion of the compound. Since few compounds ex- 
hibited significant toxicity within the 24-hr. periocl. 
observation of these animals was continucd for an 
additional 6 days. No further administration was 
given. Any deaths which occurred during these 
additional 6 days is reported as siibacutc toxicity 
(7-day toxicity). 

Blood Pressure Effects in Dogs.-Mongrel dogs 
were anesthetized with sodium pentobarbital, 30 
mg./Kg., intravenously, and supplemented as 
needed to  maintain the desired level of anesthcsia. 
The carotid artery was cannulatcd and attached to a 
Statham pressure transducer, the femoral vein was 
canriulated for intraveiious injections, and the 
trachea was cannulated to  permit free air flow. 
Arterial pressure responses were recorded using a 
Grass model 7 polygraph. 

RESULTS AND DISCUSSION 

Anorexigenic Activity.-Since some of these com- 
pounds are derivatives of potent anorexigenic drugs, 
amphetamine and inethamphctamine, it was deemed 
advisable to see if these agents would exhibit any 
effect on food consumption of mice. -4s noted 
(Table 11), most of these compounds produced some 
decrease in food consumption during the feeding 
period. Food consumption was determined for each 
mouse during its 10-min. feeding period; this was 
converted to grams of food consuiiied per kilogram 
of body weight of the mouse for uniformity in corri- 
paring one animal, or group of animals, with another. 
Saline-treated animals served as controls in deter- 
mining relative food consumption for the various 
treatments. Each value presented in Table I1 
represents the mean response of three auinials. 

The iricorisistency of thcsc data is probably a re- 
flectiou of the variability of response as seen in the 
small size of animal groups (three mice). The de- 
creased food consumption by many of these animals 
was apparently due to varying degrees of hypo- 
activity and sedation of the animals which was noted 

TABLE 11.-ANOREXIGENIC ACTIVITY 

Food Consumption as % of Control (Control = 100%) 
ComDd. 4 &./Kg. 8 mg./Kg. 16 mg./Kg. 
I 
I1 
I11 
IV 
V 
VI 
VIT . ~- 
V I I I  
IX 

107.4- 40.1 102.3 
22.5 16.5 36.9 
12.2 14.2 21.0 
3 . 2  3.8 3 . 3  

63.7 95.4 78.0 
23.3 29.0 48.0 

104.4 120.1 24.7 
64.6 69.2 77.1 
63.7 15.7 20.2 

Dextroampheta- 
mine“ 51.9 54.0 17.9 

I a Dose levels of dextroamphetamine were 0.5, 1, and 2 
mg./Kg., respectively. 
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TABLE III.-SPONTANEOUS LOCOMOTOR ACTIVITY 
__ - 

~~ 

~~~ 

I 75. (i 142.2 53 . 2 3.437e 4908- 9 1 0 1 53.9 
I 1  99 .1  105.2 94.5 0. 132 8507 17,332 18.9 
I l l  41.8 105.2 39. T 2 . O 6 9  15,824 18,Sfii 83 .9  
I v 112.4 105.2 106.8 0 ,226 R"6 10,852 76.4 
v .?I .8 142.2 4.1 10.10e 12,866 10,513 122.4 
VI 53.0 105.2 .m . 4  1.259 3963 6503 60.9 
VII 106.0 105.2 100.8 0.040 76,877 18,867 89.5 
V i T I  110.0 10.5.2 104.6 0.141 . . .  . . .  . . .  
IS 101.6 105.2 96.1 0.118 15,522 15,817 98.1 

a Mean value of five animals. 6Valutl for  one animal. Drug counts/control counts x 100. Drug counts/contl-ol of 
w m e  ariinral (1';4; pi-opylene glycol in saliue) X100. eSignificant a t  5% level. f Significant at 10% level. 

Compd. Concn. 

Barium 
Adrenaline Acetylcholine Chloride 

Effect (1: 100,000) (1  : 10,000) (1: 1,000,000) 
I 1 : 5000 Inhibition NSRa NSK . .  
I1 1:100,000 Inhibition -NSR NSR . , .  
I\' 1:100,000 Inhibition N SR NSR . . .  
v 1:10,000 Stimulation . . .  . . .  Inhibition 
VI 1 : 25,000 Inhibition NSR NSR . . .  
VII 1 : 10,000 NSR Stimulation6 ... . . .  
VIII 1 : 10,000 NSR Stiniulationb . . .  . . .  
I X  1 : 3 00,000 Inhibition NSR h'SR . . .  

a N o  significant response. ' Acetylcholine concentration = 1 : 1,000.00U. 

dnring the peiiod of the experiment. In  a few in- 
stances this was suficient to cause the animal to lose 
its righting reBex. I t  was thought that the 5-min. 
locomotor activity tests would clarify this aspect, 
but the results, of the actophotometer tests do not 
correlate wcll with the decredsed food consumption. 

Spontaneous Locomotor Activity.-Initially it was 
thought tliesc compounds would probably increase 
locomotor activity, with a slow- onset and long dura- 
tion of effect. Conscqucntly, spontaneous motor ac- 
tivity determinations were made over a 24-hr. ob- 
servation period (Table 111). As testing proceeded, 
it became obvious that at least some of the cotm 
pounds cscrted their action rather promptly; 
therefore, spontaneous motor activity wras again de- 
termined 30 min. after intraperitoneal injection. 
This time the observation period was reduced to 
5 min., thus minimizing acclinmtization of the 
mouse to the environnierit of the actophotometer. 

Since the 24.-hr. test was discontinued in favor of 
a 5-min. test, the results presented represent the 
response of a mouse after receiving the designatcd 
compound aiid comparing this response to  that ob- 
tained from the same mouse after receiving 0.01 
ml./Gm. of ly<, propylene glycol in saline. 

The 5-min. !locomotor activity test utilized groups 
of five animals for each compound and for the saline 
controls. The mean for each five-animal group was 
used to  compare the counts for the experimental 
animals with the controls and to compute the per 
Zent of control values. A comparison between the 
means of each series of five animals and its control 
was made by calculating Student t values. T w o  
compounds (I and V)  showed a decrease in locomo- 
tor activity which was significant a t  the 5% level 
and compound 111 gave a t value which would be 

Fig. 1.-Typical response of isolatcd small intes- 
tine to  compounds I, 11, IV, 1'1, and IX. Key: 
A, compound (in this case, VI,  1 : 25,000); B, acetyl- 
choline br, 1: 1,000,000; C, acetylcholine br, 
1 :250,000; D, acetylcholine br, 1 : 100,000. 

significant a t  the 107, level None of the com- 
pounds produced any statistically significant increasc 
in such activity, which was somewhat unexpected, 
particularly for thc amphetaiiiine and methamphrt- 
amine derivatives. 

Topical Anesthesia, Pupillary Reaction, and Irrita- 
tion in the Rabbit's Eye.--No local anesthesia, 
pupillary dilation, or constriction was noted during 
the period of observation (1 hr.). The solvent used 
(propylene glycol) irritated the eyes, as indicatcd by 
redness of the cornea. The solutions of the com- 
pounds did not appear to  produce any greater irrita- 
tion than the solvent, although this was difficult to  
asscss. 

Isolated Rabbit Intestine.-Three of the eight 
cornpounds tested produced a marked decrease or 
complete inhibition of spontaneous activity and 
tonus of the isolated sinall intestine at a concentra- 
tion of 1:100,000 (compounds 11, IV, and IX). 
While a 1 : 1,000,000 concentration of acetylcholine 
was sufficient to produce spasin of the normal intes- 
tinal strip, following administration of each of thesc 
three compounds, concentrations of acetylcholine as 
great as 1 : 100,000 failed to produce any response 
(Table IV). A typical response of this type is shown 
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TAHLE V.--ACUTE AND SUBACUTE TOXICITIES' 
~. ~~~ 

~~ ~ 

I -24 hl-.- --7 Dav ~~ ~ 

Dose." 100 1.50 2 2 5  3:37 100 150 2 2 5  337 

1 0 2 :JJ 2 3 i > 2 
I1 0 0 0 0 1 d 1 2 
IV 0 0 0 ( I  0 2 :i i) 
v ( J  1 0 0 i) 2 1 :i 
v I C  0 0 0 0 2 :3 4 4 
VII 1 0 0 0 1 0 ( 1  0 
VIIId 0 0 2 3 0 0 3 4 
IX 1 0 0 0 1 0 0 0 
Propylene glycol, 0.01 

ml. /Gm. 0 0 0 0 0 0 0 0 

C'ompd. m g / K x  
> 
> 

Number of deaths out of four animals. 0 mg./Kg. in  propyletie glycol civen i .p.  Dose levels = tilj.i, 100, 150, and 
Trsl or this  solvent systeni wi th imt  compnind V I  rewltecl i l l  1111-ee deaths in  225 mg./Kg. 

24 Ilr .  and foil#- deaths in 7 days. 
In propylene glyco1,"aOlI. 

in Fig. 1. In addition, barium chloride in concentra- 
tions up to  1 : 10,OOO failed to  contract the isolated 
intestine following thesc drugs. Thus, these com- 
pounds relaxed the intestinal strip and prevented it 
from responding to the ncurogenic stimulation of 
acetylcholine arid the myogenic stimulation of barium 
chloride. 

Two other compounds (I and VI) produced a 
similar response but a higher -oncentration of the 
compound was required for this effect (1:25,000 for 
VI; 1 : 5000 for I). 

One compound (V) produced stimulation of the 
isolated gut at a concentration of 1: 10,000. This 
stimulation was counteracted by 1 : 1,000,000 adrena- 
line, and prevented by prior addition of l : 1,000,000 
atropine. 

The other two compounds (VII and VIII) did 
uot produce any significant response upou the intes- 
tine in concentrations up to 1 : 10,000, 

Three diethyl phosphoramidates were synthesized 
in order to give an indication of what different ef- 
fect, if any, an alkyl ester produces compared to an 
aryl ester. One obvious difference in properties is 
the much greater water solubility exhibited by the 
ethyl esters. The pharmacological activity most af- 
fected by this difference in solubility appears to be 
that on the isolated gut. It is noted that the €our 
compounds (11, IV, VI, and IX) most active as 
antispasmodics were insoluble in water, while only 
one water-soluble compound (I) exhibited this ac- 
tivity, and quantitatively i t  was much weaker than 
the others, and another water-soluble compomd (V) 
produced intestinal stimulation. It is also interest- 
ing to note that compound VI, which produced inhi- 
bition of the intestine is the diphenyl phosphate 
derivative of hotnoveratrylamine, whilc compound 
V, which produced stimulation of the intestine, is 
the diethyl phosphate derivative of homoverdtryl- 
amine. 

Toxicity Studies.-These tests indicate that most 
of the compounds are much less toxic when con- 
sidered in terms of acute toxicity (24 hr. or less) 
than when considered in terms of subacute toxicity 
(7 days or less). Thus, thc data suggest that most 
of the compounds exert their toxic effcct indirectly 
by adversely affecting a vital organ or function (e.g., 
possibly renal or hepatic function) or else they are 
retained in the body and slowly converted into some 
more toxic substance. No attempt was made to 

1M m q 

(i -Ha 

Fig. 2 --Effect on arterial blood pressure of 311- 
esthetized dog from slow intravenous iiijection of 1.6 
mg./Kg. of compound I. 

dctermine the cause of death for the mice that 
succumbed to these compounds. This pattern of 
delayed death is readily illustrated by compounds V 
and VI (Table V). Only one of the 16 mice which 
reccived V died within 24 hr., however, by the end 
of the 7th day, nine of the 16 mice were dead; cotn- 
pound VI produced no deaths during the first 24 
hr., however, by the end of the 7th day, 13 of the 
16 mice which had received the drug were dead. 

Some of the other compounds did not exhibit 
significant toxicity a t  the doses utilized. Com- 
pounds V I I  and IX produced only one fatality each 
during the 7-day period, arid the rapidity of death 
in both cases (less than 4 hr.), and the fact that both 
deaths were from the lowest dose, would lead one to 
suspect something, other than drug toxicity, as a 
possible cause of these deaths. Two groups of four 
mice each were administered an equivalent volume 
of propylcne glycol; none of these eight mice died 
within the 7-day observation period. 

Compound VIII presents a different problem. I t  
is not soluble in water or propylcne glycol but does 
form thc water-soluble sodium salt. Sodium hy- 
droxide was used to  solubilize the compound; the 
result was seven deaths out of thc 16 injected. The 
same quantity of sodium hydroxide as used to solu- 
bilize VI I I  was added to  propylene glycol and an 
equivalent volume of this sodium hydroxide -propy- 
lcne glycol solution was injected into four mice; 
three of these died within 24 hr. and the other died 
before the 7th day. This would represent the 
sodium hydroxide concentration in the strongest 
solution (337 mg./Kg.), but since the solutions for 
the lower doses were prepared by diluting some of 
this solution with propylene glycol, the lower dose 
levels contained correspondingly less caustic. 

Blood Pressure in Anesthetized Dogs.-Five of 
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the nine compounds were administered intravenously 
tn anesthrtizrri dogs to deterniinr their cffcct on 
syitcinic arterial prcssurv. Crmipountls I ,  I I I ,  I \- ,  
\., a d  \ ' I  I %err administert~l ill varil-nis (losagc. 
whrdulrs r;iiiging from 0.5 to  10.0 rng./Kg. Only 
rompound 1 produced :a marked changc in blood 
pr~:~wir(' Fi,qtirr 2 shows thr alt~ratioii i i i  rarotirl 
arlcrial prvssur'r producrd hy I . f i  m , y . / K ~ .  o f  cntw 

1)otiiid 1. I t  will be iiotctl tliat tlicre is ail illcrease 
in both systolic and diastolic pressurc, how 
tolic pressurc increased more than diastolic, thus 
increasing the pulse pressure too. 
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A Portent a-Receptor Blocking Agent, SU-14542 

By T. F. BURKS* and J. P. LONG 

SU-14542 was studied in isolated cat and rabbit hearts and in  in sita dog hearts for 
possible 8-adrenergic receptor stimulating activity. It was determined that this 
compound has no demonstrable action on 8 receptors. lnvestigation of its effects 
on  isolated mesenteric arteries demonstrated powerful a-adrenergic receptor block- 
ade; SU-14542 was found to be 2-7 times more potent than phentolamine as an 01- 

receptor blocking agent. The ID60 for S U - 1 4 5 4 2  in blocking epinephrine was 
determined to be 6.6 X 1 0 - 9 M .  

:r HAS BEEN reported by Barrett et al. (1) that 
'SU-14542, which is 3'-methoxy-4' [(4-phenyl-l- 
I'iI)erazinyl)-butoxy]-acetop~ienone monohydro- 
chloride, decreases arterial blood pressure in both 
anesthetized riormotensive dogs and unanes- 
thetized renal hypertensive dogs. Decreases in 
pressor rcsponses produced by  epinephrine, 
norepinephrine, and amphetamine were observed 
following oral administration of 0.20 and 1.80 
mg./Kg. of SlJ-14.542. These workers reported 
that the experimental compound does not possess 
ganglionic blocking activity but ,  since tachy- 
cardia was observed following administration of 
SU-14542, that  it does possess P-adrenergic recep- 
tor stimulating activity. 

Povalski ef. al. (2) reported that while 5.0 
mg./Kg. SU-14542 given orally to  anesthetized 
dogs prodiiced a decrease in mean arterial blood 
pressurc, cardiac output was not significantly 
altered. Rutlcdge et al. (3) found that SU-14542 
increased lernal-al arterial blood flow in dogs but  
did not significantly incrcase renal blood flow. 

In  this cominunication evidence will be pre- 
sented demonstrating that SU-14542 is a potent 
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a-adrenergic receptor blocking agent that has no 
8-adrenergic receptor stimulating properties on 
dog, cat, or rabbit hearts. 

EXPERIMENTAL 

Cat and Rabbit Hearts.-Dutch rabbits of cither 
sex, weighing from 1.&2 Kg. were sacrificed by 
cervical dislocation, and the beating hearts were 
removed and flushed through the aorta with a 
hcparin-saline solution. An aortic cannula was 
tied into place and the hearts perfused in the usual 
Langendorf prcparation (4) with Locke Ringer 
solution for isolated hearts warmed to 3537" and 
aerated by bubbling 95Oj, 0,-5% CO,. Aortic 
pressure was maintained a t  40-50 mm. Hg to 
ensure adequate coronary perfusion. Drugs were 
injectcd in 0.5-1 ml. vol. into the aortic cannula. 
Force of contraction was measured from a Grass 
Instrument Co. force - displacement transducer 
(FTOBC) and recorded on a Gilson (GME) poly- 
graph. Heart rates wcre obtained by direct ob- 
servation of recorder pen movement. 

Cat hearts wcrc prepared in a similar manner 
from cats of cither sex weighing 1 . 5 3  Kg., anes- 
thetized by intrathoracic administration of 30 
mg./Kg. sodium pentobarbital. 

Dog Hearts.--Mongrel dogs of either sex, weighing 
10-12 Kg., were anesthesized by 15 mg./Kg. sodium 
thiopental arid 250 rng./Kg. sodium barbital ad- 
ministered intravenously. Systemic blood pressure 
was measured from n carotid artery cannula by a 
Stathani pressure transducer (P23AA) and recorded 
by an Offner type RS Dynograph. Drugs, in 
volumes of 0.1-1 ml., wcrc injected through a 
cannula placed in a femoral vein. Both vagus 
nerves were sectioned in the cervical rcgion and each 
animal was administered 20 rng./Kg. hexamcthon- 
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TABLE I.-EFFECTS OF SU-14542 AND EPINEPHRINE ON HEARTS (MEANS S.E.) 
- ___ ~~ ~ --__- _- Ratelmin.--- 7 -  Contractile Force, g -7 

Species iva Contt-nl Epib P Control SU" P' Cnntrol Epih P Control suc p d  
Rahhit 
Cat 5 Y 0 & 8  1 3 8 f 7  <0.01 W f 1 5  r 7 i - 1 2  <0.%5 9 f 1 . 6 2 4 f 3 . 7  1 0 . 0 1  8&1.:3 5 1 1 . 5  cO.01 
Dog 5 I08 f 7 144 =t 11 <0.01 106 + 6 I04 f 5 N.S. 123 i 16 267 f 47 <0.01 118 f 18 111 rt 12 N . S e  

1 rncg./Kg. iu dogs. 
Not statis- 

5 168 + 14 202 f 16 10 .01  164 f 13 128 3~ 11 1 0 . 0 1  7 f 0 . 9  14 f 1 . 1  1 0 . 0 1  7 f 1 . 0  .1 + 1.0 (0.01 

" X .  numbw of animals used per experiment. Epinephrine, 1 mcg./dose in cat and rabbit hearts; 
C SU-14?42, 100 mcg./dose in cat and rabbit hearts; 1.0 mg./Kg. in dngs. 
tically significant. 

dAnalysis for decrease in response. 

Fig. 1.-Effects of the standard 8-recrptor stirnu- 
lant, epinephrine, and SU-14542 011 rate and force 
of contraction of isolatcd rabbit heart. Kote that 
epinephrine produced increascs in both contractile 
force and rate. SU-14542 dccreased both contrac- 
tile force and rate. 

ium bromide. Thc heart was exposed by a mid- 
line thoracic incision, the pcricardium opened, and 
a Walton-Brodie strain gauge arch sewn directly 
on the myocardium. Contractile force was re- 
corded by the Offner Dynograph. Hcart rates 
were obtained by direct observation of recorder 
pen deflection. 

Isolated Mensenteric Arteries.-Isolated arteries 
were prepared in the nianne.r dcscribcd by Rogers 
~t al. (5). Dogs of either sex were anesthctizcd 
as above and thc small intestine. exposcd via midline 
abdominal incision, Mesentcric arteries with branch- 
ing fans of smaller resistance arteries and peri- 
arterial sympathetic nerves wcre removed from the 
animals and mounted in an organ bath where they 
were pcrfused with Krebs bicarbonate solution. 
The Krebs solution was aerated with 95% 02-59; 
C02 and maintained at 37". The arterial segments 
were immersed in a 150-ml. recirculating bath and 
perfused by use of a Sigmamotor model T-8 peri- 
staltic infusion pump. Since flow was held con- 
stant, changes in perfusion pressure were directly 
proportional to changes in arterial resistance. 
Perfusion pre.ssurc was measured from a T tube 
between the pump and the artery by a Statham 
pressure transducer (P23AA) and recorded on an 
Offner Dynograph. 

Stimulation of the periarterial sympathetic 
nerves was accomplished with a Grass Instrument 
Co. model 54 stimulator. Parameters of stimula- 
tion mere within the following ranges: frequency 
20-30 C.P.S., duration 5-20 msec., and a t  6-15 v. 
for 1-10 sec. Epinephrine and norepinephrine 
dissolved in purified water were injected into the 
arterial cannula in volumes of 0.01-0.05 ml. and 
the blocking agents were injected directIy into the 
bath fluid. Several test doses of the agonists 
were given and several stimulations performcd 
until repeated challenge produced reproducible 
responses between 50-100 mm. Hg above the base- 
line pressure which was maintained a t  80-120 mm. 
Hg. 

After establishment of control responses, the 
antagonists were added to the bath and the agonists 
reapplicd; this was repratcd for a second dose of 
antagonists. 

Chemicals.-Chemicals employed were l-cpineph- 
rinr HCI, I-norepineplirinc IICl (calculated as 
the base), phentolarnine HC1, SU-14542, and hesa- 
niethionium bromide. 

The isolated heart experiments were so dcsigncd 
that cach heart served as its own control and the 
data were analyzed with the Student t test, paired 
comparisons (6). The data from the isolated ar- 
teries were analyzed by analysis of variance and a 
2 X 2 parallel line bioassay (7). IDsn doses for the 
isolated arteries were calculated by the method of 
Litchfield and Wilcoxon (8). In all experiments a 
Y value equal to or less than 0.05 was considered 
significant. 

RESULTS 

Hearts.-& can be seen from perusal of Table I, 
administration of epinephrine resulted in increases 
in both rate arid force of contraction of the hearts 
in all species investigated. This is of course con- 
sistant with its well-known ability to stimulate 
@-adrenergic receptors. SU-14542 produced dc- 
crcascs in ratc and/or force of contraction (Fig. 1). 
The effects of SU-14542 on the hearts were dose- 
related and doses ranging from 1-300 mcg. were 
applied to the cat and rabbit hearts; a 100-mcg. 
dose was chosen for the study. In the dogs, doses 
from 0.01-5.0 mg./Kg. were employed and 1.0 
mg./Kg. was chosen for the study, this being a 
dose comparable to those used by other workers. 
In one instance a dog was prepared as described 
above except the vagi were left intact and hexa- 
niethonium was not administered. In this case, 
administration of 1.0 mg./Kg. SU-14542 resulted 
in increases in both heart rate and contractile 
force, the onset corresponding to the fal l  in arterial 
blood pressure. It was also interesting to note 
that when epinephrine was administered to the 
isolated hearts after SU-14542 there was no indica- 
tion of P-receptor blockade when the response was 
compared to that produced by epinephrine before 
SU- 14542. 

mmHg 
200. 

Fig. 2.-Demonstration of a-receptor blocking 
action of SU-145L2. The stimuli applied were 
epinephrine (E), 0.1 nicg.; norepinephrine (NE), 
0.2 mcg. ; and sympathetic nerve stimulation (S with 
au arrow) 25 c.P.s., 5 msec./pulse, 10 v. for 3 SCC. 
The mcg. doses and M concentrations of SU-14542 
represent total bath concentration. 
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TABLE II.---EFREcTs OF SU-1422 A S D  PHEXTOLAMINE ON ISOLATED MESENTERIC ARTERIES, INCREASE IN 
PERFUSION PRESSURE, mm. Hg 

_ _ _ _ _ ~  
~~ 

.. .~ ~. ___ - -- 

7- Mean liespouse---. 
N 0 Conlrol Low noseh High DoseC Rd 

l ~ p i i i ~ ~ p l i r i ~ i ~ ~ :  phc.ntolarninc 8 74 5(i I4  . . .  

No~rcyiiicpliriiie ’ phentolainiiic x 74 54 10 

Nerve stimulator: phentolaminc 8 56 42 37 

SliJ-14.542 x 59 4 5 x 2.27  (2 .05  3.50) 

SU-14542 8 63 no t j  2.40 (2. o7--2, 77) 

SU-14542 8 73 54 24 7.02 (6’. 34-7.84 j 

a N ,  number of animals per experiment. ‘Low dose of phentolamine was 8.41 X 10-9hf; SIT-14642 was 3.18 X 10-~,CI. 
Potency ’: High doses (representing total concentration): phentolamine was 5.05 X 10-*:14; SU-14542 was 1.91 X 10-8.13. 

ratio (standard substance was phentolamine) with 95y0 fiducial limits as determined by parallel line bioassay. 

TABLE III.--A.NALYsIs OF VARIANCE-sU-14542 AND PHENTOLAMINE VC’ErS‘U.5 EPINEPHRIXF; (RANDOMIZED 
COMPLETE BLOCK DESIGN) 

~. .. __ -~ 

Source of Variatuon d.f.n SSb M S C  Fd Pe 
Preparation 1 9 5 95 <I NSJ 
Regression 1 12,207 12,207 89.10 <o .01 
I’arsllelism 1 63 63 <1 NSf 

Anirnals (blocks) 
.Error 21 2,868 137 . . .  . . .  
’Total 31 17,943 

(12,364) . . .  . . .  
2,711 387 2 .82  <0.1’>0.05 

‘Treatments (doses) (; ) 

.- __ 
a Degrees of freedom. Sum of squares. Mean square. P ratio. Level of significance. N o t  statistically sig- 

tiifican t . 

Isolated Arteries..--SU-14542 was fouiici to be :L 
potent a-adrcncrgic receptor blocking agent, being 
some 2-7 time:, more potent than phcntolamiiie 
{(Table 11). Yreliniinary experiments determined 
that 3.18 X 10--9AJ and 1.91 X 10-8iM concentra- 
tions of SU-14542 were approximately comparablc 
to 8.41 X 10-91’M and 5.05 X lOPM concentrations 
of phentolaniine in blocking the responses to 
epinephrine and norepinephrine. I t  was also de- 
termined that the. dose-response curve to SU-14542 
was relatively flat, the optimal log interval between 
the high and low doses was round to be 0.8 (Fig. 2). 
In latcr expcrirncnts SU-14542 was determined to 
be some 7 times more potent than phentolamine in 
antagonizing res,ponses to sympathetic nerve stim- 
ulation. As was expected, and as can be seen 
from Fig. 2 and Table 11, both a-receptor blocking 
agents were more effective antagonists of exogenously 
administered rd.techolalnineS than in antagonizing 
sympathetic ncrve stimulation. 

Mrdian iuhil,itory doses (IUm) ralculatcd for 
cxch of these wreccptor blocking agents against 
q~iiic~~liriiic witli tlirir 95‘fll confidwce limits wcrc 
;1s r0lll)ws: su-14542, 6.ti x lO-@Af (2.3 1 9 . 1  x 
I0 9 ~ 2 ) ;  ~~liecitolaiiiiiic, 16.5 X lU-gA122 (5.9-46.2 X 
l O r ~ I t 1 ) .  

Analysis of variance uiid p:trallel linc bioassay 
providcd evidence for good regression lines for each 
agent a t  the 0.8 log interval of doses, no deviation 
from parallelisin and good matching of doses. A 
typical table of analysis of variance is provided 
in Table 111. 

DISCUSSION 

From the data presented it may be concluded 
that SC-14543 is a potent antagonist of the a- 
adrenrrgic receptor stimulation resulting eithcr 

from addition o€ cxogenous catecholaniincs or from 
stimulation of sympathctic nerves in isolated 
mcsenteric arteries. SU-14542 was dctcrniined to 
be some 2-7 timcs more effective than phentolamine 
as an a-receptor blocking agcnt, and, therefore, 
could well find use in experimental and perhaps 
in clinical situations where the use of such a 
property might be indicated. The relatively flat 
dose-response curve demonstrated for this agcnt 
may be beneficial t o  its employment in diverse 
circumstances. 

I t  is evident, how-ever, that this compound is not 
a stimulant of the p-receptors of cat, rabbit, or dog 
hearts. It is suggested that the heart stimulation 
observed by othcr investigators following admin- 
istration of SU-14542 was mediated reflexly as 
compensation for the fall in arterial blood prcssure 
resulting from the intense a-receptor blockade 
produced by this compound. The single cxperitnrnt 
described above in which a clog with intact cardio- 
vascvlar rcflexcs rcspntided to  SU-14542 by 1ic:rrt 
stiniulatioii m a y  be ronti-astcd to  tlic othrr ;ti~iiiials 
with rcflcscs blockcil I)y vag;iloiiiy aiitl 1icx;iiiictIioil- 
i u r i i  tli;LL f d c c l  tu sliow aiiy sucli 1ic;trt stiitiul~tlio~~, 
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Comparison of an Immunoassay and the U.S.P. 
Bioassay for Determining Potency of 

Extracted Insulin 
By G. W. PROBST, W. F. BROWN, and H. J. HENRY 

An immunoassay procedure is described for determining the potency of extracted 
insulin. The  method, based on  salt precipitation for the separation of antibody 
bound and free insulins originally described by Grodsky and Forsham, was modified 
and simplified to obtain greater precision and reliability of results. Repetitive 
immunoassay results, conducted o n  different days with pork, beef, and mixed source 
zinc insulins, commercial insulin products, and insulin preparations from different 
stages of manufacture, were compared with the corresponding U.S.P. bioassay re- 
sults. Statistical analysis of the immunoassay data revealed a confidence coefficient 
of f 11.2 per cent (p = 0.95) for a single imrnunoassay. This value is within the 
limits established by the U.S.P. for insulin potency bioassay. A desired variation of 
f 5-6 per cent is obtained by statistical combination of several bioassay results. 
Similar variation is achieved by repeating the immunoassay on  4 different days. An 
analysis of variance indicated that the immunoassay, under the conditions employed, 
is not subject to variations due to species specific insulins if the antigen used to pro- 
duce antiserum is a mixed species insulin. The  beef and pork zinc insulins, originally 
selected to serve as standards for immunoassay, were found to have a significantly 
different potency by immunoassay when compared to the potency established by 
bioassay. In order to establish an immunoassay secondary reference standard 
equivalent to the U.S.P. reference standard, the reaction of three lots of pooled 
insulin was determined repetitively at all standard curve values. Statistical analysis 
by least squares, of the data obtained at 20, 30, and 40 milliunits/ml. (munits/ml.) 
insulin concentrations, yielded a calculated common slope which lies within the 
computed individual slope confidence interval. These data further support the 
validity of the immunoassay in establishing the potency of extracted insulin and was 
given credence by comparing immunoassay and bioassay results obtained o n  large 

manufactured lots of crystalline zinc insulins. 

OR MORE than two decades the potency of ex- 
Ftracted insulin has been determined by- the 
official U.S.P. bioassay (1). Like all bioassays, 
the “twin crossover’’ rabbit blood sugar-lowcr- 
ing assay, used as the official method for de- 
termining insulin potency, is beset with many 
shortcomings. These include inherent biologi- 
cal variation, high cost of facilities, consider- 
able time consumption, and lack of sensitivity. 
The developinent. of specific and sensitive iin- 
munological assays (2-6) provided rapid, ac- 
curate, and economic methods for the quantita- 
tive determination of insulin. These methods 
are based on isotope dilution as a quantitative 
index f o r  iiieasuring the competitive reaction of 
labeled a i d  unlabeled insulins for speciiic anti- 
I>ody. The separation of the antigen-antibody 
complex from the free antigen in the imniuno- 
logical reaction is achieved by different means in 
these reported methods. A sensitivity great 
enough for measuring microunit quantities of 
insulin found in plasma and serum is a cardinal 
feature of the imniunoassay. However, for 
control of insulin development and production, 
milliunit sensitivity is satisfactory. In the 
present study, the immunoassay method of 
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Grodsky and Forsham (3) as modified by Baum 
et al. (’7) was further explored and appropriately 
modified to  determine the best conditions for 
reproducible results. Immunoassays possess the 
potential capability of determining insulin with 
an accuracy equivalent to that obtained with the 
bioassay. Although the imtnunoassay and bio- 
assay measure quite different properties of the 
insulin molecule, attainment of analytical equiva- 
lence makes the immunoassay attractive for 
establishing insulin potency followed, when in- 
dicated, by a simplified aninial response as a 
nieans of confirming the hormonal activity of ex- 
tracted insulin. 

Experiments werr designed to delerininc the 
Iirecisioii of the iiniuutio;tssay under sl)ecifically 
t1elinc:d conditions, utilizing a series of insulin 
preparations. The rcsults of the iiiiiiiunoassay 
were cotnpared with the results of the U.S.1’. 
bioassay for these same insulin samples. Statisti- 
cal analysis of the results reveal that  the im- 
munoassay exhibits precision and reliability 
for establishing insulin potency well within the 
confidence limits for computed potency defined 
in the U.S.P. 

MATERIALS AND METHODS 

Antibody Production.-Mixed sourcc insulin (75% 
beef crystalline zinc insulin and 25% pork crystalline 
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zinc insulin, by weight) is used as the autigen in the 
production of antibody uscd in routine analysis. 

To a sterilized 
250-ml. (Virti:i 45) homogenizer cup add 250 mg. of 
heat killed Mycobacleriuna tuberculosis (BP008), 
rc:lls (Biological Production, Eli IAly aiid Co.), 50 
Gni. of a mixture of 45 Gni. mineral oil1 plus 5 Gin. 
sorbitan and 0.23 mI. of liquefied phenol. 
Sterilize the niixture of mineral oil and the sorbitaii 
ester separately and weigh directly into the homo- 
genizing cup. Add 50 nil., 80 units/rril., of mixed 
source insulin solution and homogenize the mixture 
for 5 min. at full speed. Prepare 80 units/inl. of 
insulin by wei,g.hiug an appropriate mixed beef-pork 
insulin (potency previously established by U.S.P. 
bioassay) and dissolve the solid in insulin diluent (1). 

Use the resulting emulsion of “corrlplete” antigen 
immcdiatcly for immunization. If injection delay is 
ericountered, repeat the hotnogenizing step. A 
“inodificd” antigcn is also prcparcd using 40 units/ 
ml. of mixed source insulin in the same manner but 
without the heat killed M .  tuberculosis cells. 
Smaller or larg-er quantities of the emulsion can be 
prepared usitij: proportional quantities of the com- 
ponents in the mixture. 

Inject 1rion;:rel guinea pigs (500-600 Gin. each) 
subcutaiicouslg with 1.0 tnl. of the “complete” 
antigen divided into 0.2-1i11. iucretueiits at five hind 
quarter sit cs on thc initial day of immunization. 
Repeat same treatrnent with “complete” antigen on 
the 15th day. On the SOth day of the itiimuiiization 
regimen and every 30 days, thercaftcr, further 
stimulate the :minds  with a 0.5 nil. intraperitoneal 
injectiou of the “modified” antigcn. Seven days 
after antigenic stimulation; namely, the 37th, 67th, 
Wth, etc., day of the immunization rcgimen, recover 
10 ml. of blood frotrl each animal by cardiac punc- 
ture. Use cleir aiitiscmm, obtnincd in the conven- 
tional manner, immediately for determining insulin 
antibody titer or freeze and store a t  -25’ for future 
antibody determination. 

The presence of ailtibody in thc individual guinea 
pig antiscra is readily detected by substituting 100 
PI. of 160 rriunits/ml. insuliii standard, 20 pl. of 
aiitiscrum and 1.0 ml. of immuno-diluent into the 
staiidard itiitiiunoassay procedure. A n  antiserum is 
considered to have suitable antibody concentration 
if 5OyX or more of the labeled insulin in the system is 
bound. Thost: antisera exhibiting suitable antibody 
concentration are pooled and freeze-dried. This 
freeze-dricil antiserum is stored at -25O indefinitely 
atid scrvc‘s as :i uniform source of antibody for cx- 
tciiderl pcriiids of rrutinc analysis. 

I’tior to IISC’ in the i~iiiiiuuoassny, a giveti lot of 
frcczc-dricd ~rittiscruni is carefully titcrccl agaiiist 
insulin conceii trations (10-50 niuiiits/nil. range) 
chosen Irom the standard reference curve a t  thrce 
sclccted antibody concentrations. Experience indi- 
cates that aiitiscra, sclccted on the basis of the de- 
tection assay, slioulcl be diluted in n raiigr of 1 : 1000- 
1 : 2000 to provide a linear relatio~sl~ip when per cent 
r-adioactivity rernaiiiiug in the superriatarit liquid is 
plotted as a log function of insulin concentration, as 
shown in Fig. 1. In this manner, a five-point 
rcference curve is prepared for each antibody con- 
rt:ntratii~ii. A visual inspection of the linearity of 

The antigen is prepared as follows. 

1409 

1 h l a i - k r t d  a:; 1)rakseolLliVR by Pennsylvania Refining 

2 Marketed a!; Arlacel A hy Atlas Chemical Industries, 
CD., Butler, Pa. 

Iuc., Wilxnington,, D el. 

la- 

m 
3 
- 
4 6 0  

2 50- 

c 

2 
z 

3 v1 

w I 

f 40- 
z - 
4 

5 
30- 

c 
> 
I- 

4 0 

a 
- 
2 20 

, .  10 
20 30 40 50 

I N S U L I N  CONCENTRATION krnU/rnll 

Fig. 1.-A typical insulin antibody titer deter- 
niination and standard reference curve obtained 
with pork zinc insulin (lot PJ-5682) and guinea 
piE antiseruni. Key: curve 1, antiserum diluted 
1:1000 (1.0 ~l./Inl.),  exhibits the effect of excess 
antibody; curve 2 ,  a typical standard reference 
curvc for insulin immunoassay is obtained with 
antiserum diluted 1: 1500 (0.67 ~l./ml.); curve 3 ,  
antiserum diluted 1 :ZOO0 (0.50 pl./ml.), shows the 
effect of insuficient antibody in the immunological 
rcaction . 

the three resulting curves pcrmits a selection of the 
proper antibody concentration to be used in the 
irrirnurioassay system in the range of the selected 
insulin concentrations. 

Due to  inherent biological variation in antibody 
production from individual anirrds, the results 
obtained in this type antibody titer determination 
may indicate a repetition of the determination a t  
higher or lower antibody conrentrations In addi- 
tion to determining antibody titer, this assay ad- 
justment system is also uscd to check new lots of 
human serum albumiu, 7-globulin, or other reagents 
and standards. 

KEAC;ENTS 

Irmiiuno-Diluent.-- 0 .%5 9; 
m t e  H u f e i . ~ -  Thc iriimurio-dilueitt (pH 8.2, 0.1 ioitic 
strength) is prepared with 6.18 Gm. of boric acid, 
5.00 Gin. of sodium tctraborate, 4.62 Gin. of sodium 
chloride, and 10 nil. of 25?& salt-poor human serum 
albumin (Cutter Laboratories) prr liter. Stock of 
10-20 I,. c:~n be prepared ant1 stored at  room tcm- 
perature for 2 iiioiiths 

Urea-?-Globulin Reagent.- -Urea solution (17%,) 
containing 0.174 bovine 7-globulin (Cohn, fraction 
11) is prepared by dissolving 510 Gni. of urea, 3.0 
GIII. of bovine y-globulin, and diluting to 3 L. with 
immuno-dilueut. The solution is adjusted to pH 
8.2 with 5.0 iV HC1. The reagent is stored under 
refrigeration (5”) when not in use and is stable for 
6 weeks. 
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Labeled Insulin.- Insuliii labeled with I3lI or 
lZbI is satisfactory as a tracer in thc immunoassay. 
l3II irisulin is obtained from Abbott Laboratories 
with a specific activity of 250-300 mc./mg. The 
conceutratc, supplied in 1 yo human seruni albumin 
with glycitie buffer a t  pH 8.2, is diluted for use with 
itiiinuno-dilueut to 0.266 pc./uil. 1 2 6 1  insulin is 
prepared a t  Eli Lilly and Co. with a specific activity 
of 6-12 mc./mg. and is diluted for use with immuno- 
diluent to 0.133 Mc./ml. The diluted lZI insulin 
is portioned into 25-1111. aliquots. A fresh aliquot of 
labeled insulin is used each week, the remainder is 
stored a t  -25”. A lot of 1311 insulin can be used 
for a 2-week period and then must be replaced with a 
freshly prepared material. On the other band, a 
lot of l z b I  insuliri,3 when frozen in aliquots as 
described, can be used for 3 months. The weckly 
supply of lZaI insulin is storcd under refrigeration 
(5’) when not in use. 

Insulin Standards.-Two rcfcrcncc standards 
used in the present study were selected at random; 
namely, pork zinc insulin, lot No. PJ-5682 (U.S.P. 
bioassay: 23.9 unit/mg. 65.517,) and beef zinc 
insulin, lot No. 836550 (U.S.P. bioassay: 25.4 
units/mg. +5.59cjO). Fifty units/ml. stock solution 
of the reference Standards are prepared in insulin 
diluent and carefully dilutcd (two steps) to 0.25 
units/ml. with insulin diluent. In the final dilution 
of the 0.25 unit/ml. solutiou to 10-50 munits/ml. 
solutions used for the preparation of the standard 
reference carve, immuno-diluent is used for the 
dilutions. The mixed source insulin reference is 
prepared by niixirig the 50 units/ml. stock reference 
standards in the ratio of 25% pork, 7570 beef zinc 
insulin, and appropriately diluting the rnixcd stock 
for use. Fresh reference standards are prepared 
weckly. 

Protein Precipitant.-A 1.25 Al sodium citrate 
dibydratc solution is prepared by dissolving 367.6 
Gm. in distilled watcr and diluting to 1 L. I t  is 
essential that analytical reageut grade sodium citrate 
be used in the prcparation of this salt solution. 

J ouv11cl.l of Pharrrzc1ceuticul Scier1ces 

1 and 2 serve as control blanks for labeled iiisuliti; 
add 1.10 nil. inimutio-diluent to each in place of the 
sxmple and antibody. Flask 3 (reference zero) 
serves as a guide in measuring the binding capacity 
of the antibody with the labeled iiisuliii. I t  con- 
taius 100 fil. of imtnuno-dilucnt in place of the 
sample. The insulin reference standard (flasks 
4-18) arid the samples (flasks 19-72) are run in 
triplicate. Using the syringe xnicroburet, deliver 
100-fil. aliquots of each of the insulin reference 
standards (10, 20, 30, 40, and 50 munits/nil., 
respectively) and aliquots of the unknown samples 
into the appropriate flask. Initiate the irnmuno- 
logical reaction by the sequential addition of 1.0 ml. 
of antibody solution (flasks 3-72). Momentarily 
agitate the mixture by hand and continue gentle 
agitation on a rotary shaker (A. H. Thomas No. 
3623) for 15 min. a t  roorn temperature. Com- 
nience all timing sequcnccs after additions are made 
to the last flask. Precipitate the antigen-antibody 
complex (bound form) by adding 6.0 ml. of 1.25 M 
sodium citrate into each flask. Again agitate this 
mixture on the rotary shaker for 15 rnin., then 
transfer the contents to the appropriate numbered 
centrifuge tube, and centrifuge in a refrigerated 
angle head centrifuge at  2400 X g for 45 rnin. a t  15”. 

Following centrifugation, carefully remove 5 nil. 
of the supernatant liquid and transfer the liquid to 
the appropriately numbered plastic tube. 

Radioactivity Measurement.-Measure the radio- 
activity of the sample in the plastic tube in an auto- 
matic gamma spectrometer (model 4108, Packard 
Instrument Co.) precalibratcd for a peak emission of 
lZ5I or 1311. The counting elTiciency of the 
instrument is measured with n 7-ray emission 
referencc source (‘33Ba) lot No. B-508 (ilbbott 
Laboratories). 

Prepare a radioisotope control tube for monitoring 
a given lot of labeled insulin during thc cntire 
period of time that the particular lot is used for 
routine assay. Dilute a 100-pl. aliquot of diluted 
labeled insulin (0.133 pc./ml.) with 8.9 ml. of 
imnutio-dilucnt and transfcr a 5-ml. aliquot of this 
mixture to a plastic tube. Tightly seal the tube 
with a rubber stopper and tapc. 

Thc above control tube is followed by an empty 
plastic tube used to measure buckgr~)urid radi;~tion. 
Counting time is usually 5 min./tubc. A radio- 
activity concentration is selected such that the 5- 
inin. count of the “rcfereuce zero” tube is never lcss 
tl lnll  5000. 

Calculation of Potency.---By cuiivcritiort, c(~rrcc.l 
lllc itidivitlri~tt tube couiits for backxi-oiuid aiid 
decay. Cailculatc tlie aui~~ui i t  of rdioactivity 
rciiiaiiiiiig in the supcriiatatit liquid a i i d  c:ulii-c’ss as 
per cent (average corrected saiiipk couiit X 100 
divided by averagc corrected blaiik couiit). Plot il 
five-point curve of the standard rcfercncc insulili 
concentration, 10, 20, 30, 40, arid 50 munits/iul., 
respectively, on semilog graph paper. Curve 2, 
Fig. 1, represeuts a typical standard response curve 
cshibitcd by a plot of these concentrations. Sample 
co~~criitration is estimated from this graph or calcu- 
lated oti a point-to-point lincar assumption as a 
logarithmic function of the insulin coiiceutration. 
For greater reliability, the calculatiou is limited to 
tlirce ccnter standard reference poirits; namely, 20, 
30, and 40 inunits/ml. of insulin. For sample values 
(per cent radioactivity in the supcniatant) equal to  

INSULIN IMMUNOASSAY METHOD 

Sample Preparation.-In order to minimize 
volumetric error, samples are carefully diluted with 
conventional laboratory pipets and volumetric 
flasks; or, micro dilutions are prepared by employ- 
iiig a syringe microburet (Micro-metric Instruments 
Co.) .  If iriicro dilutious are utilized iu sample 
prcp;tr-atiriri, volurrictric error is avoidcd if the de- 
livery volui~ic. Ironi tlie syriiigc iriicroburct is I i o t  
lcss tli:~ii 50 pl. with liighly C(JllCCllti%tcd iiisuliii 
solutioiis. The first step dilutioli is pcrfortnctl to 
about 50 u~iits/iiiI. usiiig iiisuliii tlilueiit. Thc liiial 
dilutions are iiratle with iniiiiuiio-dilueirt. After the 
final dilutiou, the samplcs arc convcnicntly stored 
overnight a t  5’. 

Assay Procedure.-Clean all glassware with 
detcrgcnt (Alconox), rinse with 2% (w/v) HCI, then 
deionized water, and dry in an oven before use. 
Number a set of severity-two 10-ml. conical flasks, 
12-ml. double strength centrifuge tubes, and plastic 
counting tubes in sequence. Add 100 pl. of 0.133 
pc./ml. lzzI insulin (by syringe microburet) and 
1.8 ml. urea-7-globulin reagent to all flasks. Flasks 

3 125I insulin was prepared by Dr. R.  E. Crabtrcc, 
Analytical Research, Eli Lilly and Co., Indianapolis. Ind. 
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or less tlian tlie midpoint of thc standard rurvc. the 
following equations are used to calculate insulin 
conccntration in thc sample. (i\ssuining 20, 30, 
a i d  40 muriits/ml. = standard curve.) 

hl i ) {X  ~ lOK :$() - IOg ?o/( ‘); at :<(j) - ( ‘?i, a t  2 0 )  
lUsg S L t l i P 1 C  = log 30 - (SlOpC) (54 at 30 - !:(, Sdmplc) 

aritilug sample = sample conccntratioii 
estimate = (sample concentration/midpoiiit 

standard conccntratioii) X 100 
(‘.,; estimate 1 (estimate) = uuktiowri insuliri 

concentration 

For sample values (per cent radioactivity in the 
supcrnatant) equal to or greater than the midpoint 
01 the standard curve, the equations are the same as 
above except for calculation of the slope, which is: 

standard, would provide au insulin staudard that 
pemiits iriimunoassay results to be expressed in 
terms of thc [J.S.P. standard. 

Requirements for Immunoassay Precision. ~ ’l‘l~c 
rxpcrimeutal plan was designed to yield results 
which were considcrcd as “maximurn capability” of 
the immunoassay under presently rccognized coiidi- 
tions. “Maximum capability” is defined as those 
conditions of procedural operations which would 
yield the smallest possible variation from one daily 
assay to another. These conditions place special 
demand on the technical operators which would not 
be imposed on the regular daily “routine” testing. 

Saniples were prepared for each day’s assay by a 
two-step dilution from the concentrated sample. 
The same pipet was used with a giveii sample each 
time that sample was diluted. In order to achieve 
more accuracy throughout, each technical operator 
used only one syringe for the lZ5I insulin and onlv slope = log 40 - log X/(% at  40) - (70 a t  30) 

Innnunoassay results are reported with their 95y0 
confidence intt.rva1 values. The variance of the 
indicated sample potency is calculated as described 
by Baum ct el. (7). For routine immurioassay of 
insulin, a digital computer (IBM 360) is programed 
to perfomi the calculatious 

Insulin Bioassay Method. -‘The potencies of all 
standard iiisulins and insulin samples used in this 
study werc established in accordance with the 
official U S.P. bioassay (1) utilizing the U.S.P. zinc 
insulin reference standard for comparison. Suffi- 
cimt individual bioassay rcsults were combined to 
yield 95g1 fiducial limit in the range of 5-8%. 

Insulin Testing Samples.-Triplicate sample of 
reyular pork, bccf, mixed source mastcr lots of 
crystallinc zinc insulin, NPH (isophane) insulin, and 
Drotaniinc zinc insulin werc selected a t  ratidom for 

one syringe for the sample in the micrometric 
delivery. The sample syringe was carefully rinsed 
each time with the sample to be delivered into the 
reaction mixture. Every effort was made to  keep 
dilutions and volumetric errors to a minimum. All 
reagents utilized throughout the testing sequence 
were prepared, as necessary, from the same lots of 
antibody, ?-globulin, human serum albumin, urea, 
sodium citrate, and borate buffer. 

In all experimental testing, cach sample was 
evaluated 10 times 011 different days by each of two 
technical operators. The experiments in each 
sequence were carried out over a period of a month 
with daily runs scheduled not to interfere with the 
routine iiisulin immunoassays also being performed. 
The tabulated results were submitted for statistical 
calculation and an analysis of variance. 

~~ ~~~ 

establishing a:;:;ay precision. The samples, to  be 
subjected to repetitive immunoassay, were the same 
trial dilutions of tlie respective insulin master lots 
used previously in establishing their insulin potency Comparative Assay Results.-Regular Imzdin.- 
by the oflicial G.S.P. bioassay. In addition to  the Table I shows the comparativc results of the U.S.P. 
commercial iusulin proclucts, several process samples bioassay and thc immunoassay of three lots each of 
from insulin manufacture were obtained and pork, beef, and mixed zinc insulin. Both the bio- 
assayed with both beef aud pork insulin standards. assay and the immunoassay were conducted on a 
Two of these samples, 174-A and 9CR40 + 41-A, 40 iinits/ml. sample solution of each lot of insulin, 
were subjected to U.S.P. bioassay to establish the The results were calculated in terms of units/mg. so 
biological potency for comparison with the imniuuo- that, both assay systems could be directly compared. 
assay results. The 95% confidence limits of the imrnunoassay 

‘l‘hc initid a:;pects of the study rcvraled the de- results are expressed for 4 and 10 daily repetitivc 
sirxbility of having a. sccontlary rcferencc staiidard tests. T h e  irisulin test samples were measured 
wliich is equivalent to the U.S.P. standard. For against the randomly selected pork standard, beef 
tlus Iiurpose tlircc poolctl h t s  of poi-k, beef. aiid sturitlard, a d  the mixed staudard to determine the 
i i i i \ct l  sourcc ilisuliii wcrc c:trcfully selected ErCJtrl :L degree, if atiy, of  species spccificity affecting the 
iiumlwr of lots wliicli liad prcviuusly bccn tliorouKlily iniiriurioassay. Tlic rcsults revral tliat tltc dcvi- 
tcb:,tetl by U.S.1’. bio y. Lot 14GIJ-257, pork a t io i i  of tlic inirni~~~vassay values for 4 rcpctitivc 
oitic. iiisuliii crystals, was obtaiilcd fruiri two pooled tests is gciierally less t h a r i  that of the corrcspnntiiilg 
l o t h  ol pork iiisulin, arid the average bioputcncy bioassay aiid is always lcss in the case of 10 rcpctitivc 
value IQas uscd as a busis of prepariug a solution of imiriunoassays. The tcst sample potency values 
this pork ziuc insulin a t  40 units/nil. Similarly, obtaiucd with the irnniunological assay using the 
lot llGP-258, beef zinc insulin crystals, was oh- pork insulin reference standard closely coincides 
taiucd from six different beef lots of cstablished with the bioassay results which were established 
potency and lot 14GP-259, a niixed source zinc with the U.S.P. insulin standard. On the other 
i n d i n ,  was a p301 of 32 lots of mixed pork and beef hand, the immunological data obtained with the 
zinc insulin crystals with potency also established by beef insulin reference standard are cotisistently 
bioassay. The average potency value of these higher than the corresponding bioassay results. 
pooled lots of  insulin should be closely related to the The statistical analysis iiidicates a significant differ- 
potency of the U.S.P. rcference standard. There- ence in the assigned bioassay potciicies of the two 
fore, the lot, which under conditions of the immuno- randomly selected reference standards. The over- 
assay, gave results equivalent to  the U.S.P. reference all results rcvcalcd that the beef zinc insulin refer- 

RESULTS AND DISCUSSION 
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TABLE I .---COMPARATIVE RESULTS OF THE U.S.P. BIOASSAY AND THE IMMUNOASSAY __ -- 
Immnnoassay------- 

,--u.S.P. Bioassay-- Aoi- -Pork Std.- r -  - --Beef Std.-- 7- Mixed Std.- 

Sample mg. %2u NO. mg. C/o2ur'" 7F2n10a mg. % 2 0 r a  %2uio'" mg. %2ma %2s10a 
units/ rnals units/ units/ units/ 

I'J5682 
W-3789 
W-3864 

w-3879 
W-3912 
W-3905 

W-3885 
W-3867 
W-3846 

23.9 
25.6 
25.2 

24.64 
24.60 
25.47 

25.69 
24.80 
24.72 

4Z5.51 
f6 .59  
f 5 . 4 6  

f 7 . 0 6  
f 5 . 1 1  
+ 5 .  '77 

1 5 . 4 3  
f5.92 
f5.18 

240 
216 
144 

192 
192 
168 

240 
192 
192 

Regular Pork Zinc Insulin 
27.56 f3.99 f 2 . 5 5  30.25 f 4 . 8 5  2~3.07  
25.02 f 3 . 8 9  f 2 . 4 6  28.23 zt3.95 3Z2.50 
25.26 1 3 . 9 9  312.52 27.04 f 4 . 7 1  f 2 . 9 8  

24.71 4Z4.61 f2.92 26.78 2~2.00  4Z1.27 
23.69 f 1 . 1 0  f 2 . 5 9  26.65 f 6 . 3 1  f 3 . 9 9  
23.95 zt4.43 f 2 . 8 0  26.13 316.37 f 4 . 0 3  

24.78 f5.17 4Z3.27 26.82 f 2 . 8 0  f 1 . 7 7  
25.45 i 6 . 4 3  314.07 217.66 f 7 . 8 0  f 4 . 9 3  
24.07 f 5 . 6 8  f 3 . 5 9  2fi.Fi4 3 ~ 5 . 4 2  f 3 . 4 2  

Regular Beef Zinc Insulin 

Regular Mixed Zinc Insulin 

30.18 f 3 . 7 1  f 1 . 9 7  
26.62 f 2 . 4 7  f1 .36  
26.46 +4 .65  dI2.91 

25.66 +4.57 f 2 . 8 9  
25 57 f .5 .67 f 3 . 5 9  
25.58 f5.74 f 3 . 6 3  

25.45 f6 .33  1 3 . 0 0  
2.5.76 dI5.35 2 3 . 3 8  
25.96 =k6.65 f t4 .21  

The symbols indicated as 204 and 2cio represent the 96% confidenec limit of the mean of 4 and 10 daily imniimoassayi 
respectively. 

eiice standard (lot No. 836350) gave consistcnt 
values which were higher than cxpccted in the 
immunoassay when compared to the bioassay. 
This suggests that the original bioassay of tlik lot of 
beef zinc insuliu crystals, although within the bio- 
assay fiducial limit, was unrealistic a4 an estimate of 
the true potency; hence, in preparing the beef 
reference standard based on the mean biopotcncy, 
more insulin was introduced into the standard than 
would normally be expected. This was further 
supported by tlie analysis of variance and cross 
checking the reference standards in thc irnmuno- 
assay. Of the two immunoassay reference stdnd- 
ards, randomly chosen, the pork zinc insulin (PJ- 
5682) compares most favorably with the U.S.P. 
reference standard. 

The effect of species specificity on immumoassay 
reliability could be determined by an analysis of 
variance of the data obtained in Table I. The 
analysis of variance revealed no interaction of the 
groups studied under the conditions employed in 
the immunoanalysis. 

Therefore, immunoassay, performed with atiti- 

serum obtained from guinea pigs immunized with 
mixed pork aiid bcef insulin as the antigen, can be 
used with either pork or beef insulin as a standard in 
the imrnunoassay of beef, pork, or mixed source 
insulin samples. The fact that species specificity 
has no effect upon tlie method employed in this 
study is important for a sa.tisfactory method for 
control of insulin development arid manufacturc. 

Iin tnunoassay precision is influenced from two 
principal sources : the variation encountered within 
a single day's testing and the variation experienced 
between days. The within-day assay variation is 
largely dependent upon sample replication, iristru- 
mentation, etc. Differences betwceii days which 
exceed the within-day variation, are less amenable. 
The result of these two types of variation often 
produced deviations as large as f15-2.570 in the 
immunoassays obtained by the salt precipitation 
procedure as described by Baum et al. (7). By 
carefully modifying the procedure, standardizing 
reagents, practicing rigid analytical techniques, and 
strict attention to  details, the assay variation was 
reduced to 4~11.2% when expressed as a 95% com 

.. 

W-3912 
w-3905 

23. 69 
23.95 

+I. lo 
Ik4.43 

Regular Mixed Zinc Insulin 
W-3885 24.78 f 5 . 1 7  +3,27 4x5 10 ~L 3 . 8 6  
W-3867 2.5 .4  5 +6 .43  kl .  0; Itti. 31 -L 3.99 
W-3846 24.07 *5 .08  -1-3.59 I X . 8 8  ~i 5.62 

The symbols indicated as 284 and 2010 represent the  YG$G connclcwx limit of the mean of 4 and 10 dailyimmunoassays, 
respectively. 
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TABLE III.---COYPARISON OF CONFIDENCE IXTERVALS OF THE IMMUNOASSAY OF NPH AND Pz  INSCLIN BY 
“MAXIMUM” ASD “ROUTINE” CAPABILITY 

~~ ~ 

~~ 

Immunodssay---- 

7- ----lI.S.P. Bioassay------- - ,----Mixed Insulin Std.--- - -----Pork Itisuliii Std.- --- 
Sample Type units/  ‘Z2a units/ %‘2uda %2sroa units/ % ~ U P  %201o” 

M a x .  Capability Rnntine Capability 

mg.b ml. ml. 
W 3 8 Y I c  h P H  25 4 f 5  43 41 92 i 9  45 f5 98 38 24 1 6  08 f 3  85 
W-3871~ NPH 24 8 = t 5  92 41 23 f 4  24 f t 2  6X 37 00 f5 50 f3 48 
W-3858~ NPII 24 9 415 18 41 47 f 6  02 f 3  81 37 40 f 6  52 +4 12 

W-3857c PZ1 24.9 f5 .18  44.91 i6.35 f 2 . 0 1  39.,56 i 6 . 3 5  r t2 .01 
W-3X7OC P Z I  24.8 f 5 . 9 2  42.19 f 6 . 6 2  4 ~ 2 . 0 8  40.16 f 5 . 5 6  f 3 . 5 4  
W-3X92C P%I 25.4 1 5 . 4 3  42.81 f 4 . 6 5  4 ~ 1 . 4 7  39.10 f 5 . 6 5  f 3 . 5 7  

~~ .~ ~~ 

“ Thc syuihiils iudiratcd ah 2or and 2010 represent the 95% confidence limil ol the mean of 4 and 10 daily immuniJassaya, 
Acidified I-rslrectively. 

iaith 80 gl. cunccntratcd HCI;IO ml. of mixtin-e foi-  colutiim prior to  dilulion with irnmuno-diluent. 
All samples were pi-epared a t  40 units:ml. birsed or1 the insuliu potcury establishcd b y  bioassay. 

ficleticc liiiiit lor :L single aswy. The data iii Table 1 
were used to calculate such a generalized confidence 
interval of 88.8-1 11.2%. 

The U.S.P. regulates the potency of insulin with n 
9574) fiducial limit of 87 -115$6. However. specifica- 
tions for establishing iusuliu potency a t  Eli Lilly and 
Co, require a 957,;; fiducial limit of 4Z5-676 for the 
1J.S.P. insuliiii bioassay. The uurnbcr of daily 
iiiiiriutio~tssay!; which give equivalent results is pre- 
dicted from the average variatiou observed in the 
data summatizcd in Table I. Under the assn111p- 
tion that the daily inlri1uno:tssays of a single sample 
are nomially distributed, the required sample size 
(repetitive irrtmunoassays conducted on cliffercnt 
days, n) is calculated as: 

1 5  5 = +ll..d/n 

n = 4.15 

Hence, four daily irnmunoassays must be couducted 
to be withiu the Eli Lilly atid Co. specifications. 

T h e  cocfficilent of variation (f5.6c;/,) estahlishcd 
from the data in Table I was obtairied utider COII- 

ditions of “maximum capability.” These rigid 
analytical tcchniques are impractical in  the routinc 
iininutioassay for insulin. Therefore, the same 

series of insulin samplcs w a s  re-evaluatctl uiitlcr 
conditions defined as “routine capability.” “Kou- 
tine capability” permits the tcchnician to utilize 
different syringes and pipets for all analytical 
measureinents. Table I1 shows a comparison of the 
confidence limits of the U.S.P. bioassay and the 
insulin irnrnunoassay conducted under conditions of 
“rnaxit~iui~i” and “routine” capability. In this 
series of ininiunoassays, only the pork insulin 
standard was used since i t  has a potcncy very similar 
to that of t h e  U.S.P. reference standard. Visual 
itispection of the “routine capability” results reveals 
little difference from the results of “maximum capa- 
bility.” The results further support the validity 
of the calculated coefficicnt of variation (f5.67,) as 
originally determined and iudicate that the between- 
days variation encountered in the immunoassay is 
not due to  operator error or analytical measurement. 

Immunoassay of Some Commercial Insulin 
Products and Manufacturing Intermediates.-The 
reliability of the i~nmunoassay for determining 
insulin concentrations in commercial products con- 
taining protaniine is shown in Table 111. NPH 
iisopliarie) insulin arid protamine zinc insulin were 
from lots with potency established previously by 
bioassay, The immunoassay results under “maxi- 

PPt. 
9CR40-41C Pork pH 5.6 404 5 i 3 . 6 5  4Z2.31 _ _ _  . . .  . .  

PPt.  
L-174A I’ork Istiso. 66;.;{ z!z 7 . 8 :  1 4 1  tii(iB.5 f l . t i l  f l . 0 2  713.U f t i . 1 0  zt3.86 
L-174K l’ork 1st iso. . . . . . . . . . m.4 f 2 . X X  +1.x2 709.1 *.P.UY 322.32 
L-174c Poi-k 1st iso. . . . , . . . . . li60.0 Zt6 .03  f 3 . 8 1  692.8 i7.54 dA.77 

~- -~ 
~~~ ~ 

a l ’he  s~mbol s  indicated as ‘Lor and 2o10 represent t h e  DRO/ ,  confidence limit of the  mran of 4 and 10 daily i tn tn~~noassays ,  
respectively. 
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Fig. 2.-Full-scale response curves of the mean value of 10 immunoassays conductcd on different days. 

Key: a, pork zinc insulin, lot PJ-5682 (servcd as the reference staridad); 0, pooled samples of pork insulin, 
14GP-257; n, becf insulin, 14GP-258; A, mixcd pork and beef insulins, 14GP-259, diluted based on the 
calculated mean of the individual bioassay result; X , U.S.P. reference standard, W-3930, diluted based on 
the established biopotency of 24 nuits/iiig. and determined a t  three of the five standard concentrations. 

mum capability” conditions were obtained with a 
mixed source insulin reference standard having the 
same ratio of pork to beef insulin as that of the 
sample. The immunoassay valucs are slightly high 
compared to the bioassay figures. This is accourited 
for by the fact that the beef reference standard, lot 
8365.50, which constitutes 75yL of the mixed source 
reference standard, was found to give consistently 
high results, as previously notcd. The urirealistic 
high results obtained with the misrd standard arid 
the similarity of the pork insulin statirlard with tllc 
U.S. 1’. rcference sta~tdard sttggestctl that pol-k 
irisuliri standard should be uscd ill the series C O I I -  

ducted utidrr “routine capability.” Tlie rcsults 
readily reflect the diffcrcnce in tlie absolute potcncy 
of these two randomly selected reference staridards. 
The confidence limits, expressed for 4 and 10 repeti- 
tive tests, are slightly greater than the valucs pre- 
sented in Tables I and 11, but are within the ex- 
pected range of the coefficient of variation. The 
results in Table 111 support the view that commer- 
cial insulin products can be analyzed effectively 
with this immunoassay. 

Table I V  provides evideuce that the itnmunoassay 
can be used in monitoririg insulin manufacture. 
Immunoassay results on samples selected at different 

stagcs of the insulin process show a variation that is 
within the limits of the coefficient of variation and 
agree satisfactorily with the U.S.P. bioassay. The 
iiiimunoassay possesses a distinct advantage over the 
U.S.P. bioassay in its ability to determine insulin 
coricentration in crudc samplcs that cannot he 
satisfactorily haridled under the conditions of the 
bioassay system. 

’1’11~ pooling of many lots of crystalline zinc iiisuliii 
of established biological potency would ~ ~ ~ C I I I  t o  pro- 
vide a material with a iiiraii hiopotency which wrmld 
ck~se l  y corrcspoiid to the C.  S. P. rricrcricc s t ;iiidnrt I .  
Tl~rce types of poolcd saniplcs wcre prcpartd i)y 
tiiihiiig diquots of zinc iusuliii crystals from lots th:tt 
were thoroughly assayed iii tlie U.S.1’. mcthotl; 
namely, 14CP-257 from two lots of pork zinc insulin 
crystals wit11 an average potcncy of 26.45 units/mg., 
14CP-258 from six lots of beef zinc insulin crystals 
with an average potency of 26.50 units/mg., and 
14GP-259 from 32 lots of mixed source zinc insulin 
crystals with ail average potency of 24.79 units/mg. 
‘rhe average potency value was used to prepare 40 
uuits/ml. insulin solutions of each for 10 repetitive 
itnmunoassays on different days. To further sub- 
stantiate arid extend the findings of the initial study, 
these samples were tested at all concentrations used 
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TABLE V.--SIMILARITY OF THE IsnIvInuAL 
COMPUTED OF POOLED ZINC INSULIN SAMPLES 

~ - _ _ ~  - 
~~ ~ 

Range ,  Y5Y, Confidence 
rr iui i i  ts/ Interval of 

Sample Tppe ml. Slopea the Slope 
1’55682 Pork 20-30 69.57 66.96-72.18 
14GP-257 Pork 2 0 4 0  70.05 67.44-72.66 
14GP-258 Reef P O 4 0  73.60 70.99-76.21 
14GP-259 Mixed 2 0 4 0  73.36 70.75-75.98 

Common slope- 
all species from 
statistical 

W-3930 lJ.S.P. 2 0 4 0  69.93 87.32-72.54 

atialysis. 20-40 71.30b 
~~ 

a Individual slopcs by least squares. Least squares com- 
mon slope lies within each C r f  the  coinputed individual slope 
confidence intewals .  

1415 

slopes of the curves obtained from determining 
these pooled samplcs a t  five cliff crent concentrations 
would avoid this limitation. If the slopes of the 
curves obtained from the pooled samples are 
identical, within the experimental limits, with that 
of the randomly chosen standard (in this case pork 
zinc insulin P J-5682), the original interpretation 
would be confirmed. 

Figure 2 shows a plot of the mean values of 10 
rcpetitivc irnmunoassays of the pooled samples, 
standard PJ-5682, and three concentrations of the 
U.S.P. reference standard. Visual inspection indi- 
cates the curves to have similar slopes in the range 
of 20-40 munits/ml. insulin concentrations, respec- 
tively. In view of the fact that this iinrnunoassay 
has been limited to the determination of potency of 
extracted insulin by definition, only the most sensi- 
tive portion of the standard curve was subjected to 
statistical analysis to substantiate the use of one 
saniple concentration for routine analysis. 

Statistical analysis, by least squares, of the data 
obtained a t  2C, 30, and 40 rnunits/ml. insulin con- 
ccntrations gave 95y0 confidcnce limits for the 
individual slopes as shown in Table V. The value 
of the calculated common slope, 71.30, lies within the 
limits of the individual slopes. Furthermore, by a 
more refined tcchnique of regression aualysis, no 
significant differences in slopes were detected. 
Figure 3 shows the dose response curves of these 

in the standa.rd reference curve. According to the 
procedure described, a sample for imniunoassay is 
diluted to a concentration which is estimated to be 
equivalent to that of the midpoint standard (30 
munits/inl.). The statistical analysis and the 
interpretation of results are limitcd to this single 
point. On the other hand, a comparison of thc 

I I 1 -  1.8 1 . 1  1.2 1.3 1.4 1.5 1.6 1.7 
LOG DOSE 

1 .o 

Fig. 3.-Do:je response curves based 011 the common slope calculated by least squares for the selected 
0 ,  PJ-5682, 0,  14GP-257; 0,14GP-258; A, 14GP-2.59; conccntrationsat 20,30, and40 niunits/ml. Key: 

>:, U.S.P. reference standard W-3930 as in Fig. 2. 
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TABLE VI.-COMPARATIVE POTENCY RESULTS OF INSULIX MASTER LOTS DETERMINED BY U.S.F. BIOASSAY 
AND IMMUNOASSAY 

- ~- 
~~ ~~~ ~- _ _  _- ~ _ _ ~  ~- 

Estimated 
Potency, yo Potency, Varia- Rabbits, Estimate, 

Sample unitslmg. Eslimate iinits/mg. tion, No. 70 

(W-3927) 25.0 99.06 24.76 5.71 192 !N. 75 
M.L. 47 

Beef 
M.L. 48 
(W-3934 j 25.0 100.41 25.10 5.91 192 102.00 

Beef 
M.L. 9BV49 
(W-3929) 24.5 102.86 25.20 5.46 240 102.67 

Mixcd 
M.L. 9GZ30 
(W-3940) 25.0 101.28 25.32 5.90 192 101.44 

Mixed 

24.69 ti :< 

25.50 11.4 

25.15 4 .5  

Potency, Replica 
units/mg. S. D. tiona 

Pork zinc insulin (lot PJ-5682) used as the immcinoansay refercnrr stanrla1-<1 

insulin samples plotted with the common slope. 
Consequently, species specificity does not affect the 
validity of the immunoassay result if mixed antigen 
is used in production of antibody in guinea pigs. 
The individual regression lines for the differeut 
samples, although paallel, are not superimposable, 
thus revealing slight errors in the assigned potency 
of these samples. In order to express insuliu 
immunoassay results in terms of the U.S.P. reference 
potcncy, a secondary reference standard would need 
to be experimentally adjusted to  the potency of the 
U.S.P. reference standard. Any of these pooled 
insulin samples can scrve as a secondary relerence 
after appropriate matching with the U.S.P. reference 
by repetitive immunoassay. 

Application of the Immunoassay for Establishing 
the Potency of Manufactured Insulin.-The in- 
formation obtained in this investigation mas applicd 
to the determination of potency of several lots of 
manufactured insulin. Table VI compares the 
U.S.P. bioassay and the immunoassay of four lots of 
zinc insulin crystals. Instead of four repetitive 
immunoassays on different days as required under 
“maximum capability” conditions, five immuno- 
assays were conducted (except on ML-9GZ30) under 
routine conditions. The mean value of insulin 
potency established by immunoassay compares 
favorably with the bioassay result being well within 
the limits defined in the U.S.P. (1). However, the 
standard deviation of the mean of the individual 

values, particularly with ML 48, varied somewhat 
more than would be predicted. The cause of this 
excessive variation could not be readily determined, 
hut suggests the necessity of vigilant attention to 
detail in immunoassay conduct. 

The results of this investigation indicate that the 
insulin irriniunoassay, in accordance with the 
described procedure, is a rapid arid economic 
method, with satisfactory precision and sensitivity 
for establishing the potency of extracted insulin. 
The use of this immunoassay for extracted insulin 
fills an important need in monitoring the manufac- 
ture of insulin and assessing insulin concentration 
in commercial insulin products. The information 
provided in this investigation can serve to promote 
interest and support in establishing the immuno- 
assay as a U.S.P. method for determining insulin 
potency. 
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Irreversible Enzyme Inhibitors LXVII 

2-Amino-6- (p-bromoacetamidophenylbutyl) - 5 -phenylbutyl- 
4-pyrimidinol, an Active-Site-Directed Irreversible 

Inhibitor of Dihydrofolic Reductase 

By B. R. BAKER and JOHANNES H. JORDAAN 

2-Amino-5-phenylbutyl-4-pyrimidinols substituted by a p-bromoacetamidophenyl- 
butyl group (XIII) or a p-bromoacetamidophenethyl group (XIV) on the &position 
can inactivate dihydrofolic reductase with a half-life of 18 and 1 2  min. at 3 7 ”, re- 
spectively. These inactivations have the kinetic parameters expected for enzyme 
inactivation by the active-site-directed mechanism, that is, an inactivation proceeding 
by it neighboring group reaction within the reversible complex formed between 
dihydrofolic reductase and XI11 or XIV. Neither iodoacetamide nor p-bromo- 
acetamidophenylbutyric acid showed any inactivation of dihydrofolic reductase at a 
concentration equal to XI11 under conditions where XI11 gave 65-70 per cent 
inactivation. The  rate of inactivation of dihydrofolic reductase by XI11 and XIV 
was slowed by the reversible inhibitors, folic acid (I) and 2,4-diamino-5- (3,4-di- 
chlorophenyl)-6-ethylpyrimidine (XV). The inactivation was also slowed by 

TPNH, but not by D P N H  or adenosine diphosphate. 

<ORE THE strong hydrophobic bonding to  
BE&drofolic reductase was discovered (1)- 
with its conformational implications (2-8)- 
more than 30 potential active-site-directed ir- 
reversible inhibitors for this enzyme had been 
synthesized a.nd evaluated on the premises dis- 
cussed below. 

THEORETICAL 

I t  should theoretically be possible to modify folk 
acid (I) with a chlorometliyl ketone group in place 
of one of the carboxyls in order to obtain an active- 

OH 

I 

site-directed irreversible inhibitor that would operate 
by the endo-mechanism (9) by alkylation of the 
enzymic binding poirt for one of t h e  carboxyl 
groups. The synthesis of such a pteridine is fraught 
with monumental incompatibilities of functional 
groups. Since thc anilino propylpyrimidine ( I In)  
(10) without a carboxy-~~glutaniatc moiety was still 
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Previous gaper: Baker, B. R., Santi, I). V., Coward, J. K., 
Shapiro, H. S., and Jurdaan, J. H., J. Heterocyclir Chem., to be 
nuhlishr<l. 

The previously published papers on “h-onclassical Anti- 
metabolites” and on “Analogs of Tetrahydrnfolic .4rid” have 
benn combined into one set-ies, since they have the conimon 
objective of the design of active-site-directed irreversible 
enzyme inhibitors. A collected list of references on “Irre- 
versible Enzyme Inhibitors” will be sent on request. 

NH, 

Ill 

a , R = H  
6 ,  K = COKHCHCOOH 

I 
CHaCHzCOOH 

0 
1 1  

C ,  R = -(CHa),CCH2Cl 
d ,  R = -CH=CIICCH?Cl 

II 
0 

about one-eighth as good an inhibitor as IIb 
(10, ll), compounds IIc (n = 0,2,4,6) and IId 
were synthesized as potential active-site-directed 
irreversible inhibitors of dihydrofolic reductase 
(11). A41thougl~ these five compounds were good 
reversible inliibitors, they €ailed to show irreversible 
inhibition. In  retrospect, these failures were most 
probably due to the possibility that the anilino- 
propyl group of IIa, c, and d was not complexed to  
the enzyme a t  the p-amiuobenzoyl locus for folic 
acid, but was coinplexed in the hyclrophobic region 
in a conformation such as I11 where the pyrimidine 
moiety has bccn twisted 60” with respect to the 
“normal” cotnplexing of the pteridine of folic acid 
in conformation I. A conformation such as I1 
would destroy the juxtaposition of the nucleophilic 
groups on the enzyme-which complex the glu- 
tamate carboxyls-with the alkylating functions of 
IIlc and d; that is, if the anilinopropyl side chains 
of IIIc arid d are complexed in a hydrophobic region, 
then by definitivn there are riot apt to be hydro- 

1417 
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philic nuclcophilic groups on the enzyme in this 
hydrophobic area needed for covalent bond forma- 
tion in a neighboriug group reaction within the 
enzyme-inhibitor complex 

Some related typcs of potential active-site-di- 
rected irrcverslble inhibitors were sy~ithcsized and 
evaluated-namcly, the 1-phenyl dihydro-s-triazine 
dcrivatives, IV and V (12). These compounds were 
excellent reversible inhibitors but failed to show ir- 
reversible inhibition since the phenyl moiety is com- 
plexed in a hydrophobic region (3). Similarly, com- 
pounds V-VIII were good reversible inhibitors, but 
failed to  show irreversible inhibition (13). 

0 
II 

(CH,), CCH,Cl 
I 

0 
I1 

I 
NHL 

TV,n=O,Z  V 

I 
NH, 

O e N H ( . O R  I 

NH,(\NK 0 ”u” 
?hH2 

VI, R = BrCH,- 
VII, R BrCHlCONH(CHd:, - 

VIIL R = nrcH.CO~H--@(CH2~ ,- 
A different type of potcntial active-site-directed 

irreversible inhibitor was constructed on the proposi- 
tion that thcrc might well be an enzymic proton 
donor, such as imidazole, near the 8-position of folk 
acid when it is cornplexed to the enzyme; such a 

CI 

proton donor could aid in the TPNH reduction of 
folk acid. The pyrimethamine-type analog (Ix) 
was synthesized and found to be an excellent revcr- 
sible inhibitor, but not an irre.versihlc inhibitor of 
dihydrofolic reductase. (14). Again, in retrospect, 
it  is prohablc that the 5-plienylpyrimidi1ie (IX) 
binds its phenyl to the. hydrophohic region in a 
“twist” conformation as depicted in IXu; if such 
were the case, then IXa mould not have its bromo- 
methyl ir, close cnough proximity to  the supposed 
enzymic proton donor. A similar couclusion could 
be drawn if IX complexed to dihydrofolic reductasc 
in a “twist-flip” conformation (IXb). 

As a result of a study on possible pyrimidine com- 
formations when these irihibitors are cotnpleuccl to 

CCHs C1 
I 

1’1 / 

X, R=CH:, NH? 
XI, R = CnH;-n X v 

XIII, R - -(CHd,,C,H,( NHCOCHZRr)-p 
XIV, R - -(CH?),C,,H,(NHCOCH,B1.)-p 

XII, R - -(CH,)4CCH5 

dihydrofolic reductase, it  was suggested that a 
pyrimidine such as X would have the cotiformation 
shown (with respect to conformation I for folic acid), 
since the strong hydrophobic bondiug could be de- 
terminant for the binding conformation (’7). Such 
a conformation for X suggests tliat chain lengtliening 
of the R group should project it into a hydrophilic 
region. That this might be the case was supported 
by the observation that the n-propyl group caused 
X I  to be a thirtyfold less effective inhibitor than the 
6-methylpyrimidinc (X) (7); this result could be 
due to the repulsion of a hydrophobic group from a 
hydrophilic arca on the enzyme or to a steric inter- 
action unfavorable to complex formation between 
the enzyme and the inhibitor. That steric inter- 
action was less likely was indicated by the increase 
in the size of the R group to phenylbutyl (XII) 
(16); XI1 was a fivefold better inhibitor of dihy- 
drofolic reductase than XI, also indicating that the 
phenyl group on the &side chain was complexed to 
the enzyme. Therefore, the G-bromoacetamido- 
phenyl butyl pyrimidine (XIII) was selected as a 
likely candidatc for an active-site-directed irreversi- 
blc inhibitor of dihydrofolic rcductase with the prcm- 
ise that the 5-phenylbutyl group would coinplex in 
the hydrophobic area, and the 6-pheny1butyl:‘group 
could project into a hydrophilic area on the enzyme; 
the corresponding 6-phenethyl derivativc (XIV) 
was also investigated. 

RESULTS 

The bromoacetamido pyrimidine (XIII)  was about 
cqual to XI1 when assayed (16) as a reversible 
inhibitor of dihydrofolic reductase; that is, XI11 
showed 35% iuhibition at a concentration of 100 
pM-the maximum solubility in 10% NJ-di- 
methylformatiiicle-in the presence of 6 p M  di- 
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hydrofolate. It was estimated (1) that the K ;  
WdS about 4 X: M. When XI11 was incubated 
with dihydrofolic reductasc at  37” in tlie absence o f  
TPNII, inactivation occurred with a half-life. of 
about 18 miri. When XIII, iodoacetamidc, and 
p-hromtracetaMidophcnylbutyric acid (17), all a1 
40 p M ,  were simultaneously incubated with the 
enzyme a t  ;37” for 25 min., XI11 gave 657;) inactiva- 
tion, but the other two cornpourids gave only 2 3 Y g  
inactivation (Table I, A ) ;  thus, the random bi- 
molccular inactivation of dihydrofolic reductasc 
was ruled out (21). 
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It was noted that 36 p M  adenosine diphosphate 
or DPKH showcd no protection. ‘1’PN a t  36 pM 
sliowcd half tlic protection given by 36 p?V TPNH 
at  this pH of 7.4. ‘rhrsc rrsults exclude thc dr- 
struction of the inhibitor by the phosphate mono 
rster group. 1) P N H  binds poorly to dihydrofolic 
rcductase a t  pEI 7.4 (22); the binding of ‘I‘PN is 
quite good at  pH 5.5 (22), but its binding a t  pH 7.4 
has not been measured. Thus, these protection 
expcrinients arc hest explained on the relative 
binding of the various phosphates to dihydrofolic 
reductasc. 

Increasiug incubation time did not lead to total 
inactivation, but inactivation leveled off a t  80-90%. 
This result is similar to that observed (23) with thc 
action of P-nitrophenyl ~-brornoacetamidoisobu- 
tyrate on chytnotrypsin where 80-90yo inactivation 
occurs; the remaining activity was shown to be due 
to  a modified enzyme where K ,  was increased, 
but I/,,,,,. remained nearly the same (23, 24). I t  
will be of interest in the future to determine if 
Vmbx. or K ,  has changed for dihydrofolate or TPNH 
or both after dihydrofolic rcductase has been in- 
activated with XIII. 

If the inactivation of dihydrofolic reductase 
proceeds through an obligatory complex between the 
enzyme and the inhibitor (XIII), then a “rate- 
saturation” effect should be observed, that is, the 
rate of inactivation is dcpcndcnt upon the concentra- 
tion of enzyme-inhibitor complex, E I  (21), as shown 
in Eq. 1. 

NHz 
XIII 

_ _ _ _ ~ .  ______- 
Inactiva- 

Ihp t .  Incubation Mixture tion, % 
A 40 pill  XI11 65 

40 p M  ICHzCONHz 3 

(CILkCOOH 2 
40 pL&f p-BrCH2CONHC6H4- 

. ~. 
13 4 0 p M X I l I  73 

40 pil4 XI11 + 15 p M  Folk acid 50 
C 4 0 p M X I I I  68 

32 40 u d i  XI11 + 0.15 pM Xv 
D” 40 p M  XI11 62 

40 p M  XIII  + 12 p M  TPNH 
40 pa2 XI11 + 60 p&f TPNH 

23 
0 

F 40 p M  XI11 
10 phi XI11 

76 
43 

Dihydrofolic reductase from pigeon liver in 0.05 M Tris 
buffer (pH 7.4) plus 10% N,iV-dimethylformamide was 
incubated in the absence of TPNH at 37’ for 25 min. with 
the additions indicated; the amount of remaining enzyme was 
then assayed (14) .  In  each experiment an enzyme control 
was run sirniiltanoxmdy with the two or three other solutions; 
only &4Y0 thermal inactivation of the enzyme occurred. 
h I n  similar simultaneous experiments, adenosine diphosphate 
or DPNH at  36 p M  showed no protection, whereas 36 p M  
T Ph‘ protected about half as  well as  36 p M  TPNII. 

Tablc I summarizes experiments on the protection 
against this inactivation. The reversible inhibitors, 
folic acid (18) arid 2,4-diamino-5-(3,4-dichloro- 
phenyl)-6-1nethylpyriinidine (XV) (lY), slowed the 
rate of inactivation, evidence that the active site 
was involvcd in the inactivation (20, 21). Sur- 
piisingly, TI’XH also protected against in- 
activation; since the reversible inhibition by XIII  
was found to be independent of TPNII concentra- 
tion, the protective effcct of TPNH was not due to 
the complexirig of the bronioacetamidophenyl 
moiety of XI11 to the enzymic region nornlally 
complexing T PNH. Two other possible explana- 
tions are that ( a )  the complcx betwccn XI11 and 
dihydrofolic reductase juxtaposes the brornoacetyl 
group to a TPlVH binding point or ( b )  TPNH causes 
a conformational change in the enzyme which moves 
the enzymic riucleophilic group from juxtaposition 
with the bromoacetyl group in the XIII-enzyme 
complex. These two possibilities cannot as yet 
he distinguished. 

The amount of reversible complex can be calcu- 
lated from Eq. 1, previously derived (21), where 
[El]  = Concentration of complex, [El] = total 
active enzyme, and [I] = inhibitor concentration. 
Since XI11 has Ki = 4 X M and the incuba- 
tion is performed with 4 X lW5 of XIII, then 
[El] = 0.5 [El]. If [I] = 1 X lop5 M ,  as in cxpcri- 
mcnt F (Table I), then [EI] = 0.2 [El]. Note 
that XI11 a t  4 X M gave 69% inactivation in 
25 min., but that XIII  a t  1 X M gave 43% 
inactivation. I t  can be calculated that 1 X 1 0 - 5  
M of XI11 would have given 23yg inactivation in 25 
mia. if the reaction were proceeding by a bimo- 
lecular reaction, but 40y0 if inactivation occurred 
through the EI complex as in Eq. 1. Thus, the 
observed 4370 a t  25 min. with 1 X Mrepreseiits 
a rate-saturation effect as a first approximation. 

The 5-phenylbutyl-4-pyriniidinol (XIV) with the 
shorter phenethyl side chain containing a p-brorno- 
acetamido group was also found to be an active- 
site-directed irreversible inhibitor of dihydrofolic 
reductase. XIV was a reversible inhibitor with 
Ki = 3 X M; when incubated with dihydro- 
iolic reductase a t  37”, inactivation occurred with 
a half-life of about 12 min. With extended time 
the enzyme became 80-90% inactivated, but did 
not inactivate completely, as also noted with XIII. 
The phenethyl pyrimidine (XIV) showed the same 
protection pattern as observed with XI11 in Table 
I. 

Whether XI11 and XIV attack thc same amino 
acid on dihydrofolic reductase must await inactiva- 
tion experiments with the pure enzyme; that the 
same aniino acid would be attacked is unlikely, due 
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to the conformational changes that either XI11 or 
the cnzyme would have to undergo. Such confor- 
mational changes on XIIT would most likely bc 
energetically unfavorable, but the encrgetics of such 
a conformational change in the enzyme are unknown. 

DISCUSSION 

An active-site-dirccted irrcvcrsible erizytiie ill- 
hibitor theoretically opcratcs by first forming a 
complex with the enzyme, then the complex under- 
goes a facile neighboring group reaction between an 
enzymic nucleophilic group and a leaving group on 
the inhibitor (9, 25, 26). Thcre are two types of 
these irreversible inhibitors: ( a )  those that op- 
erated by covalent boud formation inside the active- 
site-the so-called endo-rnechanism-atid ( b )  those 
that operate by covalent bond formation outside of 
the active-site-the so-called exo-mechanism. Ex- 
amples of both types are known (9,25,26). 

The endo-type of irreversible inhibitor is preferred 
by protein structure chemists since they wish to  
“label” amino acids in the active-site by attachment 
of a covalently linked moiety that can be identified; 
the specific “labeled” atnitlo acid is deterniined by 
total hydrolysis of the protein and its position in the 
amino acid sequence by partial hydrolysis (26). 
It has been anticipated (26) that the endo-type 
would be much less effective for chemotherapy than 
the exo-type since the active site of an enzyme can 
vary only little from species to species and still be 
operational. In contrast, the exo-type could be 
expected to  be far more species and tissue specific 
since covalent bond formation is taking place outside 
the active site where numerous changes can be made 
without disrupting the protein’s function (26, 27). 

At the time our program on active-site-directed 
irreversible inhibitors for dihydrofolic reductase was 
initiated in 1961. the factors in the design of ir- 
reversible inhibitors for enzymes was just beginning 
to emerge (21, 26, 28); since then the field has de- 
veloped cousiderahly in both concept and practice 
(9, 26). Therefore, a t  the start we set goals toward 
both the endo-type and ero-type of irreversible 
inhibitors (25) for dihydrofolic reductase. I t  soon 
became apparent that the active-transport system 
for cell wall penrtration by folic acid a d  its drriva- 
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tives (10, 29) was sensitive to the wrong positioning 
of bulky groups. I t  was riotcd that the folic acid 
analog (AXITII) (30), was cytoxic to S-180 cclls in 
culture, but the 6-phenylpyritnidine analog of folic 
acid (XVI) (31) was inert; however, when the 
carboxy-L-glutamate moiety of XVT was not present, 
as in XVII  (31 ), XVTT was cytoxic.’ 

Tlic ~arbouy-L-glictarnHtc moicty Iias bccii itiipli- 
catcrl as bcing csscntial for active transport of folic 
acid and its close analogs (lo), hut less related 
dihydrofolic reductase inhibitors such as pyrimcth- 
amine (XIX) entered cells by passive diffusion (10, 
29). It then follows that perhaps XVI was inert 
because the 6-phenyl group was too bulky to be 

XVI,  K = -CONHCHCOOH 
I 

CHiCH2 COOH 
XVII. R = H 

SH 

XVTIT 

NH2‘N C,H, 

XIX 
accommodated by the active transport system for 
folk acid, but, in addition, thc ionized carboxy-L- 
glutamate aborted any possible passive diffusion. 
For this reason all of our subsequent work avoided 
the presence of the carboxy-L-glutatnate moiety so 
that the inhibitors would be ablc to pcnetrate the 
ccll membrane by passive diffusion. Furthermore, 
certain 2,4-diamino heterocycles without the car- 
boxy-L-glutamate moiety can complex to dihydro- 
folic reductase even better than folk acid (1) (16, 
19, 26, 29), and such molecules without carboxy-r<- 
glutamate moiety are COIiSiderdbly easier to syn- 
thesize and purify. 

The removal of the carboxy-L-glutamate moiety 
led to the discovery of the useful hydrophobic bond- 
ing area on dihydrofolic reductase (1) with its species 
diflereiiccs in conformational tnlcrances (4, 8, 29). 
Although the presence of the hydrophobic region on 
dihydrofolic reductase aborted the success of more 
than 30 candidate active-site-directed irreversible 
inhibitors. knowledgc now developcd on the hydro- 
phobic region (1-8) should be usable for the design 
of spccies- or tissue-spccific irrcversible inhibitors 
of this enzyme. 

Note that thc irrcvcrsible inhibition of dihydro- 
folk reductase by XTII (Table I )  is slowed by the 
presence of TPNII. If XI11 is alkylating a point 
on the cnzymc that normally complexes TPITH, 
then by definition XI11 is operating by the cndo- 
mechanism; if XI1 1 is alkylating some other point 
not cssetitial for enzyme activity, but TPNH causes 
a conforniational change in thc cnzymc which re- 
moves this attackable function on the enzyme from 
juxtaposition with the alkylating function of XIII, 
then the exo-mechanism is operating. In either 
case. the hydrophobic region can bc used to introduce 
a new parameter for tissue- or species-specificity. 

The maximum specificity should be observed if 
an alkylating function on thc inhibitor can be 
bridged back from the hydrophobic region on the 
enzyme to the more polar nucleophilic region. In 
this wa.y the ability of an irreversible inhibitor to  
bridge between the pyrimidine locus in the active- 
site and the enzymic nucleophilic site can be con- 
trolled by the nature of the hydrophobic site, which 
is outside the active site and where the greatest 
____ 

1 The authors thank Dr. M. Hakala for these assays. 
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M complex half thc enzyme. Sincc the inactiva- 
tion rate is dependent upon the concentration of 
reversible enzymc-inhibitor complex, such a hypo- 
thetical irreversible inhibitor should be effective 
a t  M or less; such a Concentration is readily 
achieved within a cell by passive diffusion. 

The solution to  such a problem may not be simply 
thr conversion of XI11 or XI\’? to the corresponding 
2,4 diamino pyrimidines since tlicre SCCII~S to be some 
conformational differences in the manner in which 
2,4-diaminopyri11iidines and 2-anii1io-4-pyrimiditols 
complex to dihydrofolic reductase (7) .  The vigor- 
ous pursuit of the 2,4-diaminopyntrlidine and 4,6- 
diamino-l,2-dihydro-s-triazine types of active-site- 
directed irreversible inhibitors for dihydrofolic re- 
ductase is continuing in this laboratory. 
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properly from the hydrophobic bonding region to a 
nucleophilic site on the enzyme; the dotted arrow 
reprcscnts a i~ovalent-foriiiiIig group on a second 
inhibitor that can bridge from the pyrimidine region 
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Irreversible Enzyme Inhibitors LXVIII 
2-Amino-5- (p-bromoacetamidophenoxypropyl)-6-phenyl- 

4-pyrimidinol, an Active-Site-Directed Irreversible 
Inhibitor of Dihydrofolic Reductase 

By B. R. BAKER and HOWARD S. SHAPIRO 

2-Amino-5-(p-bromoacetamidophenoxypropyl)-6-phenyl-4-pyrimidinol (11), when 
incubated with dihydrofolic reductase at 37", inactivated the enzyme with a half-life 
of about 45 min. In contrast, iodoacetamide and p-bromoacetamidophenylbutyric 
acid at the same concentration showed no inactivation of the enzyme in the same 
time. An interesting contrast to I1 was the 6-methyl analog (111) of I1 which inacti- 
vated the enzyme at about one-seventh the rate of 11. This result gives unequivocal 
support for a previous suggestion that 6-methylpyrimidines and 6-phenylpyrimi- 
dines do not reversibly complex with dihydrofolic reductase in the same manner, 
else I1 and I11 should have inactivated the enzyme at the same rate at equal concen- 
trations of reversible complex. These experiments are best explained on the basis 

of active-site-directed irreversible inhibition of dihydrofolic reductase. 

VER THIRTY attempts' to create an active- 0 site-directed irreversible inhibitor (1) of 
dihydrofolic reductase were aborted prior to thc 
discovery of the strong hydrophobic region on the 
enzyme adjacent to the active-site (2-8) and the 
realization that the pyrimidine type of inhibitor 
may have any one of several possible rotational 
conformers when complexed to the enzyme 
(8-10). Attention was then turned to the 
synthesis of candidate active-site-dirccted ir- 
reversible inhibitors that were substituted with 
one group on the 5- or &position that could 
complex to the hydrophobic region but also had 
a 6- or 5-substituent that could project into the 
hydrophilic region of the enzyme such as I and 
11. Efforts to synthesize the 5-phenylbutyl 
pyrimidine (I) and the 6-phenyl pyrimidine (11) 
started about the same time; I was found to be 
the first example of the long-sought active-site- 
directed irreversible inhibitors of dihydrofolic 
reductase, and I1 was found to be an irreversible 
inhibitor shortly thereafter. The synthesis 
and enzymic evaluation of I was presented in the 
previous paper of this series (11); the synthesis 
and enzymic evaluation of I1 is the subject of this 
paper. 

DISCUSSION 

Due to  the lack of solubility, the maximum con- 
centration in 10% N,N-dimethylformamidc that 
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could be reached with the 6-phenylpyrimidine (11) 
was 200 pM; at this concentration I1 showed 20% 
reversible inhibition in the presence of 6 p M  di- 
hydrofolate (12). From these data the 50y0 inhibi- 
tion concentration was estimated to be 800 pM, and 
the Ki was estimated (3) to be 1 X 10-4A!f. From 
Eq. 1, it could be estimated that a t  a concentration 
of 40 pM,  25% of the enzyme was in the form of an 
enzynie-I1 complex. I t  is the concentration of this 
complex that  determines the rate of irreversible 
inhibition with an active-site-directed irreversible 
inhibitor (13-15) w-here [EI] = the enzyme- 
inhibitor revcrsible complex, El = the total active 

enzyme, [I] = the inhibitor concentration, and K ,  = 
the reversible dissociation constant of EI (14, 15). 

When dihydrofolic reductase was incubated in the 
absence of TPNH at 37" with 40 p M  I1 at pH 7.4 in 
10% N,N-dimethylformamide by the procedure 
previously described (9, l l ) ,  the enzyme was in- 
activated with a half-life of about 50 min. ; thus, cor- 
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rccted for cqual coticentrations of reversible E . . . I 
complex, I1 inactivates dihydrofolic rcductasc about 
one-half the rate of I. When 40 p M  each of 11, 
iodoacetamide, and p-bromoacctamido phenylbuty- 
rlc acid (16) were incubated with dihydrofolic re- 
ductasc simultaneously for 60 inin. at 3 i 0 ,  only I1 
showed irreversible inhibition; thus, the bimolccular 
~iiechanism of inactivation was readily eliminated 
(14, 15). Protection against inactivation was 
sliowri by the reversible inhibitors, folic acid (IV) 
and 2,4-diami no-5- (3,4-dicliloropIiciiyl)-li-m ethyl- 
pyrimidine, as rioted with the inactivation of di- 
hydrofolic reductase by I (11). 

A 11 ititeresting cotnparison as irreversible iriliibi- 
tors are the 6-phenylpyrimidine (11) and thc 6- 
methylpyrimidine (I II), both having the identical 
P-bromoacetarnitlophenoxypropyl side chain a t  the 
5-position. From previous studies on hydrophobic 
bonding (S), it was suggested that the data were 
hest rationalized if a G~pheuylpyrirnidinc, such as 11, 
has a conformation as depicted in I1 when compared 
to an assigned conformation of the pteridinc ring 
in folic acid indimted in IV. In contrast, it was sug- 
gested that a (j-methylpyrimidine, such as 111, 
would have its large 5-group coniplexing with the 
hydrophobic region as in conforniation IIIh,  but 
111 would not complex in cotifortnatiori 1110 or tlic 
coiil'irrtiiation taken by 11 (8. 11). I f  11  and 111 
: I S L I ~ I I C ~  idriitical coiiforinatioiis wheti eoiiiplexetl 
11) tlic cwzyiiic, then the dkylatiiig iuiictioii oi boll1 
woul i l  bc ~iositioiicd iii tlic ciizyiiic complcs iii a i i  

illei.itic;il f;isliioii : i t i d  both sliuulcl attack mi cwzyiiiic 
iittclleopliilic group at  tlie siimc rate. Tlie ti-nietliyl- 
1)yriiiiidiiie ( I  11) slowly iiiactivntcd dihydrofolic 
reducirtsc with ii. lialf-life of about 220 min. a t  37", 
coinpsrctl to I1 with a 11:tlf-life of 4.5 min. Since I I I 
has Ki about 8 X 1Op5iZ.l, 40 p i l l  I11 would corivert 
33% u1 the tol.al enzyme to a reversible E . . . I 
complex; thus compared to 40 plM 11-which gives 
2,59<j E . . . I coiiiplex-I1 inactivates dihydrofolic 
reductase about :seven times the rate of 111. This 
scvcnfold difference in ratc proves uncquivocally 
that the main mode of reversible coniplcxiiig to 
tlihydrofolic rcductase by 11 arid I11 is different as 
~~reviously suggtrsted for 6-phcnylpyrimidincs (8). 
This slow innctiv,ztion by 11 1 is probably not due to 
a random bittiolecular reaction (1, 14, 16); a more 

plausible explanation is that oiie out of seven times 
111 complexes in the same conformation as 11-thcn 
inactivates through the reversible complex- 
although this mechanism is not certain. 

CIIEMISTRY 

Methods.-The general method or syutlicsis ol 
2-amiiio-6-R-4-pyri1nidiliols bearing a functionalized 
phemyl in a 5-side-chain devclopcd carlicr in this 
program (17) worked smoothly for thesynthesis, the 
requisite precursors bearing a terminal nitrophcnoxy 
group on the 5-side-chain (VII I ) .  (Scheme I.) 
Alkylation 01 ethyl benzoylacctate (Va) with p- 
nitroplienyl-3-bromopropyl ether (VI) (18) in di- 
methylsulfoxide in the presence of sodium hydridc 
gave the crude 8-keto ester (VIIn) ;  condensation of 
VIIa with guariidine carbonate in tert-butyl alcohol 
(19) gave thc 4-pgrirnidinol in 3176 over-all yield 
of pure material. Earlier ethyl acetoacetate (Vb)  
had becn converted to VIIIb via VIIb (20 j. 

Hydrogenation of the 5-nitrophenoxypropyl 
pyrimidinols (VIII) in ethanolic hydrochloric acid 
with a palladium-charcoal catalyst afforded pure 
I S a  and IXb in 69 and 64% yields, respectively. 
The selective bromoacetylation of IX with bromo- 
acctic anhydride in N,1V-dimcthylformamide has 
been previously described in a paper from this 
laboratory on selective hronioacylation methods for 
ii variety of types of side-cliaiii aniiiio groups o i i  a 
variety of 2~;t1ni1io~~yriiiiitlitlrs ( I G  j. 

Synthesis.~--Melliii,: points wcrc clctci-iiiiiietl i i i  

cnpillary tubrs o i i  a Mcl-'l'vinp block, aiitl tliosc 
1)clow 230" are corrected. Ultrrviolct spectra wcrc 
tlclcrinitied in 10% ctlianul with a Perkiii-Elmer 2UZ 
rccording spcctropliotorrietcr. Infrared spectra 
were determined in KHr pellet with a Perkin-Elmcr 
137B recording spectruphotoiiieter. 

2 - Amino - 5 - (p - nitrophenoxypropyl) - 6- 
phenyl-4-pyrimidinol (VlTIa).-To a magnetically 
stirred solution of 3.84 Gm. (20 mnioles) of ethyl 
berizoylacetate in 10 ml. of reagent dimethylsulfox- 
ide protected froin moisture was added 0.2366 Gm. of 
55.6% sodium hydride dispersed in mineral oil. 
When hydrogen evolution had ceased, 4.70 Gm. (18 
mmoles) of VI (18) was added in one portion. After 
being stirred at ambient temperature for 18 hr., the 
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of ethanol, 10 ml. of 12 N aqueous hydrochloric 
acid, and 100 mg. of 5% palladium-charcoal catalyst 
was shaken with hydrogen at 2-3 Atm. until 3 
mole-equivalents were absorbed. The mixture was 
filtered through a Celite pad, then the filtrate was 
spill-evaporated in vacuo (bath 40° j to about 13 1111. 

COOC2H5 B r ( C H , ) , O G N O 2  I 
CH2 

VI 
O=CR 

V 

i' 
COOC,H, 

0-CR 

v11 

-t NT1:H2j,joa NO, 

NH, Q 
VIIl 

I 

11, R = C,H, 
II1,R = CH, 

a series, R = C,H, 
b series, R =CH3 

Scheme I 

OH 

1x 

mixture was heated on n steam bath for 1 hr., then 
acidified with acetic acid, and poured into 100 ml. of 
1 : 1 benzene-water with good stirring. The 
se.parated aqueous phase was extracted with 50 ml. 
of benzene. The combined bcnzenc solutioiis were 
washed with two 50-nil. portions of ice cold 35& 
aqueous sodium hydroxide to  rcmovc unchanged Va,  
then washed with water. Dried with magnesium 
sulfate, the solution was spin-evaporated zn vacuo 
leaving 6.3  Gm. of crude VIIa asanoil. 

The oil was dissolved in 50 ml. of tert-butyl alcohol, 
1.8 Gm. (10 rnmoles) of guanidine carbonate was 
added, t.hen the mixture was gently refluxed with 
magnetic stirring for 48 hr. The cooled mixture was 
filtered and thc product was washed with cold 
vlhanol ;  yicld, 2.65 Cni. By dilution of the filtrate 
wi th  wattr an additioual 0.90 Gin. (total 54%) ol  
critde product was obtained. Two recrystallizations 
of the combined crude products from aqucous 2- 
methoxycthanol gavc 2.05 Gm. (31700) of pure prod- 
uct as white crystals, 1ii.p. 277-278'; Amax. (pH 1): 
242 ( e  17,200), 290 nip ( e  16,800); (pH 7):  242 
( e  17,800), 310 I T I ~  ( e  21,900); (pH 13): 242 ( e  
l5,800), 310 nip ( E  16,800); h,,,. 2.92 (NII);  6.08, 
6.31, 6.67 (NH, C=O, C=C, C=N); 6.72, 7.50 
(NOz); 7.93 (ether C-0-c); 11.88 (@-C&); 

Anal.-Calcd. for C1sIIlaN40n: C, 62.3; H, 4.92; 
X, 15.3. Found: C, 62.3; H, 5.12; N, 15.1. 

2 - Amino - 5 - (p - aminophenoxyplopyl) - 6- 
phenyl-4-pyrimidinol Dihydrochloride (IXa).-A 
mixture of 600 mg. (1.37 rnmoles) of VIIIa, 90 ml. 

13.33, 1 4 . 4 0 ~  (c&). 

The solution was diluted with ether to turbidity, 
then chilled at 3" for about 18 hr. The product 
was collected on a filtcr and washed with ether; 
yield, 473 mg. (93';'0), 1n.p. 185-190". Recrystalliza- 
tion from absolute ethanol-ether with the aid of 
dccolorizing carbon gave 315 mg. (69%) of pure 
product as nearly whitc crystals, m.p. 187-190O; 
A,,,,, 2.99 (NH); 5.98 (C=NH+), 6.15, 6.,50 (NH, 
C=O, C=C, C=X); 8.04 (ether C-0-C); 

Anal.-Calcd. for C19HmN402.2HCl.HzO: C,  
53.5; H ,  5.63; N, 13.3. Found: C, 53. i ;  H, 5.77; 
N. 13.3. 

2 - Amino - 5 - (p - aminophenoxypropyl) - 6- 
methyl-4-pyrimidinol Dihydrochloride (IXb). --Kc.- 
ductioii o f  304 ing. ( 1  iiiniole) of V l I l h  (%)) ,  a5 
dcscribetl for the preparation of IXn, gavc 3x8 I I I ~ .  

(at,&) of product, m.p. 265-268'. Kecrystallizatioii 
from 2-me.thoxyetlinno1-etlier with the aid of dc- 
colorizing carbon afforded 222 mg. !64yO) of purc 
product as white crystals, m.p. 271-272'; A,,,,, 
2.98, 3.10 (NH); 5.94 (C=NH+); 6.03, 6.31, 6.66 
( M I ,  C=O, C=K, C-C); 8.00 (ether C--O--C), 

Anal.-Calcd. for ClaH18N402.2HCl: C, 48.4; 
H, 5.76; iS, 16.1. Found: C, 48.3; H, 5.88; N, 
16.0. 

12.23 (p-CsH4); 13.35, 14.29 p (CsH5). 

11.85,12.05p (p-CaH4). 
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Chemistry and Pharmacology of a Glycoside 
of VuZZuris solanaced 

By M. M. VOHRA, G. K. PATNAIK, R. S. KAPlL, and N. ANAND 

One of the glycosides of VaCCarissoCanacea has been identified as 0-acetyl-solanoside 
(0-:acetyl acofreosy1-digitoxigenin). It possesses potent cardiotonic activity. Its 
pharmacological properties have been compared with those of lanatoside C and 

digoxin. 

N A PREVI.OUS communication (1) i t  was re- I ported that the glycoside mixture obtained 
firom the leaves of Vaallaris solamcea Kuntze (N.O. 
il pocynaceae) possesses powerful digi tahl ike 
activily-. Two recent publications by Kaufinann 
et al. (2, a) ,  describing the isolation and cleter- 
niination of the structure oi six new glycosides 
from the seeds of V .  sohnacea, have proiiiptecl 
Lhc authors t.o report the ohseruation oi glyco- 
side B, one of the glycosides obtained from thc 
leaves. 

EXPERIMENTAL 

Chemistry 

Shade-driedl leaves of I/. solnri,n(-eii, collected from 
k::~shmir, India, were percolated with ethanol and 
thr percolate was concentrated to ahout ~mc-fi'tli 
ils voliinic. 'l'lic coiicciitratt. was diluted with ail 

cqiral volurirc { I f  tvzttcr :uid cstrxtcti with beiizcnc.. 

cutractetl witlL clilurulortii. The rcsiduc from tlic 
cliloroform extract was takeii up in chloroform and 
cliromatographcd on a colurnn of silica gel (E. 
hferck, fine gwdc), and the column developed wit11 
ctilorofortri cmtairiiiiR incrcasiiig propoi-tions of 
tnetliatiol wlicri thrcc major glycuside fractious A ,  B, 
and C were obtained. 0 1 1  thin-layer chromatug- 
rrrphy [Silica Isel G ;  solvent system, ethyl methyl 
ketone-cyclohexanc (1: l)] fractions A and C showed 

'l'llc XqLlClJ l l i  ~ > l l ~ l S c  W-ztS cOllcclltrated 271. Z'(L/-ZLO ull(l 
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up as two spots, while fraction B gave only one spot 
(spots detected by spraying with water). Prepara- 
tive thin-layer chromatography of fraction B 
[Silica Gel G;  solvent system, chloroforni-isopropyl 
alcohol (19: 1 j] gave glycoside B, which was crystal- 
lized from chloroform-hexaiic and ethanol-water 
mixture, 11i.p. 137-139" (Kofler block). The angle 
of rotation was [ L Y ] ~  - 16 (&2)  (c, 1 in methanol). 
The lionlogencity of the glycoside was established 
by thin-layer chrutnatography (Silica Gel G )  in four 
solvent systems: ethyl acetate; cliloroform-iso- 
propyl alcohol (19: 1); ethyl methyl kctone-cyclo- 
hcxanc (1: 1 j ;  benzcne mcthanol ( 3 :  1 j. 

-lnaZ.-Calcd. for C??Hd&: C, K6.6; H, 8.39. 
Found: C, 67.05; H. 8.73. 

Mannich hydrolysis of glycoside B gave  a single 
sugar which was identified as acofrrosc by paper 
chromatographic comparison with an authentic 
sample [solvent systems: inethyl ethyl ketone-n- 
hutanol ( I  : l)/boratv buffer; toluprie-n~butanol 
(1 : 1 )/w;ittr], wliilr Killiarii hyrimlysis yiddrrl 
(li~itoxigc.i~iii. 'l'lic li ir l l ly ii~iiipolar character o f  

tcd tlic. pos~it)ility o f  O I I C  of its 
liydro~yl groups kwiiig I,lockctl. Its 1.R.  absorptioii 
spectrum aiitl color reactions iiitlicatcd its itlciitity 
with O-acetyI-acofreo5ide u l  dixitoxigcniii (0 acctyl- 
solanosidc) (;$). 'l'his was confirmed by cornparisoil 
with an autlieiitic snmplc of 0-acetyl-solanoside 
usiiic: tliiii-layer clrr(Jill:ltoRrapliy :IS described above. 

4 :hiri-lnyi.u ~ ! l ~ ~ J l I l : ~ t O g ~ d p h i ~  coIIlpariSoli kindly 
carried uut by Reichstein of fractions A and C with 
the glycosides obtained from the seeds (2, 3),  showed 
that the xlycosides contained in the leaves are very 
similar to tliose present i i i  tlie sccds. 

Pharmacological Activity 
Materials and Methods.-A stuck solution of 

glycoside B colitaiiiing 500 rncg./rnl. was prepared 
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1 2 3 4 5 

Muscle stimulated supramaximally (12 v., 30/min., 1 msec. 
duration). At arrow glycoside B (10 mcg./ml.) was added to the bath. Key: 1, normal amplitude of 
contraction; 2, typodynamic state; 3, otiset of improvement in the amplitude of contraction after 8 
min. of addition of glycoside €3; 4, complete restoration of the amplitude of contraction 40 tnin. after 
the addition of the glycoside; 5, decrease in the amplitude of contraction 60 min. after the addition. 

Fig. 1.-Isolated papillary muscle of cat. 

VOL., ml. HD, % 

0 0 

30 

50 

58 

50 

75 

97 

Fig. 2.- Electrocardiographic changes in an ancs- 
thetized cat (3.2 Kg.) recorded on standard lead IT. 
Glycoside B was perfused (i.v.) a t  the rate of 20 
mcg./tnl./min. Key: 0 nil., normal record, siiius 
rhythm, T-wave upright, heart rate 210/min.; 30 
nil . ,  sinus rhythm, rcverted biphasic T-wavc, hrart 
rate l8O/niiu.; M) nil., irregular vctitricular extra 
systoles; 58 nil., veiitricular tacliycardia :ii111 fibril- 
latiort. N u i i i l ~ ~ i - s  UII t l i c  riglit siclc tlciivtc t l i e  per- 
ccirtage of 1 i:iiclicr t l c w  against voluiiic pcrfusetl 
sliowii oii tlic left siclc. 

by dissolving 10 mg. iii 1 ml. of 909; alcohol arid 
diluting with 19 ml. of normal saline. Further dilu- 
tions were made as required just before the cxperi- 
ment. 

Cardiotonic Activity.-Direct proof of the cardio- 
tonic activity of glycoside B was obtained by ( a )  
perfusing the frog heart (Kana tigrina) through the 
inferior vcna cava, ( b )  perfusing isolated hypo- 
dynamic guinea pig heart, prepared according to the 
method of Vick and Kehn (4), and (c) studying its 

action on thc hypodynamic papillary muscle of cats 
( 5 ) .  

Indircct evidence of the cardiotonic activity of the 
glycoside was obtained by ( a )  recording electro- 
cardiographic (ECG) changes on standard lead I1 
in anesthetized cats following continuous perfusion, 
as well as after single 10-5070 of Hatcher dose 
(HD), ( b )  studying its effects on guinea pig or rabbit 
ileum in vitro and on intestinal movements of 
anesthetized cats. 

Intensity of Biological Activity.-This was detcr- 
mined in chloralosed cats (80 mg./Kg. i.v.) by in- 
fusing contiiiuously a solution of 25 mcg./ml./min. 
Thc concentration was so adjusted as to cause 
cardiac arrest within 50-~60 min. of pcrfusion. The 
British Pharmacopoeia (1958) method was e111- 
ployed for the assay in guinea pigs. A concentra- 
tion of 50 mcg./ml. of glycoside B was used which 
brought about cardiac arrest in 20-40 min. 

Absorption, Persistence, and Cumulative Toxic- 
ity.-Its absorption from the gastrointestinal tract 
aftcr oral feeding was measured in unatiesthetized 
cats by the method of Purdum (S), and in anesthe- 
tized cats by the method of Dille and Whatmore (7). 
The persistence of the glycoside was studied in 
cats after intravenous administration of 4Om, HD. 
Cumulative toxicity was determiticd by the method 
described earlier (8) by daily subcutaneous injec- 
tions of 20 arid 40% HD for 21 days, or less if death 
took place earlier. For comparative purposes digo- 
xin and lanatoside C were used in most of these 
studies. 

RESULTS 

Cardiotonic Activity.- ~ / ) im. t  E 7 d ~ n c ~ . - ~  ( 1 1  ) Per- 
lusioii of thc frog Iicart with glycodc .H i t 1  coi ic~* i i -  
traticins of 5 30 nicg./tnl. producc.d ail i i i ihl  i i i -  

I I  tlie :uiiplitudc of contraction : r i d  a s l o ~  i i i g  

o f  tlie Iicart ratc. ‘I‘liis was lollowed by liartin1 A-V 
ud systolic staiidstill of the heart. 

( b )  I’crfusiori of the Iiypodyiiamic guinea pig llcart 
witli 6 and 10 mcg./ml. concentrations of glycosidc 
S produced a markecl positive iiiotropic effect witliiii 
5-7 min. Further perfusiou resulted in cardiac ir- 
regularities followed by cardiac arrest in 15-20 min. 

(c) Glycoside B, in a conccntration of 0.44.5 
mcg./ml., restored the contractility of the hypo- 
dynamic papillary muscle of the cat. At low con- 
centrations (0.044.1 mrg./ml.) imprcwemcnt in the 
amplitude of contraction appeared within 5-7 min. 
of addition, the prefatigue atrlplitude being attained 
in 20-30 niiti. and bcing rvcll maintained for about 
2 Iir. A t  high conccntration (0.5 mcg./ml.) the re- 
stored contractility lasted for 45-60 miti. ; there- 
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segment, PR dissociation, ventricular extra systoles 
followed by irregular ventricular rhythm, and 
cardiac standstill (Fig. 2), typical cffects of a cardeno- 
lide. 

The therapeutic index of glycoside B was calcu- 
lated from the ECG records. Bradycardia, prolonga- 
tion of PR interval, inversion of T wave, or sagging 
of ST segment were considered as the therapeutic 
stage, the appearance of extra systoles and bundle 
block as the early toxic stages, arid ventricular 
tachycardia and fibrillation as the severe toxic stage. 
Rcsults showed that 25407% of the lethal dose was 
required to produce the therapeutic stage while 
60-90G/b of the same produced the severe toxic stage. 
In comparativc studies with ouabain (10 mcg./ml.) 
these changes were produced with 30-35 and 55- 
75y0 of the lethal dose, respectively. 

A study of the effect of single intravenous doses of 
glycoside B on the ECG changes in anesthetized 
cats revealed that 10 and 25% H D  produced pro- 
longation of PR from 0.066 to 0.0825 sec., 10-14c?, 
bradycardia, aud slight increase in QKS within 5-10 
rnin. of administration; change in the T wave was 
also noticed. On the other hand 5070 HD produced 
inversion of T wave and sagging of ST segment fol- 
lowed by ventricular tachycardia after 25 min. and 
dcath after 40 min. 

(a) In pigeons, intravenous doses of 100, 150, 200, 
and 300 mcg./K;g. of glycoside B produced 16, 42, 
71, atid 100% emesis, respectively. The lag period 
dccrcased as the dosc was incrcased. 

produced a marked contraction of isolated segments 
or guinea pig ileum and increased the tone and 
amplitude of contraction of isolated rabbit ileum. 

Intravenous administration of 257, HD of glyco- 
side B in anesthetized cats produced a slight rise iu 
blood pressure and an increase in the tone and 

(6) Glycoside B in a concentration of 3 X 

ence of 40% Hat- 
cher dose of glyco- 
side B administered 
intravenously de- 
noting time in hours 
a t  which the ani- 
rnals were perfused 

persistence a n d  the  
~ ~ c c n t a g e  of lethal 

, , , ~~~ I dosc nccdtd to kill 

170- 
150- 
130- 
110- 

n 

rn 

0 
2 

t 
Fig. 3.-The effcct of 25%) Hatcher dosc (arrow) of 

glycoside B in an anesthetized cat. 

TABLE I.-MEAN LETIIAL DOSES OF GLYCOSIDE B, 
LANATOSIDE C, AND DIGOXIN IN CATS AND GUIVEA 

PIGS 
~~ 

,-Mean Lethal Dose (mcg./Kg.) Mean 2~ S E.- 
Drug Cat Guinea Pig 

Glyco- 
side B 358, H =k 10.85 (9)” 1093.0 f 29.06 ( 6 )  

Lanato- 
side C 200.2 f 8.75 (5) 483.9 f 22.00 ( 6 )  

Digoxin 278.0 If: 7.56 ( 4 )  838.17 f 31.67 ( 7 )  
-~ -~ - 

a Figures in parentheses indicate the number of animals 
used. 

after, the miplitude of contraction declined steadily 
and ultimatcly the muscle became unresponsive to 
tlic stimuli (Fig. 1). Occasionally, this concentra- 
tioii incrrasetl the irritability of the preparation. 

ftdirec-t  Livide,wi-e.-(a) The K G  record fdlowiiig 
ctmtiiiuous i i irusioi i  wit11 glyci.)sitle I< s h o w d  IJTUIY- 
cartlicl, 1)rdoiiga.LiuIi of 1’K iuterval, safigiiiy of ST 

‘rAFil.t4; 1 1 . -  - - -~ \HSOI<l~ l lON 1V U N A  I ’ I I K I I X E I )  CAYS A I ~ I M H  5 Ilr. ANI) I N  AAI~SIUI~,.IIZLII) C A I S  A V I I , , I ~  1 11r. 
l”UI..LO\VINC: ‘Tllh, I\I)h~INISlRA‘l’ION OF 1 IIAI’CNEK I h S X  01’ GI,YCOSLLlE B, LANAIOSILIE c, AN]> UI(AJX1N 

~ -~ 

.-Hatcher Doses in Unanesthetizcd- ,-Hatcher Doses in Anesthetized- 
Cats Cats 

Drug Control Treated Absorption Control Treated Absorption 
(rncg./Kg.) i. S.E. 70 (mcg./Kg.) =t S.E. % 

C;lycoside B 288.20 f 6.85 140.00 f 4.46 ( 3 . 9  329.40 f 3.87 0.00 100.00 
(8)a (7)  ( 3 )  ( 6 )  

Lanatoside C 200.20 f 8.75 169.10 f 2.05 1 5 . 2  183.70 f 2.50 157.20 f 3.25 14.42 
(5 1 (3  1 ( 3 )  

. . . 254.20 2z 2.30 180.00 If: 5.02 29.13 
(5 1 

( 2 )  (2 1 
Digoxin . . .  . . .  

-- 
Figures in parentheses indicate the number of animals used. 
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TABLE III.-CUMULATIVE TOXICITY OF GLYCOSIDE B, LANATOSIDE C, AND DIGOXIS 

Hatcher Dose 
Administration AV. 

Cats. Subcutaneously. Deaths, Day of 
UI ug NO. % N O .  Death Observations 

Laiiatosidc C 3 20 3/3 

40 3/3 
Glvcosidc B 3 2 0 2 / 3  

5 40 a/5 

Digoxin 2 20 2 /2  

amplitude of contraction of the intestines. The lat- 
ter effect lasted for 5-10 min. (Fig. 3). 

Intensity of Biological Activity.-Table I shows 
that glycoside B is more active in cats than in 
guinea pigs, that its potency is three-fourths that of 
digoxiu and one-half that of lanatosidc C, both in 
cats and guinea pigs. 

Absorption.-The comparative absorption of gly- 
coside B and of lanatoside C was studied in uri- 
anesthetized cats following oral administration of 
one HD of each. The results, calculated in terms 
of the absolute absorption, are shown in Table 11. 
Clycoside 13 was found to be very well absorbed 
(63.9%) from the gastrointestinal tract, while thc 
absorption ol lanatoside C was only 15.27:,. Fur- 
thermore, the oral absorption of the former was 
found to be consistent and dependable since it 
varied only from 52.9 to 70.0% in a serics of six 
animals. 

The absorption of the glycoside from the small 
intcstine was studied in five anesthetized cats by 
administering one HI) to the intestine isolated be- 
tween two ligatures. All animals died between 20- 
55 min. after administration, indicating that the 
main site of absorption is the intcstinc. In these 
experiments lanatoside C and digoxin showed 14.3 
and 29.13$& absorption, respectively. 

Persistence.-The pcrsistence of glycoside B 
showcd a biphasic phenomenon (Fig. 4). At 73 hr. 
the glycoside appeared to have been complctcly 
eliminated from the system as shown by the per- 
centage of HL) required to kill the treated animals. 
However, after 96 hr. this dosc dccreased, so much 
so that at 144 hr. the dose was eveu lower than that 
required a t  the beginning of the experiment. The 
implication of this observation is discussed later. 

Cumulative Toxicity.-The results are shown in 
'lablc 111 along with those obtained with lanatosidc 
C and digoxin. Thc average number of days takcn 
for the aninials to die indicate that the cumulative 
toxicity of glycoside B lies betwecn that of digoxin 
aiid lariatoside C. All tlic trcatcd aniinals sl1owcd 
tnarkcd cmaciation, apparently due to loss of appc- 
t i te and body weight. 

DISCUSSION 

Glycoside B obtained from the leaves of V .  solorto- 
ceo has been identified as 0-acetyl-solanoside which 
is present in the seeds. 

Glycoside B is found to possess marked cardio- 
tonic activity which is one-half that of digoxin and 
one-half and one-fourth that of lanatoside C in cats 
and guinea pigs, respectively. Its therapeutic index 
is the Same as that of ouabain. I t  has a quick onset 
of action likc that of ouabain and lanatoside C 

12 

7 
8 
4 

0 

1 died on 9th day, 1 on 11th day, and 1 
on 15th day 

2 died on 7th day, and 2 on 9th day 
2 died on 8th day 
2 died on 2nd day, 1 on 3rd day, 1 on 5th 

1 died on 5th day, and 1 on 7th day 
day, and 1 on 9th day 

which may be an advantage over digoxin. This may 
be attributed to its highly nonpolar character. Its 
good, consistent, and dependable absorption after 
oral administration resembles digoxin more than 
lanatoside C. 

The fact that administration of one HD into the 
intestine invariably produced cardiac standstill 
within 20-25 min., while the same dose given orally 
failed to produce cardiac arrest within 6 fir. would 
indicate that glycoside B is inactivated to some ex- 
tent by the gastric juices. 

In persistence studies glycoside €3 has been found 
to possess medium duration ol action as the effect 
of a single dose lasts for 72 hr. In this respect it re- 
sembles lanatoside C more tliaii digoxin. IIowever, 
a peculiar behavior of glycoside €3 has been ob- 
served. At  72 hr. the effect of a single dose was 
found to  have disappeared, but observations carried 
out a t  96 and 144 hr. indicated the reappearance 
of the effect so much so that a t  the latter interval i t  
was even greater than the effect produccd initially 
when the glycoside was administered. Obviously, 
this phenomenon cannot be explaincd on the basis 
of the actual reappearance of the glycoside B itself 
in the system, but must be due to the sensitization 
of the receptors to thc action of the drug so that a t  
96 and 144 hr. a lesser dose of the glycoside can 
produce the same effect. Rothlin (9) has reported 
the phenomenon of sensitization and desensitization, 
tachyphylaxis, and tolerance with digoxin, digilanid 
A, and digikanid C in cats. The observation regard- 
ing the medium duration of action of glycosidc B is 
also supported by the cumulative toxicity data 
which show that it possesses a low toxicity compared 
to digoxin but a high value as COInpared to lanato- 
side C. 

It may be concluded that glycoside B is a potent 
cardcnolide with a therapeutic index similar to that 
of the cardiac glycosidcs used clinically. It has il 

quick onset, rriedium duration of action, aud sliows 
corisistent and dependable oral absorption with low 
cumulative toxicity. 
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Interaction of a Group of Weak Organic Acids 
and Phenols with a Polyamide 

By MICHAEL B. RODELL*, WALLACE L. GUESS, and JOHN AUTIAN 

A drug-plastic sorption study was conducted using six compounds of interest to 
pharmaceutical and medical scientists. The compounds studied were (u) benzoic 
acid, (b )  salicylic acid, (c) p-hydroxybenzoic acid, (d) methyl p-hydroxybenzoate, 
( e )  propyl p-hydroxybenzoate, and (f) butyl p-hydroxybenzoate, while the plastic 
material was an insoluble polyamide (nylon-6). Sorption and diffusion experiments 
were conducted at several original concentrations and at three different tempera- 
tures, from which it was possible to  calculate a number of constants for each agent. 
Evaluation of the various constants indicated that drug-plastic interactions were due 
to hydrogen bonding of the agents to the polyamide, but that secondary valence 
forcer; of van der Waals type most likely play a predominate role in the interaction or 
binding mechanism for the more hydrophobic molecules studied. The apparent 
diffusion coefficients were of the order of lo-* cm.2/sec., while activation energies 
of diffusion fell within a range of 13.2 Kcal./mole for benzoic acid to 15.5 Kcal./ 
mole for butyl p-hydroxybenzoate. Permeation constants had values approaching 

1 0 - 7  cm.2/sec. 

N THE ~ ~ 4 s ~  -this laboratory has reported the I interaction of a number of weak organic acids 
or compounds acting as weak organic acids with 
several insoluble polyamidrs (1-5). 'This rc- 
port is a continuation of these studies. Six 
conipounds antl one specific polyamidel were 
employcd in this specific study. Sorption and 
permeation experiments were conducted on all the 
conipounrls at several concentrations and at 
several temperatures. The data  permitted the 
evaluation of a number of constants, both of a 
thermodynamic and kinetic nature which in turn 
helped to propo!je the mechanism of interaction 

EXPERIMENTAL 

Equipment and Supplies.-A Bcckninn DB 
spec.trophotoiiietcr (Beckman hstrumcrits, IIIC., 
Fullerton, Calif.), benzoic acid (A. K.,  J. T. Raker 
Chemical Co., Pliillipsburg, N. J.), salicylic acid 
(.,I. R., Mallincllirodt Cliemicnl Works, St. Louis, 
hlo.), p-hydroxybenzoic acid (A. R.,  Eastman 
Organic Chemic:.tls, Rochester, N. Y.), methyl 
p-I~ydroxybcnzo;tte (A. R., Eastinan Organic 
Chcinicals, Rocliester, N. Y .  j ,  propyl  p - I iyd roxy-  
bciizoate (11. K. ,  lhstuiaii Or-gimic CIieIriicLds, 

Exstiriiin Organic: Clic~nicals, Rocliestcr, 3. Y. j ,  
aii t l  nylon-G2 went employed. 

Method of Analysis of Solutions.--The assay 
for c!ach cotiipoii.md was based upon a spectro~hoto- 
metric method, iising enough dilucnt to give a final 

~<Oc'~lt.StCl~, N. Y.),  bUtyl ~,-llydr~)xphcrlz(J~lt~ (h. K., 

Reccived June 24, 1966, rronl the Ikug Plastic liesearch 
atid Toxicology La.boraturies, College of Pharmacy, 1:ni- 
versity of Texas,  Austin 78756. 

Accepted for publication September 13, 19GG. 
Presented to thc Basic Pharmaceutics Section. A.Pn.A. 

Academy of Pharmaceutical Sciences, Dallas meeting, bpi-il 
1066. 

This investigation was supported in pal-t by reiiowsiliy 
5-FI-l5M-20, 110.03 from the National Institute of General 
iMedical Sciences, National Institutes of Health, U .  S. Public 
Heal1.h Service. Betlhesda, Md. * Present address: 

2 Marketed as Capran 77-C by Allied Chemical, Morris- 

norsey Laboratories, Lincoln, Nehi-. 
The polyamide employed is known as nylon-8. 

town, N. J. 

concentration of solute in the range of 2 X 
mg./ml. to 6 X mg./ml. for spectrophotometric 
cxamination. Thc absorbance was determined at  
the optimum wavelength for each compound, using 
inatched 1-cm. silica cells as the sample and ref- 
erence holdcrs. Table I presents the wavelength o f  
rnawirnum absorbance and diluting vehicle for each 
compound. 

Equilibrium Sorption Studies.-Solutions of ben- 
zoic, salicylic, and p-hydroxybenzoic acid, as well 
as methyl p-hydroxybenzoate, were prepared in 
five concentrations, ranging from 0.05 to 0.025'%.3 
Duc t o  limited solubility in water, five concentra- 
tions of propyl- and butyl $-hydroxybenzwate were 
made in ranges of 0.005 to  0.025%. I n  all cases, 
freshly prepared distilled water was utilized as the 
solvent medium. 

Exactly 100 ml. of each solution was piprtcd into 
specially constructed cylindrical glass tubes, measur- 
ing 12 in. in length and 1.5 in. in diameter. Thc 
tubes werc fitted with ground glass stoppers, at- 
tached by metal or rubber springs, allowing for 
total immersion into a water bath a t  the desired 
tcmpcrature. After a period of time, adequate 
for equilibrium temperature to  be reached in the 
tubes, the tubes were lifted from the bath, antl 
strips of polyarnide (accurately weighed to  a total 
of 2 Gin.) were plnced into each tubc. Tlic tubes 
were once again stoppered and carefully placed 
back into the water bath. L)ctcrumiiiatioiis ( IF  
solute concentr:rtions were made on each solutiuil 
after sufficicnt time (approximately 14 days) IVdd 
clapscd to  cnsurc that equilibrium had bccn reaclicd. 
Since blank solutions, exposed to  similar tempcra- 
tures, showed no loss of solutc for the time period 
under consideration, any loss of solute in the test 
solutions was assumed to  have been sorbed by thc 
polyainide. These experiments were conducted 
at three different temperatures (50 i 0.0"", 60 + 
0.02", and 70 ik 0.02'). 

The data obtained from these sorptioii experi- 
ments were then treated to determine the solubility 
coefficient or distribution ratio fur  each individual 
compound in the polyarnide at the various tempcra- 
tures under consideration. This solubility coeffi- 
___ 

a All per cent values expressed as w/v. 
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TABLE I.-b'AVELPhGTH OF MAXIMUM h S O R P T I O N  
-~~ - 

Optimum 
Wave- 
length, 

COrIlpd Lhltient mF 
Benzoic acid 0 1 N HCI 230 
Salicylic acid 0 1 NHC1 236 

Jorrvnal of Phnrniaceztticul Sciexces 

of sorption ( A U ' )  through the equation shown 
below : 

Ap"/2' = A H o / 2 '  f C (Eq. 3 )  

where all the terms arc as previously defined, while 
C stands for a constant of integratioti. From the 
slope of the line, the heat of sorption may be 

tiou for each of the compounds are found in Table 
111. 

Since the standard affinity, Ap', may he con- 
sidered as a change in free energy as the solute 
migrates from the solution to  the solid phase 
(nylon), and AH" represents the heat of sorption 
or enthalpy, it follows that the entropy ( A S " )  of 
sorption may be evaluated through the thermo- 
dynamic relationship : 

cdlCUlatetl. CalCUlated VdlUeS for the hcittS of SOQ- 

Ap0 = AH" - Y ' A ~ "  (Eq- 4) 
The entropy values Iravc also been included in 

Table 111. 
Permeation and Diffusion Studies.--Sincc the 

sorption process of dyes and other agents in riylou 
is governed primarily by the diffusion step in the 
substrate, experiments w e ~ e  conducted to  evaluate 
the apparent diffusion coellicient and permeability 
constant for each compound at the three tempera- 
tures given earlicr and at a number of original 
concentrations. 

Solutious of beuzoic, salicylic, and P-hydroxy- 

p - H y  droxybeuzoic 
acid 0 . 1  N HCl 255 

Methyl p-hydroxy- 

Propyl p-hydroxy- 

Butyl p hydroxy- 

bcnzoatc Distilled water 255 

benzoate Distilled water 255 

benzoate Distilled water 255 

TABLE II.-SOLUBILITY COEFFICIENTS OF 
COMPOIJ~DS IN POLYAXIIDE AT THREE 

TEMPERATURES 
~- ~- 

--.5 (rnolrs/Kx /moles/L ) --. 
Renzoic acid 19.08 15.51 12 97 
Salicylic acid 33.23 26.81 19 97 
p - H  ydroxybenzoic 19 44 15.96 12.65 

Methyl p-hydroxy- 25.29 21.74 18.04 

Propyl p-hydroxy- 88.23 77.63 72.95 

Cornpd. 500 61P 70' 

acid 

benzoate 

benzoate 

benzoate 
Butyl p-hydroxy- 93.17 87.98 80.90 

cient was evaluatcd by the use of the following 
cqudtion : 

s = CJCL (Kq. 1) 

where S is thc solubility coefficient relating the 
qwdutity of solute in the solid phase to  the quantity 
01" solute in the liquid pfiase; C, is the equilibrium 
concentration of solute in the solid phase (nylon) 
in xnoles/Kg. ; and CT, is the equilibrium comen- 
tration of solute in thc liquid phase in  molrs/L. 
By plotting values of C, against the corresponding 
values for C,,, a lincar relation resulted for all the 
compounds at the thrce tcmperatures. From the 
slopes, tlic solubility coeficicnts were deduccd. 
'1':tblc 1 I pnwtits thc ealculntctl Cs/C,, or solubility 
c~ict~icicnts [or tlic s ix  c~~iiqiiai~itls a t  ~d~ or t l ~ c  
tciiil)crrtt urcs studied. 

Standard Affinity, Heat of Sorption, and Entropy 
of Sorption.--To gaiii ~ 1 1 1  illsight into the attractioii 
forces hctwccw tlic various ctitnpout~ds :itid t l i c  
~i~rlyatiiitlc, stnnclard aninitics ( -Ap0 j wcre r;tlcu- 
latcd by tlie use of the expression: 

-Apo = R 2 ' l n S  (Eq. 2 )  

where S is the equilibrium sorption constant and is 
equal to the solubility coefficient depicted in Eq. 
1 while R and T are the ustlal gas constant and ab- 
solute temperatures, respectively. Tdbk 111 in- 
(*hides the stanclard affinitit-s for all the compounds 
at  Yddl of the three teuipcmtures. 

In a relatively narrow temperature range, thc 
sednddrd affinity is rclatcd to the stalldard heat 

TABLE III.-STANDARD A4FFlNII'IES (Ap" ) ,  STAND- 
ARD HEATS OF SORPTION (AH') ,  AND STAXDARD 
ENTROPIES OF SORPTION ( A s " )  FOR A GROUP OF 
COMPOUNDS ViU EQUILIBRIUM SORPTION STUDIES 

- ApC AHo ASo 
Temp. (Kcal./mole) (Kcal./rnole) (cal./mule ") 

Benzoic Acid 
50 1.89 
60 1.81 
70 1.75 

-4.26 
Salicylic Acid 

50 2.25 

-7.33 

60 2.18 
70 2.04 

-5.60 -10.3 

50 
B( ) 
70 

50 
60 
70 

p-Hydrorybenzoic Acid 
1 .HO 
1 .83 

Methyl p-Hydi oxybenmdo 
2 07 
2 (14 
1 97 

Propyl p-Hydroxybenzoate 

--;{ ''> I d  -5 08 

2.88 

50 
CiO 
70 

Butyl p-Hydroxybenzoate 
2.91 
2 .9ti 
2.99 

-1.56 +4.19 
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and A is the surface area of the uylori barrier 
through which t h e  solute is permcatiiig in cni.2. 
Through thc c:inccll:ition of  tvrnis, I', tlic pcrine- 
ability constarit is rcduccd to thc units of cui.'A/sec. 

From the same figure it is possible to  cvaluate 
the apparcut diffusion coefficient 
lag equation CJf Rarrcr (cl) ,  givcn a. 

D = J2/67 (Eq. 6 )  

where D is the apparent diffusion coefficient in ciii.z/ 
scc., L is the thickness of the film in cm., and T is 
the time-lag interccpt obtained by extrapolation of 
thc steady state slope to  the time axis of the pcrniea- 
tion plot, converted into seconds. 

Table I\' presents the values lor the apparcnt 
diffusion cncfficients and the permeability co-ffi- 
cieuts for all six compounds investigatcd in the 
study, a t  each of the three concentrations and 
temperatures involvcd. 

Activation Energies of Diffusion and Permea- 
tion.- -In all compounds studied, it was noted that 
the rates of diffusion and permcation were tem- 
perature dependent. This temperature dependence 
may be quantitatively expressed by determining 
the activation energies of diffusion and permeation 
and can be evaluated through the following equation: 

log I) 7 log Do - AEo/2.303 RT (Ecl. 7) 
where D is the diffusion coefficient, AED the activa- 
tion energy, and R and T thc usual constants. A 
similar expression for permeation may be used to  
evaluate the activation energy of permeation 
(AEp).  Plots of log D versus 1/T or log P versus 
1/T for each of the compounds gave linear relation- 
ships from which thc activation energies were 
calculated. 

Thermodynamic Constants from Kinetic Ex- 
periments.-Barrer (6) was able t o  show that the 
permeability constant and the apparent diffusion 
coeKicient are related by the following expression: 

These values are shown in Table V. 

S = P / D  (EY. 8 )  

Fig. 1.-Phol.ograph showing permeation cell ~ i t h  
plastic film dividing the two chambers. 

benzoic acids and methyl @-hydroxybenzoate wcre 
prepared in three concentrations ranging from 0.10 
to 0.30%. 

Through the usc of a specially designed perriiea- 
tion cell, as  shown in Fig. 1, permcation and diffu- 
sion studies were conducted in the following manner. 
Since the cell was composed of two separate flasks, 
divided by a square of polyamide (approximately 
4 in. squarc with a thickness of 0.010 in.), exactly 
500 ml. of the solution under investigation was 
added to ono flask, simultaneously with the ad- 
dition ol an equal volume of distilled water to  the 
other flask. The cell was then lowered into the 
water bath, and the stirring slccvcs connected to an 
external pourer source t o  apply a constant rate of 
agitation in en.ch flask. At  periodic time intervals, 
aliquots of equal volume were removLd from each 
flask, arid set aside until they had reached room 
temperature. Spectrophotometric assays were 
made on those samples taken from the flask orig- 
inally containing only distillcd water, to  determine 
the quantity of solute transversing the film barrier. 
Since the amount of solutc passing through the 
film during the initial portions of the experiment 
was insignificant in comparison to  the amount orig- 
irtally present in the high-concentration side, no 
aissays were niade of samples taken from this side 
of the cell. Sample withdrawal was continued 
until a strddy state transmission mas well estab- 
lished, with equal quantities of solute entering the 
low conenitration flask per unit time. 

Figure 2 demonstrates the permeation of p -  
hydroxybenzoic acid through the polyamide as a 
function of time. By plotting the total amount of 
solute pernieaiing the nylon barrier against time, 
it is noted that following a short build-up period, 
a steady state of transmission is reached. The 
slope of the line representing the athinment of the 
st.eady state was then calculated by the method of 
least squares, and converted into uuits of moles of 
solute entering the flask/sec., so that the perme- 
ability constant could bc obtaincd through the use of: 

P = c/t ' LV/CA (Eq. 5 )  
where C/t is t'he slope of the linear portion of the 
permeation plot in moles/sec.; L is the thickness 
of the film baxrier in cm.; V is the total volume 
under consideration in cm.3; C is the initial con- 
centration of the solution in moles per total volume; 

J 
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Fig. 2.-A plot of the concentration of p-hydroxy- 
benzoic acid permeating through polyarnide film 
us. time. 
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where p i.; thc pernicability constant cxprcssed in 
ciii.*/scc.; D is thc apparent diffusion coefficient 
in similar units; and .S is dcfinecl as thc solubility 

T A B L E  IT.-ACTIVATION ENERGIES O F  DIFFUSION 
AND PERMEATIos  FOR A GROUP OF W E A K  ORGANJC 
Azs AND IN THE Po~~YAMIDE 'ILM 

~ 

LIED AE P 
(Kcal./ (KIA./ 

Compd. mole) mole) 

coefficient. 

Benzoic acid 13.2 9.22 
16.3 10.4  TABLE Iv. --l>IFFUSION COEFFICIENTS AND PER- salicylic acid 

MEABILITY CONSTANTS FOR A GROUP O F  W E A K  p - ~ ~ ~ d ~ ~ ~ ~ ~ b ~ ~ ~ ~ ~ i ~  acid 15.9 10.1 
ORGANIC ACIDS A S D  PHENOTS A T  THREE 'l'EM- ~ ~ t h ~ l  p-hydroxybenzoate 13.6 10.2 

PERATURES (POLYAMIDE) - Propyl p-hydroxybenzoate 14.1 11.9 
Rutyl phydroxybenzoate 15.5 13.5 _ _  

~ _ _ _ ~  ~ 

., Original D X 108, P X 1 0 7 ,  
"/u Concn. cm.2,Jst.c. cin.z/sec 

Benzoic Acid 
0.30 0.546 
0.30 1.18 
0.30 2.03 
0.20 0.689 
0.20 1.19 
0.20 2.20 
0.10 0.750 
0.10 1.29 
0.10 2.27 

Salicylic Acid 
0.30 0.520 
0.30 0.961 
0.30 1.76 
0.20 0.374 
0.20 0.771 
0.20 1.58 
0.10 0.264 
0.10 0.618 
0.10 1.43 
p-Hydroxybenzoic Acid 

0.30 0.452 
0.30 0.855 
0.30 1.87 
0.20 0.483 
0.20 1.03 
0.20 2.01 
0.10 0.522 
0.10 1.15 
0.10 2.30 

Methyl p-Hydrorybenzoate 
0.30 0.579 
0.30 1.12 
0.30 2.00 
0.20 0.551 
0.20 1 .OT 
0.20 1.89 
0.10 0.521 
0.10 1.01 
0.10 1.81 

0.03 0.371 
0.03 0.756 
0.03 1.40 
0.02 0.362 
0.02 0.718 
0.02 1.30 
0.01 0.354 
0.01 0.703 
0.01 1.21 
Butyl p-Hydroxybenzoate 
0.03 0.304 
0.03 0.648 
0.03 1.31 

Propyl p-Hydroxybenzoate 

1.08 
1.83 
2.64 
1.15 
1.65 
2.64 
1 .OO 
1.45 
2.21 

1.54 
2.29 
3.44 
1.25 
1.94 
3.22 
1.02 
1.65 
3.02 

0.933 
1.35 
2.46 
0.919 
1.48 
2.31 
0.906 
1.43 
2.15 

1.38 
2.31 
3.45 
1.35 
2.29 
3.40 
1.33 
2.26 
3.35 

3.12 
5.61 
9.34 
3.12 
5.56 
9.16 
3.09 
5.48 
8.98 

2.66 
5.40 
9.19 

Values for the solubility cocficicrit, S, wrre ob- 
tained using Eq. 8, and werr srcn to  closely approxi- 
mate values for this constant obtained by equi- 
librium sorption studies and calculated by Eq. 1. 
Using solubility Coefficients obtained through per- 
meation and diffusion studies, it was then possible 
to calculate the standard affinity through Eq. 2, 
thc standard hcat of sorption oia Eq. 3, and with Eq. 
4 the standard entropy of sorption. 

'I'ablc VI presents thcse thcrmodynarnic con- 
stauts derived from permeation and diffusion studies; 
gcnerally, close correlation is seen to those in Table 
111 obtained by equilibrium sorption studies. 

DISCUSSION 

Equilibrium Sorption Studies.-Examination of 
Tablc I1 in which the solubility coefficients for the 
six compounds in the polyamide are given, reveals 
that benzoic acid, salicylic acid, and p-hydroxy- 
benzoic acid have similar values with salicylic acid 
being somewhat more soluble in the polyamide. 
Upon esterification of the carboxyl group of p -  
hydroxybenzoic acid, solubility of the compounds 
in the nylon phase is seen to  increase markedly as 
the hydrophobic nature of the ester is increased. 

With all compounds, and more prominently with 
thc weak organic acids, it was noted as the tem- 
perature increased, the solubility coefficients were 
rcduced. This would seem to suggest that the 
binding process between the nylon and these solutes 
wits temperature dependent, with increased tem- 
perature serving to  hinder solute-plastic binding. 

Standard Affinity, Heat of Sorption, and Entropy 
of Sorption.-Standard affinity may be considered 
as being the ability of a particular substrate to  
attract and hold solute molecules, and is mathe- 
matically dependent upon the distribution of solute 
in the solid and liquid phases a t  equilibrium, as 
depicted in Eq. 2. 

As seen in Table 111, in most cases the standard 
affinity decreases with incrcased temperature, thus 
paralleling what has been shown for dyes and other 
weak organic acids (7). With the higher molecular 
weight esters of p-hydroxybenzoic acid, howcver, 
this effcct is not noted, since the mechanism of 
interaction of these solutes is not so tempcraturc 
deDendcnt as with the weak organic acids. - 

0.02 0.298 2.64 An examination of the standard heats of sorption 
0.02 0.616 5.35 and standard cntropies of sorption for thcse solutes 

8.99 sorbed by the polyamide (Table 111) leads to  several 0.02 1.22 
suggestions conccrning the mechanisms of interac- 0.01 0.288 2.63 

5.10 tion. 
0.01 0.586 
0.01 1.12 8.84 

In regard t u  benzoic, salicylic, and P-hydroxy- 
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benzoic acids, and methyl p-hydroxybenzoate, it is 
c m n  that the standard heats of sorption range from 
--3.7 to -5.6 Kc:~l./nnnlc. Siticc thc rncrgy re- 
quirement for liydrogcti-bond forrnation is con- 
sidered to  be from -4 to  -6 Rcal./mole, these 
experimental va1ut.s indicate. a t  least on  a n  energy 
rrquireinc~nt basis, t he formation of :L liydrogcii 
b80nd bctwcciii these solutes acid the polyaniidc. 
Presumably, boridiiig it1 the case of tlic weak organic 
acids would occur bctwcen the carhoxyl group of thc 
acid and the aniide linkages in the nylon chains. 
Due to  the preserice of a plicnolic hydroxyl group in 
nicthyl p-hytlroxyhenzoatc, bonding would likely 
occur between this moiety and the aniide linkages 
iii the nyloti. Heats of sorption for the propyl 
a.nd butyl estcrs of p-hydroxybenzoic acid are -2.1 
and - 1.6 Rcal./mole, respectively, thus leading to  
the assumption of weak secondary valence forces 
as being responsible for the binding process between 
these compounds and the polyainidr. 

A consideration of the cxpcrimental valurs for 
the standard cntropies of sorption for these c o w  
pounds may :slicd furthcr light upon tlie binding 
processes. 

The coucept of entropy as related to  drug-plastic 
interactions ciicompasscs two realms of reasoning. 
One trend of thought is to consider entropy as 
bcing indicative of the probability of a combination 
occurring between solute and substrate. The 
greater the increase in entropy, or entropy of 
sorption, the grcater will be the probability uf com- 
hination between the interactants. Table 111 re- 
veals that the entropy of sorption is increasing in 
the cases of the propyl and butyl esters of p-hydroxy- 
benzoic acid, while this incrcasc is not iiotcd with 

TABLE V I  -‘rHEKMODYNAMIC CONSTANTS FROM 
PERMEA IION AND DIFFUSION STUDIES 

~~ 

-_____ 
Temp 

O C .  

70 
60 
50 

70 
60 
50 

70 
60 
50 

70 
60 
50 

‘70 
60 
(50 

‘70 
60 
50 

S ”  - A Hoc  
Benzoic Acid 

11.58 1.66 

16.63 1.80 
13.51 1.72 -3.93 

Salicylic Acid 
20.33 ‘2.05 
25.21 2.14 -5.60 
33. 93 2.26 

p-Hydroxybenzoic Acid 
11.33 1.65 
14 .1 ’  I .75 -4.78 
19.00 1.89 

Methyl p-Hydroxybenzoate 
17.95 1.97 

24.56 2.05 
21.48 2.03 -3.46 

F’ro~yl p-Hydroxvbenzoate .. ~ . 

70.47 2.90 

85.88 2.86 
76.58 2.87 -2.20 

I3utyl p-Hydroxybenzoate 
54.3!5 2.94 
85.71 2.95 -1.99 
89.07 2.88 

the weak organic acids and methyl p-hydroxyben- 
mate. Rased upon changes in entropy, as the 
solutc migrates from one phase to  another, there 
would be a grratcr probability of combination be- 
tween the higher molecular weight esters and the 
polyamide than with the weak organic acids and 
thc same suhstratc.. This viewpoint sccms to he 
well taken, iii that tlie propyl and butyl esters show 
greatcr solubility coefficients and higlicr standard 
affinities for the polyamide. 

The sccond method of interpreting entropy calcu- 
lations is to  relate them to the dcgree of randorn- 
ness and disorder of a given system. Classically, 
it is well accepted that the more natural system 
will have a completely randomized distribution of 
components within the system. As randomness 
and disorder increases, a corrcsponding increase in 
the entropy of the system is also seen. Thus, the 
system with the higher entropy value will be the 
one in which the greater degree of random distribu- 
tion is prcscnt. Therefore, should entropy calcula- 
tions for a particular drug-plastic interaction in- 
dicate an increase in entropy, then the solute is 
traveling into a more random distribution. Con- 
versely, should calculations result in a decrease in 
the entropy of the system, then the solute is bcing 
firmly bound a t  fixed specific sitcs in the plastic. 

Table LII shows that a decrease in entropy occurs 
for the binding of the weak organic acids and methyl 
p-hydroxybenzoate by the polyamidc. When one 
considers both the entropy chauge and the standard 
heats of sorption for these compounds sorbed by 
the polyamide, thc assumption of hydrogen-bond 
formation at the amide linkages of the polymer 
appears rational. Keduction of the entropy of these 
systems indicates that tlie solutes are being held in 
fixed, specific sites in the plastic. The higher 
cntropy of sorption values for propyl and butyl 
p-hydroxybemzoate indicatc that these compounds 
arc being more randomly distributed throughout 
the polymer, via the formation of weak secondary 
valence forces at various nouspecific sites along t i i  
polymer chain. It is felt that the phenolic hydroxyl 
group present in these two compounds serves as a 
primary attractive force, bringing the molecules 
into the proximity of the amide linkages. How- 
ever, as  the size of the ester moiety is incrcased, 
the solute is pulled away from these aniide linkages, 

A S o d  

- 6 ,  6l 

and becomes more randomly distributed throughout 
the chains. 

Permeation and Diffusion Studies.--The data 
presented in Table IV, listing the permability con- 
st-ants and apparent diffusion coefficients for these 
compounds in the polyamide, allow certain relation- 
ships to  be drawn. 

It is noted that in general the rate of pcrmeation 
is directly dependent upon the quantity of solute 
originally present in the high-concentration side of 
the cell. Thus, ds thc initial concentration of a 
given solute is lowercd, there will be a decrease in 
the pcrmeation rate for that compound through 
the polyamide. Since permeation follows a steady 
state relationship, the concentration of solute within 
thc film remains constant, and as much solute 
escapes from one side of the film as enters the other 
side. As thc amount of solute entering thc film 

-9.06 

-4.32 

+2 ~4 

+2 78 

-- ~ is increased, more solute appcars in the low COII- 

centration side per unit t h e ,  and the rate of 
permeation incrcascs. , : , “ , ~ , , ” ~ t ~ ~ l i b Y A H c , o r f f i , ~ ~ ~ ~ , Y  ;eybf sg;igt ;F;d:j 

~ n o l e ) ,  d ASO, standard entropy of sorption (caI./molc 0). 
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energy is nccdcd for the movement of the bulkirr 
and hcavier butyl p-hydroxybcnzoate than for 
rrietliyl /~-liydroxybe~iznate. 

Kinetic Studies Versus Equilibrium Sorption 
Studies.-Table \'I lists the thermodynamic con- 
stants calculated from permeation and diffusion 
studies, and shows the close agreement with similar 
constants derived from equilibriurri sorption studies 
for each compound studied (Tables 11 and 111). 

Since sorption studies require a time period of 
approximately 14 days to complete, and permeation 
studies may be completed in less than 48 hr , I t  IS 
apparent that the latter method is of cxtreme 
value. Permeation and diffusion studies revcal 
data of a kinetic Irature as well as valid approxinia- 
tions of thermodynamic constants leading to  
possible suggested mechanisms of intcraction. 

SUMMARY 

Studies were conducted on the interaction of six 
weak organic acids and phenols with a polyamide, 
at a number of conccntrations and three tempera- 
turcs. From these expenmcnts, it was possible 
to  evaluatc scvenl constants for each individual 
interaction, such as ( a )  thc solubility coefficient ol 
the solute in the polyamide. ( b )  the standard affinity, 
(c) the standard heat of sorption, ( d )  the standard 
entropy of sorption, (e) the apparent diffusion 
coefficient, (f) the permeability constant, and (g )  the 
activation energies of permeation and diffusion. 

Values obtained for the standard heats of sorption 
and standard entropies of sorption for the intcrac- 
tion of the polyamidc with benzoic, salicylic, and p -  
hydroxybenzoie acids and methyl p-hydroxyben- 
zoate, indicate the formation of hydrogen bonds 
between thesc compounds and the polyamide a t  the 
amide linkages of the nylon chains. Constants 
calcukated for the propyl and butyl esters of p -  
hydroxybenzoic acid show that these compounds 
are bound t o  the polyamide through weak secondary 
valence forces, and are randomly distributed 
throughout the polymer chains. 

Apparent diffusion eocfficients for the diffusion 
of benzoic acid and p-hydroxybenzoic acid in the 
polyamide reveal that increased initial conccntra- 
tioris lead to  lower apparent diffusion coefficients, 
duc t o  the formation of dimers incapable of cntcring 
the polymer matrix. 
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Tablc V presciits the activation energies of dif- 
fusion and permeation for the compounds studied 
in this investigation. As in the cases of permeation 
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Rate Studies on the Anaerobic Degradation of 
Ascorbic Acid IV 

Catalytic Effect of Metal Ions 

By PER PINHOLT, HARALD KRISTIANSEN, LESZEK KR6WCZY&SKI*, and 
TAKERU HIGUCHIt 

The effect of different metal ions on  the rate of the anaerobic degradation of ascorbic 
acid in aqueous solution has been studied. Among the bivalent metal ions tested, 
Pb2+ was the most powerful catalyst, followed by Zn2+,Co2+,FeZi ,Mn2+,Ni2+,Ca2+,and 
Mg?+. Also the trivalent metal ions A13+ and Cr3+ catalyzed the process, Al3+ being 
rnorle active than Cr3+. The exDerimental results seem to indicate that the metal 

ions form iomplexes 

LTHOUGH the catalytic effect of metals on the A oxidative degradation of ascorbic acid has 
been well studied (1-li), no papers have appeared 
dealing with the influence of metals on the an- 
aerobic degra.dation. Since the degradation of 
ascorbic acid in many liquid pharmaceutical 
preparations appears to follow largely the non- 
oxidative route, and since these preparations may 
contain or may be contaminated by metals, a 
study of the effect of metal ions on the rate of the 
anaerobic degradation of ascorbic acid in aqueous 
soslution was felt necessary. 

Several aui.hors (7-11) have shown that as- 
rcirbic acid i:j decarboxylated when heated in 
aqueous solution under anaerobic conditions. It 
is known from other papers that  metal ions may 
ca,talyze the decarboxylation of keto-acids (12, 
13). By the decarboxylation of dimethyloxalo- 
acetic acid in the presence of heavy nietals a 
calniplex between the metal ion and the diion of 
the acid is formed and this complex undergoes a 
rapid decarbomxylation (1 2). 

EXPERIMENTAL 

Materials.--'The following metal salts were used 
in this study: MgSOd, NiS04, MnS04, 
Mn(N03)P, Fe.SO4, CoC12, ZnSO4, Zn(NO&, Pb- 
(C!HsCOOjz, €%(NO&, CuS04, AlCl,, and CrCb. 
Solutions of thc metal salts were staudardized when 
necessary with sodium ethylenediaminetetraacetate. 

The ascorbic acid used was of P. Nord. (Pharma- 
copoea Nordica) quality. The metal salts and all 
reagents wcrc of analytical grade. The water used 
was distilled wltter redistilled from a neutral glass 
st:ill, boiled, and cooled under oxygen-free nitrogen. 

Assay.-The residual ascorbic acid concentration 
of the heated solutions was determined iodome- 
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with ascorbic acid. 

trically. An aliquot part of the sample, usually 5.00 
tnl., was acidified with dilutcd sulfuric acid and 
titrated under nitrogen with 0.01 N iodine using a 
few drops of Starch T.S. as indicator. The metal 
salts added did not interfere. 

Kinetic Studies.-~Quaiitities of 0.01 M ascorbic 
acid solutions, buffered or unbuffercd, containing 
the actual mctal salt, and a sufficient amount of 
sodium chloride or potassium nitrate' to give the 
solutions an ionic strength of 0.5, were prepared. 
The solutions were filled into 5-ml. ampuls, and the 
air in the ampuls was replaced by nitrogen. Thc 
ampuls were sealed and heated at 96' in a constant- 
temperature bath. At appropriate intcrvals ampuls 
were taken out from the bath, cooled on ice, and the 
solution analyzed. 

RESULTS AND DISCUSSION 

Order of Reaction with Respect to Ascorbic Acid. 
-The anaerobic degradation of ascorbic acid in the 
presence of each of the mctal salts tested was found 
to be strictly first order with respect to ascorbic acid. 

Catalytic Effect of Bivalent Metal Ions on the 
Anaerobic Degradation of Ascorbic Acid.-Figure 1 
shows thc rffcct of M n Z + ,  Fez+, CoZ+, Znz+, and Pb2+ 
on the rate of the anaerobic degradation of ascorbic 
acid a t  pH 2-6. (Amount uf metal salt added, 
0.05 moles/L.; buffrr, 0.3 M acetate.) The effect 
of Ni2+, CaZ+, and Mg2+ was also tested, but the re- 
sults for these cations are omitted in Fig. 1. NiZ+ 
showed very close to the same cffcct as Mn2+. 
Ca2+and Mg2+ had virtually no effect. 

No rate studies were carried out a t  pH >6, be- 
cause most metals caused precipitations in the ascor- 
bic acid solutions at pH >6. 

Experiments with CuZ+ as catalyst showed that 
ascorbic acid at pH >2 was oxidized by this metal 
even in the absence of air. At pH 0.4 addition of 
0.01 moles/L. of CuS04 had a slight catalytic effect 
on the anaerobic degradation of ascorbic acid. 

Figure 1 shows that all active metals have the 
highest effect at pH 4-6. Because of this all further 
studies of the catalytic effect of the different mctals 
were made at pH values within this region. 

The effect of addition of different amounts of 

1 Potassium nitrate was used in experiments involving lead 
because of the low solubility of lead chloride. In experiments 
involving the other metals tested sodium chloride was used, 
if not otheru.ise stated. 
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Zn++ 

CO" 
Fe+' 
Mn++ 
No Metal 

2 3 4 6 

PH 

Fig. 1.-Effect of bivalent metal ions on the 
pseudo first-order rate constant of the anaerobic deg- 
radation of ascorbic acid at different pH values and 
96'. Metal salts uscd: MnS04, FeSOd, CoCI2, 
ZnSOa, and Pb(CHpC00)x. Amount of metal salt 
added, 0.05 moles/L.; buffer, 0.3 M acetatc; ionic 
strength, 0.50. 

N i t +  
Ca" - 

METAL SALT ADDED, M/L 

Fig. 2.-Effect of bivalent metal ions on the 
pseudo first-order rate constant of the anaerobic deg- 
radation of ascorbic acid at pH 5 and 96". Metal 
salts used: Ca(N03)2, MgS04, NiS04, MnS04, FeSO4, 
CoCla, ZnS04, and Pb(CHZC00)2. Buffer, 0.1 1l.I 
acetate; ionic strength, 0.50. 

bivalent metal salts on the rate of the anaerobic 
degradation of ascorbic acid a t  pH 5 (0.1 A[ acetate 
as buffcr) is shown in Fig. 2. The results given for 
Zn2+ in Fig. 2 are from two parallcl scrics of runs, 
one series made with NaCI, the other with KhTOa 
for correction of ionic strength. There was no dif- 
ference in the results from the two series of runs. 

Since acetate may form complexes with mctal 
ions, the two most active metals, lead and zinc, and 
one of the less active metals, manganese, were also 
tested in buffer-free solutions. The nitrates of the 
metals were used because nitrate ions have a very low 
tendency to form complexes with metal ions. For 
comparison lead was also tested as acetate and zinc 
as sulfate. The studies were made at pH 4. 
This pH value was chosen because ascorbic acid has 
such a buffer capacity a t  pH 4 that no addition of 
buffer was needed to keep the pII of the ascorbic acid 
solutions constant during the experiments. 

The solutions were made up to an ionic strength 
of 0.5 with KKOI. Thc rcsults are found in Fig. 3. 
It will be seen that the nitrate of lead is a little more 
active than the acetate. The reason for this must 

I 
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METAL SALT ADDED. h"/L 

Fig. 3.-Effect of different salts of bivalent metals 
on the pseudo first-order rate constant of the annero- 
bic degradation of ascorbic acid at pH 1 nntl 96'. 
Ionic strength, 0.50; no buffer addcd. 

be that the lead ions in the acetate are partly bound 
as complex. The nitrate and thc sulfate of zinc 
have the same effect. Manganese nitrate is nearly 
noticatalytic. 

Most of the lines in Figs. 2 and 3 are slightly 
curved. This may be explained by assuming a weak 
complex formation between ascorbic acid (HA) and 
metal ions (Me2+) and a subsequent degradation of 
ascorbic acid in these complexes. 

The following reactions may be assumed t o  take 
place at pH 2-6: 

HA + MeZ + AMe+ + H + Reaction 1 
ki 

kz 

k3 

HA -+ products 

A- -+ products 

AMe+ --f products 

The following equations are valid: 

(m. 1) 

AT = [HA] f [A-] + [AMe+] (Eq. 2) 

[Met2] + [AMe+] = b (Eq. 6) 

In the experiments the amount ( b )  of metal salt 
added (in moles per liter) is 2 to 10 times the total 
ascorbic acid concentration. Since the lines in 
Figs. 2 and 3 arc but sZightZy curved, only a small 
part uf the ascorbic acid has formed complex with 
the metal ions even at the highest metal salt con- 
centrations. For these reasons it is evident that 
[Me2+] >> [AMe'] in all the experiments. We 
may, therefore, without introducing any grcat crror, 
put [Me2+] = b in Eq. 4. Doing so and combining 
Dq. 4 with Eqs. 1,2 ,3 ,  and 5 give 
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' I 'ABLE J.-STAUILITY C O N S T A N T S  ( k ' )  OF METAL 10s 
ASCORUIC ACID COMPLEXES AND RAm CONSTASTS 
(h) POR THE DECRADATIOS OF ASCORBIC ACID I N  

THESE COMPLEXES 
~ - ~_~_.___~ - - 

k3 t x - 1  X 
Metal Iori PH k' x 108 10 

Pb2+ I- :1 , 5 4 
%I12 + 4 3 . 8  1.1 
Z n 2 +  6 0 . 9  1 .9  
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'I'lie experiments, the results of which are given 
iu Figs. 2 and 3 ,  are made at conslant pII and ionic 
strength. : H i ]  is therefore a eonstaiit and Eq. 
7 becomes the equn.tion of a hyperbola with k and b 
as the two variables. Consequently, plots of rate 
constants fouiid versus amount of metal salt added 
have to yield curved lines. 

From the experiments with Pb(N03)z at pH 4 
(Fig. 3 )  k3 and k' in Eq. 7 could be calculated. The 
earlier found values for kl  and kg were used. ( k l  = 
8.0 X 1W3 kz = 5 x hr.-I) (14). 
The calculation gave kr = 4 X 10-' hr.-I and k' = 

3.5 X l O P .  According to this calculation, the rate 
of degradation of ascorbic acid iu the lead complex is 
about 50 times faster than the rate of degradation 
of the free ascorbic acid. (Table I.) 

Similar calciilations based 011 the experiments 
with Zn(NO3)z a t  pH 4 (Fig. 3) gave kr = 1.1 X 
10-I hr. -1  and k' = 3.8 X 

The stability constant (k') is nearly the same for 
the zinc-ascorbic acid complex as for the lead- 
ascorbic acid complex. The rate of degradation of 
ascorbic acid, Ihowever, is considerably faster in the 
lead complex than in the zinc complex. 

In Fig. 4 the relation between amount of ZriSOi 
added and rate constant found a t  pH 6 is given. 
Addition of bul'ier proved not to be necessary to keep 
pH constant cluriug the ruris. A t  pH (i the term 
k i ( H + ]  in the numrrator of Eq. 7 becomes negligible 
compared to the other terms in thc numerator and 
niay be omitted, thus giving 

At p H  (5 [ H i ]  << knl ,  and [H+] may beomitted: 

Equation $1 may also be written 

k - - kr = k ' - [ ,  
ka - k k ,  (Eq. 10) 

Inserting the results from the cxpcriments with 
0.04 moles/L. and 0.10 moles/L. of ZnSOa added, 
gave kB = 1.9 X lO--'hr.-land k' = 9 X These 
values for k3 and k' deviate somewhat from the 
valuesfoundatpH4(kr = 1.1 X 10-lhr.-raiidk' = 
3.8 X There may be several reasons for 
these deviations: other reactions than those postu- 
lated may occur. Zinc niay form basic compounds 
a t  pH 6; ka may be pH dependent. 

In 
accordance with Eq. 10, a straight line is obtained. 
The slope of this line is k ' / k ,  = 8. 

Experiments with lead similar to those made with 

In Fig. 5 k - kz/ka - k is plotted z'crsus b. 

002 004 a06 008 010 

Z n s q  ADUED. M/L 

Fig. 5.-Relationship between amount of ZnSOc 
added and k - kz/k3 - k (cf. Eq. 10) by thc anaero- 
bicdegradation of ascorbic acid a t  pH 6 and 96" 
Ionic strength, 0.50; no buffer added. 

I. I 
13.02 ooj 0.ffi 008 0.10 

z n q  ADED. M/L 

:Fig. 4.--Effect of ZnS04 on the pseudo first-order 
rate constant of the anaerobic degradation of ascorbic 
acid a t  pH 6 a n d  96". Ionic strength, 0.50; no buf- 
fer added. 

TOTAL ACETATE. Y L  

Fig. 6.--Effect of acetate buffer concentration on 
the pseudo first-order rate constant of the lead and 
zinc catalyzed anaerobic degradation of ascorbic acid 
a t  pH 5 and 96". A quantity of 0.05 moles of 
Pb(CH3COO)? or ZnSO4 added per liter. Ionic 
strength, 0.50. 
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lead nitrate gave a decrease in pH from 2.54 to  
2.44. 

The pH decreases observed may be an iudicatiori 
of complcx formation between ascorbic acid and 
lead and zinc. It is of course not possible from 
these experiments, which arc made a t  25" and a t  an 
ionic strength of 1.5, to  make any calculation of the 
stability constants of the metalascorbic acid com- 
plex a t  96" arid ionic strength of 0.5. 

Catalytic Effect of Trivalent Metal Ions on the 
Anaerobic Degradation of Ascorbic Acid.-The 
evaluation of the catalytic effect of the trivalent ions 
A13 arid Cr3 t- presented some problems. If the 
aluminum cnnccntration was 0.01 molcs/L. and 
pH >4.1 a precipitate was formed iu the ascorbic 
acid solutions during the runs. =It pH 4 (0.3 il1 
acetate as buffer) precipitations occurred at 
aluminum concentrations >0.015 moles/L. At the 
samc time pH dropped 0.2--0.3 units. A t  aluminum 
concentrations 70.01 xnoles/L. there was no pre- 
cipitation and thc pH drop was only about 0.1 unit. 
The results of experiments at these low metal salt 
conccntrations are given in Fig. 7. It will bc 
seen that aluminum is a powerful catalyst at pH 4. 
An addition of 0.005 moles of AICls per liter doubles 
the rate of the anacrobic degradation of ascorbic 
acid. The shape of the curve may indicate that the 
major part of the ascorbic acid exists as a complex 
a t  an aluminum concentration of 0.01 moles/L. 

At pH 3 (0.3 M acetate as buffer) aluminum 
showed nearly no catalytic effect. 

With chromium as catalyst it turned out to be 
impossiblc to  kecp the pH of the ascorbic acid solu- 
tions constant during the runs when the chromium 
concentration was more than 0.02 molcs/L. At pH 4 
(0.3 acetate as buffer) and chromium concentrations 
70.01 moles/L. thcre was only a slight decrease in 
pH (about 0.05 units). The results of runs a t  this 
pH are given in Fig. 7. It will be seen that the 
catalytic effect of e r a +  is less than that of A13+. 

- 

N 

0 - 1  I 

00325 awm a0075 ooiw 
METAL SALT ADDED. M/L 

Fig. 7.--Effect of trivalent metal ions on the 
pseudo first-order rate constant of the anaerobic dc- 
gradation of ascorbic acid a t  pH 4 and 96". Metal 
salts used, AIC13 and CrCla; buffer, 0.3 M acetate; 
ionic strength, 0.50. 

zinc (that is a t  pH 6 without buffer), were impossiblc 
because of the formation of precipitate. 

Effect of Acetate on the Lead and Zinc Catalyzed 
Degradation of Ascorbic Acid.-A serics of runs were 
made keeping pH, ionic strength, and lead concen- 
tration constant, but varying the acetate buffer 
concentration. Thc results of the runs are found in 
Fig. 6. There is a decrease in rate with increasing 
buffer concentration, probably due to an increasing 
complexation of lead by the buffer. Similar runs 
made with zinc instead of lead gave similar results 
(Fig. 6). 

Sincc acetate has such a strong effect on the rates 
of the lead and zinc-catalyzed degradation of ascor- 
bic acid, Eq. 7 ,  which is applicable only to the pro- 
cess in buffer free solution, cannot be used for cal- 
culation of the rate constant at different pH values 
in solutions containing acetatc. It is thus not 
possible t o  use Eq. 7 for calculation of a theoretical 
line fitting the experimental points in Fig. 1. 

Attempts to Prove the Formation of Ascorbic 
Acid Metal Complexes.-According to Reaction 1, 
the complex formation betwecn ascorbic acid and 
metal ions in aqueous solution should cause a de- 
crease in pH. Some experiments were made to test 
if this was the case. 

It became necessary to  use more concentrated 
ascorbic acid solutions than 0.01 M t o  get any 
measurable change iu pH. A 25.00 ml. quantity of 
0.1 M ascorbic acid solution made up to  an ionic 
strength of 1.5 with KN03 and laving an initial pH 
of 2.65, was titrated with 0 5 M Pb(NOa)z solution 
t o  which nitric acid had been added to pH 2.65. 
The pH of the mixture decreased during the titra- 
tion and reached a value of 2.29 after addition of 
25.00 ml. of 0.5 M Pb(N03)2 solution. A similar 
experiment carried out with zinc nitratc instead of 

REFERENCES 

(1) Dolder, R. ,  Pharm. Acta Helu., 27, 54(1952). 
(2) Fischer Jensen, E., Dansk Tidsskr. Farm., 29,  125 

(1955). 
(3) Kellie, A. E., and Zilva, S. S., Biochem. J . ,  29, 1028 

114R5) \-lll,. 
(4) Rrdvessy, G., and Stieber, H., Mitt. DeuI. Phana .  

(5 )  Bragagnolo G., Ann. Chim.  AgpI .  3 1  350(1941). 
(6) Nord, H . ,  h a  Chem. Scand., 9 ,  442(1b55). 
(7) Taylor, E. W., Fowler, W. I."., NlcGee, P A,,  and 

Kenyon. W..O., J .  Am. Chem. Soc., 69, 342(1947). 
(8 )  Iluelin, F. E., Food Res., 18, 633(1953). 
(9) Cier, A., Nofre, C., and Drevon, B., Bull. Soc. Chim.  

France, 1959, 74. 
(10).Flores, E. S., and Brunner, C., G a l ~ n i c a  Acla 

( M u d ~ i d ) ,  13, 319(1860). 
(11) Finholt, P., I'aulssen, R.  B., Alsos, I., and Higuchi, 

T., J .  Pharm.  Scz., 54, 124(1965). 
(12) Steinberger, K., and Westheimer, P. II., J .  Am. Ckem. 

Soc., 73, 429(1961). 
(13) Prue, J .  E., J .  Chem. Soc., 1952, 2331. 
(14) Finholt, P., Paulssen, R.  B., and Higuchi, T., J .  

Pharm.  Sci., 52,948(1963). 

Ges., 34, l(1964). 



Drag Standards- 

Qualitative and Quantitative Tests for Tybamate 

By ED'WARD F. SALIM*, JEROME I. BODINI, HARKY B. ZIMMERMANt, 
and PHILIP REISBERGt 

Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication 
in  ithe J o w a l  of Pharmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added 
basis for confidence in the quality of new drug products generally, and of those 
covered by the monographs particularly. Such monographs will appear on  drugs 
representing new chemical entities for which suitable identity tests and assay pro- 
cedures are not available in  the published literature. The  purity and assay limits 
reported for the drugs and their dosage forms are based on  observations made on  
samples representative of commercial production and are considered to be reasona- 

ble within expected analytical and manufacturing variation. 

inay be represented as 1 3 0 O .  

0 CHJ 0 
II I II 

I 
H2N-C -0-CK-C-CHz-0 --C-NHCH~CH~CHZCH~ 

CHzCHzCHa 

Physical PI-operties.-Tybamate occurs as a white 
crystalline powder or a clear VISCOUS liquid which 
may congeal to a solid form on standing. It has a 

The infrared spectrum of a 0 5y0 dispcrsion of 
tybamatc in potassium bromide, in a disk of about 
0.82 nim. thickness, is shown in Fig. 1. ~- 

mild charactacristic odor and a bitter taste. Thc 
dried powder melts within a range of 2" between 49" 
and 54", U.S.P. class I. It is very slightly soluble 
in water, very soluble in alcohol and in acetone, and 
frcely soluble in ether. 

Identity Tests.-Transfer 1 ml. of a 0,04'j& chloro- 
form solution of tybamate into a glass-stoppered 
test tube anti add 1 ml. of a mixture of acetone- 
glacial acetic acid (3: I), 1 ml. of a 1 in 100 solution 
of p-dimethyl~arniuobenzaldeliyde in benzene, and 5 
Inl. ol antimony trichloride solution (dissolve 3.6 
(hn. of antimony trichloride in 20 ml. of chloroform 
:tiid itdrl 5 rnl. o f  acetic ai~hydride). Heat the solu- 
tion at about  55" for 1.5 miii.: ii m l  L w l o r  is p n -  
clucetl. 

1)issolvc. I ( h i .  d tybaiii:~te aiid 0.8 Gni. of xai i-  
tliydrol i i i  a iiiisture of 10 nil. of tlehydratcd alcoh(11 
:itltl  10 1111. of  glacial acetic acid. Heat t h e  solutioii 
on a steam bath for 90 min., taking care to avoid 
excessive evaporation. Cool and add cold water: 
an oil, which inay crystallize on standing, separates 
from solution. Filter the mixture through paper, 
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in the development and preparation of this monograph. 
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and Stephen M. Lipcsey, Wallace Laboratories, and Carolyn 
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Purity Tests.-Dry about 1 Gm. of tybamate, 
accurately weighed, in vacuum at 30-35' for 4 hr.; 
it  loses not more than 0.5Oj, of its weight. 

Char about 1 Gm. of tybamate, accurately 
weighed, cool the residue, add 1 ml. of sulfuric acid, 
heat cautiously until evolution of sulfur trioxide 
ceases, ignite, cool, and weigh: the residue does 
not cxcecd O.lCjO. Rctain the residue for the heavy 
metals test . 

Dissolve the sulfated ash obtained from 1 Gm. of 
tybamate in a small volume of hot nitric acid and 
evaporate to dryness on a stcam bath. Dissolve 
thc rcsiduc- it1 2 n i l .  o f  dilutrd acetic acid, tlilutc to 
25 nil. w i t l i  water, i i i ~ l  deterniiiic tlic licavy iiictals 
coiitciiL of tliis solutioti by tlie 1J.S.I'. licavy tiictals 
tcs t ,  i i i c t h d  1 : t k  1 1 l a v y  iiictals l i i i i i t  lor tyl)aiiintc 
is 7 0  p . p . i i i .  

Assay.--Transfer iibuut 75U lug. vf tybatii:ite, ac- 
curately weighed, into a conical flask, add 20 nil. of 
pyridine, and ncutralizc the solution with 0.1 N 
sodium methoxide to the first pink color of phenol- 
phthalein T.S. Add 50.0 ml. of 0.1 N sodium 
methoxide, a few boiling chips, and rcflux with an 
air condenser on a steam bath for 30 min. Cool, 
add 40 ml. of neutralized alcohol, and titrate with 
0.1 N hydrochloric acid to the absence of a pink 
color. Perform a blank determination. The dif- 
ference bctwccn thc two titrations represents the 
volume of 0.1 N sodium methoxide equivalent to 
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DISCUSSION 

U.S.P. and N.F. terminology for solubility, mclt- 
ing range, reagents, ctc., has been used wherever 
feasible. 

Tybdrndte,* synthesized by Bcrger and 1,udwig 
(I), is a tranquilizing agent which affords SyIIlpt(J- 
matic improvement in a variety of psychoneurotic 
disorders, especially in the treatment of the anxiety 
and tension components of psychuneuroses. 

Identity Tests.-Crystalline derivatives of pri- 
mary amides can be prepared with xanthydrol in 
glacial acetic acid. (Scheme I.) 

Fig. l.--Infrared spectrum of tybarnate in 
potassium bromide disk (0.5yo); Pcrkin-Elmer 
model 21 spectrophotometcr, sodium chloride 
prism. 

the weight of C&H2~N20a in the SdUlpk. Each 
milliliter of 0.1 N sodium methoxide is equivalent 
to 27.44 mg. of ClaHasN201. The amount of tyba- 
mate found is not less than 98% and not more than 
1020/;, of the weight of the sample taken. 

DOSAGE FORMS OF TYBAMATE 

Tybarnate Capsules 
Identity Tests.-Transfer a sample of the capsule 

coutent, equivalent to  about 10 mg. of tybamate, 
into a separator containing 75 1111. of water. Shake 
the aqueous solution with 25 ml. of chloroform and 
filter a portion of the chloroform extract. Transfer 
1 ml. of the filtrate into a glass-stoppered test tube 
and add 1 rnl. of a mixture of acetone-glacial acetic 
acid ( 3 :  l), 1 ml. of a 1 in 100 solution of p-dimethyl- 
aminobenzaldehyde in benzene, and 5 ml. of anti- 
mony trichloride solution (dissolve 3.6 Gm. of anti- 
mony trichioride in 20 ml. of chloroform and add 5 
ml. of acetic anhydride). Heat the solution a t  about 
55" for 15 min.: a red color is produced. 

Transfer a sample of the capsule content, equiva- 
lent to about 1 Gm. of tybamate, into a separator 
containing 100 ml. of cold water. Shake vigorously 
for 2 min. and discard the aqueous layer. To the 
oily layer in the separator add 25 ml. of chloroform, 
75 ml. of cold water, and shake vigorously. Allow 
the layers to  separate, transfer the chloroform ex- 
tract intv a beaker, and add anhydrous sodium sul- 
fate. The chloroform solution filtcrcd through 
pdpcr exhibits infrarcd absorption maxima only a t  
the same wavelengths as that of a similar prepara- 
tion of tybaIndte standard. 

Assay.-Transfer an accurately weiglied sunilk 

of tybamate, into a conical flask, add 20 nil. of 
pyridine, and neutralize the solution with 0.1 N 
sodium mcthoxidc to the first pink color of phcnol- 
phtlialein T.S. Add 60.0 nil. of 0.1 N sodium 
methoxide, a few boiling chips, and reflux with an 
air condenser on a steam bath for 30 min. Cool, 
add 40 ml. of neutralized alcohol, and titrate with 
0.1 N hydrochloric acid to the absence of a pink 
color. Perform a blank determination. The dif- 
ference between the two titrations represents the 
volume of 0.1 N sodium methoxide equivalent to  
the weight of C13H26N204 in the sample. Each 
milliliter of 0.1 N sodium methoxide is equivalent to  
27.44 mg. of C1sH26Nz04. The amount of tybamate 
found is not less than 95% and not more than 105% 
of the labeled amount. 

( J f  the C:ipSUlC? C O l l t ~ ' l l t ,  CqUiVdellt to :lbout 750 tlly. 

& + RCONH2 - 

Scheme I 

4- H,O 

l h r  reaction is useful in characterizing aliphatic 
amidcs or rarbamates (xanthyhmides) and sulfon- 
amides (N-xanthylsulEonamides~, 

Quantitative Tests.--Analysis for bulk tyhamate 
and tybamate capsules is based on the reaction of 
alkali on carbarnates of the general type ROOCNHz 
in nonaqueous media. Cerri et al. (2) have postu- 
lated the reaction sequence shown in Scheme 11. 

R-0--C + NaOCHs - 

111 aiilryclvous pyridiiic, thc quilibi-iuin SiliJWll i l l  

tile first cquatiori is shifted strongly to thc right and 
the enolic species is reacted with the sodium 
methoxide. In aqueous systems the equilibrium 
favors the keto form and the reaction with alkali 
is no longer quantitative. The presence of small 
quantities of water in the solvents can induce errors 
in the procedure, but this effect can bc nullified by 
increasing the methanol content in the reaction 
mixture by about 5% and increasing the reflux 
time to 55 min. (3) .  

The assay of bulk tybaniate by the volumetric 
procedure gave an average recovery of 100.2 f 

1 Marketed as  Solacen by Wallace Laboratories, Craubury, 
N. J. 
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1..2%.2 The titration can be conducted with 0.1 N 
bexizoic acid in benzene using thyniol blue T.S. labeled amount of tybamate. 
eliminating the addition of neutralized alcohol. In 
this instance. care must be exercised to orevent ab- 
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sulcs gave an average value of 97.2 f 1.2ojo2 of the  
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Technical A rtZcles 

Particle Size Distribution and Hopper Flow Rates 

By EDWARD D. SUMNER*, HERMAN 0. THOMPSON, WILLIAM K. POOLE, 
and JAMES E. GRIZZLE 

The rate of flow of varying ratios of four sieve size fractions of rock salt through the 
hopper of a rotary press was represented by a second degree polynomial equation. 
This fitted polynomial accounted for 90 per cent of the variation in the mean flow 
rates. No correlation was found between the tangent of the angle of repose and 
flow rate. High positive correlation was found between flow rate and bulk density, 
while high negative correlation between flow rate and porosity was observed. There 
was no significant increase or decrease in flow rates with regard to the quantity of 

rock salt remaining in the hopper. 

NE OF THE most important considerations in 0 pharmaceutical manufacturing is the flow of 
particulate solids through hoppers and feeders. 
Capsules, di rided powders, and tablets are ex- 
amples of solid dosage forms which requirc 
measured filling for the production of each unit. 
Thus, the uniformity of the final product requires 
a uniform flow rate of these solid mixtures. 
Modern tablet machines are capable of com- 
pressing from 5000 (1) to 22,000 ( 2 )  tablets per 
minute. Uniformity of flow rate and flow rate 
uf  particulate solids must be considered in order 
to  nieet the requirements of these high speed 
units. 

The laws which govern static pressures ol fluids 
do riot apply to particulate masses. Some prop- 
erties of liquids in containers are: pressure is 
identical throughout a t  the same depth, pressure 
exerted on any point is transmitted undiminished 
to every portion of the enclosed liquid, and pres- 
sure exerted by a liquid on the walls of the con- 
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tainer is always a t  right angles to the surface of 
the container. 

Unlike liquids, pressures of bulk solids con- 
tained in hoppers varies with direction at differ- 
ent points, pressure is dependent on the shape 
and size of the receptacle, and the weight of a 
solid is transferred to the walls by shearing be- 
tween particles in addition to pressure. 

The principal factors affecting flow rates of 
particulate solids are : particle size, particle size 
distribution, particlc shape, density, surface 
characteristics, and relative size and geometry 
of the hopper (3). 

A review of the literature (3-15) revcals thal 
the rnajority of the investigations and research 
on flow of particulate solids have been conducted 
nn rnonodispersc systems and hoppers of niucli 
largcr or smallcr dimensions than those ordinarily 
used in snme pharmaceutical manufacturing 
processes. This work was conducted to ascertain 
what relationship existed between particle size 
distribution, bulk density, porosity, and tangent 
of angle of repose in regard to flow rates and 
uniformity of flow rates. 

MATERIALS AND METHODS 

Material.--The particulate solid used was rock 
salt in the following sieve size fractions: 8/10, 
10/20,20/40,40/60. 
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By EDWARD D. SUMNER*, HERMAN 0. THOMPSON, WILLIAM K. POOLE, 
and JAMES E. GRIZZLE 

The rate of flow of varying ratios of four sieve size fractions of rock salt through the 
hopper of a rotary press was represented by a second degree polynomial equation. 
This fitted polynomial accounted for 90 per cent of the variation in the mean flow 
rates. No correlation was found between the tangent of the angle of repose and 
flow rate. High positive correlation was found between flow rate and bulk density, 
while high negative correlation between flow rate and porosity was observed. There 
was no significant increase or decrease in flow rates with regard to the quantity of 

rock salt remaining in the hopper. 

NE OF THE most important considerations in 0 pharmaceutical manufacturing is the flow of 
particulate solids through hoppers and feeders. 
Capsules, di rided powders, and tablets are ex- 
amples of solid dosage forms which requirc 
measured filling for the production of each unit. 
Thus, the uniformity of the final product requires 
a uniform flow rate of these solid mixtures. 
Modern tablet machines are capable of com- 
pressing from 5000 (1) to 22,000 ( 2 )  tablets per 
minute. Uniformity of flow rate and flow rate 
uf  particulate solids must be considered in order 
to  nieet the requirements of these high speed 
units. 

The laws which govern static pressures ol fluids 
do riot apply to particulate masses. Some prop- 
erties of liquids in containers are: pressure is 
identical throughout a t  the same depth, pressure 
exerted on any point is transmitted undiminished 
to every portion of the enclosed liquid, and pres- 
sure exerted by a liquid on the walls of the con- 
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tainer is always a t  right angles to the surface of 
the container. 

Unlike liquids, pressures of bulk solids con- 
tained in hoppers varies with direction at differ- 
ent points, pressure is dependent on the shape 
and size of the receptacle, and the weight of a 
solid is transferred to the walls by shearing be- 
tween particles in addition to pressure. 

The principal factors affecting flow rates of 
particulate solids are : particle size, particle size 
distribution, particlc shape, density, surface 
characteristics, and relative size and geometry 
of the hopper (3). 

A review of the literature (3-15) revcals thal 
the rnajority of the investigations and research 
on flow of particulate solids have been conducted 
nn rnonodispersc systems and hoppers of niucli 
largcr or smallcr dimensions than those ordinarily 
used in snme pharmaceutical manufacturing 
processes. This work was conducted to ascertain 
what relationship existed between particle size 
distribution, bulk density, porosity, and tangent 
of angle of repose in regard to flow rates and 
uniformity of flow rates. 

MATERIALS AND METHODS 

Material.--The particulate solid used was rock 
salt in the following sieve size fractions: 8/10, 
10/20,20/40,40/60. 
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rock salt was used over again aftcr subjecting. it to 
sieving to  removc fractured ma.teria1. 

Bulk Density.-Thc bulk density was deterrnincd 
by the procedure set forth by Butler and Kamsey 
(16). The reported valuc is a n  average of thrce 
determinations. 

Porosity.-Porosity wts calculatcd from tlie fol- 
lowing formula (17): 

where V b  and V ,  represent the bulk and true 
volumes, respectively. 

Moisture Determination.-All moisture deter- 
minations were made 011 thc Ohaus moisture balance, 
model 6000. Thc heater was set a t  a distance of 1.25 
in. from tlie pan, and the samples were dried for a 
period of 1 hr. Onc smnplc was taken initially and 
the second was tdkcn after total discharge of rock 
salt from the hopper. The perceritage of ixoisture 
never exceeded 0.3y0, and the initial and final s:ttn- 
pies seldom varicd. 

Angle of Repose Measurements.-hstrumellta- 
tion for measuring the angle of rcpose is shown in 
Fig. 2. The glass cylinder was charged with 1000 
Grn. of the respective rock salt combirlation. The 
funnel on top of the cylinder permitted uniform 
loading from batch to batch. The plug in the center 
of the base was removed, and the material flowed 
out of the orificc. The height of the cone remaining 
on the platform was measured to the nearest =tO.05 
cm. A total of threc dcterInindtions was made and 
the reported value is an average of these. The 
tangent, @, was calculated from the formula (18): 
tangent + = H/R, where H is the licight of tlie cone, 
and K is the radius of the platform. 

Determination of Hydrostatic Pressures.-AI- 
though some relationships have bcen determined 
between height of particulate solids and unit pres- 
sure in hoppers (5), it seemed desirable to conduct 
some work utilizing the rotary press hopper. 

The rolary press hopper was leveled and clamped 
in such a manner that thc orificc rested on the tablc 

%'Ue = Vb - vn/P/vb x 100 

Fig. 1.-Pictorial view of flow apparatus. 

Preliminary Investigation.-Since the distance 
bet.ween thc hopper orifice and die table of the 
Stokes rotary press, model D-3, has some regulatory 
effect on flow rates ol particulate solids, the position 
of the hopper must be stabilized in order to eliminate 
sagging when the hopper is charged. Preliminary 
studies revcaled that if the hopper height was not 
controlled, the flow ratcs gradually increased as the 
hopper emptics due to an increasc in the hopper 
orificc-die table height. Classification studies of 
rock salt flowing from the rotary press hopper could 
not be carried out because of fracturing and attri- 
tion in the feed frame and cyclone separator. 

Flow Rate.-An over-all view of the experimental 
layout for measuring the rate of flow is shown in 
Fig. 1. The rotary press, model D-3, was run a t  a 
speed of 13.3 r.p.m. throughout the study. The 
upper puiichcs were left out and the lower punches 
were adjusted to a depth of 2 cm. The height of the 
hopper orifice was set a t  a distance of 0.7 cm. from 
the die plate. 

The hopper supplicd with the iiiachiiic was 
charged with 22 Kg. of rock salt for each run. Thc 
iiiaiu vacuum nozzle arid the auxiliary nozzle werc 
placed in  sucli ;L position to make collcctioris of all 
itiatcrial falliiy 011 the tlic g1:ttr as wcll :ts in;ttcrial 
filliug the dics. 'Uir vacuuit~ for tlic cgclo~~c scp- 
anttor was furiiislicd by a vacuulii cleaner ecluil)pctl 
witli 1.5-lip. motor. 

After pIaciii/: a ~ ~ ~ O ~ ) - i i i l .  coiiical flask in positiori 
uiitlrr thc cyclone separator, the vacuum systclli 
and machine were started. The initial I-min. 
collection was discardcd and not used in the data. 
This was done in order to allow the machine and 
flow to become stabilized. 

At 1 min., the shut-off valve on the separator was 
closed, the flask removed, an empty flask was agaiu 
placed bcneath the separator, and the shut-off 
valve was opened. The samples were numbered 1, 
2, etc., in the order collected. This procedure was 
continued until the hopper was nearly empty or as 
long as 1-min. collections could be removed. The 

8.4 S". 

\ / 

I 
F-.?%". 

~~ +I - 
.6 err. c-- 

Fig 2.-Instrumentation for dcterrnining angle of 
repose. 
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where 

Y = flow rate for a givcii set of X ' s  ( i e ,  a given 

p = regression coefficients (unknown), 
X, = proportions of each sieve. size rock salt, 
E = random uncontrollable error. 

The substance at any filling may bc represented IJY 

mixture ), 

XI + xz + XK + XI  = 1 

where X i  = '% of 8/10, X z  = % of 10/20, XI = ';.b 
of 20/40, Xa = 7 0  of 40/60. Pcrccntages are es- 
prcsscd in dccimals. 

Much work has been done in setting up designs 
in rcsponsc surfaces, and in these works optimum 
properties are achieved by properly placing the 
design points (ie., X I ,  XZ, Xa, X4). However, no 
one semis to have considered thc case where thc 
independent variables are restricted by incqualities 
as in this experiment. This being the case, it was 
felt that the best that could be donc would be to 
choose a design which ( a )  permits estimation of all 
regression coefficients of the equation (a's) and ( b )  
permits analysis of the variability in response a t  
different combinations of the Xi 's .  

The design of the experiment chosen was one in 
which ( a )  each sieve size was run scparately, ( b )  
sicvc sizcs wcre run in pairs, (c- )  sieve sizes were run 
im triplets, and ( d )  all sicvc sizcs were run at  the 
samc time. l'hese various combinations are shown 
in Table I. Note that somc of the tnisturcs were 
run twicc, (Le . ,  7 and 24 are the same, 15 and 25, 
etc.). 

RESULTS AND DISCUSSION 

-4 sununary of the average flow rates and standard 
errors, tangent of the anglc of rcpose, bulk density, 

16 om. 1 :  ' I  

liig. 3.- Alrl~ratus  lor tlctenuiuiug hydrostatic yres- 
x m s .  

surface. :It first, the hopper was partially filled 
with rock salt. This was done to determine pressures 
i n  thc largcr section of the hopper. 

The diaphragms were made from cylindrical metal 
containers which were covered ou the top surface 
with a sheet of thin rubber. A combination of 
eoppcr and gllass tubing w-as used for retaining the 
water from the diaphragms. The diaphragms and 
tubing were filled to  an arbitrary point. 

The bottom diaphragm rested on a metal plate 
above the stationary level of material. The posi- 
tions of thc diaphragms are shown in Fig. 3 .  Fif- 
teen kilogrami:; of the respective rock salt combina- 
tion was 1oade:d into the hopper atid lightly leveled 
omn the surface. IJnder pressure of the loaded mate- 
rial, the rubber covering was compressed which 
resulted in an increase of the water level in the tub- 
ing. The waiter levels of the vcrtical and lateral 
diaphragms were measured from the initial markings 
within 1 min. after the hopper was charged. The 
experiment was carried out a t  27 fl". 

STATISTICAL ASPECTS OF THE 
INVESTIGATION 

Design of the Experiment. ~ 1I the assunilitioii is 
i i i u l e  tIia1 coii~liti~iis iii tlie inacliiiic. sucli :is s l ~ ~ d ,  
I J ; I I  tide hize tlistribiitiuii o f  ;t siveii ini\tiirc, ~ I O ~ J p ~ r  
Iiciglil, ctc . ,  rciiiuiii coiislaiit Llirougliout tlic, ciilil-c 
c\i)criiiiciitatioiii, it is 1-casoiiable to :tssu~~ic tliat tlic 
rl.'SplJliSC (rntc:) may be rclireseiitetl by 5oiiie niatlic- 
iii;itical Functioti of the coiistitucnts heiiig usc(1. 
I his gives risc to what is commonly called a respotise 
surface. In this experimcnt, it was decided that a 
second degree equation should be. tried, and then 
uuneeded temis of this equation could be eliminated. 
The proposed iriodel (-1 ) is shown below. 

,, 

:1 

2 3 

T A B L ~   COMBINATIONS OF ROCK SALT USED FOR 
PLOW STUDIES 

~ ~- ~ 

Comhina- 
tiun 
1 
2 
3 
4 
5 
6 
7 
S 
!I 

I 0  
11 
13 
I .'i 
I d  
1.; 
I f i  
17 
18 
19 
2020" 
21 
22. 
23= 
24" 
25CL 
ZG'b 

7- 

XI 
8/10 

1.000 
. . .  
. . .  

0:  so0 
0 ,500 
0.500 

. . .  

. . .  

1 ) :  i i 3  
I) ,  :KK% 
I I ,  :33:j 

0,251) 
0 . 7 l X  
0 .  (194 
0.094 
0.094 
0,100 
0.179 
0.250 
0.1100 
0,500 
0 660 
0 . 3 8 3  

. . .  

-Proportions- 
x2 X? 

1 O / P O  20140 
. . .  

1 : 000 
. .  , 1:ooo 

... 
0:5i0 . . .  

. . .  0.500 

0.500 0.500 
0.500 

( I .  :3:<:j 0,3:33 
0 .  :u:3 . . .  

. . 0 .  :3:n 

, , . o:ii10 

i 1 . ;u:$ ( ) . :<:u 
(1.250 0 . 2 3 0  
I). 093 0.00.1 
0.718 0.094 
0.094 0.718 
0.094 0.094 

. . .  . . .  

. . .  . . .  
0.250 0 .  650 

( 1  . :3:3:3 , . . 

.Y4 
40160 
. . .  
. . .  

1 : 000 

0 :  500 

0 : ,500 

. . .  

0 ,  500 

( ) ,  :w 
( I ,  :n:: 
( J .  :<X5 
0.250 
0 .  iN.1 
0 .  OY3 
0. OY 4 
0.718 
0.900 
0.821 
0.750 
0.600 
0 . 500 
( I .  " 0  
0. 3:33 

. . .  

a Indicates that these combinations were run alter the ex- 
peiirnental data were processed for the first 19 combinations. 
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DENSITY, POROSITY, AND S.D. OF MEAN FLOW KATE 
TABLE II.-SUMMAKY OR DATA OBTAINED FOR MEAN FLOW RATE, TANGENT ANGLE O F  REPOSE, BULK 

~~~ 

Av. Flow Rate, Tangent Angle Bulk Density, Porosity, S.E. a 
Combination Gm. /min. of Reoose Gm./ml. % Gm./Lin. 

1 1167.843 
2 1675. mn 
3 1768.958 
4 1903.550 
5 1542.428 
6 1832.136 
7 2064. 666 
8 1788.458 
9 1955.550 

10 1883.850 
11 1844,750 

13 
14 
15 

1969.850 
1937 ,722 
1981.950 

16 1827.333 
17 1794.850 
1 x  i8fii.im ~~ 

19 
20 

i96z .iff 
1890.600 

21 1942.400 
22 1944.800 
23 1991 -833 
24 
25 
26 

26%. 389 
1960. i5n 
1957.600 

0.7870 
0.7110 
0.7100 
1.1310 
0.7940 
0.8170 
0.9137 
0.7492 
0.8616 
0.8166 
0.8616 
0.8912 
0.7640 
0.7043 
0.7865 
0.9213 
0.8840 

0.8013 
1.0920 
0.82'10 
0.7560 

0.7115 

n. 7560 
n ,7640 
0.7870 
0.7330 

1.10 
1.17 
1.16 
1.14 
1.17 
1.24 
1.31 
1.21 
1.28 
1.21 
1.23 
1.25 
1.29 
1.27 
1.29 
1.24 
1.21 
1.24 
1.27 
1.20 
1.25 
1.30 
1.32 
1.32 
1.28 
1 29 

49. no 13.8786 
46.00 3.6703 
46.20 8.9768 
47.25 6.1750 
46.00 8.4208 
42.80 4.8683 
39.38 1.4560 
44.12 7.9189 
40.53 4.7476 

43.19 6.4506 
42.08 8.1443 
40.01 2.1633 
41.03 8.3917 
40.25 4.5640 

43.89 2.7821 
42.80 3,4569 
41.36 3 .  6083 
44.34 6.3443 
42.00 3.7881 
40.00 4.9619 
39.10 9.0576 
38.75 6 ,9340 
40.60 5.7280 
40.10 7.6883 

44.02 0.4109 

42.61 6,47137 

Standard deviation of mean tlow rate. 

and porosity is shown in Table 11. Table 111 shows 
the results of the hydrostatic pressure measurements. 

Statistical Analysis.-In the discussion, the fol- 
lowing conventions have been adopted: obsevz,ation, 
a single determination for a specific combination; 
sample, the aggregate of observations for a specific 
combination; expeviwzent, the totality of samples for 
all combinations. After running the first 19 com- 
binations shown in Table I, plots of each sample 
were made on a time scale and on separate pieces of 
graph paper. The main purpose of this was to 
determine if any trend existed iii flow rate from the 
first observation taken in each sample to the last. 
It is noted that the model proposed assumes no such 
trend ( i e . ,  it assumes each observation in a sample 
to be about like any other observation, apart from 
random error). The plots suggested that in some 
instances there appeared to  be trends. Statistical 
tests showed, howevcr, that the "apparent trcnds" 
could be attributed to  chance variation in the data, 
aud thus, model A was considcrcd adequate. 

As a by-product of this irivestigatiou rricutionrd 
above, a preliminary fit1 of a modified fonri of the 
proposed model was obtained. This modified 
model is shown as model B. 

Y = B o f  
3 3 

i = 1  i = l  
BiXi + PiiXt2 + E (Model B )  

This fitted equation provided an estimate (perhaps 
rough) of the design point which would produce the 
greatest flow rate. This was: 

1 The term "fit" refers to the estimation of the unknown 
The least squares technique was used in 6's from the data. 

estimating these coefficients. 

TABLE IIT.-HYDROSTATIC PRESSURES OF ROCK 
SALT IN ROTARY PRESS HOPPER 

Increase of 
Sieve Pressure in cm. Water" Lateral Above 
Size Vertical Lateral 8/10 Fraction, yo 
8/10 6.35 1.45 

40 j6n 8.65 1.85 27.6 
8/10 6.60 2.03 40.0 

40/60* 

a Glass tubing with inside diameter nf 0.3 cm. 50% of 
each mixed together. 

21 = 0.1794 ('/"o 8/t(J fraction) bz = 0.0000 (';"o 10/20 fraction) 
XB = 0.0000 (Yo 20/40 fraction) 
Xn = 0.8206 (% 40/60 fraction) 

It is noted that the design point tested produciug 
the maxiinurn flow rate in the experiment was 

XI = 0.5000 (yo 8/10 fraction) 
X? = 0.0000 (% 10/20 fraction) 

X4 = 0.5000 (yo 40/60 fraction) 

At this point in the investigation it seemed ad- 
visable to take a few more samples in order to get a 
good fit of model A in the region of the suspectcd 
maximum flow rate (ie., the predicted maximum) 
and so that differences in flow rate and variation 
could be examined for repeated sampling of the same 
mixture. Since no trend existed with regard to the 
timc an observation was taken, tlic means of the 
flow rates were thought to  be indicative of the per- 
formance of a particular combination. Also, in 
using the means of the flow rates a source of varia- 

XI = 0.0000 ( 7 0  20/40 frdctiorl) 
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tion was climinated in fitting the model ( i e . ,  within 
combination variation). 

With this in mind, model A was Fitted to  themeans 
arising froni samples 1 through 26. Tests were 
carried out to  determine whether any of the regres- 
sion coe6cieni.s could be eliminated, and the rcsults 
indicatcd that b3 and p33 could be considered as zero. 
If thcse coefficients are set equal to zero in model 
‘1, the resulting model may be called model A‘. 

Model A ‘ then is the one that should be used for 
this experimcnt. The data were fitted to model A’ 
( i .e . ,  model A with pa = paa = O ) ,  and the resulting 
fitted equation along with the standard deviation of 
the estimated parameters (in parentheses) are given 
below. 
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where Xi, Xz,  . . . , X ,  are the mean flow rates of the 
26 samples and Y I ,  Y2,. . . , Y ,  are the values cor- 
responding to  the variable whose linear correlation 
with flow rate is to be investigated. 

Tangent of Angle of Repose.--r, = +0.1022. A 
statistical tcst showed that the true correlation 
could be considered zero, and thc conclusion was 
made that the tangent angle of repose is uncorre- 
lated with flow rate. 

Bulk Density.--re = +0.8123. This suggests a 
positive correlation arid hence the conclusion was 
made that flow rate is positively correlated with 
bulk density. 

Porosity--ra = -0.8160. This indicates a nega- 
tive correlation with flow rate. 

Variation of Flow Rates.-The usual standard 
deviation of the mean was computed for each rom- 
billation and used as a measure of variation of flow 
rate (see Table 11). A statistical comparison re- 
vcalcd that not only are there significant differenccs 
in tlie variation for different mixtures (Le . ,  com- 
binations 1 and 23) ,  but there are also significant 
differences in the variation of flow rate of the same 
mixture run two different times (k, combinations 
13 and 26) .  The differences in the first case wcre 
not so surprising as those in the second case due to 
changing bulk density, porosity, and particle size 
in the former. No explanation can be offered a t  
this time as to why combinations 1, 7, and 10 had 
the greatest standard deviation. The variation of 
the standard error in the second case (i.e., combina- 
tion 13 and 26) was probably due primarily to differ- 
ctices in the particle size distribution at different 
tirncs. This, however, was not verified. 

1818 7531 (32 3132) 
1311 3.557 (187 9531) 
778.7229 (248 3857) 

- 1878 3369 (194 3749 j 
-933 3388 1857 8770) 

-510 4626 (262 2961) 
-589 934s (340 8922) 

-2261 2628 (408 3998) 

The estiiiiates of the X,’s from tlic above equation 
which would produce the maxiinurn flow rate were 
calculated to be: 

x’ A _. - 0.3491 (cjh 8/10 fraction) 

T2 ==: 0 ,  0000 ( c / b  10/20 fraction) 
XJ == 0.0000 (% 20/40 fraction) 
A’ ’ ‘4 -- -. 0.6509 (% 40/60 fraction) 

Since model A’ has fewer parameters than model 
A ,  it  is natural to inquire. as to  what is lost, if any- 
thing, by choosing thc simpler model. This qms- 
tion is generally answered by using the multiple 
correlation coefficient, M, associated with each 
fitted model. The square of is actually the per- 
centage of the total variation in the sample means 
which is accounted for by the fitted model. Thc &I 
corresponding to the fitting of A was found to be 
0.9552, while that for A’  was 0.9501; hence, the 
fitted A’ is just about as good a predictor o f  flow 
r:tte as is the Iitted A .  I n  fact, i t  was found that if 
al l  regression coeflicicnts with a thrw in tlic sub- 
script wcrc sct  equal t o  zcru (i.e., 03 = & = 01.l 
=: Bed = O), then the fitted ~riodel had a i i  ill o f  
(J.9270. This nieaiis that knowledge of Xa helps 
w r y  littlc in predicting meail flow rates. 111 othcr 
words, the abxnce or presence of the 2J/qu fraction 
in the mixture has little effect on thc nicaii of the 
flow rates. 

Linear Correlation of Mow Rates with Angle of 
Repose, Bulk Density, and Porosity.-The sample 
correlation coefficient between flow rate and various 
other measurc:ments is defined as 

M c ( X *  - R)  (Yi -- Y )  

SUMMARY 

Plow rates wcre obtained from constantly flowing 
material which approached tableting operations. 
There was a maximum point a t  which the further 
addition of 40/60 fraction of rock salt to the 8/10 
fraction decreased the flow rate. This maximum 
point, among those tested, was when 50% each 
were mixed. The fitted model places the maximum 
at 357, of the 8/10 fraction and 65% of the 40/60 
fraction. No correlation was found to exist between 
the angle of repose and flow rate. 

Bulk 
density incrcased with a decrease in porosity when 
different particle size systems wcre mixed. Hence, 
flow rate was increased due to Inore weight per unit 
volume hcing dclivcrcd from the hopper orifice. 
The flow rate was incrcased by the addition of 
smaller partick? to  larger particles which appeared 
to act as a lubricant when tlic voids wcre partially 
filled. Lateral hydrostatic prcssurc rncasurcrnents 
on 8/10, 40/D0, and 50y0 of 8/10 and 40/60 frac- 
tions of rock salt showed that the flow rate incrcased 
with increasing pressures, though the same relation- 
ship with vertical hydrostatic pressure does not 
seem to exist. 

Thc standard error varied from a low of 2.1633 to 
a high of 13.8786 for various combinatioris of rock 
salt. There is an apparent difference in the uni- 
formity of flow rate from one combination to an- 
other. However, no obvious simple trend exists 
since the highest variability was associated with the 
lowest flow rate, while the second highest variability 
was associated with the highest flow rate. 

Other factors had an effect on tlie flow ratc. 
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Notes 

Direct Titrimetric Determination of Aromatic Quaternary 
Ammonium Salts and Long Chain Aliphatic 

Sulfates and Sulfonates 
By JOYE A. BILLOW and H. WELDON BAKER 

Aromatic quaternary ammonium salts and long chain aliphatic sulfates and sulfo- 
nates can be assayed by arapid, single phase aqueous titration. Sodium tetraphenyl- 
boron serves as a direct standard in  the assay of the quaternaries and benzalkonium 
chloride as the tirrant for anionic detergents. Bromophenol blue indicator gives a 
purple to blue color change when the anionic substances are titrated in strongly 
alkaline solution. The  results of this method show excellent agreement with the 

standard chloroform extraction titration. 

HE aromatic quaternary ammonium salts official T in U.S.P. XVII and N.F. XI1 are assayed by 
many different methods Sodium lauryl sulfate, the 
only official long chain aliphatic sulfate, is not directly 
assayed. It was believed that a siugle method type, 
direct titration of large anions with large cations, 
could be used for all aromatic quaternary ammonium 
salts and for the long chain aliphatic sulfates and 
sulfonates. 

A direct titration of sodium tetraphenylboron \vitli 
~etyltrimethylammonium bromide using bromo- 
phenol blue indicator was used by Schall (1) in the de- 
termination of potassium. This suggested that 
aromatic quaternary arnniouiurn compounds could 
be assayed by direct titration of sodium tetra- 
phenylboron, and, conversely, that large anions 
could be titrated directly with quaternary ammo- 
nium compounds. 

Cetylpyridinium chloride is officially assayed 
(2) by titration with standard sodium tetraphenyl- 
boron using bromophenol blue indicator. The official 
method differs from that proposed by Schall in 
that the end point depends upon the extraction of 
the indicator from a chloroform layer. 
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A similar chloroform extraction titration, using 
tetrabutylanimonium iodide as the standard, is 
official (3) for the assay of the aliphatic sulfonate 
dioctyl sodium sulfosuccinate. This method is 
adapted in method A as the general chloroform 
extraction method against which the proposed 
method is compared. 

REAGENTS 

Tetrabutylammonium Iodide (Primary Stand- 
ard Cation).-A 0.01000 .M solutioii prepared coil- 
sidering the rnatcrial to be lOOc% 1)urc. Titration 
iri triplicate against sodium t ~ t r a p l i ~ n y l b r ~ n ~ i ~  by 
method 21 gave 0.01000 M f 0.00005 M .  

Sodium Tetraphenylboron (Primary Standard 
Anion).--A 0.01000 M solution prepared on tlic 
basis of labeled 99.6y0 assay. This should be freshly 
prepared before each use because of decompositiou 
on standing in solution. 

Benzalkonium Chloride (Secondary Standard 
Cation).-Approximately 0.01 M solution prepared 
by diluting about 30 ml. of 12.8y0 benzalkonium 
chloride’ to  1 L. and standardized against sodium 
tetrapheuylboron by N.F. XI1 procedure for cetyl- 
pyridinium chloride (2). 
-~ 

1 Marketed as Zephirin Chloride by Winthr op Lato1 a- 
tories, New York, N .  Y. 
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Notes 

Direct Titrimetric Determination of Aromatic Quaternary 
Ammonium Salts and Long Chain Aliphatic 

Sulfates and Sulfonates 
By JOYE A. BILLOW and H. WELDON BAKER 

Aromatic quaternary ammonium salts and long chain aliphatic sulfates and sulfo- 
nates can be assayed by arapid, single phase aqueous titration. Sodium tetraphenyl- 
boron serves as a direct standard in  the assay of the quaternaries and benzalkonium 
chloride as the tirrant for anionic detergents. Bromophenol blue indicator gives a 
purple to blue color change when the anionic substances are titrated in strongly 
alkaline solution. The  results of this method show excellent agreement with the 

standard chloroform extraction titration. 

HE aromatic quaternary ammonium salts official T in U.S.P. XVII and N.F. XI1 are assayed by 
many different methods Sodium lauryl sulfate, the 
only official long chain aliphatic sulfate, is not directly 
assayed. It was believed that a siugle method type, 
direct titration of large anions with large cations, 
could be used for all aromatic quaternary ammonium 
salts and for the long chain aliphatic sulfates and 
sulfonates. 

A direct titration of sodium tetraphenylboron \vitli 
~etyltrimethylammonium bromide using bromo- 
phenol blue indicator was used by Schall (1) in the de- 
termination of potassium. This suggested that 
aromatic quaternary arnniouiurn compounds could 
be assayed by direct titration of sodium tetra- 
phenylboron, and, conversely, that large anions 
could be titrated directly with quaternary ammo- 
nium compounds. 

Cetylpyridinium chloride is officially assayed 
(2) by titration with standard sodium tetraphenyl- 
boron using bromophenol blue indicator. The official 
method differs from that proposed by Schall in 
that the end point depends upon the extraction of 
the indicator from a chloroform layer. 
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A similar chloroform extraction titration, using 
tetrabutylanimonium iodide as the standard, is 
official (3) for the assay of the aliphatic sulfonate 
dioctyl sodium sulfosuccinate. This method is 
adapted in method A as the general chloroform 
extraction method against which the proposed 
method is compared. 

REAGENTS 

Tetrabutylammonium Iodide (Primary Stand- 
ard Cation).-A 0.01000 .M solutioii prepared coil- 
sidering the rnatcrial to be lOOc% 1)urc. Titration 
iri triplicate against sodium t ~ t r a p l i ~ n y l b r ~ n ~ i ~  by 
method 21 gave 0.01000 M f 0.00005 M .  

Sodium Tetraphenylboron (Primary Standard 
Anion).--A 0.01000 M solution prepared on tlic 
basis of labeled 99.6y0 assay. This should be freshly 
prepared before each use because of decompositiou 
on standing in solution. 

Benzalkonium Chloride (Secondary Standard 
Cation).-Approximately 0.01 M solution prepared 
by diluting about 30 ml. of 12.8y0 benzalkonium 
chloride’ to  1 L. and standardized against sodium 
tetrapheuylboron by N.F. XI1 procedure for cetyl- 
pyridinium chloride (2). 
-~ 

1 Marketed as Zephirin Chloride by Winthr op Lato1 a- 
tories, New York, N .  Y. 
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TABLE I --COMPARISON OF METHODS A A N D  B 
_ _ _ ~ _ _ _ _ _ _ _ _ _ _  ~ _ _  _____-_.. _ _ _  _. - - 

Method A - -  hIcthod B-  ~ - 
Soln No A5says Av  M s 1) N u  Assay5 Av d I  S D  

Elcnzalkoniuni 

El e n d  koniuni 
chloride 1 6 0.00902 0.00001 6 0.00903 0.00001 

chloride I1 6 0 01030 0.00001 6 n ,01029 0.00001 
Dioctyl sodiuiii 

Sodium lauryl 

Sodium lauryl 

sulfosuccinate 6 0 01159 0.00001 6 0 01159 0 00001 

Sulfate 1 5 0 00906 0.00004 6 0 00910 0 00006 

sulfate I1 3 0.01000 0. 0000G 1 0 01016 0 00004 
Cetylpyridiiiiuni 

bromide 3 0.01135 0.00001 3 0.01136 0.00001 

Sodium Clctylphenoxyethoxypolyether Sulfate 
(Secondary Standard Anion).-Dilute approxi- 
mately 20 nil. (of alkyl phenoxyethanesulfonate2 con- 
centrate to 1 L. Standardize against tetrabutyl- 
aii~noniurn iodide using the N.F. XI1 procedure 
for dioctyl sodium sulfosuccinate (3). 

Bromophenlol Blue T.S.-A 0.1 % quantity bromo- 
phenol blue in a mixture of equal volumes of watcr 
and alcohol. 

Salt Solution.-Prepared according to N.F. XTI di- 
rcctioiis for assay of dioctyl sodium sulfosuccinate (3). 

Chloroform.--Reagent grade. 
Sodium Hydroxide Solution.-Twenty per cent. 

METHODS 

Method A.---Adapted from N.F.  X I I  Method fov 
Dioctyl Sodium Sulfosuccinnte.-Place a sample 
containing about 25 mmoles cation such as tetra- 
butylamnionium iodide in 25 ml. of water, 50 ml. of 
salt solution, 25 ml. ol chloroform, and 0.4 ml. of 
broniophenol blue T.S. in a flask. Titrate with an 
approximately 0.01 M anion solution, using a mag- 
netic stirring device to  insure thorough mixing of 
the layers to replace the shaking procedures in the 
official method. Add the anion dropwise in the 
vicinity of the end point, allowing sufficicnt time for 
mixing and separation. Continue the titration 
until the bluc color is completely removed from the 
chloroform layer. 

Method B.--Proposed Direct Method-This pro- 
cedure is the same whether the anionic or cationic 
component is to  be determined. Pipet 25 ml. of an 
approximately 0.01 M anion solution into a flask, 
add 50 ml. of water, 2 ml. of 20y0 NaOH, and 0.4 
ml. of bromoplienol blue T.S. The solution will be 
pnrple. Using a magnetic stirrer, titrate with the 
cation, adding i t  dropwisc near the end point, which 
is a color change to a distinct, bright blue. 

Two benzalkonium chloride solutions were pre- 
pared as indicated under Reagents. These were 
standardized by titration against the secondary 
standard anion using method A and the proposed 
method B. Results are given in Table I. 

Dioctyl sodium sulfosuccinate was assayed by 
tilration against standardized benzalkonium chloride 
solution by both methods. The dioctyl sodium 
sulfosuccinate solution was prepared by diluting 
approximately 7.5 ml. of a type of dioctyl sodium 
_- 

2 Market4 as Triton W-30 by Rohm & Haas Co.. Phila- 
delphia, Pa. 

sulfo~uccinate~ to 1 L. and allowing to stand with 
occasional shaking until complete dissolution was 
obtained. Results are given in Table I. 

Sodium lauryl sulfate was assayed by titration 
against standard benzalkonium chloride solution, 
using both methods A and B. Results are given 
in Table I. 

Cetylpyridinium bromide was assayed by titra- 
tion against standard sodium tetraphenylboron 
solution, using both methods A and R. Results are 
given in Table I. 

DISCUSSION 
Tctrabutylammonium iodide can only be used 

in method A ;  attempts to use it in method B gave 
no color change a t  the end point. Sodium tetra- 
phenylboron can be used in both methods .4 and B. 

As previously stated, the color change in method B 
is from purple to blue. A trial is necessary to ob- 
tain a correct end point, so that a purple-tinged 
blue may not be mistaken for the true end point by 
those not thoroughly familiar with the color change. 

In method B the formation of a greasy precipitate 
in the vicinity of the end point has not been found 
to interfere with end point detection. 

The following sulfonphthalein indicators were 
investigated for use in method B and were found 
unsatisfactory: thymol blue, bromocresol purple, 
cresol red, phenol red, dibromopyrogallol sulfon- 
phthalein, pyrogallol sulfonphthalein, pyrocatechol 
sulfonphthalein. 

CONCLUSIONS 
The data show that the proposed direct titration 

(method B )  yields results in excellcnt agreement with 
the chloroform extraction titration (method A )  
for the compounds studied, which were U.S.P.. 
N.F., or closely related materials. No investiga- 
tion of interferences was made in this study; the 
scope was limited to the method types presented in 
the official compendia. The advantages of method 
B include: reliable primary standards, inexpensive 
secondary standards, faster, easier titration. This 
method also eliminates the use of chloroform, which 
is both expensive and toxic. 
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Sodium Chloride Equivalents, Cryoscopic Properties, and Hemolytic 
Effects of Certain Medicinals in Aqueous Solution 

By E. ROY HAMMARLUND and GERALD I.. VAN PEVENAGE* 

A supplemental table of NaCl equivalents and freezing point depressions at various 
concentrations for 2 1 different medicinal substances in  aqueous solution is presented. 
Also given in the table is the isosmotic concentration of each of the materials which 
can form such a solution. The  degree of hemolysis of human erythrocytes 
was determined in  45 different isosmotic solutions and the data are presented in 
a table to supplement the previously published values. Freezing point depression 
graphs for five substances-bromodiphenhydramine HCI, dexchlorpheniramine 
maleate, hydroxyzine HCl, sodium nafcillin, and valethamate bromide-are presented 
because they showed one or more discontinuities caused by some type of association 

or aggregation in  their solutions. 

HE EaC1 equivalents and freezing point de- T pressions for various aqueous medicinal solu- 
tions have been determined experimentally and 
reported (1, 2). Likewise, the amount of hemolysis 
of fresh human erythrocytes in certain aqueous 
isosmotic solutions was determined using thc hemo- 
lytic method and has been reported previously (3). 

The objective of the present investigation was to 
study in a similar manner a number of additional 
substances not included in the earlier cryoscopic and 
hemolytic investigations and to present the data in 
suitable tables to supplement the previous data. 
Furthermore, since i t  has been reported by Hammar- 
lund and Pedersen-Bjergaard (4) and by Johnson, 
Goyan, and Tuck (5) and others that ccrtain aminc 
snlts and other substances tend to  aggregate in 
aqueous solution, data are presented for five such 
substances which have been found to show this 
behavior . 

EXPERIMENTAL 

Freezing Point Measurements.-The method 
used for most of the measurements of the freezing 
points of the solutions was the same as that reported 
previously in detail (1). Thc freezing point de- 
pression measurerncnts were made directly on 
aqueous solutions of the compounds at selccted 
concentrations by means of a Beckman differential 
thermometer. For several of the compounds used 
in the latter portion of the study, a cryoscopic 
osmometer’ was employed for the freezing point 
depression measurements. Several substances were 
determined by both instruments and the data 
correlated almost exactly. 

Thc freezing point measurcments were corrected 
for the amount of disengaged ice, and -0.52’ was 
used as the comparative freezing point for aqueous 
0 9% NaCl solution which is isotonic with blood and 
tears. The materials used were of official grade 
of purity or better, and for those nonofficial sub- 
stances, the grade of purity of each complied with 
the manufacturer’s specifications The NaCl equiv- 
alents and isosmotic concentrations are reported 
to the nearest 0.01. 
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Table I lists the h’aC1 equivalents a t  various 
conccntrations for all of the currently studied sub- 
stances. To use these data, one should employ the 
NaCl equivalent which represents the concentra- 
tion nearest to the desired concentration of mcdicinal 
substance used. 

Because of intcrcst in the colligative properties 
of some medicinal solutions, the freezing point de- 
pressions and NaCl equivalents are included for 
several preparations which are not used necessarily 
as isotonic solutions. The term “i3otouic solution” 
is used in its customary sense in this report-mean- 
ing that the solution freezes at the same temperature 
as normal saline solution, blood, and tears. 

Hemolysis of Human Erythrocytes.-The method 
used was essentially the same as that employed by 
Husa and co-workers (6, 7) and is a modification of 
the method by Hunter (8). Thc principal devia- 
tions from Husa’s method were that only isosmotic 
concentrations wcrc cmployed, and an aqueous 
saponin solution, 100 mg./L., was used as the 100% 
hemolyzing solution for the erythrocytes. A fresh 
sample of human venous blood was used daily, and 
each investigation was completcd within 3 hr. from 
the time the blood was drawn. The method em- 
ployed in this study was identical with that pre- 
viously described by Hammarlund and Pedersen- 
Bjergaard (3) except that the absorbance of cach 
centrifuged supernatant liquid was determined in a 
Spectronic2 20 photoelectric colorimeter a t  540 mp 
instead of thc previously used instrument employing 
a standard green filter. 

The per cent of hemolysis found for the 45 com- 
pounds studied is listed in Table I1 including the 
isosmotic concentration used for each aud its approxi- 
mate pH. The few experimental solutions which 
were colored before the addition of blood were 
handled in the same manner as described previously 
(3) For those solutions which developed a color 
or cloudiness upon the addition of blood, the propor- 
tional decrease in volume of the packed, unhemo- 
lyzed, centrifuged erythrocytes was estimated 
visually. Any change in appearance of the erythro- 
cytes or the solution was referred to  in the footnotes 
for Table 11. 

Cryoscopic Behavior of Certain Aggregate- 
Formers.-When the freezing point depression data 
were plotted for the various substances, it was notcd 
that the graphsfor five of them had a definite disconti- 
nuity a t  certain concentrations. This observation 
suggested that thcrc could be some type of association 
of the solute or aggregation taking place above a 

2 Bausch 8r Lomb, Rochester, N .  Y .  
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TABLE I.-sODIUX CHLORIDE EQUIVALENTS AND FREEZING POINT DEPRESSIONS 
~ 

~~ 

Chemical n syo 
Amantarlint. lICl v 3 1 u  

0 090Ob 
~Chloroprocainc HCl U.S P. 0 20 

0 054O 
Dictli.tnolainine 0.31 

0 omo 
Dimcth ylsulfoxide 0 42- 

0. 122' 
EchothioDhnte iodide U.S.P. 0.16 

0 ,045 
Gold sotlinii~ thiomalatc 1J.S.P. 0 10 

0 032" 
Lincomycin IIC1 0 16 

0 045O 
hlot~oetl~;~nol.tmin~ N.F. 0.63 

0 154' ~ . _  

Oxymetazoline HC1 0.22 
0.063' 

0.034' 
Polycthylene glycol 300 N.F. 0.12 

Polyethylene glycol 400 U.S.P. 0.08 
0.0220 

Polyethylene glycol 1500 0. 0s- 
0.015' 

0.005' 
I?olpethylene glycol 1540 N.F. 0.02 

l'nlyethylcnc glycol 4000 1J.S.P. 0.02 
0040 . .  . -  

l'olyvinyl alcohol (99% hydrol.) 0.02 

l?oly viriylpyrrolidone 0.01 
0.004" 

0.003' 
Sodium ceph,dothin 0.18 

0.050' 

0.050O 
Sodium triethjcillin U.S.P. 0.18 

Sodium succiriate 0.32 
0.092" 

0. 098' 

0.058" 

Sodium tartra tc 0.33 

'I'riethanolamine U.S.P. 0.20 

1 x, 
0.31" 
0 .  I800b 
0 ,211 
0.f08O 
0.31 
0.177O 
0.42 
0.245' 
0.16 
0.090O 
0.10 
0.061 O 

0.16 
0.090" 
0.53 
0.306' 
0.22 
0.124' 
0.12 
0,069' 
0.08 
0,047" 
0.06 
0.036' 
0.02 
0.012O 
0.02 
0.008' 
0.02 
0.008' 
0.01 
0.006' 
0.17 
0.095" 
0.18 
0.099" 
0.32 
0.184" 
0.33 
0.193' 
0.21 
0.121' 

-Concn. of Soh., NaCl Bqiiivalenls 
2 :& 3% 5% 

0.31a 
0.554Ob 
0.18 
0 210" 
0.31 
0.358' 
0.42 
0,480° 
0.16 
0.179' 
0.10 
0.111' 
0.15 
0.170' 

. . .  

. . .  
0.20 
0.232' 
0.12 
0.141' 
0.09 
0.098' 
0.07 
0.078" 
0.02 
0.028' 
0.02 
0.020" 
0.02 
0.02O0 
0.01 
0.010" 
0.16 
0.179' 
0.17 
0.192O 
0.31 
0.361 
0.33 
0.385" 
0.22 
0,252" 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
0 .09 
0.159' 
0.14 
0.247" 

. . .  

. . .  
0.19 
0.335' 
0.12 
0.816' 
0.09 
0.153' 
0.07 
0.120" 
0.03 
0.047' 
0.02 
0.033' 
0.02 
0.035' 
0.01 
0.017" 
0.15 
0.259" 
0.16 
0.281' 

. . .  

. . .  

. . .  

. . .  
0.22 
0.3513" 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
0.09 
0.2:iO0 
0.14 
0.400' 

. . .  

. . .  

. . .  

. . .  
0.13 
0.378' 
0.09 
0.272' 
0.07 
O.Zl5' 
0.03 
0.094O 
0.02 
0.067' 
0.03 
0.075" 
0.01 
0.035' 
0.14 
0.400' 
0.15 
0.445' 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

At "Isotonicity" 
0.31" 
0 .  52'b 

0.31 
0.52" 
0.42 
0.59' 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
0.14 
0.52' 
0.53 
0.52" 
0.18 
0.52' 
0.13 
0.52' 
0.11 
0.52" 
0.09 
0.52' 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
0.13 
0.52" 
0.15 
0.52' 
0 31 
0.52' 
0.33 
0.52" 
0.22 
0.52" 

(2.95p 
(2.95)c 

. . .  

(2.'90) 
(2.90) 
(2.16) 
(2.16) 
. . .  
. . .  
. . .  

( 6 .'60, 
(6.60) 
(1.70) 
(1.70) 
(4.92) 
(4.92) 
(6.73) 
(6.73) 
(8.50) 
(8.50) 

(10.00) 
(10.00) 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

(6 .'SO) 
(6.80) 
(6.00) 
(6.00) 
(2.90) 
(2.90) 
(2.72) 
(2.72) 
(4.05) 
(4.05) 

a The values first listed for the chemical substances are NaCI equivalents. The second values, in ilalics, are freezing point 
The percentage concentration (w/v) at isotonicity (isosmotic) is given in parentheses in the last depression values in ' C .  

column. 

particular concentration of the solute at the freezing 
temperature of the solution. In order to obtain a 
more definitc estimation of the various points of 
discontinuity. the freezing point depression graphs 
for the five substances were plotted as the log of the 
freezing point dcpression v e m u  the log of the molar 
concentration of the solutions. These are shown 
i:n Figs. 1 and 2 and the concentrations of the sub- 
stances a t  their points of discontinuity in the figures 
were found to be as follows: brornodiphenhydramine 
HC1, 0.058 A 6  (2.157, w/v) and 0.248 A 6  (9.19$', 
w/v); dexclilorpheniraniine maleate, 0.088 Af 
(3.447, w/v); hydroxyzine HCI, 0.055 M (2.48y0 
vi/v); sodium nafcillin, 0.062 f%f (2.52% w/v).; 
arid valetlianiate bromide, 0.098 M (3.807, w/v). 

DISCUSSION 

Isosmotic solutions of 20 substances prcvcnted 
heniolysis of (erythrocytes arid solutions of 25 other 
substances failed to prevent hemolysis, the degree 
of hemolysis varying from slight to  completc. This 
type of result has been discusscd previously in 
considerable detail (3). 

Figures 1 and 2 show that five of the substances 
studied undergo a solute association or aggregation 
similar to that found for dibucaine HCl, tetracaine 
HCI, and pramoxine HCI arid which was discussed 
previously by Hammarlund and Pedersen-B jergaard 
(4) and by Johnson, Goyan, and Tuck (5). 

The freezing point depression data for bromo- 
diphenhydramine HCl (Fig. 2) presented an anom- 
aly as a t  0.248 M concentration the freezing point 
curve broke sharply back to exactly the same slope 
that it had prior to its point of the initial aggrega- 
tion a t  0 058 M .  

One objection to the use of the freezing point 
depression method for the sole determination of 
aggregation is that it cannot reveal any tcmpcrature 
dependence of the aggregation. This is so, since, 
for a given concentration, observations are restricted 
to only one temperaturc, the freezing temperature. 
A substance might exhibit a freezing point depression 
curve sirnitar t o  that of any other aggregate-forming 
substance; howevcr. in this instance a brcak in its 
curve would not indicatc somc critical concentration, 
but would indicate rather a particular temperature 
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below which some other change takes place in the 
system such as the occurrence of a solute-solvent 

2.0- 

1.8- 

1.6- 

TABLE 11.-HEMOLYSIS O F  ERYTHROCYTES IN 
ISOSMOTIC SOLUTIONS 

ISOS- 

Substance 
Amantadine HC1 

Chloramphenicol sodium 
succinate U.S.P. 

Chlordiazepoxide HC1 
N.F. 

Dexamcthasone sodium 
phosphate N.F. 

Dietlianolamine 
Dimethylsulfoxide 
Edathamil disodium 
Furtrethonium iodide 
Hydroxyzine HC1 N.F. 
Lincomycin HC1 
Mafenide HC1 
Mepivacaine HCl N.F. 
Metaraminol bitartrate 

Methapyrilene HCl N.F. 
Methitural sodium 
Methoxyphenamine HCl 
p-Meth ylaminoethanol- 

phenol tartrate 
Methyldopate HCl 
N-Methylglucamine 
Methylphenidatc HC1 

Monoethanolaminc N.F. 
Nalorphine HCl U.S.P. 
Oxymetazoline HC1 
d-Pantothenyl alcohol 
Pargyline HC1 
Phentolamine mesylate 

Polyethylene glycol 300 

Polyethylene glycol 400 

Polyethylene glycol 1500 
Potassium acetate N.F. 
Pralidoxinie chloride 
Sodium bismuth thio- 

Sodium cephalothin 
Sodium colistimethatc 

Sodium inethicillin U.S.P. 
Sodium oxacillin U.S.P. 
Sodium succinate 
Sodium tartrate 
Sodium warfarin U.S.P. 
Tlieophyllinc sodium gly- 

Triethanolamine U.S.P. 
Xylometazoline HC1 

U.S.P. 

N.F. 

U.S.P. 

N.F. 

U.S.P. 

glycollate 

U.S.P. 

ciliate N.F. 

mbtic 
Concn., Hemolysis, Approx. 
% w/v % PH 

2.95 91 
3.52 0 

3.05 0 

4.50 0 

6.83 PartialR 

5.50 66b 

6.75 
2.90 100 
2.16 100 
4.44 0 
4.44 0 
6.32 10Od 
6.60 0 
3.55 0 
4.60 45 

5-17 .5gd - .  ~. ._ 

6.00 99 
3.85 78@ 
3.47 96 

5.83 0 
4.28 Partial' 
5.02 4 

4.07 66 
1.70 100' 
6.36 63 
4.92 86' 
5.60 92 
3.18 91 

8.23 83" 

6.73 53 

8.50 0 
10.00 4 
1.53 0 
2.87 0 

5.29 0 
6.80 Partial" 

6.85 
6.00 0 
6.64 0; 
2.90 0 
2.72 0 
6.10 0 

2.94 0 
4.05 100 
4.68 88i 

5.7 
7 .2  

6 .0  

6 . 1  

6 .1  

2.7 

8 . 9  
11.3 
7 .6  
4 .7  
5 . 4  
1 .3  
4.5 
5.0 
4.5 

3 . 8  
6.2 
9 . 8  
5 . 4  

6 . 2  
3 . 0  

11.3 

4.3 
11.7 
4.1 
5.7 
6 .8  
3 . 8  

3 . 5  

3.8 

4.4 
4.1 
7.6 
4.6 

8 .3  
8 . 5  

8 . 4  
5 .8  
6 . 0  
8 . 5  
7.3 
8.1 

8 . 9  
10.7 
5 . 0  

~ ~ 

a Solution becomes very cloudy. Solution darkens and 
brown sediment forms; solution foams when shaken Solu- 
tion turns light yellow-no hemolysis. Solution tiirns 
dark brown. Solution turns light brown. Solution 
darkens nnd brown sediment forms. Solution turns r d -  
brown. Ir Solution foams .readily. ' Cells turn purple and 
solution foams readily. 2 Solution turns light brown and 
foams readily. 

-1.4 -1 2 -I 0 -0.8 - 0 6  -0.4 -0 2 
Log freezing point depression ('C) 

Fig. 1 .-Cryoscopic behavior of certain aggregate- 
formers. Key : 0, dexchlorphe~iira~nine malcate; 
0, valethamate bromide. 

/ 

I . . . . . , . . . . . . .  .' 
-14 -12 - I 0  -08 -06 - 0 4  - 0 2  

Log freezing poini depression ("C) 

Fig. 2.-Cryscopic behavior of certain aggregatc- 
formers. Key: 0, brornodiphenhydramine hydro- 
chloride; A, sodium nafcillin; 0, hydroxyzine 
hydrochloride. 

interaction. In order to  determine whether aggrega- 
tion depends significantly upon temperature, it is 
necessary to resort to  other analytical techniques 
in which measurements are made on corresponding 
solutions over a range of temperatures. Johnson, 
Goyan, and Tuck ( 5 )  have done this for various 
substituted amine salts by employing a thermo- 
electric vapor-phase osmometer at 25', and they 
found evidence of aggregation at this temperature 
for several substances. Likewise, Farhadieh (9) 
in a study of the aggregation of dibucaine HC1, 
tetracaine HC1, diphenhydramine HC1, procaine 
HCl, tripelennamine HCI, pyrilamine HC1, and 
bromodiphenhydramine HCI employed both a 
vapor pressure osmometer and a Dike- Jones3 con- 
- 

a Leeds and Northrup Co., Philadelphia, Pa. 
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cluctivity bridge at 2.5". The data from both of the 
analytical procedures demonstrated that there was 
some aggregation at 25" for each substance which 
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temperature dependent or rcsulted from some other 
condition not controlled in the study. This point 
iiceds furtlicr investigation. 

had shown aggrcgatioii prcviously at  its freezirig 
temperature, except for pprilaminc HCI which did 
not aggregate at 25" in the concentration rangc 
studicd. Moreover, with botli thc conductivity 
and vapor pressure nietliods bro~iiodipIicnIiyrlraiiiiiie 
tiCl data showed an initial aggregation point a t  
0.052 M which agreed quitc well with thc freezing 
depression data of the initial aggregation conccntra- 
tion (0.058 M), but i t  did not show the second break 
in the curve :it 0.248 M which was disclosed by thc 
rreezing point method. The fact that this second 
break was not found at 25' could mean that it was 
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Attempted Mannich Condensation with Indanedione-1,3 
By RAJENDRA S .  VARMA and M. LEWIS NOBLES 

All attempts to  prepare Mannich bases of indanedione failed. In  every instance 
the end product was an amorphous solid with a high melting point and insoluble 
in most organic solvents. In one instance, while using 3-azabicyclo (3.2.2)nonane 
as the secondary amine component, a small amount of white crystalline substance 
was: isolated from the mother liquor and identified as methylenebis-3-azabicyclo 
(3.2.2)nonane dihydrochloride with the help of infrared and NLMK spectra. The 

structure of this compound was confirmed by unambiguous synthesis. 

HE CONDENSATION between an aniine (primary 
or secondary) or its salt with formaldehyde and 

a compound having an active hydrogen is known as 
the Mannich reaction. 

Numerous Mannich bases are recorded in the 
literature (1-9) ; these have been prepared for pharm- 
acological scrccning as antispasmodics, analgesics, 
chcmotlierapc.utics, and local anesthetics. 

In an cffori. to prepare Mannich bases of indane- 
dione-1,3 for pharmacological testing, the conden- 
s:ition reactio ti was attempted several times utilizing 
dimethylaminc, dicthylamine, morpholine, piperi- 
dine, and 3-azabicyclo (3.2.2)nonanc (AZRN) 
as the sccondary amine component. Forrrialdehyde 
was used either as its aqueous solution or paraformal- 
dehyde. Each synthesis resulted in a high yield 
of amorphou:; solid which was insoluble in most 
organic solvents. This solid material was washed 
s,everal times with ether and ethanol, dried, and 
analyzed for elemental content. The analytical 
data did not correspond with the desired Mannich 
base. In onc instance while using bZBr\- the mother 
liquor was refrigerated after adding acetone. This 
gave a white crystalline solid in small amounts. B 
pure sample mas prepared after thrcc rccrystalliza- 
tions from ethanol. The analytical values cor- 
responded with methylenebis-3-azabicyclo(3.2.2)- 
nonane dihydrochloride (I). The infrarcd spectrum 
showed no carbonyl absorption. This ruled out the 
possibility of its being an indanedione Mannich 
base. The infrared spcctrum was somewhat similar 
to that of AZBN. 
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The NMR spectrum was consistent with thc pro- 
posed structure (I). B ~ I I ~ S  a t  6 = 1.95 (ISH, 
singlet) are due to mcthylene protons a t  6,7,8,9,- 
6',7',8',9' and those at 6 = 2.17 (6H, multiplet) 
corrcspond to protons a t  1,5,1',5' and the methylene 
group between thc two nitrogens. Bands a t  6 
= 3.36 (8H, triplet) may be assigned to  protons at 
2,4 and 2',4'. Bands a t  6 = 7.47 (2H, singlet) 
rcpresent protons a t  3 and 3'. When DzO was 
added, thc pcak a t  6 = 7.47 disappeared duc to the 
exchange of the protons on the nitrogen atoms. 
Metliylenebis-3-azabicyclo(3.2.2)nonane dihydro- 

chloride was synthesized by utilizing anothcr route. 
The melting point arid infrarcd spectrum of the 
resulting product were identical in every respect to 
those relative to the Mannich (AZBN) mother liquor 
product. Tlic mixed melting point showed no dc- 
pression. On the basis of thc above evidence the 
structure ( I )  of xnethyle1iebis-3-azabicyclo(3.2.2)- 
nonane dihydrochloride is assigned to the product 
isolated from the mother liquor. Isolation of similar 
types of by-products are recorded in the literature 
(10, 11). Thus N,N'-tctraethylmethyleiiedianiiIie 
(10)  and mcthylenedipiperidine (11) have been ob- 
tained when using diethylamine and piperidiiie, re- 
spectively. 

Thc mcchanism of the Mannich reaction has bccn 
investigated by Hellmann and Opitz (12) and Cum- 
mings and Shelton (13) .  It is proposed (14) that 
the reaction is initiatcd by a condensation between 
the aminc and forrnaldehyde to yield an amino- 
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cluctivity bridge at 2.5". The data from both of the 
analytical procedures demonstrated that there was 
some aggregation at 25" for each substance which 
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temperature dependent or rcsulted from some other 
condition not controlled in the study. This point 
iiceds furtlicr investigation. 

had shown aggrcgatioii prcviously at  its freezirig 
temperature, except for pprilaminc HCI which did 
not aggregate at 25" in the concentration rangc 
studicd. Moreover, with botli thc conductivity 
and vapor pressure nietliods bro~iiodipIicnIiyrlraiiiiiie 
tiCl data showed an initial aggregation point a t  
0.052 M which agreed quitc well with thc freezing 
depression data of the initial aggregation conccntra- 
tion (0.058 M), but i t  did not show the second break 
in the curve :it 0.248 M which was disclosed by thc 
rreezing point method. The fact that this second 
break was not found at 25' could mean that it was 
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All attempts to  prepare Mannich bases of indanedione failed. In  every instance 
the end product was an amorphous solid with a high melting point and insoluble 
in most organic solvents. In one instance, while using 3-azabicyclo (3.2.2)nonane 
as the secondary amine component, a small amount of white crystalline substance 
was: isolated from the mother liquor and identified as methylenebis-3-azabicyclo 
(3.2.2)nonane dihydrochloride with the help of infrared and NLMK spectra. The 

structure of this compound was confirmed by unambiguous synthesis. 

HE CONDENSATION between an aniine (primary 
or secondary) or its salt with formaldehyde and 

a compound having an active hydrogen is known as 
the Mannich reaction. 

Numerous Mannich bases are recorded in the 
literature (1-9) ; these have been prepared for pharm- 
acological scrccning as antispasmodics, analgesics, 
chcmotlierapc.utics, and local anesthetics. 

In an cffori. to prepare Mannich bases of indane- 
dione-1,3 for pharmacological testing, the conden- 
s:ition reactio ti was attempted several times utilizing 
dimethylaminc, dicthylamine, morpholine, piperi- 
dine, and 3-azabicyclo (3.2.2)nonanc (AZRN) 
as the sccondary amine component. Forrrialdehyde 
was used either as its aqueous solution or paraformal- 
dehyde. Each synthesis resulted in a high yield 
of amorphou:; solid which was insoluble in most 
organic solvents. This solid material was washed 
s,everal times with ether and ethanol, dried, and 
analyzed for elemental content. The analytical 
data did not correspond with the desired Mannich 
base. In onc instance while using bZBr\- the mother 
liquor was refrigerated after adding acetone. This 
gave a white crystalline solid in small amounts. B 
pure sample mas prepared after thrcc rccrystalliza- 
tions from ethanol. The analytical values cor- 
responded with methylenebis-3-azabicyclo(3.2.2)- 
nonane dihydrochloride (I). The infrarcd spectrum 
showed no carbonyl absorption. This ruled out the 
possibility of its being an indanedione Mannich 
base. The infrared spcctrum was somewhat similar 
to that of AZBN. 

Received May 26, 1966, from the Department of Phar- 
niaceutical Chemistry, University of Mississippi, University. 

Accepted for publication Airgust 5 ,  1966. 
This project was supported in part by funds provided 

under grant A1 104701 ft-om the National Institutes of Health, 
U. S. Public Health Service, Bethesda, Md. 

I 

The NMR spectrum was consistent with thc pro- 
posed structure (I). B ~ I I ~ S  a t  6 = 1.95 (ISH, 
singlet) are due to mcthylene protons a t  6,7,8,9,- 
6',7',8',9' and those at 6 = 2.17 (6H, multiplet) 
corrcspond to protons a t  1,5,1',5' and the methylene 
group between thc two nitrogens. Bands a t  6 
= 3.36 (8H, triplet) may be assigned to  protons at 
2,4 and 2',4'. Bands a t  6 = 7.47 (2H, singlet) 
rcpresent protons a t  3 and 3'. When DzO was 
added, thc pcak a t  6 = 7.47 disappeared duc to the 
exchange of the protons on the nitrogen atoms. 
Metliylenebis-3-azabicyclo(3.2.2)nonane dihydro- 

chloride was synthesized by utilizing anothcr route. 
The melting point arid infrarcd spectrum of the 
resulting product were identical in every respect to 
those relative to the Mannich (AZBN) mother liquor 
product. Tlic mixed melting point showed no dc- 
pression. On the basis of thc above evidence the 
structure ( I )  of xnethyle1iebis-3-azabicyclo(3.2.2)- 
nonane dihydrochloride is assigned to the product 
isolated from the mother liquor. Isolation of similar 
types of by-products are recorded in the literature 
(10, 11). Thus N,N'-tctraethylmethyleiiedianiiIie 
(10)  and mcthylenedipiperidine (11) have been ob- 
tained when using diethylamine and piperidiiie, re- 
spectively. 

Thc mcchanism of the Mannich reaction has bccn 
investigated by Hellmann and Opitz (12) and Cum- 
mings and Shelton (13) .  It is proposed (14) that 
the reaction is initiatcd by a condensation between 
the aminc and forrnaldehyde to yield an amino- 
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Methylenebis-3-azabicyclo(3.2.2)nonane Dihy- 
drochloride (I).-AZBN (6.25 Gm., 0.05 mole) 
dissolved in 25 ml. of ethanol was acidified with COW 

centrated hydrochloric acid to pH 4. Paraformal- 
dehyde (1.11 Gni., 0.037 mole) was added and the 
reaction mixture refluxed on a boiling water bath 
for 3 hr. rlt t h e  end of this period the contents 
wcrc cnuled and 100 nil. of acetouc was added. 
The solution was refrigerated overnight. Thc 
desired product which was obtained as white 
needles, was recrystallized from ethanol or ethanol- 
acetone, m.p. 301" dec. Yield, 5.5 Grn. (65%). 
The mired melting point obtained with the product 
isolated from the Mannich condensation (AZBK) 
showed no depression. Infrared spcctra of both 
products were identical. 

Anal.-Calcd. for C ~ ~ H ~ ~ C I ~ N Y :  hT, 8.35; Found: 
N, 8.53. 
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methanol. The attack of a proton on the oxygen 
atom of thc amino-metlianol followed by expulsion of 
water leads to a resonance established carbonium- 
iminonium ion. This clectrophilic carboniurn ion 
then reacts with a riucleophile which, under Man- 
nich conditions, is usually the carbanion resulting 
from the iotiizatinn of the active hydrogen containin!: 
cotripoutid. I t  appcars that under Mannich condi- 
tions AZBN acts as the nuclcopliile as well as con- 
densing with the fortnaldchyde. 

EXPERIMENTAL 

Melting points were taken on a ThomasHoover 
capillary melting point apparatus and are uncor- 
rected. The infrared spectra wcrc charted on a 
Perkin Elmer model 137 spectrophotorneter in Nujol 
mull. The NMR spectrum was recorded with a 
Variau A-60 spectrometer in CDC13, using tctra- 
niethylsilarie as the internal standard. 

Attempted Mannich Condensation of Indane- 
dione-l,3 with A2BN.-AZBN (12.51 Gm., 0.10 
mole) dissolved in 50 nil. of ethanol was acidificd 
to pH 4 by clropwisc. addition of concentratcd 
hydrochloric acid. Indaiiedione (14.6 Gni., 0.10 
mole) was added followed by 1.5 Gni. (0.15 mole) 
of paraformaldchydr. Thr reaction mixture was 
hcated 011 a water bath for 4 hr. Thc reaction 
tnixture was cooled and filtered. This gave a prod- 
uct weighing 11.5 Gin. which could not be recrys- 
tallized because of its insolubility iu most organic 
solvents. The mother liquor was diluted with 100 
mI. of acctonc and refrigerated overnight. 4 crys- 
talline solid (6.5 Gm.) was obtained; this was re- 
crystallized from ethanol, m.p. 301" dec. NMR 
data, 6 = 1.95 (1611, singlct); 2.17 (GH, multiplet); 
3.36 (8H, triplet); 7.47 (2H, singlet). 

Anal.-Calcd. for CliH32C12N2: C, 60.90; I€, 
9.59; CI, 21.74; N, 8.35. Found: C, 60.13; H, 9.77; 
C1, 21.81; K, 8.55. 
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Antidiabetic Effect of Tecomine and Tecostanine 
By YOIJSSEF HAMMOUDA and M. SAMIR AMER* 

The hypoglycemic properties of tecomine citrate and tecostanine hydrochloride o n  
fasting blood sugar, glucose tolerance, depancreatized, and alloxan-diabetic rabbits is 
described. The two drugs proved to be effective antidiabetic agents only in the 

presence of the pancreas. 

ECOMINE (I) and tecostanine (11) are two T alkaloids isolated by Hammouda and Motawi 
(1) and Harnmouda et ad. (2) from the leaves of 
Tecoina rtnns (Juss.). The leaves of the various 
species of Tecomu have long been uscd by the iiatives 
in Mexico for the control of diabetes (3, 4). Since 
the structure of the two alkaloids isolated thcrcfrom 
was elucidated (5-7), it was of interest to determine 
whether the two alkaloids are responsible for the 
long known antidiabetic properties of the lcaves. 
The present study was initiated to determine the 
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hypoglycemic properties of the two alkaloids and 
to detcrmine the possible mechanism by which they 
produce this effect. A4 short note was previously 
published on this subject (8). 
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Methylenebis-3-azabicyclo(3.2.2)nonane Dihy- 
drochloride (I).-AZBN (6.25 Gm., 0.05 mole) 
dissolved in 25 ml. of ethanol was acidified with COW 

centrated hydrochloric acid to pH 4. Paraformal- 
dehyde (1.11 Gni., 0.037 mole) was added and the 
reaction mixture refluxed on a boiling water bath 
for 3 hr. rlt t h e  end of this period the contents 
wcrc cnuled and 100 nil. of acetouc was added. 
The solution was refrigerated overnight. Thc 
desired product which was obtained as white 
needles, was recrystallized from ethanol or ethanol- 
acetone, m.p. 301" dec. Yield, 5.5 Grn. (65%). 
The mired melting point obtained with the product 
isolated from the Mannich condensation (AZBK) 
showed no depression. Infrared spcctra of both 
products were identical. 

Anal.-Calcd. for C ~ ~ H ~ ~ C I ~ N Y :  hT, 8.35; Found: 
N, 8.53. 
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methanol. The attack of a proton on the oxygen 
atom of thc amino-metlianol followed by expulsion of 
water leads to a resonance established carbonium- 
iminonium ion. This clectrophilic carboniurn ion 
then reacts with a riucleophile which, under Man- 
nich conditions, is usually the carbanion resulting 
from the iotiizatinn of the active hydrogen containin!: 
cotripoutid. I t  appcars that under Mannich condi- 
tions AZBN acts as the nuclcopliile as well as con- 
densing with the fortnaldchyde. 

EXPERIMENTAL 

Melting points were taken on a ThomasHoover 
capillary melting point apparatus and are uncor- 
rected. The infrared spectra wcrc charted on a 
Perkin Elmer model 137 spectrophotorneter in Nujol 
mull. The NMR spectrum was recorded with a 
Variau A-60 spectrometer in CDC13, using tctra- 
niethylsilarie as the internal standard. 

Attempted Mannich Condensation of Indane- 
dione-l,3 with A2BN.-AZBN (12.51 Gm., 0.10 
mole) dissolved in 50 nil. of ethanol was acidificd 
to pH 4 by clropwisc. addition of concentratcd 
hydrochloric acid. Indaiiedione (14.6 Gni., 0.10 
mole) was added followed by 1.5 Gni. (0.15 mole) 
of paraformaldchydr. Thr reaction mixture was 
hcated 011 a water bath for 4 hr. Thc reaction 
tnixture was cooled and filtered. This gave a prod- 
uct weighing 11.5 Gin. which could not be recrys- 
tallized because of its insolubility iu most organic 
solvents. The mother liquor was diluted with 100 
mI. of acctonc and refrigerated overnight. 4 crys- 
talline solid (6.5 Gm.) was obtained; this was re- 
crystallized from ethanol, m.p. 301" dec. NMR 
data, 6 = 1.95 (1611, singlct); 2.17 (GH, multiplet); 
3.36 (8H, triplet); 7.47 (2H, singlet). 

Anal.-Calcd. for CliH32C12N2: C, 60.90; I€, 
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Antidiabetic Effect of Tecomine and Tecostanine 
By YOIJSSEF HAMMOUDA and M. SAMIR AMER* 

The hypoglycemic properties of tecomine citrate and tecostanine hydrochloride o n  
fasting blood sugar, glucose tolerance, depancreatized, and alloxan-diabetic rabbits is 
described. The two drugs proved to be effective antidiabetic agents only in the 

presence of the pancreas. 

ECOMINE (I) and tecostanine (11) are two T alkaloids isolated by Hammouda and Motawi 
(1) and Harnmouda et ad. (2) from the leaves of 
Tecoina rtnns (Juss.). The leaves of the various 
species of Tecomu have long been uscd by the iiatives 
in Mexico for the control of diabetes (3, 4). Since 
the structure of the two alkaloids isolated thcrcfrom 
was elucidated (5-7), it was of interest to determine 
whether the two alkaloids are responsible for the 
long known antidiabetic properties of the lcaves. 
The present study was initiated to determine the 
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to detcrmine the possible mechanism by which they 
produce this effect. A4 short note was previously 
published on this subject (8). 
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T A B L E  1 .--EFFECT O H  'rECOMINE CITRATB AND TECOsTANINR HYI)ROCHI,ORIDE ON T H E  FASTING SUGAR 
LEVEL IN RABBITS 

~ 

~~ ~~ 

- -~ ~ _ _ _ _ _ ~  ~~ . -~ 

- Blood S u g x  Level, rnr./'100 ml. Blood'L--- -- 

Injection, hr. Oral, 50 mg. */Kg. i .v. ,  20 mg. b / K g .  Oral. 50 rng:.h,'Kg. i .v. ,  20 mg. */Kg. Oral, 260 mg./Kg. 
Time After 7- Tecomine Citrate-. -- Tecostanine HCl- Tolbutamide 

n 107.3 98 .3  110.0 104.9 100.1 
I inn. I 74 .3  111.0 83.4 99. I 
2 101 .a til.5 102.fi 67.7 86.3 
3 83.6 5 6 . 3  i5.3 50. S 79.1 4 
5 
6 

10 
24 

64.5 
49.7 
53.6 
92.7 

100.7 

60.7 
73.3 
80.2 
99 .3  
90.1 95.5 105.1 

MATERIALS AND METHODS 

The animals used in the present study were Iiealtlty 
niale rabbits weighing 1.5-2.5 Kg. fed ad libitum 
o-n a balanced diet. Blood samples for the assay 
of blood sugar were obtained by bleeding the ear 
vein into a hcparinized pipet. Blood sugar was 
determined by the method of Nelson (9). Alloxan 
diabetes was produced by injecting alloxan mono- 
hydrate' intravenously in a dose of 200 mg./Kg. 
in 4 divided doses over a period of 24 hr. Alloxari 
was dissolved in isotonic saline to make a 3% solu- 
tion immedialely before injection. The animals 
were allowed to drink a 500 glucose solution for tlic 
eiitire period of the alloxan diabctes. Hypergly- 
ccmia developed slowly and reached a maximutn 
aiter 2 weeks. The animals were used only after 
producing glucosuria continuously for 3 consecutive 
days. Tecomine citrate and tecostanine hydro- 
chloride were prepared from the dried fresh leaves of 
T .  stans (1) and were tested for purity before use. 

RESULTS 

Fasting Animals.-The rabbits used in this study 
were fasted for 12-18 br. before the experiments were 
started. Thc drugs were dissolved in physiological 
salinc and given either intravenously or orally 
ma a stomach tube. The results are given in 
Table I. 

It is clear from the table that both alkaloids are 
potent hypoglycemic agents producing severe rc- 
dnictions in tlie blood sugar of fasting rabbits when 
given in a dose of 20 mg./Kg. i.v. or 50 mg./Kg. 
orally. When given intravenously the maximum 
h:ypoglycemic effect is reached earlier than when 
given orally even in higher doses. This is to be ex- 
pected since the drugs have to be absorbed from the 
alimentary tract. The absorption from the ali- 
mentary tracl: would account for the 1-2-hr. lag 
when the drug is given orally. When given ititra- 
vmously, the effect on the blood sugar reachrs 
miaximum (17!3Ly, of tolbutamide) after 3 hr. and 
14 inin. for tecornine citrate and after 3 hr. and 23 
min. for tecoitariine hydrochloride (186% of tol- 
butamide). Some of the ariirnals experienced hypo- 
glyccmic com,a. a t  the height of the hypoglycemic 
effect. 

Glucose Tolerance.-The rabbits used in this 
series were fasted for 12 hr. before the start of the 
esperinient. T h e  drugs, dissolved in isotonic salinc, 
were injected! intravenously, followed 40 min. 
later with 3 Gm. of glucose as a 5% solution. 

~~ 

1 La Koche and Co., T.td., Bade, Switzerland. 

T h r  rcsults arc shown in Fig. 1. I t  iq clear front 
the figure that both tccorninc citrate and tecostanine 
hydrochloride in the dose used, i.e., 20 mg./Kg., 
reduced the timc needed for the blood sugar to re- 
turn to nonrial from about 3.5 to 2.5 hr. There 
was a statistically significant difference between the 
control values and the values obtained with either 
drug at 3.5 Iir. after the administration of glucose. 

Depancreatized Rabbits.--,.lfter complete de- 
pancreatization, the rabbits developed hyprr- 
glycemia in 24 hr. After thc hyperglycemia was 
established and glucosuria proc~uced, tecomine 
citrate (20 mg./Kg. ) and tecostanine hydrochloride 
(20 mg./Kg.) were injected i.v. Blood samples 
were collected 3 hr. later, since the alkaloidal salts 
cshibited masimurn hypoglycemic effect a t  this time 
when given intravenously (see Table I), and assayed 
for sugar content. The results obtained are shown 
in Table 11. 

A Student t test was carried out on the values ob- 
tained before and after treatment, and the proba- 
bility ratios (P) are included in the table. From 
the table it could be se.en that tlie two alkaloids 

i 
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0 0 zoo. . 
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J -  
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Fig. 1. -Results of glucose tolerance. Key: 0, 
control; V, twomine citrate, 20 rng./Kg.; .. tecost- 
anine hydrochloride, 20 mg./Kg. 
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TABLE 11 -EFFECT OF IN1 RAVEhOUS A4DMINlSTRATIOX OF TECOMINF CITRATE AND ThCOSTAXINE HYDRO- 
CHLORIDE ON THE B L o o o  SUGAR OF DEPANCREATIZED RABBITS 

~- 
~ -~ ~~ 

Substance Dose," ~ ~ n r r d  Sugai , mg '100 ml B I ~ W I  
Administered mg /Kg. Rt Illltlal RInximal' P 

Tecominr citrate 20 i v  2.57 238 0 2 0 5  

hydrochloriclc 20 i v  301 ?ti4 0 1-0 3 
Tecostanine 

~~ 

Calculated as the free base. Average of four to six experiments. Three hours after the iiijectiun of the  alkaloidal salts 

TABLE 111 -EFFECT OF TFCOMINE CITRATE AND TECOSTANINE HYDROCHLORIDE O N  THE BLOOD SUGAR 
LEVEL IN ALLOXAN DIABETIC RABBITS 

~ ~~ _ _ _ ~ ~ _ _ _ _ _ _ - - _ _ _ ~  
Blood bugdl I csel, m g  1100 nil 

Faqting Fasting 
Substanre R ~ h l n t  Before hftei --Days Alter Alloxan"- . 

Administered NO 4lloxan Alloxan" 16 22 4 i  

Saline (control) 1-4'1 103 7 275 6 289 7 310 0 
Tecomine citrate 5 105 3 270 4 115 0 124 0 131 3 

6 110.3 320.1 107.3 113.4 123.3 
92.7 303.7 100 1 97.2 101.6 

20 mg.:/Kg. 

hydrochloride, 6 99.0 256.4 123 3 139 3 143.1 
r Tecostanme 

Before drug treatment was started. Average of foul rabbits. Calculated as the free base. Treatment instituted 

are not significantly effective in reducing the blond 
sugar of depancrcatizcd rabbits since the difference 
between the treated and control is not statistically 
significant ( P  > 0.05). Doscs of 50 mg./Kg. were 
also given and were unable to produce statistically 
significant reduction in thc blood sugar of the de- 
pancreatized animals used. 

Alloxan Diabetes.-Alloxan diabetic rabbits with 
blood sugar above 250 mg. '% and exhibiting gluco- 
suria were prepared for this study. Thc two 
alkaloidal salts were injccted intravenously in iso- 
tonic saline. Three hours later, blood samples 
were collected and assayed for reducing sugar. 
Only eight animals were used in this study, viz., four 
controls given salinc and four experimental. 
The results are shown in Table 111. 

It is clear from Table I11 that both tecomine 
citrate and tecostanine hydrochloride in the daily 
dose of 20 mg./Kg. were effective in reducing thc 
hyperglyremia produced by alloxan to near norrnal 
levcls. It should be noted that the four controls 
died on the 23rd, 27th, 29th, and 33rd day after 
alloxan administration while the experimental 
animals were living until the 45th day when the ex- 
periment was terminated. 

DISCUSSION 
From the results obtained in this study, it is 

clear that  the salts of tecomine and tecostanine, 
the two alkaloids isolated from the leaves of T. 
stuns, have valuable propcrtics as antidiabetic 

2 The limited quantities of the alkaloidal salts available 
presented the use of a larger number of animals. 

agents. They are effective both orally and intra- 
vcnously with a high margin ol safety (LDSo 300 
mg./Kg. in mice) (7), in the doses uscd in the prcs- 
ent study. The two alkaloids present an entirely 
new nucleus for hypoglycemic activity which pro- 
vides new possibilities toward the production of 
hypoglycemic agents. Structure-activity relation- 
ships of the new nucleus arc presently under study 
in this laboratory to determine the active site on the 
two moleculcs. 

From the mechanistic point of view, the two 
alkaloids seem to need a minimum of active p-cells 
of the pancreas for action, and in this respect re- 
semble other orally active antidiabetic drugs, is., 
sulfonylurcas (10). The two alkaloids were inactive 
in depancreatized animals. The bencficial effects 
observed with the two alkaloids in alloxan diabetes 
arc in favor of introducing them for clinical trial. 
The two alkaloids are without noticeable toxic cf- 
fects on the rabbits uscd in the doses applied. 

REFERENCES 
(1) Hammouda, Y., and Motawi, M. M., Proc. Phnrm. 

SOG. E g y p t ,  16, 73(1858). 
(2) Hammouda, Y . ,  Pht. M. M.. aiid Le Men, J., Ann. 

Pharm. Franc., 21, 699(1863). 
(3) Colin, G. G.,  J .  A m .  Pharm. Assoc., 15, 556(1926). 
( 4 )  Ib id . ,  16, 199(1927). 
(6) Hammouda, Y.. Plat, M. M.. and Le Men, J., Bdl.  

Soc. Chim. France 1963 2802. 
(6) Jones, G., bales,'H. M., and Wildman, W. C., Telra- 

hadvon Leitevs, 6,397(1963). 
(7) Hammouda, Y., and Le Men, J., Bull. Sac. Chinz, 

Frame, 1963, 2901. 
( 8 )  Hammouda, Y. ,  Rashid, A,, and Amer, M. S., J .  

Pharm. Pharmacol., 16, 833(1964). 
(9) Nelson, N., J. Bid. Chem,, 153, 375(1944). 

(10) Duncan, L. J. P., and Baird, J. D., Pharmacol. Res.. 
12, 91(1960). 



Utility of Two Convulsant Techniques as Indicators of 
CNS Excitability 

By HAROLD H. WOLF and GERARD A. STOCK, JR.* 

A study was undertaken to evaluate the relative usefulness of pentylenetetrazol (PTZ) 
versus hexafluorodiethyl ether (HFE) as chemoconvulsive agents which could be em- 
ployed to quantitate CNS excitability in mice. The PTZ was given by constant i.v. 
infusion, whereas the HFE was administered by inhalation. Levels of excitability 
were altered with several doses of (+)-amphetamine and pentobarbital. The re- 
sults indicate that the PTZ infusion procedure is considerably more sensitive and 
less variable than the HFE inhalation technique for the determination of drug-induced 

fluctuations in central activity. 

HE OBSEB.VATION made by Rrautz and his co- T workers ((1) that hexafluorodiethyl ether (HFE) 
caused convulsions when inhaled has led to the usage 
of this agcnt as a couvulsant in psychiatric treat- 
ment. In recent years, a number of authors havc 
commented ton the utility of this procedure as a 
tool for the laboratory evaluation of ceritral nervous 
systctii activity. For example, Davis and Webb 
i(2) have employed the drug to quantitate a circadiari 
rhythni of clienioconvulsive response and also to 
demonstrate that, in mice, susceptibilities to audi- 
tory and chemical convulsive stimuli arc not ncccs- 
sarily corrclattcd in a positive manner (3). Other 
workers tiave fourid the technique valuable for 
predicting the activity of auticonvulsants (4) am1 
for demonstrating increased sensitivity of the central 
nervous system following cortical ablations (a). 

Several of these studies (4, 5 )  have shown that thc 
type of seizures produced by the inhalation of HFE 
are similar to those seen following the intravenous 
administration of pentylenetetrazol (PTZ). Morc- 
over, the H:FE technique has beeri shown to be 
considerably easier to employ. Homcver, whereas 
much evidence is available concerning the sensi- 
tivity and reliability of the i.v. PTZ tcchnique as 
a means of evaluating drug-induced fluctuations in 
central activity (6-9), comparatively little siiiiilar 
infomiation i s  availablc for the inhalation of HFE. 
Therefore, a series of experiments were designed to 
compare the sensitivity and variability of the two 
techniques when used to quantitate changes in 
CNS activity induced by drugs. 

EXPERIMENTAL 

Thc cxpcriirncntal animals employed were 20 to 
:b6 Gin., adult, male, albino rnicc of a random bred 
Swiss straiii obtaiuetl froin Maxfield Aiiinial Supply. 
All esperirnerits were coiitluctcd during the smie 
liiiic o f  day :md rooiii tciiipcrature was inaintaiiicd 
Iwtwccir 2Y--Ytj". 

P T Z  was adtiiiiiistcrctl by tiiiieil illtl-~VI2ii(JUS i i i -  

fusion, ciriploying a iriodif~catio~~ of a tccluiiquc 
origiiially described by Orluff (10). In  this pru- 
cedure, the animal is briefly rcstraiucd while a 0.5','{, 
solution of the convulsant in saline is infused into a 
tail vein a t  a constant rate of 0.247 ml./min. The 
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amount of time which elapses from onsct of infusion 
until the animal displays 3 scc. o l  continuous c h i c  
activity is rccordcd. From this information and thc 
body weight of the mouse, the riumber of riig./Kg. 
of P T Z  required to inducc seizure can be calculated. 

ethyl alcohol by means of a timed itihalatiou tecli- 
nique. The apparatus employed was a modified 
version of that described by Adlcr (5). With this 
procedure, the convulsant solution is infused a t  a 
constant ratc of 0.136 rnl./min. onto a gauzc wick 
fixed near the top of a 300-ml. bell jar. The jar, 
wliose open bottom edge had been coated with 
stopcock grease, is first placed over a mouse on a 
glass plate containing a filter paper mat, thus pro- 
viding a rclativcly airtight containcr. A wire 
mesh screen dividing the chamber approximately in 
half cffcctively prevents the mouse from rising on its 
hind legs in an attempt to avoid the vapors of HFE 
which sink to the bottom of thc jar. As with the 
PTZ technique, the amount of time which elapses 
from onset of infusion to 3 sec. of continuous clonic 
activity is recorded and the mg./Kg. of HFE re- 
quired to induce seizure are calculated. Following- 
cach convulsive episode, the vapors are removcd by 
means oI a V ~ C U U I I I  water pump which is connected 
to a side arm of the bell jar. 

Employing these two techniques, several experi- 
nieiits were conducted to quantitate the fluctua- 
tions in central activity induced by pentobarbital 
arid (+)-aniphetamine. Aqueous solutions of sol- 
uble salts ol these drugs, i . e . ,  sodium pentobarbital 
and (+)-aniphctamine sulfate were administered 
ititraperitorically in a constant volume of 1 1111./100 
Gin. body weight. I'relimiuary investigations, em- 
] h y i n g  the clieniosliock threshold procedures, 
1-cvcdcd that the tiiries of pcak cffcct lor pentobar- 
bitd and ( 1 )-:~ni~~lictairiii~c wci-e 10 :uid 15 niiii., 
rcipcctivcl y . 

111 oi-tlu to ~ I ~ I I I ~ ~ I - C :  1 1 1 ~ .  suisitivity a 1 ~ 1  v;iriddity 
o f  the t w v  C ( J l l ~ 1 1 ~ S ~ L l l t  tcclrniqucs, p ~ u p s  d 14 iriicc: 
cacli wcre giveii jir:itlctl tluscs o l  pciitob:irbitul, 
(+)-airil,lictaiiiirie, or requisite voluiiies of saliiic 
(roiitrols j a i d  cvaluatcd for seizure susceptibility 
a t  the appropriatc times of pcak effect. From the 
accumulated data, a series of threshold ratios, L e . ,  
the mean mg./Kg. of convulsant required to produce 
clonic seizure in drug-treated animals divided by 
the mean mg./Kg. of convulsant required to rcach 
the same end point in controls was computed for 
both PTZ and HFE. The 9570 coufideuce inter- 
vals for the individual threshold ratios were calcu- 
lated by a method described by Gnldstcin (11). 

HFE1 was administered as a 10% solution in 

1 Kindly supplied as Indoblon by DI.  .4. H. Neeley, Ohio 
Chemical and Surgical Eqnipment C o . ,  Murray Hill, N. J. 

1455 



1436 

RESULTS AND DISCUSSION 

The results obtained with five doses of pentobar- 
bital, i e . ,  2, 4, 8, 16, and 32 mg./Kg., are shown in 
Fig. 1. The vertical bracketed lines represent 95% 
confidence intervals for the calculated ratios and 
any line which does not cross 1.0 indicates that the 
dose of pentobarbital under consideration had a 
significant ( p  < .05) effect on convulsive threshold. 

It is obvious from the results presented that a 
decrease in CNS excitability, as expressed by an 
increase in threshold ratio, can be demonstrated for 
pentobarbital using either convulsant technique. 
However, it  is also quite clear that the HFE pro- 
cedure is considerably less sensitive than that 
employing PTZ. Thus, within the dose range 
examined, twice as much pentobarbital (16 versus 
8 mg./Kg.) was required to demonstrate a significant 
elevation in thrcshold by thc inhalation vermS i.v. 
infusion technique. Moreover, in all instances the 
amount of CNS depression induced by equivalent 
doses of pentobarbital was more readily apparent 
by the PTZ procedurc. The magnitudc of this 
difference is statistically significant at doses of 8, 
16, and 32 mg./Kg. 

In this study thc amount of data variability, as 
portrayed by the length of the vertical bracketed 
lines, was essentially the same for both convulsant 
procedures a t  four of the five doses of barbiturate 
tested. At thc highcst dose of pentobarbital the 
PTZ technique manifested more variability than 
inhaled HFE, but the former procedure was, as 
indicated, 1.6 times more sensitive. 

The results of a similarly desigued experiment 
employing (+)-amphetamine to alter level of CNS 
excitability are presented in Fig. 2. Here it can be 
scen that the PTZ technique is also considerably 
more sensitive to the effects of a central stimulant. 
In fact, with HFE,  the authors were not able to 
demonstrate a significant decrease in threshold ratio 
with any dose of (+)-amphetamine tested. On 
thc othcr hand, with PTZ, significant CKS ex- 
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Fig. 1 -Alterations in  CNS activity induced 
by pentobarbital Key: A, PTZ techniquc; 0 ,  
HFE technique. 
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Fig. 2.-Alterations in CNS activity induced by 
(+)-amphetamine. Key: A, I'TZ techniquc; 
0 ,  HFE technique. 

citability was evident at both 8 and 16 mg./Kg. 
of (+)-amphetamine. 

I t  will be noted that small doses of (+)-arnphet- 
amine (1  and 2 mg./Kg.) induced a slight, but sta- 
tistically significant, elevation in convulsive thresh- 
old as determined by the HFE technique. This 
seemingly paradoxical effect of (+)-amphetamine 
has bcen observed by other workers (12, 13) em- 
ploying electroshock procedures and has been at- 
tributcd to amphetamine's desynchronizing action 
in the frontal cortex (14) and its inhibitory action 
at the lcvcl of the reticular formation (15). The 
reasons for the inability of the PTZ technique to 
detect this phenomcnon remain, as yet, unclear. 

An examination of the 957, confidence intervals 
in Fig. 2 reveal that, in all instances, the inhalation 
of HFE provided more variable data than did the i.v. 
administration of PTZ. The maximum differeuce 
in variability between the two techniques amounted 
to 19Lr, and was observed following the administra- 
tion of 16 mg./Kg. of (+)-amphetamine. 

The results obtained in this study are essentially 
in agreement with those reported by Truitt et el. 
(4), who observed that PTZ provided the most sensi- 
tive index of a change in convulsive threshold pro- 
duced by phenobarbital. On the other hand, our 
results differ somewhat from those observed by 
Adler ( 6 ) ,  who reported that, although an in- 
creased sensitivity to both PTZ and HFE results 
from ablations of either the frontal or posterior 
cortex, the data obtained with HFE manifest less 
variability. This apparent discrepancy in findings 
may result from species differences (mice ~ C ~ S U S  

rats) or from the methods employed to produce 
changes in level of central activity (drugs versus 
cortical ablations). 

In summary, it would appcar that although the 
IIFE technique has the obvious advantage of sini- 
plicity of operation and lack of animal restraint, 
the utility of thc procedure is hampered by a rela- 
tive lack of sensitivity. Moreover, when the tech- 
nique is employed to evaluate drug-induced changes 
in CNS excitability, the data collected manifest 
soniewhat more Variability than similar infonna- 
tion obtained using timed intravenous infusion of 
PTZ. 
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Determination of Carbonyl Compounds by Sodium Nitrite 
Tiitration of Excess 2,4-Dinitrophenylhydrazine in the 

Presence of Hydrazone 
By LEON KURLANSIK and EDWARD F. SALIM 

Numerous methods have been developed for the quantitative determination of 
carbonyl compounds with 2,4-dinitrophenylhydrazine. Generally, i t  is necessary 
to separate the prepared hydrazone from excess reagent before final measurement. 
A simplified method for the determination of aldehydes and ketones is presented 
in  which excess 2,4-dinitrophenylhydrazine i n  the presence of hydrazone is titrated 

with standard sodium nitrite solution. 

7 INCE ,Mathewson (1) prepared liydrazones of 5 water-soluble carbonyl compounds with 2.4- 
dinitrophenyl hydrazine, this reagent has been used 
extensively for qualitative characterization and 
quantitative ~estirriation ol carbonyl compounds. 
Applications of gravimetric (2-4), spectrophoto- 
metric (5-7), and titrimetric procedures for quan- 
titative rlcterniinations of aldehydes and ketones 
have been reported. Among thc titrimetric methods 
dcvcloped are solution of the hydrazone in standard 
base and determination of excess sodium hydroxidc 
(X) ,  nouaqueous titration of hydrazotie in pyridine 
with tetrabutylammonium hydroxide (Sj, deter- 
mination of reduced nitro-groups of the hydrazone 
(1.0) or  excess hydrazine (ll), and direct ampcro- 
metric titration of the carbonyl with 2,4-dinitro- 
phenylhydrazine solution (12). 

A common feature of most published metliods is 
the scparatiori of prcparcd hydrazone from cxccss 
rcaycnt before the final rneasurcmcut is conducted. 
The preponderance of procedures deals with thc 
Ii,ytlrazonc :~nci relatively few involvc thc detcrtniua- 
tiuii of cxccss~ reaxent. Isolation of hydrazones 
wliich are slightly soluble in the rcaction media 
gmcrally results in low recoveries. 

Vulteriu atid Zyka (13) have described the po- 
teritiorrietric titrativri of 2,4-dinitroptienylliydrazine 
with 0.1 M sodium nitritc and havc postulatcd thc 
rcactioii to procccd by formation of the 2.4-dinitro- 
phenylnitrosohydrazine. Sitice the ,9 nitrogen of the 
h:ydrazone is substituted, corresponding nitroso 
addition prcsumably does not occur. Baldinus 
and Rothherg have reported the titration of hy- 
drazoncs with sodium nitritc but only after vigorous 
~~ 
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treatment with sulfuric acid and tctrahydruluran 
(11). Hased on this irilortiiation a simplified method 
for the deterinination of carbonyl cornpounds has 
been dcvcloped by an initial rcactioii with 2,4-di- 
nitrophcnglliydrazitie and subsequent titration of 
excess reagent in the  presence of prepared 1lydrdZoIiC 
using standard sodium nitrite. 

EXPERIMENTAL 

1111 titrations were conducted poteritiorrietrically 
usitix a Becknian Expandoniatic pH meter equipped 
with a calornc.l and plntinu~n clectrode system. 

Reagents.--Z,P-Diizitroph~nylhydrc~zine Keugent 
SoZufion.-Add 9 Gin. of finely powdered 2,4- 
dinitrup~ienylh ydrazinc ,4-L)NPH) to a stirred 
mixture of l(1O ml. of 85 phosphoric acid, 100 ml. 
of etlianol, and 20 1111. of sulfuric acid. Stir for 30 
inin., add 100 nil. of ethanol, anti continue 
mixing for 311 atltiition;tl hour. Cool ~ tnd  filter 
prior to USC. (Tlic rcagent is ;tppr(rsiin~~tc1y 0.1 >If 
arid is slabic for at lc.ast 3 wccks.) 

Sodium Nitvite, (1.1 Af.- -1)issolvc. 7.6 GIII .  of 
sutliurn nitrite i l l  sulficietit water tu make 10(10 i d  

The solutioii was staiid:trdizcd against U.S.1'. 
sulfanilainidc refcrcncc stamdai-d, previously dried 
at 105" for 3 hr.. by potcntiornctric titration using 
calomel V C ~ S Z L S  platitluni electrodes. 

General Procedure. -Transfer about 1 meq. of 
test compound to  a glass-stoppered, 125-nil. conical 
flask arid dissolve or suspend in 20 rnl. of ethanol. 
Add 25.0 rnl. of 2.4-DNPH reagent, insert the 
stopper, and place the flask in  a coristsnt-tempera- 
turc bath iimintainecl at 60-56" for 1 hr. (Nole:  
aldehydes arc allowed to react at room temperature 
for the prescribed 1 hr.) Cool and transfer the 
contents of the flask to a 400-1111. beaker with the aid 
of 100 inl. of water. Aldd 10 nil. of hydrochloric 
acid. 5 Gni. of potassium bromide, and titrate slowly 
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A supplemental study was performed to deter- 
mine the optimum time aiid temperature conditions 
for reactivity. The results shown in Fig. 1 indicate 
that the reaction for methylpredtiisolone was quan- 
titative at  50-55" after 1 hr. The coriditivris es- 
tablishcd for n~etliylprednisolorie were believed 
to express the parameters by which sterically uri- 
hindered ketones could be readily quautitatcd. 
Atlalog-ous tests for aldehydcs showed that quan- 
titative results could be obtained at  room tempera- 
ture within a 1-hr. period. A sunimary of these 
data is included in Table I. For the limited number 
of  aldehydcs tested, no pronounced eff ccts werc ob- 
served for increased number of carbons iu  aliphatic 
compounds nor the addition of electron donating or 
withdrawing groups nvtho or para to the aromatic 
aldehydes. 

The  determination of ketoties was fouiitl to be 
influenced by certain factors so that the method was 
not so getierally applicable as with the aldchycles. 
Ketones successfully determined arc iiicludetl i i i  

Table 11. The gciieral procctlure was founc! to bc 

100 

i 

T O  - 
30 K O  90 

TIME, rnin. 

Fig. 1 -Reactivity of methylprednisolone with 
2,4-dinitrophenylhydrazinr reagent a t  various ten-  
peratures. 

with moderate stirring, adding 0.1 M sodium nitrite 
in 0.1-ml. increments near the end point. Perform a 
blank determination. The difference between blank 
and sample titrations represents the volume of 
0.1 M sodium nitrite equivalent to the carbonyl 
content in the sample. 

The end point was determined by means of dif- 
ferential curves (AE/A nil. versus mi.). It was noted 
that thc volunie of titratit added at the point of 
maximum rise in potential was thc equivalent vol- 
ume, thereby eliminating the necessity to construct a 
differcntial curve for each titration. 

RESULTS AND DISCUSSION 

Initial studies were c0nducte.d using standard 
2,4-DNPH reagents. Johnson's reagent (15) con- 
sisting of ethanolic phosphoric acid was considered 
too viscous to allow the uniform additions necessary 
in the proposed mcthod and w-as noted to  yield quan- 
titative hydrazone formation only after prolonged 
reaction. The reagent developed by Brady (16) 
utilizing ethanolic sulfuric acid was observed to ac- 
celerate formation of hydrazone but produced un- 
desirable side reactions as demonstrated by high 
recoveries with rnethylprednisolone. Experiments 
using various combinations of phosphoric and sul- 
furic acids to  resolve the difficulties associated with 
each reagent lcd to the formulated solution used 
throughout subsequent investigations. 

'~~AI41,lC 1.- L)l i . l l lRhl lSATlON Uli l~L1)ISIIYIJlbS AS 
%;I ~~1Nl'iKOI'IIENYLIIVI~I~A%UNIIS 

__ .~ .. _- ___- ___ .~ 

Hccuvc, y , 
lh~llzalclellyclc" 98.8,98.4 
Citnianialdeliydc" ' 99.4,99.7 

Formaldehyde solution U.S.P. 100.1~ 

a-?Japhthaldehydeb 9 9 . P  
p-Nitrobenzaldehydem 98.7 
2-P yridinecarboxaldehyde 99.1 

~~DimethylamiiioLeiiz3ltlcliy~lc~ 99.4, 99. (i 
Ethyl vanillina 100.4, 100.6 

Heptaldehyde 98.5 

Salicylaldehydeb 100.4, 99.5 
Vanillin0 99.6 

a Recrystallized before use. Redistilled before use. 
'Calculated on basis of formaldehyde content found by 
U.S.P. assay. Average of 5 determinations of S.U. f 0.30. 

'I 'AHI-E 1 I.--1)ETERMISATIOS OF KETOSES AS 2,4- 
DINITROPHENYLHYDRAZONES 

____ . 

Recovery, Yo 
Benzopherionea 99.8 
w-BrorIioacetoplieiioiie' 98.8 
Chaleotiea 100.8 
Cyclohexanoiieh 99.0 
Deliydrocholic acid" 100.1c 
3,4- Dihydro- 1 (2II)-napIitlialenoiic 95.8 
1 ,3-Diphenyl-2-propanonen 99.8 
Estrone 100.4 
Menadionen 99. I d  
Methyl isobutyl kctone* 96.6, 9B.G 
Mcthylprcdnisolone 99.1,99.7 
Mcthyltcstosteroiie 99.5 
I'rednisolone 99.1 
I'rednisoiie 100. o c  ?e 

Progesterone 100. G 

a Ilecrystallized before use. Redistilled before use. 
Reacted for 3 hr. Calculated on basis of monohydrazone. 
Recovery based on hydrazone formation at 3 aud 20 posi- 

tions only. 

quaiititativt lor niono-ketoiies above CS. Lower 
:diphatic ketones produccd the following rcsulls: 
acetollc (84.X%>), nlctllyl ethyl kvtolle (xU.x':;,), 
a i i t l  Iiictliyl isopropyl kclone (93.7';;). ' i l e  l ow 
v h c s  tilay IIC exlk~incd oii tlic Labis or nitrous xekl 
oxidation of nicthyl or nie.tl~ylciic groups : t ( l jxc i iL  
to ;L carl)oiiyl gi-oup. I n  aqueous HCI s~lutioii tlic 
rcactiori ptuccecls to tlic fonIldtkIt1 of a 1,'Adiear- 
bony1 coiupound aud liydroxylainine hgdrochloritlc 
(17). l'he hydrazones of lower molecular weight 
ketones contain the grouping CH3-C=N- which 
is the nitrogen analog of the carbonyl group and may 
undergo a similar reaction during the final titration 
with sodium nitrite. 

Several steroids were included in this general 
survey because of the varied positions occupied by 
carbonyls and in light of the wide use of such com- 
pounds as niedicitial agents. Steroids containing a 
keto group in the 3 or 17 position were quantitative 
in the alioted reaction time. Dehydrocholic acid 
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with carbonyli in the 3, 7, and 12 positions required 
3 hr. a t  50-55" for quantitative reactivity. Yred- 
uisonc, a 3,11,20-trione coinpoutid, gsvc 66.770 
rccovery after 3 hr. aiid no further reaction was 
evident after 17 hr. elapsed tirne. Since the 11 
keto position :is known to be extremely unreactive, 
the result at 3 hr. can be considered quantitative 
based on hydrazone formation a t  the 3 and 20 
positions only. Progesterone, prednisolone, arid 
iiietliylpreclnis'cllone which represent 3,20 di-ketones 
yielded quantitative his-hydrazones. Prednisolone, 
esterified as the acetate, gave an inconiplete reac- 
tion---81,5(~~--after 3 fir. The pre.sence of the 
bulkier substif uent adjacent to carbon 20 appears 
t o  be sufficient to drastically hinder the formation of 
hydrazone at  the C ~ O  carbonyl. 

SUMMARY 

'The titratiori of excess 2,4-dinitrophcnylhydrazine 
using sodium nitrite without prior separation of the 
precipitated hydrazone allows a shorter analysis 
time for the determination of aldchydes and a sub- 
stantial number of ketones. The procedure was 
foutid to bc reproducible to *0.5c/o and the results 
for ethyl vanillin, formaldehyde solution U.S.P., 
prednisolone, nnenadione, and pre.clnisone were con- 
sistently within 0.5% of comparative values ob- 
tained by official or other recognized methods of 
analysis. 
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The mcthocl is neither applicable to certain ali- 
phatic ketones nor to sterically hindered steroids. 
Carbonyl cotnpouiids which contain a functional 
group such as a11 amine or phenol capable ol reacting 
with sodium nitrite cannot be determined by the 
proposed procedure. 
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Aniides Derived from Hepta- and Octamethyfeneimine 
By HEINO A. LUTS, W. A. ZUCARELLO*, W. LEWIS NOBLESt, and JEROME F. G R A T T A N  

Some new physiologically active amides of 
hepta- and octamethyleneimine moiety have 
been prepared. Their preparation and bio- 

logical activities are given. 

HE KNOWLEDGE that a number of biologically T important compounds occurring in nature 
contain trimethoxyphenyl or trimethoxybenzoyl 
groups as a part nf their molecule has prompted 
considerable invcstigation into the various ways 
w1i:ich this moiety can be incorporated into molecules 
and elicit various pharrnacological actions. 

Vargha and his associates (1) have reported on the 
tranquilizing and analgesic effects of the simple 
bcnzamide containing the above moiety as well as 
it number of heterocyclic amides. In varying the 
ani ine moicty of the amide, they noted that morpho- 
line and 2-nicthylmorpholine exhibitcd the most dc- 
sira.ble therapeutic propcrtirs among the conipnu~ids 
studied. Corre:ipotidingly, Sclilagcr ( 2 )  in a review 
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article has reported on a large number of derivatives 
containing 3,4,5-trimethoxybenznyl moiety. 

Previously, the authors (3) have reported on thc 
use of lieptsirirtliyleneitniii~ in thc Mannich reac- 
tion. It may be worthy of note that in this earlier 
work, the Mannicli base obtairied from 2-acetyl- 
thiophene aiid heptainetli~~lcneimine exhibited sig- 
nificant analgesic activity a t  a dosage level of 150 
mg./Kg. 

r 

CH2CH2-N (3 
H H ;":3 / 

11 

In addition, the sccoticlary alcohol obtained by the 
sodium borohydride reduction of the Mannich base 
from p-chloroacetophenone and hcptamethyleneimine 



Vol. 55, No. 12, December 1966 

with carbonyli in the 3, 7, and 12 positions required 
3 hr. a t  50-55" for quantitative reactivity. Yred- 
uisonc, a 3,11,20-trione coinpoutid, gsvc 66.770 
rccovery after 3 hr. aiid no further reaction was 
evident after 17 hr. elapsed tirne. Since the 11 
keto position :is known to be extremely unreactive, 
the result at 3 hr. can be considered quantitative 
based on hydrazone formation a t  the 3 and 20 
positions only. Progesterone, prednisolone, arid 
iiietliylpreclnis'cllone which represent 3,20 di-ketones 
yielded quantitative his-hydrazones. Prednisolone, 
esterified as the acetate, gave an inconiplete reac- 
tion---81,5(~~--after 3 fir. The pre.sence of the 
bulkier substif uent adjacent to carbon 20 appears 
t o  be sufficient to drastically hinder the formation of 
hydrazone at  the C ~ O  carbonyl. 

SUMMARY 

'The titratiori of excess 2,4-dinitrophcnylhydrazine 
using sodium nitrite without prior separation of the 
precipitated hydrazone allows a shorter analysis 
time for the determination of aldchydes and a sub- 
stantial number of ketones. The procedure was 
foutid to bc reproducible to *0.5c/o and the results 
for ethyl vanillin, formaldehyde solution U.S.P., 
prednisolone, nnenadione, and pre.clnisone were con- 
sistently within 0.5% of comparative values ob- 
tained by official or other recognized methods of 
analysis. 
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The mcthocl is neither applicable to certain ali- 
phatic ketones nor to sterically hindered steroids. 
Carbonyl cotnpouiids which contain a functional 
group such as a11 amine or phenol capable ol reacting 
with sodium nitrite cannot be determined by the 
proposed procedure. 
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cxhibited markcd analgcsic activity a t  a dosage 
level of 32 ing./Kg. 

In addition to  the work of Vargha and associates 
(1 j, the pharmacological activities of a number of 
different atnides have been observcd; thcsc have 
exhibited sedative, analgetic, anticonvulsant, and 
cardiotonic activity (4). I t  is perhaps.particularly 
notcworthy that N-3,4,5-trimethoxybenzoylmnr- 
pholine has elicited marked neurodepressive as wcll 
as analgctic activity (5,6 j .  

111 

I t  is apparent in a review of tlic litcraturc tliat the 
heterocyclic atninc moiety has not bceu stndied in 
molecules possessing seven to  eight mcthylene groups 

NaN t 9- 
HO a CH2NH2 0 

H-N 9 
NaN02 

CH,COOH 

0 
Scheme I 

as an integral part of the structure. Hence, a con- 
ccrted literaturc rcvicw was carried out as a prclude 
to the cxtcnsion of the authors’ studies to  rings 
larger than pyrrolidine and piperidine, i.e., hepta- 
metliyleneiminr and octamethyleneimiiie. I t  was 
anticipatcd that the enlargement of the carbon 

0 
I1 benzene 

R-C-Cl + II--N( CII& - 
0 
II 

R-C-N( cII2)7 
Schemc 111 

content of the aminc moicty would increasc the 
lipid solubility, and perhaps differ in enzymatic 
attack. 

With the increasing availability of furan deriva- 
tives, considerable interest has been evidenced in 
the preparation of furan relatives of compounds 
of the berizerie series which possess medicinal value ; 
the same is true of a great number of pyridine deriva- 
tives. Thus, also drawing from previous knowledge 
of the activity of ~V-3,3,5-trimethoxybenzoylmorpho- 
linc, the hcpta- and octdmethyleneimine amides of 
this same acid moiety have been prepared and sub- 
mittcd for pharmacological study. In addition, 
certain heterocyclic acids have been condensed 
with these same amines. Furthermore, a-phenyl, 
a-cyclohexenyl acetic acid was utilized as an 
acid moiety because of thc widespread use of acids 
of this general type in antispasmodics. 

The method of preparing cycfohcptd- and cyclo- 
octanones was that of Bueseken and Derx (7); 
for hepta- and octarnethyleneiminc, the method 
was that of Blicke arid Doorenbos (8) (Scheme I). 
The a-phenyl, a-cyclohcxcnc acetic acid was by the 
Keesby et al. (9) (Scheme 11) method. All the acid 
chlorides were preparcd by the standard method of 
using thionyl chloride. The amides were prepared 
by reactiug acid chlorides with heptamcthyleneimine 
in benzene (Scheme 111). 

EXPERIMENTAL 

General Procedure.-To a solution of 0.05 molc 
of appropriate acid chluride in 150 ml. of benzcne 
soltition was added dropwise 0.1 mole of appropriate 
amine. The reactants were then refluxed for 30 
min. and formed crystals, scparated by filtration. 
The benzene solution was then evaporated to  dry- 
ness and the formed crystalline product washed 
twice with petroleum ether. 

H-&COOEt DL u‘ 
I 

COOEt 

Scllclnc I1 
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TABLE ~.--ANALYTICAL RESULTS 
- .- ~ ~~ ~~ 

lZ--N(CH~j~ 
~~ ~~ ~ 

~~ 

~~ 

Over- 
All ------9nal., N---- 

Compd. R Yield Mol. Wt. M.p. .  "C. Formula caica. Foutid 

2 0 i . 2 6  (11.11.) l l l- l4!l /  C111117NU: t i .  76 ti .  81 
. 3-. 35  turn. 

0 
I1 

, C'l--CHj'- 84 189.66  62-63 CsHisClXO 7 . 3 7  7 . 2 8  

0 
ll 

bH, Br0 

82 218.28 (11.p.) 162-170/ CirlIisNrC) 
2 1  mm. 

(14 :j13.22 173 

12.81: 12.98 

PHARMACOLOGlCAL DATA 

The preliminary pharmacological findings dcnion- 
sti-ate that com.pound I (Table I )  is a mild stirnulatit, 
and not a depressant, with a poor over-all activity. 
Nu analgesic activity was found. Coiiipound IT 
exhibited deprcissant effect; following a brief period 
of mild excitation, it also exhibited aiiticotivulsant 
activity and at a low dose level. Furthermore, 
compound [I antagonized strychnine arid exerted it 
weak analgesic effect and had local anesthetic cffect 
a t  the 1% dose level when instilled repeatedly in 
rabbit's eye. Compound 111 also exhihited de- 
pressant activ.ity and was a spasmolytic agent. 
It ant.dgonized the tremors consequent on trcmorinc 
injcction, althniigh it did not antagonize the parn- 
synipxtliotiiitiietic effects of thc drng. Further-- 
niorc, it also ewrtcd a rriydriatic effect. C<~it i l~o~iid 
IV acted as a !;timulnnt; iio rcscrpiiic. uiitagonisin, 

but conigound \~ was a mild tlrprc~ssnnt. Both 
conipourids were cholinergic and peripheral vasodi- 
lators. Compound V I  has shown some antispas- 
modic activity; thc compound is still under ixi- 
vcstigatiori. h more detailed report will bc prc- 
seiited in atiotlicr publication. 
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Determination of Codeine in Terpin Hydrate and Codeine Elixir 
By MARTIN I. BLAKE and BRUCE CARLSTEDT 

Ion exchange chromatography and non- 
aqueous titrimetry are applied to the analysis 
of codeine in  terpin hydrate and codeine 
elixir. The  method is simple and accurate. 

LTHOUGH terpin hydrate and codeine elixir has A been oficial for many years, it has been only re- 
cently that an assay proccdurc (1) has been included 
in the monograph. The assay involves the cxtrac- 
tion of the alkaloid from the elixir with chloroform, 
followed by titration with perchloric acid in dioxane 
using methanolic ntcthyl red as the indicator. The 
Association of Oficial Agricultural Chemists (2 j 
recognizes a spectrophotometric procedure for both 
the terpin hydrate and codcine in thc elixir. It is 
based on a report by Milos (3). The codeine is de- 
termincd by measuring the absorbance of an aqueous 
solution of the hydrochloride salt a t  285 mp. Intcr- 
fcring substances are removed by ether extraction. 

In a recent papcr (4 j Milos extracted the codeine 
from the elixir as the p-toluenesulfonic acid complex 
on a column of chromatographic siliceous earth.' 
Tlie complex was eluted with chloroform-acetic acid 
solution and passed through a second column or 
chromatographic siliceous earth containing NaHC03 
as the stationary phase. The codeine in the eluatc 
was determincd spectrophotometrically a t  278 nip. 

Ioti-exchange resins havc been employed in the 
determination of alkaloids and alkaloidal salts. 
These have been noted in a previous papcr ( 5 ) .  The 
analysis of alkaloids and their salts by nonaqucous 
titration and by ion-exchange chromatography has 
been extensively reviewed by Higuchi arid Bodin 
(6). Kuciiarsky and Safarik (7) have thoroughly 
rcviewcd the literature on the determination of 
alkaloids by titration in nonaqueous media. 

In tlie prrseiit paper the techniques of ion-ex- 
changc chromatography and nonaqueous titrimetry 
are applied to the analysis of codeine in the elixir of 
terpin ltydratc and codeine. 

EXPERIMENTAL 

Preparation of the Ion-Exchange Column.-The 
strongly acidic cation-exchange resin Dowex 50- X8 
(200-400 mesh j was used in this study. The chro- 
matographic column was prepared as described in 
ati earlier paper (5). Five grams of resin was added 
to thc tube as a slurry in watcr. The column was 
washed with 25U nil. of distilled water, 50 nil. of 2 A' 
HCI, and distilled water until the eluate gave a 
negative test with AgN03 T.S. The column was 
ready for USC. 

Assay Procedure.--Exactly 20 ml. of tcrpin hy- 
dratc and codeine elixir2 was transferred by pipet to 
a 1W-1nl. beaker. About 40 ml. of ethanol was 
added to reduce the viscosity of the elixir and permit 
a morc rapid flow rate through the column. The 
solution was passed through the resin column. Thc 
beaker was rinsed several times with small amounts 
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of ethanol and thc washings were added to the 
column. The column was washed with an addi- 
tional 50 to 75 ml. of ethanol. 

The codeine was eluted from thc column with 10g{l 
ammonia in ethanol prepared by diluting stronger 
ammonia water with ethanol. A total of 100 1111. 

of eluate was collected. The solution was evaporated 
to dryness by gentle aeration by directing a fine 
stream of air above the surface of the liquid. Thc 
residue was dissolved in ethanol and the solution 
was evaporated to dryness. This proccdurc was 
repeated. 

'l'he codeine content of the residuc was deter- 
mined by dissolving in 30 nil. of glacial acetic acid 
and titrating visually with 0.01 N perchloric acid in 
acctic acid. The indicator for the titration was 
0.2", methyl violet in glacial acetic acid. The 
exact indicator color change was noted by using 
indicator solution in conjunction with a potentio- 
nietric titration. The color change corresponding- to 
the graphic cnd point was front violet to dark blue. 
A blank determination was performcd with ex11 
scrics of titrations, aiid any iiecessary corrections 
were made. 

Comparison was made with the N.F. XI1 assay 
proccdurc (1). 

RESULTS AND DISCUSSION 
On tlie basis of 10 consecutive detcrminations the 

proposed procedure gave an average per cent re- 
covery (based on labeled amount) of 99.66 with a 
standard deviation of f 1.17. By the K.F. method 
the per ccnt recovery was 98.04 with a standard 
deviation ol k 1.64. 

The proposed assay for codeine in terpin hydrate 
and codeine elixir is simple, rapid, and accurate. 
The codeine is extractcd from the elixir by passagc 
through a sulfonic acid ion-exchanze resin. This 
obviates the tedious and time-consuming s~~lveut  
extraction procedure. Tlie codeine is readily elutcd 
from thc column by displacrment with the stronger 
base ammonia. The codcine is rccovercd from the 
eluate by aeration which I-eriioves the ammonia, 
ethanol, and any w-atcr which may be present. 
Thc codeine is then titrated in glacial acetic acid 
with acetous perchloric acid using methyl violet as  
the indicator. This technique produccs a much 
sharper and morc readily dctectahle end point than 
the ollicial method. Considerable dilTiculty was ex- 
perienced in end point tlctectioii whcu tile oflicial 
assay procedure was pcrformcd. I n  additinn, lower 
results were ohtaincd with a higher standard devia- 
tion. 
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Stiriring Apparatus for the Investigation of Unstable Strongly 
Adsorbing Chemicals 

By R. J. SAUCHUK, J. M. ANDERSON, and J. G. NAIRN 

An apparatus is described which is useful for the evaluation of adsorption phe- 
nomena. an inert atmo- 
sphere to maintain maximum stability, a smooth, all-glass surface to eliminate 
spurious adsorption, a convenient method of analysis to permit maximum accuracy 
for rapid reactions, constant temperature, and controlled, measurable mixing 

speeds. 

The  mixing apparatus provides the following features: 

' I N  ORDER to provide an inert atinosphcrc for thc 
. adsorption studies of conmounds subject t o  oxi- 
tlatiou by air, a tightly-stoppered flask with a mag- 
netic stirring device was employed. This method 
also providedl a rapid, convenient method of analy- 
sis for kinetic studies. It was found that strong 
adsorption took place on all stirring bars covered 
with either Teflon or Tygon. Over sliort periods of 
t.irne, a Pyrex sealed stirring bar was found to be 
satisfactory. However, prolonged use resulted in 
the formation of a grouud-glass surface, both on the 
ztirring bar arid on thc bottom nf thc rcaction flask. 
'This rough surface, which acted as an adsorption 
smite, invalidated experimental results, 

A floating, magnetic stirrer was dcsiyncd to  over- 
come this problem of spurious adsorption (Pig. 1). 
A Pyrex-covered magnetic bar a/8 in. X iu. was 
sealed to the hottorn of a cylindrical float. The size 
of the float is dcpcndent upon the following factors: 
the density of the solution, the height of the float 
above the magnetic stirrer, the speed of rotation, and 
the dimensions of the reaction flask. A mirror was 
enclosed within the float so that thc speed of rota- 
tion could be dctcrmined by a photoelectric counting 
device. A hook was formed at  the top of thc float 
for ease of mtuipulation. The extent of agitation 
in the vcsscl can be controlled by varying thc dimen- 
sions of the flat portion of the float. 

To facilitatc spcctrophotometric analysis, a ccll 
was sealed by means of a short extension onto the 
shoulder of a 250-rnl, conical flask fitted with a stand- 
ard taper ""/t5 stopper. The flask was placed in a 
constant-teniperatiire bath, under which a magnetic 
stirrer wa.s positioned. This closed system elim- 
inated loss of volatile comporients and prevented 
exposure of the reaction mixture to  atmospheric 
oxygen. 

The speed oF rotation wits determined by allowing 
a bcam of light from a 12-v. lamp to fall upon the 
mirror it1 the rotating flmat. The reflectcd light 
was allowcd to  sweep across a photoelectric ccll, 
which by means of the electrical circuit (Fig. 2) 
activated an inipulse counter. The magnetic 
____ 
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l?O 1 -- 

Fig. 1.-Floating magnetic 
stirrer. Key: 1, hook; 2 ,  
cylindrical body; 3 ,  mirror; 
4, flattened mirror casing; 5 ,  
I'yreu-covcrcd magnctic bar. 

i. 

Fig. 2.-Electrical circuit for photoelectric count- 
ing device. Key: &, 45 v. (type B battery); 
B1, 300 v. (power supply); Ba, 6 v. (filament supply); 
R,, 22 mcgohms; CI, 1 mf . ;  LI, counter (Central 
Scientific Co.);  VI, photocell (Rogcrs 922 or cquiva- 
lent); v p ,  6 cw5. 

stirring motor was maintained at  modrratc tem- 
peraturcs by allowing cold water to pass through 
Tygon tubing encircling thc housing. A more prc- 
cise control nf the mixing speed was obtainrd by 
supplying powcr to  the magnetic stirrcr through a 
variable transformer. 

Satisfactory performance for counting and float 
stability up to 400 r.p.ni. was obtaincd. 



Reaction of Aspirin with Amines. Potential Mechanism 
for Aspirin Allergy 

By MICHAEL A. SCHWAKTZ and GORDON L. AMIDON* 

A possible explanation for the lack of hypersensitivity to salicylic acid by patients 
known to be allergic to  aspirin is offered. It is shown that while aspirin reacts 
with amino acids to produce salicylamide derivatives, salicylic acid does not. This 

may be the mechanism by which aspirin combines with protein to  form antigen. 

T IS NOT yet clear whether hypersensitivity to I aspirin is iminunologic in origin or is a direct effect 
of aspirin on tissues which is mot mediated by an 
antigen-antibody reaction. On the hypothesis that 
an allergic reaction is involved, several studies have 
been made of the immunogenicity 01 synthetic as- 
piriri-protein conjugates in animals (14). Thesc 
conjugates were prepared by treatment of protein 
with acetylsalicyl chloride. or azide. In each casc 
it was shown that antibodies to the aspiryl or salicyl 
hapten were produced, but attempts to demonstrate 
the presence of these antibodies in humaus known 
to bc aspirin hypersensitive were not successful. 

One remarkable characteristic of aspirin hyper- 
sensitivity is thc fact that individuals who react to 
aspirin rarely do so with salicylate ( 5 ) .  If it  is 
assumed that aspirin hypersensitivity is rncdiatcd 
by an antigen-antibody reaction, then the antigen 
must be formed in  vivo by coupling of aspirin to 
protein. One explanation of thc lack of reactivity 
to salicylate may be that salicylate is unable to react 
with protein to form the antigenic conjugate as does 
aspirin. 

The anhydride nature of aspirin has been noted 
by Davidson and Auerhach (6) who found that 
aspirin reacted in pyridine a t  100" with p-toluidine 
to produce a small yield (0.13';7) of N-salicyloyl-p- 
toluidide. Salicylic acid itsrlf could not rcact in 
thc samc way. Surprisingly little attention has been 
paid to the reactions of aspirin with nucleophiles in 
aqueous rncdia. Troup and Mitchner ( i )  have 
found acetylated pheriylephriue resulting from 
reaction of aspirin with the lattcr in tablet formula- 
tions and Jacobs el ai. (8) recently reported a siniilar 
reaction between codeine aud aspirin. Thcrc has 
been no demonstration of any salicyloyl derivative 
being formed in these reactions. 

The present work reports the results of experi- 
meuts in model systcms --here a deliberate search 
was made for salicyloyl dcrivativcs in the reaction of 
aspirin with amino acids. 

EXPERIMENTAL 

Preparation of N-Salicyloyl Derivatives of Amino 
Acids.-To a solution of 0.03 mole of the amino 
acid in 25 ml. of watcr was added 3.2 Gm. (0.08 
rnolc) sodium hydroxide and 4.4 Gm. (0.02 rnolc) 
phcnyl salicylate and the mixture was refluxed 2-4 
hr. (until the phenyl salicylate had dissolved). 
The mixture was cooled, acidified, and thc pre- 
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cipitatc collcctcd and recrystallized from ati a p  
propriate solvent. 

Preparation of N-Acetyl Derivatives of Amino 
Acids.-In 4 ml. of glacial acetic acid was sus- 
pended 1.5-2.0 Gm. of the amino acid and 2.0 ml. 
acetic anhydridc was added. The mixture was 
heated gently until all the amino acid had dissolved 
and on cooling the N-acetyl derivatives crystallized. 
Dctdils of each compound are listed in Table 1. 

For both the. salicyloyl and acctyl dcrivatives, 
infrared spectra showed those bands expected. 

Products of Reaction of Aspirin with Amino 
Acids.-E-Aminocaproic Acid ,--Six and onc-half 
grams of e-arninocaproic acid was mixed with o m  
equivalent of sodium hydroxidc and 1.8 Gm. aspirin 
was added. The reaction was allowed to proceed 
15 inin. a t  40° and then acidified to pH 2, the pre- 
cipitate filtered off, and the filtrate evaporated to 
dryness. The residue was extracted with benzcnr. 
and the benzene. removed under reduced pressure. 
The resulting residue was dissolved in chloroform 
and subjected to thiti-layer chromatography. 

Glycine.--The reaction was carried out exactly 
as above except that methanol was substituted for 
benzeue and acetone for chloroform. 

Thin-Layer Chromatography.-Separation of the 
products of reaction of aspirin with glycine and 
e-atniuocaproic acid was accomplished by thin- 
layer chromatography on Silica Gel G using either 
benzene-acetic acicl-water, 2: 2 : 1 (I) or 4: 8 :  3 
( l I ) ,  as the dcvcloping solvent. The spots were 
detected by exposing the plates to iodine vapor, 
and the K ,  values arc given in Table 11. As a con- 
trol, the experiment with glycine was repraatrd sub- 
stituting salicylic acid for aspiriu. 

Details are listed in Table I. 

RESULTS A N D  DISCUSSION 

The thinlayer chromatograms of the extracts 
from workup of the reaction mixtures arc shown in 
Fig. 1. It is quite clear from these plates that the 
iV-salicyloyl derivatives of both glycinc and L- 

aminocaproic acid are formed in the reactions of 
aspirin with the respcctivc amino acids. This is the 
first demonstration of a salicylamidc derivative 
resulting from reaction of aspirin with an amine. 
The amount formed is quite srriall. From the size 
of the spots on thc thin-layer plates, it is estimated 
that only about 0.01-0.1~~ of the aspirin reacted by 
this route. Nevcrthelcss, these results show the 
feasibility of reaction of aspirin with amino groups 
on proteins to produce conjugates w-hich may be 
antigenic. When salicylic acid was substituted for 
aspirin, no salicyluric acid could be detected in the 
reaction mixture. The over-all reaction taking 
place may be depicted as in Scheme I. Direct 
nucleophilic attack hy amine will result in aminoly- 
sis of the cstcr prnducing salicylic acid and an acet- 
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TABLE L-DETAILS FOR EACII COMPOtrND 
~~ 

~~ ~- ~~ ~ ~~ ~~ 

h1.p. 
Cimpd.  Solvent for l(ecrgsta1lizativti I’oiind 1.it 

N-Salicyloyl glycinc CI-IC1:j-ctliyl acetate, 3 :  1 162-164 170.2 (lti4)” 
N-Salicyloyl-e-amino- 

caproic acid CHC‘Ij-CCla 105-108 . . .  
1%’- Acetylrl ycinc . . .  205-207 206-208h 
.N-Acetyl-~~arniiioc~tpruic 

acid CHC13 97-99 . . .  
~ ~~~~ __~~__. ~ ~ ~- 

“ Heilbrnn, I . ,  “Dictionary of Organic Compounds,” vol. 2 ,  Oxford University Press, NCW York, N. Y. ,  1958, p. 775. I h i d .  
vwl. 1, p. 206. 

Salicylic acid 0.47 
“L’-Salicyloyl glycine . . .  
A-Salicyloyl-c-aminocaproic 

acid 0.23 
iV- Acetylglycine . . .  
I\i-Acetyl-t-arninocaproic 

acid 0 
~~ ~~~ 

0.8L t 

J c) 

c ,’ 
. . .  I R N H 2  fl 

~ o ~ ~ c H 3 c * o -  a; 
+ 

CHSCN-R 
f lH 

Rraction of Aspirin with Amines 
Scheme I 

original aspirin would become salicylarnide deriva- 
tive. 

If salicyloyl-protein is indeed proved to  bc the 
antigenic determinant in hypersensitivity to  aspirin 
in humans, then i t  cau be intimated that  such com- 
nounds as salicvlsalicvlic acid and asDirin anhvdride 

~ i ~ .  l , - ~ i ~ ~ ~ ~ ~ ~ ~  of TLc in idemti. would be poteritially allerwlic drugs. The prod- 
ficatioIlo1 rea&on products. Key: a, salicylic acid; uct of reactioll of the former, as can be secn by 
13, izi-aeet),1-E.aminocaproic acid; c, ~\7-salieyloyl-t- analogy with Scheme I, would be a salicyloyl ainidc 
arninocaproic acid; d, extract of products of reaction by both pathways. Aspirin anhydride is quite 
of aspirin with E-arninocaproic acid; e, salicylic acid; labile (11) and probably subject to aniinolysis to 
f , Ili-acetylglycine; g,  N-salicyloyl glYciIie; 11, ex- produce acety-salicyloyl amidc dcrivativcs. 
tract of products of rcaction of aspirin with glycine. 
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Use of 2- (4-Hydroxybenzeneazo) Benzoic Acid 
for Protein Determination 

By RONALD G. LEONARD1 and VINCENT DE PAUL LYNCH 

T h e  compound, 2- (4-hydroxybenzeneazo) benzoic acid, also known as HBABA, 
was evaluated for its ability to  detect cell protein. While this test may be suitable 
for large protein concentrations, it is not sensitive enough for the stated purpose 

with concentration below 1.0 mg. 

HE CANCER Chemotherdpy Xational Service T Center describes a technique used for the deter- 
rninatiori of cell growth or inhibition in its program 
using the cell culture system as a primary screen 
for the detection of antitumor agents (1, 2). Their 
protocol is based upon the Folin-Ciocalteu method 
for the measurement of cell protein as modified by 
Eagle and Oyarna (3). This involves the colori- 
metric deter~niiiation of cell protein as an indirect 
~neiasurement of cell growth. 

In 1954, Rutstein et al. suggested that blood or 
serum proteiri levels could be determined quantita- 
tively by interaction of the protein with the anionic 
dye, 2-(4-hydroxybenzeneazo) henzoic acid (4). 
Their method wds reported to  be more accurate arid 
niorc rapid than electrophoretic methods (5 j.  

In this research, an attempt was made to  adapt 
Rutstein’s procedure to the determination of cell 
growth along the lines of the CCNSC protocol. 

EXPERIMENTAL 

Rutstein’s original standard curve was duplicated 
by using tlie procedure hc described (4). Since this 
work was done within the range of normal concentra- 
tions of liurnan serum albumin (approximately 3.5 
to 4.5 ~ i i g . ~ ~ ) ,  the aliquots of serum needed were 
small but the original quantity of reageuts was large. 
The total volume of the reaction mixture was 25 ml. 
The range of detection of the standard curve was 
from 0 to  14 mg. The C U N ~  was found to  be linear 
up to a level of 8 mg. 

In this study, using thc CCNSC protocol (1, 2), 
cell protein concentration of HeLa cell cultures was 
found t o  be in the range of 0.005 t o  0.1 mg. InitCally, 
t o  detcniiine whether HBABA would detect protein 
a t  these levels, a series of protein concentrations 
within these ranges were prepared. Artnour’s pro- 
tein standard solution’ was used as  the protein 
source. Because of the low quantity of protein 
which the authors desired to  drtect, a modification 
of the volume of reagents uscd was required. 

To determine if the dye would detect cellular pro- 
tein levels, a series of protein concentrations ranging 
from 0.005 to 0.1 trig. was prepared. The procedure 
followed was the Same as that described by Rut- 
stein (4) for serum albumin determimtions, but the 
volume of the reactants was adjusted as follows. 

sufficient quantity of acetate buffer was added 
to  the specified quantity of bovine albumin to give a 
t n t a l  volume of 2 ml. To  this was added 1 ml. of 
normal saline followed by 4 ml. of the HBABA solu- 
tion. Ten minutes were allowed for completion of 
the reaction and development of color. Per cent 

~~ 
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PI otein 
Concn. 

0 0  
1 0 
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 

Transmittance, 
% *  Absorhance 

93.8 0.02178 
92.3 0.0348 
91.6 0 .  (3381 
89.1 0.05O1 
87.4 0.0586 
85.5 0.0680 
84.4 0. (1736 
83.2 0.0799 
82.4 0.0841 
81.5 0.0888 
81.1 0.0910 

2-(4-Hydroxybcnzeucazu) hcnzoic acid. * Each reading is 
the average of lhree tests. 

transniittance arid absorbance was read in a cnlorim- 
eter at 520 nip. The final solution volume was 
mdintainrd at 7.0 ml., and pII adjusted to 6.2. 

In  the determination of cell protein levels, the 
following procedure was applied. 

Two milliliters of a suspension containing 100,000 
cells/ml. was centrifuged at 2500 X g for 10 min. 
The supernatant liquid was removed from the 
packed cells by decantation. To the cells was 
added 2 ml. of a 0.05% trypsin solution and 5 drops 
of 0.01 N Iiydrochloric acid, for the purpose of lys- 
ing the cells. Two milliliters of acetate buffer solu- 
tion was added to tlie lysate and the mixture shaken 
vigorously. Finally, the HBABA solution was 
added, 10 min. allowpd for color development, and 
the per cent transmittance and absorbance read 
in a suitable coloritnetex a t  520 mg. 

RESULTS AND CONCLUSIONS 

Using this modified procedure, it was determined 
that HRARA could be used to  detect protein cou- 
centrdtions above 1.0 trig. However, this dye does 
not give consistent or reproducible results bclow a 
concentration of 0.3 mg. (Table I). 

Similar results were found when this procedure 
was  used to determine the protein concentration of 
cell cultures standardized to  cotitaiii 100,000 cells/ 
1111. of mrdia. 

I t  is to be concluded that while this assay may 
be adequate enough to be used in the clinical e d u a -  
tion of scrum protein levels, it is not scnsitivc 
enough to  apply to  the dt.tcrmination nl cellular 
protein concentrations. 
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Mesoionic *-Oxatriazoles as Hypotensive Agents 
By LEMONT R. KIER*, A. AL-SHAMMA, R. HAHN, and A. TYE 

A number of alkyl substituted mesoionic I-oxatriazoles were investigated as hypo- 
tensive agents. They were found to produce rapid, deep, and sustained hypotension 
with no observable side effects. The potency followed a reverse order  of mesomeric 
contribution of the alkyl substituents. Molecular orbital calculations revealed a large 
positive character o n  the Nj and, i n  comparison with the corresponding S-alkylsyd- 
none and 4-acylsydnone nitrogen atom, appears t o  correlate with hypotensive potency. 

VER THE: past several years studirs in this 0 laboratory on the mesoionic sydnoncs ( I )  
have revealed a marked pharmacological activity 
:in the form of CNS stimulation (1-3j. In addition 
.it was found that  the sydnones possess a moderate 
diuretic and hypotensivc property (4).  Lnfortu- 
nately, this liypotensive activity manifested itself 
;it a dose lcvcl very close to  the convulsive dose level, 
so that  useful information concerning structure- 
activity relationships, mechanism of action, and the 
development of a potentially useful drux was denied. 

Witti these problems in mind, the authors have 
studied a modified sydnone structure in the hope of 
finding a greater hypotensive activity and a reduced 
convulsive activity. The approach, in this study, 
was to consider a change in the ring which would not 
alter the over-all mesoionic character, i.e., it was 
decided to  study an  isoconjugate heterocycle. An 
example of such a ring system is the mesoionic 
pseudooxatriazole (11). This compound is identical 
to the sydnoric ring except for the replacement of 
the No. 4 carbon atom of the syclrione with a nitrogen 
atom. 

The pseudooxatriazoles have been known since 
3933, when I'onzio ( 5 )  prepared the plienyl deriva- 
tives by treating a phenyl diazoriium salt (III), 
with nitroforin ( IV) .  More recently, Boyer and 
Canter (6) have prepared alkyl q-oxatriazoles from 
the action of nitrous acid (V) on the appropriate 
semicarbazidc (VI). Hashitnoto and Ohta ('7) have 
prepared the methyl derivative from the action of 
carbonyl cli11,ricle (VII) on N-~iitroso-N-rnetliyl- 
hydrazinc ( V  [II) .  The most recent contribution to 
the synthesis o f  tlirse compounds has been by Farrar 
(8 ) ,  who synthesized the phenyl dcrivativc from po- 
tassium diazoi7ietliatie-clisulfoiiate ( IX) ,  and a ben- 
zcnediazoniurri salt (111) followed by trratment with 
11 itrous acid. 'The 'I.-oxatriasolcs studied in this work 
were previously described (9).  The authors have 
confined their study to a few simple alkyl substituted 
Qr-oxatriazolcs in order t o  minimize partition coeff- 
cient effects and yet to study thc clcctronir effcct of 
substitucnts on tlie ring (Scheme I.)  

In order t o  cxaniine tlie electronic altcratinns pro- 
duced in the ring by rcplacernent of tlic - CH- of 
the sydnone with 3.11 --N- in tlir ~-oxatriazolcs,  the 
elrctronie structure was calculated using nioleccilar 
orbital niethods previously clescribccl for the syd- 
nones (10). The ground state structure is shown in 
Fig. 1 for methyl q-oxatriazole. 'The calculations 
have been tested by the use of the equation derivedfor 
the sydnones (10) relating the U.V. absorption max- 
imum with the energy difference between the highest 
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filled and lowest vacant molecular orbital (charac- 
teristic of an approximation of a r + T *  transition). 
From the authors' calculations of methyl q-oxa- 
triazole a value of 264 111p for the predicted transi- 
tion was obtained, which is quite close to the experi- 
mental value of 260 mp obtained in a methanol 
solution. Thus, i t  w m  felt that  the calculations 
have some validity in rrproducing the electronic 
structure of the 9-oxatriazoles. 

A comparison between the electronic structures of 
methyl 9-oxatriazolc and 3-methyl sydnoiie (Fig. 
1) is illuminating. The exocyclic oxygen of methyl 
Y-oxatriazolc has a lowrr charge density while the 
No. 3 nitrogen atom has a substantially more posi- 
tivc character. 

The two flanking nitrogen atoms both have chargc 
densities in thc negative range, while the -CH- 
flanking the No. 3 nitrogen of the sydnones is posi- 
tive in character. 

EXPERIMENTAL 
In micc, the six Woxatriaznles under study, 

methyl, ethyl, isopropyl, 3-pentyl, sec-butyl, and 
tert-butyl, in doses of 200 mg./Kg. i.p. caused no 
apparent signs of toxicity. Doses of 600-800 
mg./Kg. were required to produce drath.  

Administration of the liquid compounds in doses 
of 20 mg./Kg. i.v. in anesthetized dogs produced a 
prompt depressor effect in all cases. After the initial 
fall in blood pressure, there was, characteristically 
a small short-lived rise followcd by a long period of 
hypotension which lasted for several hours in the 
case of the tnorc potent compounds (Table I). Dur- 
ing this period of hypotension, the animals rcmained 
normal with regard to  respiration, EKG pattern, 
and gross and general appearance. The heart rate 
showed no important changes, being sometimes 
slightly increased or slightly decreased, although 
usually unaltered. The hypotensive effect ranged 
from approximately a 10% decrcasc for methyl \k- 
oxatriazole to  over a 40y0 decrease for the tert- 
butyl Woxatriazole. There was a tendency to 
longer duration of effect w-ith the more potent COIII- 

pounds (Tablc I j. IIypotcnsive activity was also 
found in the spinal cat which indicates that  in the 
cat  the action is not ccritrally niecliated. Pre- 
treatment in dogs with atropine (1- 2 mg./Kg.) or  
pyribenzaniitie ( 5  ~ng./Kg.) did not block the hypo- 
tensive effects, indicating that cliolinergic effects or 
histamine release are unlikely causes of the hypo- 
tensive effects. Pressor responses in the dog to  
DMPP (25 nicg./I<g.) and epinephrine or norepincx- 
phrine (2-4 nicg./Kg.) were not reduced by the 
Y-oxatriazoles, indicating that  ganglionic or a- 
receptor blockade are also unlikely causes. 

When the compounds were tested on an isolated 
rabbit ilcum and rat  ileum or uterus maintained in a 
muscle bath, they produced a prompt inhibition of 
the smooth muscle activity in concentrations of 1-5 
pl./ml. 
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An examination of the electronic structure of methyl 
Y-oxatriazole in Fig. 2 reveals that a major portion 
of the positive charactcr of the ring resides on the 
trisubstituted nitrogen atom. The possible sig- 
nificance of thc positive character of the ring, and 
especially the positive character of the trisubstituted 

Fig. 1.-Electronic structure of methyl *-oxatria- nitrogen atom is revealcd in a comparison of the 
zole from molecular orbital calculations. q-oxatriazoles, the 3-phenyl-4-acylsydnonrs, and 

TABLE I.-BLOOD PRESSURE FALL AT VARIOUS the alkylsydnoncs. Greco and Kier (11) have shown 
INTERVALS IN ANESTIIETIZED DOGS that the 3-phenyl-4-acylsydnories possess a mod- 

.~ eratc hypotensive potency, while the  alkylsydnuncs 
9-Oxa- triazole, show less hypotensive activity (4). 'The order of 

20 + 10 +. 5 f.10 +,15  +,30 +.60 potency and the corresponding charge densities of 
mg./Kg. sec. rnm. mln. min. mln. mln. the trisubstituted nitrogeu atoms for these three 

I ,049  -.(I39 / 
H,,-C-N 

Ai6\ N-0 
-.036 .om 

--Blood Pressure Fall in yo of Normal- 

Methyl 19 9 8 10 serics of compounds arc: 
Ethyl 20 12 12 16 
Isopropyl 34 25 30 21 24 3-phcnyl-4- 
3-Pentyl 31 28 32 36 33 q-oxatriazoles > acylsydnones > 3-alkylsydnones 

tert-Butyl 54 34 43 53 57 
This trend suggests an important role for the tri- 

.I144 .I110 -.i,W substituted nitrogen atom as a partial cationic 
moiety in the interaction of the compound with a 
receptor. If this correlation is correct, the predic- 
tion follows that thc as yet untested phenyl-Y- 
oxatriazole with a trisubstituted nitrogen charge 
density of f.484 should be a more potent hypotcn- 
sivc agent than the cornpourids reported. 
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sec-Butyl 57 36 48 41 36 qm = f.478 qn = +.448 qn = +.431 
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- . I19 ,080 

Fig. 2.-Electronic structure of methyl sydnone. 
(From Reference 10.) 

The q-oxatriazoles then, in doses that produce no 
obvious toxic effects, produce in dogs prompt, pro- 
Iongcd hypotensive effects which may well bc due to 
the relaxation of smooth muscle at the periphery. 

DISCUSSION 
From Table I it is evident that the decreasing 

order of potency at the dosc level studied is teut- 
butyl > sec-butyl E2 3-pentyl ?2 isopropyl > ethyl > 
methyl. This is in the increasing order of meso- 
meric contribution of the alkyl group to the aromatic 
ring. A minimum rnesomeric contribution to  ring 
then appears to improve the hypotensive potency. 
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Molecular Orbital Calculations on Some Sulfanilamides 
By A. CAMMARATA 

Simple HMO-calculations o n  three sulfanilamides have been done  using semi- 
empirical parameters for the SO2 group which intrinsically take into account the 
effects of d-orbital overlap. Charge variations at  the sulfonamido and at the aromatic 
p-amino position are noted which are in  qualitative agreement with expectations. 

EchLTLI’ a number of quantum chcmical calcula- R tions on substituted sulfanilamides have been 
reported (1, 2 j Thcsc calculations indicated that  a 
variation in K in structure I results in a variation 

I 

of the positivca formal ?r-electronic charge on nitrogen 
A whereas the positive formal T-electronic charge 
on nitrogcn R remains unaffected. When these 
co~npounds here classified into groups depending 
on the nature of K ,  where K was 

and where any of these R may contain heteroatoms 
( 2 ) ,  it was found that the variation in formal charge 
on nitrogen A was consistent with their pKa’s, i.e., 
higher formal chargc, lowcr pKa. Hence, i t  was 
concluded thai ( a )  the well known relationship be- 
tween bacteriostatic activity and pKa (3) has a 
quantum chen~ical foundation; arid ( b )  although a 
p-amino group may bc nccessary for activity, thc 
insensitivity of the formal charge on nitrogen B to  
variations in R did not support the view ( 4 4 )  that  
the bacteriostatic action of the sulfanilamides is 
primarily associated with the p-amino group. 

Since Seydel (5, 6) has presented evidence, based 
011 infrarcd studies, indicating that  substituents 
placed on the sulfonaniido-nitrogeri are able to  in- 
fluencc thc clcctronic cnvironment of the p-amino 
group, it is expected that  charge variations at the 
p-amino position should be calculable by making a 
suitable choice of Hiickel parameters for the SO, 
group. Apparently, any choice of parameters which 
is made for the SO, group should somehow include 
the contribution by the sulfur d-orbitals to the over- 

for ncglcct of such participation, as 
in (1, 2), does not lead to  variations 

in chargc at thc p-amino position. 
The approach taken here is t o  utilize semiem- 

pirical parameters derived for thc SO, group from 
electron paramagnctic resonance ( E P K )  studies on 
diphenyl and ~).p’-clitolyl sulfone anion radicals (7) 
in simple Hiickel molecular orbital (HMO) calcula- 
tions on substituted sulfanilamides. While objections 
may be raised to the application to sulfanilamides, 
of parametcrs derived from ESR studies 011 diarylsul- 

Received June :20, 1966. from the Department of Chemistry 
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lones, a rationalization for their use can be provided. 
Pictorially, a diarylsulfone may be represented as 
in 11, where only onc of thc aromatic rings has its T -  

netbiork described, and where the dot inside of 
each p-orbital represents the electron which may be 
associated with that  orbital.’ Formation of a 
diarylsulfone anion radical infers that  an extra elec- 
tron is being donated to  the ?r-network. For con- 
jugation to  occur across thc sulfur atom at some 
timc the p-orbital adjacent to the sulfur atom must 
contain two electrons (this in keeping with the 
simple pictorial representation in 11), one electron 
which was originally associated with that  orbital 
and the other the electron which was donated to  
thc .ri-nctwork. This situation may be represented 
as in 111, which at the atom adjacent to sulfur is 

111 

formally analogous t o  a similar representation of 
sulfanilamide, and presumably its derivxtives (JV) .  

I V  

Notc, i t  is also tacitly assurncd that  the atnido- 
nitrogen is in an sp*-hybridizcd state to enable 

1 ’This type nf description appeal-s generally accepted: 
“For delocalization of x-electron density along the length of 
a chain or Lhe circumference oi a ring. it is necessary that 
enrh s lom comprising the chain or ring have associated with 
it a t  least one 0-type electron that is not hfing employed in 
formation of single bonds” (11). ”Each pz-electron is paired 
with its neighbor, and the p-orbitals overlap in the rr-manner 
around the ring” or along the length ui a chain (12). The 
description is equivalent to one in which only molecular 
orbitals are considered, as in arriving a t  molecular orbitals 
one must make linear cumbinations of these one-electron 
atomic orbitals. 

~. ~~ ~ 
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conjugation through the d-orbitals of the sulfur 
atom. Such conjugation would require overlap of a 
sulfur d-orbital with the p-orbital on nitrogen (8, 9). 

Using the Hiickcl parameters 0 1 ~ 0 ~  = ac - 2.60 
pc-c and Pc-60~ = 0.99 PC-C which w-ere derived 
for the sulfonc group in the above-mentioned EPK 
studies, and which intrinsically take into account 
d-orbital participation, the formal Ir-electronic 
charges of three sulfanilamides were calculated. As 
thesc calculations were performcd without the aid 
of a computer the following simplifying assump- 

the sulfone group: Pc-so2 = Bc-c and SN-SO* = Fig. 1.-Calculated formal Ir-electronic charges. 
~ C - C . ~  The Coulomb and exchange integrals uscd Key: a ,  an electron-donating substituent; b, un- 
for all other atoms and bonds were those suggested substituted sulfanilamide; c, an electrorl-withdra~~ing 
by Streitwieser (10). substituent. 

The compounds selected were chosen primarily to 

tions mere made for the exchange integrals involving (a )  (b) (C )  

establish w;hether, by using this approach, charge 
variations could be noted a t  the p-amino position for 
select sulfanilamide derivatives. Thus, in Fig. 1 
there are reported the calculated formal r-elec- 
tronic charges for: (a )  an electron-donating substit- 
uent, ( b )  unsubstituted sulfanilamide, and (c) an 
electron-withdrawing substituent. Inspection of 
the calculated formal Ir-electronic charges on the 
sulfonaniido and on the p-amino position indicate 
their respective values to be in accord with expcc- 
tations. The charge a t  the p-amino position ap- 
pears to vary in accord with thc type of substituent 
placed on the amido nitrogen, i.e., low for an elec- 
tron-donating substitucnt, high for an electron- 
withdrawing substituemt, and the charge a t  the 
amido position also appears consistent for the type 
of group substituted on it. Furthermore, the ap- 
parent magnitudes of the charge variation a t  the 
amido position (0.0’7) relative to the p-amino posi- 

2 The error introduced by the approximation ,c?N-so2 = 
5c-c is espected to be no greater than that  introduced in 
calculations on hydrocarbons in which it is assumed that  all 
5’s are equal. This arises from the following considerations: 
k is generally asslimed to be proportional to the overlap 
integral, S (13) and is linearly related to the bond distance 
(Reference 10, pp. 104-105). Aromatic double bonds have 
lengths 1.33-1.35 A., while single spLsp* bonds, e.g., the 
central bond in butadiene, have lengths 1.48-1.50 A. For 
precise work with hydrocarbons i t  is apparent that  different 
@-values should be used depending upon the type of bond. 
This is seldom done in comparative studies. The S-N and 
S--C bond distances for sulfanilamides are 1.62 and 1.75 A 
respectively (14, 15). As can easily be seen, the different: 
in bond distance between aromatic and single sp?- sp  bonds 
is approximately equaI to the difference in bond distance 
between the S-N and S--C bonds in sulfanilamide. Thus 
since Bc-so2 = ,c?c-c is a semiempirically determined quan: 
tity, i t  appears valid to assume @N--80r = pc-c. The ap- 
prosimation is not expected to greatly affect the calculated 
charge densities (cf. Referenre 10, p. 106). The largest source 
of error is espected to be due to  the Hiickel theory itself 
especially when applied to materials containing heteroatorns: 
However, while the absolute magnitudes of the calculated 
quantities cannot be cousidered significant, their values 
relative to those for other homologs have direct bearing on 
their physical interpretation. 

tion (0.02) is consistent with the observation of Bell 
and Roblin (3) that whereas the pKa’s of a series of 
sulfanilamides may vary over a wide range their 
pKt,’s (for the p-amino group) remain within a very 
narrow range. It should be emphasized that, a t  
present, these calculations muSt be considered as 
being more qualitative than quantitative. Although 
the trends suggested are in reasonable accord with 
observation it must yet be demonstrated that these 
trends provide a correlation. This aspect is cur- 
rently under investigation. These calculations, 
however, do suggest that if the effects of d-orbital 
overlap, due to the sulfur of the SO, group, are 
taken into account, variations in electronic charge 
a t  the p-amino position of sulfanilamides could be 
noted. 
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Microbiological Testing of Aerosol Preparations Using 
Chuetomium globosurn 

By J. W. BLASECKI, JR.*, and M. IANNARONE 

Chaetombm globosum, a common fungus of the soil, and a member of the class 
Arcomycetes, is a cellulolytic organism, whose growth is dependent primarily upon the 
degradation of cellulose material. This study explores the possibility of utilizing 
a modified growth and test procedure applicable to the A.O.A.C. recommended 
prescribed method for testing antifungal activity of aerosols. The test procedure 
developed brings the method to  the organism under conditions that are applicable 
to the natural growth habits. A convenient method is described employing the 
inhibition of growth of C. globosurn on sterile filter paper after exposure to  certain 
aerosols. Sterile phenol solutions and certain blends of quaternary ammonium 

compounds were used as the challenging agents. 

HE USE of aerosol preparations in the treatment T of fungal infestations requires appropriate micro- 
biological testing procedures. At present, the 
A.O.A.C. (1 ) employs a method involving a TYZ- 
rhophyton sp., a pathogen, as the test object. In 
these laboratories, a simplified, convenient, and 
reliable method has been developed utilizing a non- 
pathogenic fungal organism, C. globosum C. 
ylobosum (A'TCC-6205) a common fungus of the 
soil, is a cellulolytic organism, depending primarily 
upon the degradation of cellulose materials for its 
growth (2). A sterile strip of filter paper was placed 
on a cooled tube-slant of a suitable medium,' and 
the strip was inoculated with sporcs. This was used 
as the stock culture after incubation for 7 days a t  
26-30". Sterile Whatman No. 2 filter paper was 
used as the source of cellulose. This growth pattcrn 
and property was adapted to the evaluation of 
antifungal activity, since the inhibition of growth of 
this organism on sterile filter paper was easily ob- 
served after exposure to certain aerosols. 

PROCEDURE 

The A.O..1.C. spray test procedure (1, 3, 4) for 
evaluating the antifungal activity of aerosol prep- 
arations recommends that a standardized spore 
suspension OF Tr'richophyton interdigitale (ATCC-640) 
be spread over an area of 1 sq. cm. Thus, it was 
decided that the test organism for this study would 
be thesporesand vegetativc structurcsof C. globosum. 
'This stage of growth was produced on 1-crn. squares 
of filter paper a t  the end of 7 days a t  25-30". 
Spray testing (1) was performed a t  this stage of 
growth. 
11 1-ctn. squarc containing the test organism was 

removrtl from the medium, using sterile forceps, and 
placed on a sterile glass slide in a Pctri dish, the 
bottom of which waslayered with two disks of sterile 
filter paper. This was repeated for all of the re- 
maining squ:ires (10 per test). The above were 
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1 Medium recommcnded by Americau Type Culture 
Collection: NaNOz, 2.0 Gm., MgSOl, 500 mg., KCl, 500 
mg., KHgPOa, 140 mE. KzHPOr 1.20 Gm. yeast extract 
20 mg., agar, 15.0 Gin.', water, 110 L., Fer($Oda.XH%O, Id 
tug. The final pH uf the medium is in the range i .&i .2 .  

placed in an incubator a t  25-30" for 2 hr. to allow 
the squarcs to dry. 

A t  the end of this period, the plate was supported 
at a 45' angle, and the respective squares were 
sprayed using phenol controls arid test compounds 
(Table I )  under test for the specified period of 
a t  a distance of 8 to 10 in. from its surface. The 
above procedure was repeated for all plates tirider 
test. A DeVilbiss No. 251 atomizer was used to 
produce the spray of thc phenol control solutions. 

After all squares were sprayed, cach one was 
aseptically removed, respectively, from the glass 
slide, and was placed on the filter paper bed Petri 
dish. The dishes wcrc placcd in an incubator 24 hr. 
for drying the sprayed filter squares. 

Using aseptic technique, a 2 X 2-cm. square of 
sterile filter paper was placed on the mcdium in a 
Petri dish and the dried 1-cm. square was transferred 
on to the 2 X 2-cm. square. This was repeated for 
all the recommended number (ten) of 1-cm. squares. 
All of the above dishes were incubated for 7 days at  
25-30O. Untrentcd 1-cm. squares containing the 
viable test organisrri, were transferred to 2 X 2-cm. 
squarcs to serve as controls. This insures the via- 
bilityof the test organismon both the land 2 X 2-cm. 
squarcs and serves to establish a base for the growth 
pattern of the organism. Growth of the test 
organism on to  the 2 X 2-cm. square a t  thc end of 
the 7 days was read as positive, while no growth was 
read as negative (Tables I1 and 111). 

The 1 and 2 X 2-cin. squares displaying no ap- 
parent growth 7 days aftcr spraying werr divided 
into two groups of equal tiurnber. Control pro- 
cedures were itiitiated on oiic group iinmediately, 
while the other group was rcincubatcd for an 
additional 7 days. The same control procedures 
wcre then repeated on this sccond group. (Those 
squares exhibiting no growth after the first 7 days of 
incubation remained so for the additional 7 days.) 
?'he following control procedures were utilized for 

the negative no-growth squares. 
A.-The 1-cm. square was removed from the 

original backup square, inverted on a new 2 X 2-cm. 
square on fresh mcdium, and reinoculated with 
spores from a stock culture. The above was re- 
peated until half of the 1-em. squares wcre treated. 

B. -The remaining 1-cm. squares were inverted 

2 Sprayinz time with,the DeViIbiss No. 251 atomizer was 
5 sec., while spraying time with the commercial pressurized 
aerosols (as with the quats) was 3 see. 
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TABLE I.-~OLUTIONS AND COMPOUNDS TS:S.I.ED 

1, Sterile phenol solutions of the following coii- 
centrations (70 w/v): 0.5; 1.0; 2.0; 3.0; 4.0; 
6.0; 5.25; 5.75; 6.0; 7.0. 

2, Pressurized aerosols of quaternary ammonium 
compounds. The two formulations used were as 
follows (% w/w): 
A, BTC-2125” 0 .1  

95% Ethanol 49.9 
B, Cyncal-type 1 4 ~  0 . 1  

9570 Ethanol 49.9 

Dichlorodifluoromcthancb 50.0 

Dichlorodiflu oromethaneb 50.0 

“Onyx Chemical Corp., Jersey City, N. J. n-Alkyl di- 
methyl benzyl ammonium chlorides, 25% (‘214, 60%, C16, 

307,; Clr, 5%; CIS, 5%).  n-Alkyl dimethyl ethylbenzyl 
ammonium chlorides, 25%,(C12, 50%; c14, 30%; CIS, 17%; 
Cn, 3%). Inert, 50%. Matketed as Freon-I2 by E. I. 
du Pont de Nemours & Co., Wilmington, Del. Sterwin 
Chemicals, Inc. Industiial Chemicals Division, Subsidiary 
Sterling Drug ’Inc. New York, N .  Y. Alkyl dimethyl 
benzyl ammohum chlorides, 80% (CM, 50%; CIS, 40%; 
C I ~ ,  10%). Ethanol, 20%. 
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possible absorption of the test material by the filter 
paper. 

In addition, an uninoculated square was sprayed,a 
according to the prescribed procedure, and placed in 
an incubator for 24 hr. It was transferred to a 
Petri dish and challenged with spores from a stock 
culture. 

All stasis controls displayed growth in 7 days. 

CONCLUSIONS 
The results presented in this paper suggest the 

possiblity of utilizing the prescribed procedure for 
testing the antifungal activity of certain aerosol 
preparations using C. globosunz. Similar organisms 
could be adapted to the test method. Since the 
only challenging chemical employed was phenol, 
and the problem of differentiating between stasis and 
cidal effects in any procedure of this kind was 
complicated by the substantive properties of the 
chemical and its ability to diffuse into the media 
and/or the back-up 2 X 2-cm. squares in this in- 
stance, it  would appear that differentiation betwecn 
stasis and cidal activity is valid. 

The test organism, used throughout the proce- 
dure, consisted of both the spores and the entire 
vegetative structure. It will be recognized, how- 
ever, that if the material under test was effective 
against spores, it  should be similarly effective 
against the vegetative cells. I t  could be assumed 
that the use of the test material on the entire struc- 
ture of the organism was a more drastic test and 
closely simulates the use of the test material under 
the natural growth conditions. 

The use of the 1-cm. square of filter paper for the 
growth of the test organism and its use in the 
aerosol testing procedure was considered to be valid, 
since the spores inoculated on any given square 
were under the exact same growth conditions, with 
respect to time, temperature, and medium, as those 
0x1 other squares. This was further substantiated 
by the fact that the growth of the organism was 
restricted to the 1 sq. an. area of the filter paper. 
Thus, i t  could be assumed that any given 1-cm. 
square, a t  the end of 7 days, coutains approximately 
the same amount of vegetative growth and about 
the same number of spores. 

Experience in these laboratories indicate that the 
procedure described is simpler, more convenient, 
more reliable, and safer than the present A.O.A.C. 
method. 
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Z 6.0% phenol, BTC-2125, and Cyncal-type I 4  were the 

three test compounds used in this particular cuntt-ol. 

TABLE II.-sTANDARDIZING PHENOL ACTIVITY 
USING C. globosum AS TSST ORGANSM 

Sq. Showing Growth 
% Phenol (% w/v) 7 Days After Spraying (5%) 

Untreated controls 
0 .5  
1 .0  

3 .0  
4.0 . 

2.0 ~ 

s n  
5.25 
5.50 
5.75 
6.0 
7.0 

100 
100 

100 
100 
100 
100 

A 0  

ion 

.. 

30 
10 
0 
0 

TABLE III.-ANTIFUNGAL ACTIVITY OF T W - 0  
PRESSURIZED AEROSOL FORMULATIONS 

Sq. Showing Growth 
7 Days After Spraying (%) Formulation 

A, BTC-2125” 0 
B, Cyncal-type 14- 0 
Untreated controls 100 

See Table I. 

directly on fresh medium and reinoculated with 
spores from a stock culture. 

C.--A11 2 X 2-cm. backup squares, on the original 
medium, were inoculated directly with spores from 
a stock culture. 

Growth of 
the organism in each of the controls a t  the end of 
this period indicates antifungal activity of the test 
niatcrial, and could not be due to stasis caused by 

Controls were incubated for 7 days. 



Sympathetic Blocking Action of Iproniazid in the 
Unanesthetized Dog 

By J. N. SPENCER 

Iproniazid, on intravenous injection in  the unanesthetized dog, inhibited the in- 
crease in  arterial blood pressure resulting from the intravenous injection of epi- 
nephrine, DMPP, and tyramine. Adrenergic blockade appeared to be an important 
factor in this action of iproniazid, although the possibility of inhibition of the re- 
lease of norepinephrine from nerve terminals could not be eliminated. These re- 

sults confirm in vitro studies of previous investigators. 

HERE is abundant clinical and experimental T evidence that drugs which inhibit monamine 
oxidase (MA~O) are capable of altering sympathetic 
responsiveness. Patients receiving these drugs 
cotrirnonly exhibit orthostatic hypotension (1). 
On the other hand, the same patients 011 eating a 
food high in tyramine, such as  chcesc, may develop 
an alarming hypertension (2). The mechanism 
responsible. is not clear. Goldberg and Da Costa 
(3) as well as Gertner (4) noted that a number of 
M A 0  inhibitors block trarisniission through the 
superior cervical ganglion of expcrimcntal animals. 
However, Zbindcn et (1.1. ( 5 )  and Brodie ( 6 )  are of the 
opinion that MA0 inhibitors do not act at the 
ganglion, but a t  the receptor site, preventing thc 
release of norepinephrine from the ncrve endings. 
Either site ad’ action could account for the above 
effects. Both views, however, are based on in oitro 
studies or studies conducted on animals under 
barbiturate anesthesia. Barbiturates are knowu to 
alter neurohormone release (7) even to the point 
of reversal of thc response to cornniuti autonomic 
stimuli (8). In view of this, it  was deemed of value 
to determine the effect of a MA0 inhibitor on the 
autonomic rcsponsivencss of trained unanesthetized 
dogs. 

EXPERIMENTAL 

Healthy, adult, mongrel dogs of either sex, wcigh- 
inp from 12 to 29 Kg., were used in the study. The 
animals were trained to lie quietly on thcir backs, 
with minimal restraint during the recording of 
arterial blood pressure from a femoral arterial 
puncture. Records of the blood pressure and the 
circulatory response to the intraveuous injection of 
epinephrine (0.002 mg./Kg.), DMPP’ (0.08 mg./ 
Kg.), acetylcholine (0.006 rng./Kg.), and tyramine 
(0.1 mg./Kg.) were obtainecl every 48 to  72 hr. 
until tht: blood pressure liad stabilized and a con- 
sistent circulntory response to the above agents had 
beeu obtained in a t  least three successive tests. 
‘The average of the values obtained in the three 
tests served as the experimental control. 

The MA0 inhibitor, iproniazid,* was dissolved in 
normal saline and injected intravenously in terms of 
base content in a single dose of 10 or 20 mg./Kg. or 
in two doses of 20 mg./Kg. each, 24 hr. apart. 
Records were obtained of the blood pressurc and thc 
circulatory response to the iii jrction of  epincphrine, 
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DMPP, acetylcholine, and tyramine 24, 48, 72, 
96, and 120 hr. aftcr the injection of the iproniazid. 

RESULTS 

‘I’he administration of iproniazid in a single dose 
of 10 or 20 tng./Kg. was without significant cffcct 
on the blood pressurc or the circulatory response 
to the itijection of epinephrine, DMPP, acetyl- 
choline, or tyramine. However, following two 
doses of 20 mg./Kg., each 24 hr. apart, within 24 
to 48 lir. there was a marked and statistically sig- 
nificant inhibition of the pressor reaction to the injec- 
tion of epinephrine, DMPP, and tyramine (Table 
I) .  This occurred in the absence of any significant 
alteration in the recumbent blood pressure or in the 
depressor action of acetylcholine and was evident 
for 96 to 120 hr. after the injection of iproniazid. 
Thc efiect on the action of tyramine was the most 
marked, the pressor response being rcvcrscd to one of 
the depressor within 24 fir. (Table I and Fig. 1). 
The alteration in the action of epinephrine and 
DMPP was not as marked as that of tyramine, 
although reversal of the pressor action of both 
agents was observed. 

From the above it would appear that iproniazid 
has au adrenergic blocking action. Adrenergic 
blockade would account for the inhibition of the 
action of epiiiephrine and DMPP as well as the 
rcvcrsal of the pressor action of tyramine. 
Tyramine not only releases norepinephrine from 
tissue stores but also acetylcholine (9). In the 
presence of adrenergic blockade, its cholenergic 
action predominates. Excitement following the 
administration of atropine prevented the deter- 
mination of the involvement of acetylcholine in the 
depressor action of tyramine in the unanesthetized 
dog, but in animals anesthetized with chloralose 
24 hr. after the injection of iproniazid, atropine 
completely blocked the tyrarnine depressor response. 
Thus, acetylcholine relcase appeared to be implicated 
in the reversal of the pressor action of tyramine. 
However, i t  cannot be determined from this study 
if adrenergic blockade was the only factor involved 
in the alteration of autonomic responsiveness pro- 
duced by iproniazid. The fact that the pressor 
action of both DMPP and tyramine were blocked 
a t  a time when the inhihition of the action of cpi- 
ncphrine was rniiiimal (120 hr. observation) stiggests 
the possibility of an interference with iiorepinephrine 
release from tiervc terminals. Such an action, like 
adremerxic block:tde, wuultl uncover thc cholinrrgic 
action of tyrarnine (9). 

Results comparable to those obtained with 
iprouiazid were obscrvcd on occasion in unanes- 
thetized dogs followiug the intravenous injection of 
tranylcyproinine or S-plienylisopropylhydrazine. 
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TABLE I.-EFFECT OF IPRONIAZID ON BLOOD PRESSURE AND THE ACTION OF EPINEPHRINE, DMPP, ACETYL- 
CHOLINE, AND TYRAMINE (MEAN OF 5 EXPERIMENTS) 

~ ~ ~ _ ~ _ _ _ _ _ _ _  ~ 

Action of 
Action of ,--Action of- Acetylcholine 

Epinephrine DMPP % -Action of- 

De- D e- via- mm. Hg 7' De- 
--Blood Pressure, mm. Hg- mm. H g  crease mm. Hg crease mm. I ig  tion Change crease 

% 70 ne-  Tyraminr 

Observation Change Change from Change from Change from In from 
Time After Systolic Diastolic (Systolic/ in Systolic Con in Systolic Con- in Systolic Con- Systolic Con- 
Iproniazid Pressure Pressure 1)iastolic) Pressure trol Pressure trol Pressure trol Pressure trol 

0 (control)" 119 =t 3 66 f 3 . . . 34 f 6 . . . 44 f 7 . . . -31 . . 22 =k 8 . 
+ 7  

21 hr. 116 68 -3/2 11 68 27 39 -33 6 -10 145d 
48 hr. 120 62 1/-4 21 38' 21 52" -31 0 -10 14sd 

96 hr. 107 55 -12/-11 13 62" 13 70" -38 22 -15 169' 
120 hr. 116 61 -3/-5 28 18 16 64' -35 13 -4 118' 

72 hr. 112 63 --7/-3 13 62' 12 73' -26 16 0 l 0 O d  

~ . 
IL >lean of all control oliservationr. O i Standard el-l-or of mean. P, 0.05 (Wilcoxon test of rank sums). d P ,  0.02 

(Wilconon test of r m k  sums). 

Fig. 1.-Effect of iproniazid on the response of the 
blood pressure to the iujcction of autonomic agents. 
Arrows indicate points of intravenous injection of 
autonomic agents. Key: A, 0.08 mg./Kg. DMPP; 
B, 0.002 mg./Kg. epinephrine; C, 0.006 mg./Kg. 
acetylcholine, D, 0.1 mg./Kg. tyramine. (Dog 4, 
23.5 Kg. male.) 

The effect, howcvcr, tended to be rnasked by the 
arnplietarnitte-like action of these drugs (10, 11). 
Thus, tranylcypromine and 6-phenylisopropyl- 

hydrazine as well as iproniazid inhibit autonomic 
responsiveness in the unariesthetized dog Adren- 
ergic blockade appears to  play an important role in 
this action, although inhibition of norepincphrinc 
release from nerve tcrminals may be a factor. 
These observations confirm previous results ob- 
tained in zn oitro studies and in studies conducted on 
anesthetizcd animals (5,6). 
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